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Welcome to ISABC 14 !

Dear Participants (Bio-Inorganic Che-
mists, Colleagues, Students…),

	 It is our privilege and a great plea-
sure to welcome you to the 14th Internatio-
nal Symposium on Applied Bioinorganic 
Chemistry (ISABC14) in Toulouse, France 
from June 7th to 10th 2017.
	 This is already the 14th edition of 
this series, which started in 1990 with a 
symposium in Wuhan (Bejing, China). 
Since then, the meeting has been all over 
the world and now comes to Toulouse.
	 Toulouse, also called “the pink city 
(la ville rose)” is in the heart of South West 
of France and was the ancient capital of the 
Visigoths. In our days Toulouse is a very 
active and animated city, with more than 
100  000 students. It is well known for its 
aeronautical industry and the scientific 
activities lead by the 22 000 researchers in 
different domains. 
	 Toulouse has a long standing tradi-
tion in bioinorganic research and this is the 
second time an international Bioinorganic 
Chemistry congress is held in Toulouse. 
17 years ago, at the turn of the millennium 
EuroBIC 5 (5th European Biological Inor-
ganic Chemistry Conference) was held in 
July with about 500 international partici-
pants and chaired by Bernard Meunier. We 
hope to build on this successful conference 
in Toulouse.
	 In line with the ISABC tradition, an 
important aim for us was to keep the regis-
trations fees (in particular for students) as 
low as possible. Thus, we made a special 
effort to find financial supports and eco-
nomic arrangements. We are extremely 

thankful for all supports we obtained. This 
includes the professional sponsors and ex-
hibitors as well the different scientific so-
cieties and public organizations. The spon-
sors are depicted on the back page of the 
booklet.  
	 We would also like to thank all the 
invited lecturers who have accepted our 
invitations despite the limited support we 
could offer. All the persons that help(ed) 
us in different ways, starting from the local 
organization committee, the international 
advisory committee, the CNRS, in particu-
lar all the helpers from the administration 
of the LCC, the members of the poster Jury, 
the session chairs, etc. are warmly acknow-
ledged.
	 ISABC14 will cover a wide range of 
topics in and around the field of Applied 
Bioinorganic Chemistry. Our aim is to sti-
mulate scientific exchange and interactions 
between participants in an informal atmos-
phere. We hope to do so with an exciting 
program in a pleasant place fueled by local 
and high quality caloric and liquid brain 
nutrients.

Peter Faller
Christelle Hureau
chairs of ISABC 14
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14h – 16h30 Registration

16h30-17h00 Introduction (Conference room 1)

17h00 – 17h45 Svetlana Lutsenko (Conference room 1)

17h45 – 18h30 Bill Martin (Conference room 1)

18h30 – 19h00 Opening Ceremony (Conference room 1)

19h30 – 21h00 Opening reception (Lunch room)

Conference programme

Wednesday June 7th
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9h-9h45 Franc Meyer (Conference room 1)

Session Metal-based drugs I 
(Conference room 1)

Session Metals in health 
(Conference room 2)

9h45- 10h05 G. Gasser (IL) P. Carver (IL)
10h05-10h20 O. Iranzo (OP) L. Bertini (OP)
10h20-10h35 A. Tinoco (OP) M.A. Santos (OP)
10h35-11h00 A. Erxleben (KN) R. Squitti (KN)
11h00-11h30 Coffee Break
11h30-11h50 D. Crans (IL) M.H. Lim (IL)
11h50-12h05 S. Bombard (OP) F. Bellia (OP)
12h05-12h20 A. Terenzi (OP)

12h05-12h30 L. Quintanar (KN)
12h20-12h35 B. Spingler (OP)

12h30 – 14h Lunch

14h-14h45 Vince Pecoraro (Conference room 1)

Session Metals and biomolecules I 
(Conference room 1)

Session Imaging and sensors I 
(Conference room 2)

14h45-15h05 A. Duhme-Klair (IL) C. Orvig (IL)
15h05-15h20 U. Schatzschneider (OP) F. Zelder (OP)
15h20-15h35 J. Müller (OP) C. Bonnet (OP)
15h35-16h00 E. Gumienna (KN) K. Kikuchi (KN)
16h00-16h30 Coffee Break

Session: Metalloenzymes, inspiration, 
mimics, function and inhibition I 

(Conference room 1)

Session Metals and biomolecules II 
(Conference room 2)

16h30–16h50 J. Messinger (IL) E. Freisinger (IL)
16h50-17h05 G. Berggren (OP) N. Kulak (OP)
17h05-17h20 H. Kitagishi (OP) H. G. Ly Thi (OP)
17h20-17h35 D. Pantazis (OP) R. Sigel (OP)
17h35-17h55 S. Hirota (IL) W. Bal (IL)
17h55-18h10 L. S. Mészaros (OP)
18h15-18h45 Flash Poster Presentations (Conference room 1)

19h00-22h00 Poster Session A – “Local” stand-up dinner 

Thursday June 8th
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9h-9h45 Sandra Signorella (Conference room 1)

Session Metal-based drugs II 
(Conference room 1)

Session New Methods around metals in 
biology 

(Conference room 2)
9h45- 10h05 S. Bonnet (IL) L. Hemmingsen (IL)

10h05-10h20 L. Cardo (OP) T. Van Acker (OP)
10h20-10h35 A. Ahmedova (OP) T. Kamachi (OP)
10h35-11h00 D. Gambino (IL) 10h35-11h05 V. Balter (KN)

11h - 11h30 Coffee Break
11h30-11h45 P. Gamez (OP) S. Pallada (OP)
11h45-12h00 J. Walton (OP) B. Busser (OP)
12h00-12h20 H. Gornitzka (OP) E. Paredes (OP)
12h20-12h35 X. Wang (OP) 12h20-12h40 A. Dey (IL)

12h35 – 14h Lunch

14h-14h45 Janet Morrow (Conference room 1)

Session Imaging and sensors II 
(Conference room 1)

Session Metals in environment, biogeoche-
mistry, toxicology and origin of life I 

(Conference room 2)
14h45-15h05 Y. You (IL) R. Austin (IL)
15h05-15h20 J. Molloy (OP) A. Deniaud (OP)
15h20-15h40 C. Goze (IL)) P. Delangle (IL)
15h40-16h05 15h40-15h55 A. Frei (OP) R. Lobinsky (KN)
16h05-16h30 Coffee Break

Session Metalloenzymes, inspiration, 
mimics, function and inhibition II 

(Conference room 1)

Session metals and biomolecules III 
(Conference room 2)

16h30 – 
16h50 C. Léger (IL) D. Valensin (IL)

16h50-17h05 S. Menage (OP) Y. Yamamoto (OP)
17h05-17h20 S. Herres-Pawlis (OP) T. Moriuchi (OP)
17h20-17h35 J. Shearer (OP) A. Krezel (OP)
17h35-17h55 U.P. Apfel (OP) J. Rodriguez (OP)
18h00-18h30 Flash Poster Presentations (Conference room 1)

18h30-20h00 Poster session B

20h30 Gala Dinner

Friday June 9th
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9h30-10h15 Gerard Jaouen (Conference room 1)

Session Metalloenzymes, inspiration, 
mimics, function and inhibition III 

(Conference room 1)

Session Metal-based drugs III 
(Conference room 2)

10h15-10h30 C. Cavazza (OP) I. Ott (OP)
10h30-10h45 K. Oohora (OP) B. Bertrand (OP)
10h45-11h00 M. Seemann (OP) E. Bodio (OP)

11h-11h30 Coffee Break

11h30-11h55 C. Policar (KN)

Session Metals in environment, biogeoche-
mistry, toxicology and origin of life II 

(Conference room 2)
C. Blindauer (KN)

11h55-12h10 V. Vu (OP) A. Jancso (OP)
12h10-12h25 D. Raines (OP) 12h10-12h30 D. Pignol (IL)
12h30–12h55 E. Reisner (KN) 12h30–12h50 J. Duval (IL)

12h40–14h15 Lunch

Session Imaging and sensors III 
(Conference room 1)

Session Metal-based drugs IV 
(Conference room 2)

14h15-14h40 E. Borbas (KN) M. Joao Romao (KN)
14h40-14h55 S. Petoud (OP) L. Ronconi (OP)
14h55-15h10 M.C. Gimeno (OP) N. Margiotta (OP)
15h10-15h30 F. Riobé (IL) A. M. da Costa Ferreira (IL)

15h30 - 
16h00 Coffee Break

16h00-16h45 Takashi Hayashi (Conference room 1)

16h45-17h15 Closing Ceremony

Saturday June 10th
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conferences



12

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 

Copper trafficking pathways in neuronal development and lipid balance 

Yuta Hatori1, Abigael Muchenditsi1, Hannah Pierson1, Martina Ralle2, Katharina Schmidt1, 
Lutsenko1 

1Department of Physiology, Johns Hopkins University, School of Medicine, Baltimore, MD, USA, 2Department of 
Molecular and Medical Genetics, Oregon Health & Science University, Portland , OR, USA 

Presenting author: Svetlana Lutsenko, lutsenko@jhmi.edu 
 
Abstract 

Copper homeostasis is essential for human growth and development. Two ATP-driven copper 
transporters ATP7A and ATP7B play the key role in balancing copper levels in tissues and activating 
essential copper-dependent enzymes.  This presentation will give a brief overview of copper 
homeostasis in human cells; it will highlight distinct functions of ATP7A and ATP7B in tissues, discuss 
how cells regulate distribution of copper between different cellular compartments, and illustrate that 
dysregulation of copper balance markedly alters cholesterol and fat metabolism.  Relevance of our 
findings to the pathogenesis of Wilson’s disease, Menkes disease and other disorders of human 
copper misbalance will be summarized. 
 
References 

1) Hatori Y, Yan Y, Schmidt K, Furukawa E, Hasan NM, Yang N, Liu CN, Sockanathan S, Lutsenko S. 
“Neuronal differentiation is associated with a redox-regulated increase of copper flow to the secretory 
pathway” (2016) Neuronal differentiation is associated with a redox-regulated increase of copper flow 
to the secretory pathway. Nat Commun. 16;7:10640 

2) LutsenkoS “Copper trafficking to the secretory pathway.2016 Metallomics.;8(9):840-52.  
3) Hamilton JP, Koganti L, Muchenditsi A, Pendyala VS, Huso D, Hankin J, Murphy RC, Huster D, Merle U, 

Mangels C, Yang N, Potter JJ, Mezey E, Lutsenko S. Activation of liver X receptor/retinoid X receptor 
pathway ameliorates liver disease in Atp7B(-/-) (Wilson disease) mice. (2016) Hepatology. 63(6):1828-
41 

4) Muchenditsi A, Yang H, Hamilton JP, Koganti L, Housseau F, Aronov L, Fan H, Pierson H, Bhattacharjee 
A, Murphy RC, Sears CL, Potter JJ, Wooton-Kee CR, Lutsenko S. Targeted inactivation of copper-
transporter Atp7b in hepatocytes causes liver steatosis and obesity in mice. (2017) Am J Physiol 
Gastrointest Liver Physiol. doi: 10.1152/ajpgi.00312.2016 
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The bioinorganic physiology of the the last universal common ancestor  

William F. Martin 
Institute for Molecular Evolution, University of Düsseldorf, 40225 Düsseldorf, Germany; email : bill@hhu.de 

Abstract 
The concept of a last universal common ancestor of all cells (LUCA, or the progenote) is central 

to the study of early evolution and life's origin, yet information about how and where LUCA lived is 
lacking. We investigated all clusters and phylogenetic trees for 6.1 million protein coding genes from 
sequenced prokaryotic genomes in order to reconstruct the microbial ecology of LUCA. Among 
286,514 protein clusters, we identified 355 protein families (~0.1%) that trace to LUCA by 
phylogenetic criteria. Because these proteins are not universally distributed, they can shed light on 
LUCA's physiology. Their functions, properties, and prosthetic groups depict LUCA as anaerobic, CO2-
fixing, H2-dependent with a Wood-Ljungdahl (WL) pathway, N2-fixing, and thermophilic. LUCA's 
biochemistry was replete with FeS clusters and radical reaction mechanisms. Its cofactors reveal 
dependence upon transition metals, flavins, S-adenosyl methionine (SAM), coenzyme A, ferredoxin, 
molybdopterin, corrins, and selenium. Its genetic code required nucleoside modifications and SAM-
dependent methylations. The 355 phylogenies identify clostridia and methanogens, whose modern 
lifestyles resemble LUCA's, as basal among their respective domains. LUCA inhabited a geochemically 
active environment rich in H2, CO2, and iron. The data support the theory of an autotrophic origin of 
life involving the Wood–Ljungdahl pathway in a hydrothermal setting. It appears that LUCA lived from 
exergonic reactions of gasses that were converted via transition metal catalysts to soluble organic 
compounds.   
 
 
References 
1) Weiss MC, Sousa FL, Mrnjavac N, Neukirchen S, Röttger M, Nelson-Sathi S, Martin WF: The physiology and 

habitat of the last universal common ancestor. Nature Microbiology (2016) 1:16116. 
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14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 

Bioinspired small molecule activation for energy-related catalysis 

Franc Meyera 
a Universität Göttingen, Institut für Anorganische Chemie, Tammanstrasse 4, D-37077 Göttingen, Germany; 

email : franc.meyer@chemie.uni-goettingen.de 
 
Abstract 

Most scenarios for storing energy in, and retrieving energy from, chemical bonds involve the 
activation and transformation of small ubiquitous molecules (O2, H2O, H2, N2, CO2, CH4); water 
splitting, generation of dihydrogen, and hydrogenation of dinitrogen and carbon dioxide are some of 
the pivotal reactions relevant to the global energy challenge. For mediating these challenging 
reactions, nature has evolved sophisticated enzymes that usually contain one or more metal ions 
within their protein active sites. Understanding the functional principles of these bioinorganic 
systems offers great inspiration for the development of new types bioinspired metal-based catalysts, 
which in the end may or may not emulate structural features of the natural cofactors. Some of our 
recent work along these lines will be presented, focusing on (1) the stabilization and catalytic 
application of biorelevant iron-based intermediates in organometallic complexes with macrocyclic N-
heterocyclic carbene scaffolds[1,2] and (2) the activation of small molecules via H2 elimination from 
oligometallic dihydride complexes akin to the key N2 binding step in nitrogenase’s FeMoco.[3] 
 
References 
1) (a) S. Meyer, I. Klawitter, S. Demeshko, E. Bill, F. Meyer, Angew. Chem. Int. Ed. 2013, 52, 901-905; (b) S. Ye, C. 

Kupper, S. Meyer, E. Andris, R. Navrátil, O. Krahe, B. Mondal, M. Atanasov, E. Bill, J. Roithová, F. Meyer, F. 
Neese, J. Am. Chem. Soc. 2016, 138, 14312-14325; (c) C. Kupper, B. Mondal, J. Serrano-Plana, I. Klawitter, F. 
Neese, M. Costas, S. Ye, F. Meyer, manuscript in preparation. 

2) (a) C. Kupper, A. Schober, S. Demeshko, M. Bergner, F. Meyer, Inorg. Chem. 2015, 54, 3096-3098; (b) C. 
Kupper, J. A. Rees, S. Dechert, S. DeBeer, F. Meyer, J. Am. Chem. Soc. 2016, 138, 7888-7898. 

3) D. H. Manz, P.-C. Duan, S. Dechert, M. John, R. Mata, F. Meyer, manuscript in preparation. 
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Development of Metallacrowns into Lanthanide Based Luminescent Agents  

Vincent L. Pecoraro,a Ivana Martinićb, Tu N. Nguyena, Jacob Lutter,a Beatriz Bermudez-Lopez,a 
Svetlana V. Eliseevab, Stéphane Petoudb,c, 

a Department of Chemistry, University of Michigan, Ann Arbor, MI USA 48109-1055; bCentre de Biophysique 
Moléculaire, CNRS UPR 4301, 45071 Orléans Cedex 2, France  c) Department of Inorganic, Analytical and Applied 

Chemistry, University of Geneva, CH-1211 Geneva 4, Switzerland; email : vlpec@umich.edu 
 
Abstract 

The field of optical biological imaging is growing explosively in recent years due to 
technological advances related to detection techniques and image treatment. Luminescent probes 
allow for the visualization and/or quantification of biological objects or events with a high detection 
sensitivity and resolution at the cellular level. Lanthanide(III)-based complexes are a class of 
luminescent compounds that possess fascinating and unique optical properties due to the electronic 
structure of the lanthanide(III) cations (Ln3+) they incorporate. More specifically, Ln3+ exhibit f-f 
emission bands from the visible to the near-infrared (NIR) range and a number of complementary 
properties with respect to the fluorescent probes: sharp emission wavelengths that are highly 
insensitive to the microenvironment, large energy differences between the absorption and emission 
bands and high resistance toward photobleaching (allowing long term or repetitive quantitative 
experiments). Metallacrowns are the inorganic analogues of organic crown ethers and have been 
shown to be excellent vehicles for the encapsulation of lanthanides. We have reported previously the 
design, synthesis, characterization and luminescence properties of Ln3+ “encapsulated sandwich” 
metallacrown complexes (MC) based on Zn2+ ions and bivalent aromatic hydroximate ligands (L2-)1.2 
that sensitize NIR emitting Ln3+= Nd, Er, Yb and Ln3+Ga3+ 12-MC-4 structures3 that sensitive the full 
range of lanthanide emission across the visible and NIR regions. In both classes of complexes, we 
observed some species with the highest quantum yield values (in comparison to NIR emitting Ln3+-
based complexes containing C-H bonds) and longest luminescence lifetimes in the solid state and in 
methanol solutions due to an efficient Ln3+ sensitization and a strong protection against non-radiative 
deactivation pathways (resulting from overtones of high energy C-H, N-H, and O-H vibrations located 
in solvent molecules and ligands close to the Ln3+ ion). We will discuss how the pyrazinehydroxamic 
acid (H2pyzHA) analogue that forms Ln3+[12-MCZn(II),pyzHA-4]2[24-MCZn(II),pyzHA-8] (Ln3+[Zn(II)MCpyzHA], 
Ln3+= Yb, Nd) may be used as a highly photostabile probe that and is able to label preferentially 
necrotic cells4 and may be used in one step dual fixation and staining of human cells. A second class 
of molecules containing Ga3+ with the stoichiometry Ga8Ln2 will also be discussed. 
References 
1) Jankolovits, J.; Andolina, C.M.; Kampf, J.W.; Raymond, K.N.; Pecoraro, V.L. “Assembly of NIR Luminescent 
Lanthanide Host(Host-Guest) Complexes Using a Lanthanide-Metallacrown Sandwich Motif” Angew. Chem., 
2011, 50(41), 9660-9664. 
2) Trivedi, E.R.; Eliseeva, S.V.; Jankolovits, J.; Olmstead, M.; Petoud, S.; Pecoraro, V.L. “Highly Emitting Near 
Infrared Lanthanide “Encapsulated Sandwich” Metallacrown Complexes with Excitation Shifted Toward Lower 
Energy” J. Amer. Chem. Soc. 2014, 136, 1526−1534. 
3) Chow, C. Y.; Eliseeva, S. V.; Trivedi, E. R.; Nguyen, T.; Kampf, J.W.; Petoud, S.; Pecoraro, V.L. “Ga3+/Ln3+ 
Metallacrowns: A Promising Family of Highly Luminescent Lanthanide Complexes that Covers Visible and Near-
Infrared Domains” J. Amer. Chem. Soc., 2016, 138, 5100-5109. 
4) Martinìc, I.; Eliseeva, S. V.; Nguyen, T.; Pecoraro, V.L.; Petoud, S. “Near-Infrared Optical Imaging of Necrotic 
Cells by Photostable Lanthanide-Based Metallacrowns,” submitted to J. Amer. Chem. Soc. 
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Rationally Designed Mimics of Manganoenzymes: Small Molecules Activation 
and Applications in Catalysis 

Sandra Signorella 
IQUIR (Instituto de Química Rosario), Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET), 

Facultad de Ciencias Bioquímicas y Farmacéuticas, Universidad Nacional de Rosario, Suipacha 531, S2002LRK 
Rosario, Argentina ; email : signorella@iquir-conicet.gov.ar 

Abstract 
Manganese is a particularly useful catalytic center due to its unrivaled repertoire of redox 

chemistry. Inspired by Mn-biosites, a number of catalytic systems in which manganese can interact 
with small oxygenated molecules have been tested for biochemical, industrial and environmental 
purposes.1-4 Manganoenzymes are involved in the protection of living organisms from reactive 
oxygen species (superoxide dismutase, catalase), in the activation and reduction of O2 
(ribonucleotide reductase, lipoxygenase), and in O2 formation from water at the Mn4Ca cluster of 
Photosystem II. Despite the critical role of Mn in these biological processes, the fundamental 
understanding is far from complete and biomimetic small-molecule chemistry continues to play a key 
role in furthering mechanistic insights. 

The number and type of ligands, the local charge, the nuclearity of the active site, are among 
the factors that introduce a way of tuning the redox potential of the metal center to face redox 
reactions. Recent synthetic advances have led to the isolation and characterization of a number of 
Mn model complexes, and reactivity studies in conjunction with spectroscopy and theory have 
helped to understand some structural and electronic properties of the metal centers that modulate 
their reactivities. Scavenging of reactive oxygen species by manganese sites can occur through a 
direct oxidation/reduction reaction or via a high-valent reactive species;1 but, also, peroxide can be 
activated to form a more powerful oxidant, which in turn can be applied for oxidation of a substrate.2 
Several Mn-complexes in the presence of H2O2 exhibit both catalase activity and a high ability for 
substrate oxidation, depending on the reaction conditions. Also, by changing reaction conditions, 
simple mononuclear Mn complexes can disproportionate superoxide, peroxide, or activate O2 to 
generate more powerful oxidants,3 and various diMn complexes can exhibit catalase activity or ability 
to oxidize water to O2.4 

In this talk, I will contrast antioxidant activity and small molecule activation ability of several 
Mn systems, and discuss key factors that control these processes. 
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Abstract 
 

Optical sensing of metal ions within cells has many challenges.  Foremost among these is the 
requirement of the metal ion to bind selectively to the sensor and to transduce a change in 
fluorescence emission.  While there are many successful approaches for small molecule sensors of 
Zn(II) or Cu(I), studies with Fe(II) have received little attention.  Our group is studying new approaches 
to this area of research by using nucleic acids to improve binding selectivity of the metal ion and also 
to promote a turn on fluorescence response.  Towards this goal, new ligands that more selectively 
bind Fe(II) over Zn(II) have been developed.  Past work published by our group has shown that ligands 
appended with fluorophores produce a metal ion selective fluorescence response in the presence of 
certain DNA or RNA structures.1-4 For example, selective binding of Zn(II) complexes to thymine  
groups enables the creation of nucleic acid sensors that have thymine within loop structures including 
those in G-quadruplexes.   In some cases, a three component mixture of ligand, metal ion and nucleic 
acid self-assembles to light up in response to Zn(II), but not Fe(II) or Cu(II).1  In other experiments, a 
conformation change is induced to register the metal ion binding response.3,4   New optical probes 
that demonstrate a large fluorescence enhancement upon binding to DNA structures in the presence 
of these metal ions will be presented as a method for improved binding selectivity and fluorescence 
turn on response in optical sensing applications.      
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Abstract 

Owing to the poor outcomes seen in several types of cancers (e.g. epithelial ovarian cancer, EOC) the 
search for new active principles outside the established avenues is a burning current concern. In our 
search for innovative organometallic species able to overcome drug resistance to proapoptotic 
stimuli we have discovered the remarkable ferrocifen family bearing a redox motif [ferrocenyl-ene-
phenol] selectively activated on cancer cells, and therefore revealing their redox environment. 
Biologically these species can operate via mechanisms related to both apoptosis and senescence 
depending on several parameters. This multitargeting property can inhibit resistance. Among the 
usable organometallic complexes, iron derivatives occupy a privileged position associated with the 
particular nature of ferrocene, which is a non-toxic, compact and stable aromatic metallocene with 
redox properties and a bioisostere of benzene.  

 

It was important to elucidate the chemical behavior of the key metabolites generated oxidatively 
from the metallocifens in relation to their antitiproliferative effects. This study produced multiple 
surprises and will be discussed in depth.Interestingly metallocifen mechanisms depend on several 
parameters such as the nature of the metal, the shape of the molecular carbon skeleton and the kind 
of substituents.Examples of drugdelivery of thesespecies by usinglipidnanocapsules (LNCs)  forin 
vivostudieswillalsobeprovided. 
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Abstract 
Hemoproteins which are versatile and ubiquitous metalloproteins contain an iron porphyrin 

cofactor, heme, located within the interior of the proteins.  The cofactor interacts with the protein 
matrix and functions as a catalyst, sensor, or gas binding molecule and so on.  One of the heme 
cofactors, protoheme IX (heme b), is non-covalently bound within the heme pocket.  Thus, the heme 
b-containing hemoproteins can generally be converted into the colorless apo-form under acidic 
conditions, and the addition of heme b or a related metal complex into a solution of the apoprotein 
triggers refolding to generate the corresponding reconstituted proteins.  Our group has focused on 
this process and devoted our efforts to obtain a series of modified hemoproteins with metal 
porphyrinoids as an artificially created cofactor, because it is found that the heme pocket after the 
removal of native heme is useful for an attractive scaffold of a metallocomplex-binding site to 
produce a new biocatalyst.1  In this presentation, several examples of functionalized hemoproteins 
containing artificial cofactors will be reported: 
!) Improvement of original function:  Myoglobin, an oxygen storage protein, has a heme b cofactor in 
the globin protein.  Myoglobin reconstituted with iron porphycene, a constitutional isomer of iron 
porphyrin, shows extremely large affinity for the O2 binding.  In addition, the O2/CO discrimination is 
remarkably opposite to that of native myoglobin.   
Horseradish peroxidase (HRP) is one of the famous heme-containing peroxidases.  The insertion of 
iron porphycene into apoHRP enhances the enzymatic activity and the compound I-like intermediate 
formed by the addition of H2O2 is detectable.   
2) Conversion of original function: Cytochrome c is a famous electron transfer protein with heme c.  
After the removal of heme c, the addition of Fe2(CO)9 into the solution of the apoprotein provides a 
diiron carbonyl cluster supported by two cysteine residues in the heme pocket.  This hybrid 
composite catalytically generates H2 gas in the presence of a Ru complex as a photosensitizer.   
Myoglobin has no hydroxylase activity which is seen in a series of cytochrome P450s.  However, 
manganese porphycene in myoglobin promotes inert alkane hydroxylation.  Furthermore, the 
modification of the myoglobin heme pocket by mutagenesis is found to control the enantioselectivity 
of the hydroxylation reaction.   
3) Construction of bioorganometallic catalyst:  Nitrobindin, an NO binding heme protein, has a 
robust -barrel structure, which could be a suitable scaffold for an organometallic complex.  For 
example, our group linked a RuCp complex into the -barrel to obtain a non-natural 
bioorganometallic composite.  This biohybrid catalyst is found to promote the polymerization of 
acetylene and provides the trans-rich polymer, indicating that the protein matrix regulates the 
structure of the product.   
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Relationships between plasma metal ion concentrations of  
iron, copper, and zinc and the development of infectious diseases  

in ambulatory and hospitalized patients. 
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Divalent metals are important components of nutrition, are required for cellular growth and 
metabolism, and may play a role patients' susceptibility to infection. [1,2] Subtle alterations of 
divalent metal homeostasis occur in the course of infectious diseases which aim, from the host 
perspective, either to reduce the availability of respective metals to microbes, or to use toxic metal 
accumulation to eliminate pathogens. Although patients with increased bone marrow stores of iron 
have an increased risk of bacterial and fungal infections, the effect of increased or decreased plasma 
levels of other metal ions is poorly understood. There are no known correlations between with Cu 
levels and the development of infectious diseases. In Zn-deficient patients, supplementation has 
shown substantial health benefits in in select high risk populations. However, an increased plasma 
Cu/Zn ratio has been demonstrated in select immune compromised patient populations, including 
those with tuberculosis, chronic hepatitis B, and in patients undergoing dialysis. [2,3]   

Methods: We assessed correlations between metal ion concentrations and bacterial and fungal 
infections in diverse patient populations: (1) Fe levels in cardiac patients administered large 
intravenous doses of iron; (2) in acutely ill hospitalized patients, and (3) in stable, otherwise healthy 
patients receiving long-term parenteral nutrition (TPN). Data collection included all fungal and 
bacterial infections, doses and plasma levels of metal ions, and documented infections. Multivariate 
analyses, recurrent events survival analysis, and a Glimmix procedure to analyze correlation between 
plasma levels of the metal ions and infections.  

Results: In stable, healthy TPN patients, there is a significant dose-response relationship 
between weekly metal ion doses and serum concentrations for Zn, Cr, and Mn, but not for Se, Cu, or 
Fe. An increased risk of infections was associated with increased plasma Cu/Zn ratios (P<0.002). In 
acutely ill hospitalized patients, an increased risk of infection correlated with red blood cell 
transfusions, iron saturation, and renal failure and the Cu/Zn ratio was significantly different in 
infected vs uninfected patients. In patients with acute decompensated heart failure, administration of 
high dose, intravenous iron administration to patients whose iron saturation (TSAT) was >20% was 
associated with higher rates of infections than patients in whom iron saturation was ≤ 20%. 

Conclusions: Understanding correlations between iron administration, iron saturation, and 
plasma Cu/Zn ratios and the development of infectious diseases may help minimize the risk of life-
threatening infections in both healthy and acutely ill hospitalized patients. Future studies need to 
interrelationships between metal ions. They should be prospective, and incorporate assessments of 
multiple metal ions, over time, in patients at risk of infection. 
References 
1. Btaiche, I.F.; Carver; P.L.; Welch, K.B. JPEN J Parenter Enteral Nutr. 2011, 35:736. 
2. Carver PL. Metal ions in life sciences. 2013;13:1-28. 
3. Weiss G, Carver PL. Clinical microbiology and infection 2017. DOI 10.1016/j.cmi.2017.01.018 

Metals in health and diseases - Thursday June 8th



25

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Redox reactivity of Copper-Amyloid peptide complexes toward ROS 
production.  A computational insight on the redox competent metal 

coordination in O2 and H2O2 reduction.  
 

Luca Bertini,aTommaso Prosdocimi,bLuca Mollica,c Federica Arrigoni,aJacopo Vertemara,a 
Giuseppe Zampella,aLuca De Gioia,a 

 
aUniversity of Milano-Bicocca , Department of Biotechnology and Biosciences 

Piazza dellaScienza 2 – Milano, Italy
 

bItalian Institute of Technology (IIT) -Center for Nano Science and Technology (CNST) 
Via Pascoli, 70/3 Milano, Italy 

 
cCompuNet, Istituto Italiano di Tecnologia, via Morego, 30, I-16163 Genova, Italy 

 
email :  luca.bertini@unimib.it 

Abstract 
Oxidative stress has been implicated to play a crucial role in the pathogenesis of a number of 

diseases, including neurodegenerative disorders such as Alzheimer disease (AD). The main 
pathological feature of AD are the amyloid β (Aβ) peptide plaques deposits that cause neuronal cell 
death.According to the oxidative stress hypothesis, the interactions of redox active copper ions with 
Aβ peptide are linked to production of reactive oxygen species (ROS).An essential prerequisite in 
understanding this aspect is the study as detailed as possible of the ROS formation mechanism from 
O2up to the hydroxyl OH radical. Considerable efforts have been made to investigate this issue.The 
first step was the electrochemistry investigation of the Cu(I)-Aβ/Cu(II)-Aβ redox process. This study 
revealed that the reduction did not occur directly between Cu(I)/Cu(II) resting states but through an 
higher energy in-between state (1). The features of this redox competent state remained matter of 
debate but recent studies have proposed coordination s that involve the Asp1 N-terminal and of the 
histidine residues (2). In the present study, using molecular dynamic and quantum chemistry 
techniques, we investigate the differences among several Cu(I)-Aβ models in terms of reactivity 
towards O2 and H2O2 reductions, showing that only a single coordination mode but rather a group of 
coordination modesare redox active, including those already proposed at the experimental level.  
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Alzheimer´s Disease (AD) is the most serious age dependent degenerative disorder 
characterized by progressive loss of memory and cognitive deficits, and with no cure so far [1]. The 
main brain hallmarks of the AD patients are the senile plaques, the neurofibrilary tangles and the 
deficit of acetylcholine in the brain. However, other pathological features play important roles in the 
disease process, namely in upstream events, including enhanced brain oxidative stress and disruption 
of metal homeostasis [2]. Many targets have been explored aimed to control AD process or effects, 
such as the extracellular β-amyloid (Aβ), the intracellular τ-protein and acetylcholinesterase (AChE). 
AChE inhibitors have been the most explored targets as, among the five FDA approved drugs four are 
AChE inhibitors. However, the available drugs only improve symptoms but do not have really disease 
modifying effects [3].
The evidenced multi-factorial nature of AD has been considered one of the main reasons for the 
absence of cure so far. Thereby, we have assisted to the development of multi-target candidate drugs, 
aimed at interfering with multiple disease pathways. Many multipotent compounds have been 
designed and studied based on repositioning well known AChEi classical anti-AD drugs, such as 
tacrine and donepezil [4].

On the continuation of our interest on the development of multifunctional compounds as 
potential anti-AD drugs with capacity for the metal modulation [5], we present herein the results of the 
study of a series of compounds which include a hydroxyphenylbenzimidazol (HOBIM) moiety
attached to a molecular moiety able to inhibit AChE, namely a tacrine or a donepezil mimic. The 
enclosed HOBIM moiety, besides improving the AChE inhibitory activity of the “old “ drugs, because 
of the bimodal interaction within the active site of the enzyme, provides the new hybrid compounds 
with metal (Cu, Zn) chelation ability, anti-oxidant activity and also capacity for anti-Aβ aggregation. 
Thereby these new hybrids appear as potential anti-AD drugs.
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Abstract 
Essential metals are vital elements for human biology. Iron, copper, and zinc are all essential for life. 
Two-thirds of the proteins used by our body use these metals. Thus, the biology of these metals has an 
important impact on our health and the breakdown of their homeostasis often leads to disease. They 
are very useful when kept under control, as catalyst of a huge number of biological processes, but 
become extremely dangerous when their levels become deregulated producing oxidative stress in 
Haber-Weiss and Fenton like chemistry or in deficiency contests.
An involvement of iron, zinc and copper in AD is extensively documented by several meta-analyses 
that have been published in the last few years.
Considering as whole the meta-analyses of copper in AD demonstrated the existence of a copper 
failure, consisting in copper decreases in the brain [1], copper increases in the blood [2], and copper 
increases in the serum fraction of copper not bound to ceruloplasmin [3]. It has be acquired the 
knowledge that this labile non-Cp-Cu fraction characterizes a percentage of AD patients [4], in serum 
and in the brain [5], where it may accelerate the Aβ disease cascade
ATP7B is a copper chaperone that loads the metal into the serum copper-protein ceruloplasmin during 
its synthesis, escorts superfluous copper into bile, and represents a key protein in copper failure. 
Impaired function of this ATPase is associated with a well-known inborn error of copper metabolism, 
Wilson’s disease (WD).
Four specific SNPs of the ATP7B gene and a WD rare mutation have a statistical association with AD. 
These SNPs are informative on the ATP7B gene structure. They contribute to characterize a copper 
subtype of AD, which is getting credit in the latest years [4]. 
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Abstract 
Alzheimer’s disease (AD), associated with degeneration of neurons and synapses in the brain, 

leads to motor impairment and eventual fatality. Neurodegeneration could be related to various 
interconnected features, including (i) plaque formation from amyloid- (A) peptide fragments, (ii) 
metal ion dyshomeostasis and miscompartmentalization, as well as (iii) inflammation and increased 
oxidative stress due to overproduction of reactive oxygen species (ROS). The inter-relations between 
some of these pathological factors have been investigated. Metals are found entangled in the A 
plaque and likely contribute to A neurotoxicity and oxidative stress. ROS have been shown to 
increase the rate of A plaque formation. Our understanding of the correlation between these 
elements and AD neuropathogenesis has been very limited, however. There is currently no cure for 
AD; therapies are focused on symptomatic relief targeting the decrease in the levels of 
acetylcholine, only one of the multiple factors causing the disease.1 To find a cure for AD, we 
require a better understanding of the relationship between the various causative factors of this 
devastating disease. Towards this goal, we need suitable chemical tools capable of targeting and 
regulating its multiple underlying factors simultaneously.1,2 Herein, our rational design and 
preparation of our chemical tools will be discussed with our investigations of their reactivities 
with targets in vitro as well as their efficacy in vivo.2 
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Abstract 
The dyshomeostasis of amyloid-beta peptide (Aβ), the consequent peptide aggregation and 

accumulation in cerebral senile plaques cause the onset of Alzheimer's disease (AD), a disorder that 
affects several million people worldwide [1]. 

The enzymatic degradation of Aβ plays a key role on the peptide homeostasis. A partial or total 
failure of the Aβ-degrading enzyme could reasonably have a negative impact on the physiological fate 
of the amyloid peptide.  

The interaction between insulin-degrading enzyme (IDE) [2] and amyloid substrates are 
modulated by transition metal ions [3], i.e. copper(II) and zinc(II); they also change the proteolytic 
cleavage sites of other natural substrates of IDE, such as insulin and amylin [4,5]. However, the 
molecular mechanism of IDE function, including the structural details of the interaction several metal 
ions, remains elusive. 

In this context, we performed conformational studies of IDE mutants in order to elucidate how 
transition metal ions (copper and zinc) can affect the protein folding. Moreover, by means of a mass 
spectrometry-based proteomic approach, we investigated the effect of IDE mutations on the extent of 
Aβ hydrolysis, as well as on the hydrolytic pattern, also in the presence of the metal ions of interest. 
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Copper and protein aggregation: From amyloids in diabetes to non-amyloids 
in cataracts disease 
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Abstract 
Several degenerative diseases are associated to the deposition of protein aggregates. Examples 
include the amyloid aggregates of -amyloid peptide, -synuclein, prion protein, and islet amyloid 
polypeptide (IAPP), which are associated to Alzheimer´s, Parkinson´s, prion diseases, and type 2 
diabetes, respectively.1-3 Redox-active metals, such as copper, have been implicated in protein 
aggregation, and may provide a link between aggregation, oxidative stress and cell death. Our 
research group studies the interaction of copper ions with proteins that have been implicated in 
degenerative diseases, using spectroscopic tools to understand the impact of the metal ion in protein 
folding, stability and aggregation properties. In this presentation, two stories on the effects of copper 
ions in protein aggregation will be contrasted.  
On one hand, the coordination chemistry features of Cu(II) binding to IAPP will be discussed, as they 
provide a structural basis for the inhibitory effect of copper in its amyloid aggregation.4 IAPP is an 
intrinsically disordered peptide, and the amino acid residues involved in metal ion binding are also 
key residues for the formation of β-sheet structures and amyloid fibrils. Thus, copper-induced IAPP 
conformers would display a higher energetic barrier to form amyloid fibrils, hence explaining the 
inhibitory effects of copper.5  
In contrast, Cu(II) ions can induce the non-amyloid aggregation of human lens γ-crystallins, a process 
associated to cataracts disease.6 γ-crystallins are among the most stable proteins in the human body; 
however, copper ions coordinate to these β-sheet-rich proteins and impact their folding and stability, 
inducing the formation of partially folded intermediates that are prone to non-amyloid aggregation.7 
These two stories illustrate the relative strength of copper coordination features over the stability of 
β-sheet structures, while providing important structural insights into the bioinorganic chemistry of 
these degenerative diseases.  
This research has been funded by: the National Council for Science and Technology in Mexico 
(CONACYT grants 128255 and 221134), MIT-Mexico Seed Funds Program, and Marcos Moshinsky 
fellowship 2016.  
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Novel Ru(II) Polypyridine Complexes as Photosensitizers in Photodynamic 
Therapy 
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Abstract 

The need for novel photosensitizers (PSs) in photodynamic therapy (PDT) is evident taking into 
account the drawbacks that most of the currently approved PSs have (e.g. lack of water solubility, 
photobleaching, low clearance from the body, etc.). These shortcomings can be traced back to the 
fact that all approved PSs are phtalocyanine- or porphyrin-based compounds. In order to tackle these 
drawbacks, new types of compounds are currently being examined as novel PSs in PDT. Among them, 
substitutionally inert Ru(II) polypyridyl complexes have been found to be extremely promising 
alternatives with one of such compounds to enter into clinical trials in the very near future.1 
During this talk, we will present our recent results on the preparation, characterization and biological 
evaluation of such metal complexes as PSs in PDT including in two-photon excitation PDT.2-4 
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Exploring the DNA Cleavage and Cytotoxic Activity of Copper(II) Complexes of 
Phenanthroline and Histidine Containing Ligands 
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Abstract 
 
Copper compounds have become an interesting alternative to complexes of platinum and platinum 
group metals as anticancer drugs. Their development has been prompted by the aims of overcoming 
the therapeutic drawbacks encountered for the family of platinum drugs and of developing biometal-
based drugs with improved pharmacological properties.1-3 However, copper(II) complexes are much 
less structurally predictable than other first-row transition metal complexes due to their labile 
character and preference for distorted coordination geometries. Therefore, the design of the ligand is 
crucial in order to control the formation of different species as a function of pH and to craft the 
copper(II) centers in the right environment for the desired biological activity. 
 
Under these premises, two new ligands containing a phenanthroline unit covalently attached to the 
amino acid His, having an amide C-terminal (HL1) or a carboxylic C-terminal (H2L2), were prepared, 
characterized and their copper(II) coordination properties studied using potentiometry, spectroscopy 
techniques (UV-Vis and EPR), mass spectrometry (ESI-MS) and DFT calculations.4 The data showed 
the formation of single copper complexes, [CuL1]+ and [CuL2], with high stability within a large pH 
range (from 3.0 to 9.0 for [CuL1]+ and from 4.5 to 10.0 for [CuL2]). In both complexes the Cu2+ ion is 
bound to the phenanthroline unit, the imidazole ring and the deprotonated amide group, and 
displays a distorted square pyramidal geometry as confirmed by single crystal X-ray crystallography. 
Interestingly, despite having similar structures, these copper complexes show different redox 
potentials, DNA cleavage properties and cytotoxic activity against different cancer cell lines (human 
ovarian (A2780), its cisplatin-resistant variant (A2780cisR) and human breast (MCF7) cancer cell lines). 
These results highlight the effect of different pendant functional groups (carboxylate vs amide), 
placed out of the coordination sphere, in the properties of these copper complexes. 
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Expanding the therapeutic potential of the iron chelator deferasirox in the 
development of Ti(IV) anticancer complexes with a dual mechanism of attack 
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Abstract 
With cancer cells having a higher requirement for iron than normal cells, the use of iron chelators to 
decrease iron bioavailability is a promising anticancer approach. Our finding of a difference in how 
the blood protein serum transferrin (sTf) binds Fe(III) and Ti(IV) elucidates a new anticancer drug 
design opportunity to couple Fe(III) chelation with the highly potent cytotoxic properties of Ti(IV).1  
This opportunity builds on a template using Ti(IV) complexes of chemical transferrin mimetic (cTfm) 
ligands. Deferasirox, a FDA-approved drug to treat iron overload disease, serves as a cTfm ligand that 
models STf coordination to Fe(III) and favors Fe(III) binding versus Ti(IV). This metal affinity 
preference enables deferasirox to facilitate the release of Ti(IV) intracellularly in exchange for Fe(III). 
The Ti(IV)-deferasirox complex at pH 7.4, [Ti(Deferasirox)2]2-, exhibits the highest aqueous stability 
observed for a potent cytotoxic Ti(IV) species. UV-Vis and 1H NMR studies demonstrate that this 
stability is maintained in the presence of biomolecular Ti(IV) binders such as citrate, STf, and albumin, 
which have been shown to induce partial or total dissociation, affecting the activity of other cytotoxic 
Ti(IV) complexes. Kinetic transmetalation studies show that Ti(IV) remains coordinated to deferasirox 
in the presence of Fe(III)-bound STf but its dissociation is induced by a labile Fe(III) source. This work 
reveals a mechanism to transport Ti(IV) into cancer cells and intracellularly induce Ti(IV) release by 
capturing Fe(III) from labile sources and attenuating Fe bioavailability. Cellular studies support the 
Fe(III) depletion mechanism of Ti(IV)-cTfm compounds and reveal potential intracellular Fe(III) target 
sites and the transformation of the iron into a toxic species. 
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Abstract 

Cisplatin and its second and third generation derivatives carboplatin and oxaliplatin are without 
doubt the most important anticancer drugs developed to date [1]. Despite the tremendous clinical 
success of these three platinum(II) drugs, toxicity, severe side effects and inherent and acquired 
resistance of certain tumors lead to significant limitations of platinum chemotherapy. The design of 
dual-threat platinum(IV) anticancer agents is a promising approach to enhance efficacy and to reduce 
the risk of tumors developing resistance in the course of treatment. In contrast to Pt(II), Pt(IV) forms 
octahedral complexes and the “axial” positions can be used to attach a biologically active ligand to a 
cisplatin-, carboplatin- or oxaliplatin-scaffold. On intracellular reduction the Pt(IV) pro-drug releases 
the active Pt(II) species that targets DNA and the axial ligand that then interacts with its non-DNA 
target, thus acting synergistically with the Pt(II) species and limiting cross-resistance. 

 
 
 
 
 
 
 
 
 

This Keynote Lecture gives an overview on our recent work aimed at the development of Pt(IV) 
complexes with bioactive redox modulators, histone deacetylase inhibitors and cyclooxygenase 
inhibitors as axial ligands. In particular, the combination of DNA platination with the induction of 
oxidative stress through a redox active ligand will be highlighted as a promising strategy for achieving 
high selectivity and cytotoxic activity in cisplatin-resistant cancer cell lines [2].  

While one of the axial positions is occupied by the bioactive ligand, the second axial site is 
often used to attach a biologically innocent ligand such as benzoate or acetate to modulate and 
optimize the lipophilicity, redox potential and cellular uptake. We have recently developed triple-
threat anticancer agents by coordinating a second, different bioactive ligand to the vacant axial site. 
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Data mining of metalloenzymes: using coordination chemistry of vanadium 

in protein phosphatases for inhibitor design for diabetes 
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Abstract 
For over a century it has been known that vanadium compounds have antidiabetic properties.  In 
addition to this they are inhibitors of phosphorylases, phosphatases and protein phosphatases.1 The 
inhibitory properties of vanadium are attributed to the favorable five-coordinate geometry of 
phosphate ester hydrolysis transition states.2 Five coordinate geometries for transition metal ions such 
as vanadium, however, are often found to be in an intermediate form between square planar geometry 
and trigonal bipyramidal geometry. The latter is optimal for a associative phosphate ester hydrolysis 
mechanism as it shares complementarity with the five-coordinate exploded transition-state geometry 
of an dissociative hydrolysis reaction mechanism.3,4 We will conduct an analysis of the structural 
parameters obtained from X-ray crystallography of various five-coordinate vanadium complexes with 
a VO4X core geometry (X = C, N, O, Cl, F, S)3 and compare them to the vanadium-based inhibitors 
crystalized inside various phosphorylases.4a,b To evaluate the importance of small structure 
perturbation within inhibitor complexes and explore the potential uses of peptides for 
stability/interaction, each structure will be compared to the geometry of small molecules.  Other 
aspects of drug delivery such as crossing membranes raise additional challenges.  We have addressed 
this through a) studies with model membranes5 to investigate the structural preferences of inhibitors 
and b) analyzed delivery uptake in both animal and human studies.6 We will present a review 
detailing the advances within this field and discuss possible solutions for working with these metal-
containing systems. Combined, these studies suggest that if effective delivery of potentially active 
antidiabetic compounds, such as the organic vanadate peptidic substrates, could be achieved, they 
could alleviate the current toxicity problems reported for the salts and some of the complexes as well 
as yield dramatic enhancements of antidiabetic vanadium compounds. This information can now be 
used in studies of vanadium compounds in oncolytic immunotherapy. 
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Abstract 
 Telomeres are DNA-protein structures that cap chromosome ends protecting them from 

recognition by the DNA repair machinery. In mammalians, among the six telomeric proteins 

belonging to the shelterin, TRF1 and TRF2 are both proteins able to bind directly to the double 

stranded telomeric DNA and are involved in telomere length regulation and chromosome end 

protection. Since telomeric DNA consists of highly repetitive short sequences of adjacent guanine 

residues (TTAGGG)n, and able to fold in G-quadruplex structures, it is a potential target for platinum 

complexes. Series of hybrid platinum complexes such as Pt-MPQ, Pt-ttpy (ttpy= tolyl-terpyridine) 1 and 

NHC-Pt- PDC2 able to recognise, stabilize and cross-link preferentially G-quadruplex structures, in 

vitro, have been designed. We then focused our studies on their cellular activities, in particular on 

their capacity to target telomeres. Our results show that telomere targeting by platinum complexes 

(telomere uncapping and damage) can be improved when they are linked to a G-quadruplex ligand 

and provide new advances in telomere biology3. 
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Abstract 
PtII supramolecular architectures with square or rectangular shapes display remarkable applications in 
various fields, especially as molecular hosts or catalysts.1 Interestingly, coordination-driven self-
assembly allows for the efficient synthesis of nanometric aggregates, creating supramolecules that 
can potentially mimic the dimensions of protein DNA recognition motifs.2 
We have recently reported on the DNA binding properties of three 4,4’-bipyridine-based Pt(II) 
dinuclear square boxes of different size. We showed that these Pt compounds possess biological 
activity against cancer cells and heavily influence the expression of genes known to form G-
quadruplexes (G4s) in their promoter regions according to their size.3 
We exploited our self-assembly strategy for the fast and modular generation of libraries of Pt(II) 
metallacycles with improved binding affinity and selectivity towards G4 motifs. By means of 
competitive FRET melting assays, UV-vis and circular dichroism titrations, we studied the DNA binding 
abilities of ten Pt-boxes of different shape, charge and size. One mono- and two bis-platinum(II) boxes 
resulted selective for G4 structures over B-DNA. Additionally, these three compounds presented a 
nice fluorescence profile in water solution (emission at ≅ 440 nm) indicating the possibility to track 
them inside the cell. Biological assays to test the effect of these compounds on cancer cells are 
currently ongoing.  
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Programme for research, technological development and demonstration under grant agreement no 609431. 
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Abstract 
Our  group  has  reported  recently  about  the  very  promising  in  vitro  light‐induced  anticancer 

properties of novel tetraplatinated porphyrins 1.1 The dark and light toxicity against human cancerous 
and non‐cancerous cell lines (MRC‐5, HeLa, A2780 and CP70) was determined by the resazurin assay. 
IC50 values were obtained after 4 h incubation, followed by 15 min irradiation at either 420 nm or 575 
nm respectively. This family of platinum‐porphyrin conjugates 1 had only minor dark toxicity, however 
upon  visible  light  irradiation,  IC50  values  down  to  19  ±  4  nM  could  be  observed.  These  values 
correspond to an excellent phototoxic index (PI = IC50 dark / IC50 light) of greater than 5000.  
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We have now started to study similar systems that contain a metal in the central position of the 

porphyrin  (2a and 3). We will  report and discuss  the  influence of  the metal on  the  singlet oxygen 
yield, cellular dark and (photo)toxicity as well as cellular localisation. For the latter we employed the 
isotopically  labelled  67Zn  complex 2b  in order  to determine, by  ICP‐MS,  the  cellular distribution of 
67Zn and platinum, which in turn allowed us to study the stability of the platinum ‐ pyridine nitrogen 
bond  within  the  cells.  We  included  the  copper(II)  3,  since  we  previously  discovered  the  first 
phototoxic copper(II) complex of a porphyrin.2 
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Sugar-Metallodrug Conjugates in a Mirror: Mitochondrial Targeting of a Light-
Activated Ruthenium Anticancer Prodrug using D- and L-Glucose Conjugation 

Lucien N. Lameijer, Samantha L. Hopkins, Tobias G. Brevé, Sven H.C. Askes, Sylvestre Bonnet 
Leiden University, Leiden Institute of Chemistry, Gorlaeus Laboratories, P.O. Box 9502, 2300 RA Leiden, The 
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Abstract 
Light-activated ruthenium polypyridyl anticancer prodrugs often suffer from poor water 

solubility, poor selectivity, and/or ill-defined intracellular targets. Coordination of a D- or L-glucose 
thioether ligand (SRR’) to the highly lipophilic ruthenium complex *Ru(tpy)(dppn)(OH2)]2+ ([1]2+, tpy = 
2,2′:6′,2′′-terpyridine, dppn = benzo[i]dipyrido-[3,2-a:2',3'-c]phenazine) solved all problems at once. 
The two enantiomers *Ru(tpy)(dppn)(SRR’)+(PF6)2 ([D-2](PF6)2 and [L-2](PF6)2) were soluble in water, 
which allowed for probing the influence of the chirality of the glucose moiety on uptake, toxicity, and 
intracellular localization of the prodrug without changing any other physico-chemical properties. Both 
compounds showed mild but different cytotoxicity in A549 (human lung carcinoma) and MCF-7 
(human breast adenocarcinoma) cancer cells in the dark, whereas similarly high cytotoxicities were 
observed following low doses of visible light irradiation (3.1 J.cm−2 at 455 nm). Irrespective of chirality 
the slightly emissive Ru complexes were found in the mitochondria, where two modes of action may 
contribute to light-induced cell death. On the one hand, the glucose-thioether ligand is 
photosubstituted by water, thus releasing [1]2+ that interacts with DNA at a exceptionally high 400:1 
bp:Ru ratio. On the other hand, both [2]2+ and [1]2+ produce massive amounts of singlet oxygen, 
leading to very efficient photodynamic DNA cleavage. 
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Metallo supramolecular cylinders prevent the formation of HIV-1 TAR-TAT 

complex and inhibit the viral activity in cellulo.  
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Abstract 
The Trans Activation Response region (TAR) is a highly conserved 59-nucleotide stem-loop RNA 

located at the 5’ end of HIV-1 viral genome, which includes a six residues loop, a trinucleotide 
pyrimidine bulge and an extensive duplex structure (scheme below). The pyrimidine bulge interacts 
with the arginine rich motif of the virus-encoded Transactivator protein (TAT) forming a complex 
(together with other cofactors) that is essential for the correct transcription of viral mRNA. The 
structural characterisation of TAR-TAT complex has been studied extensively for decades and the 
design of synthetic agents able to prevent the formation of this complex and compromise viral 
transcription, is a promising strategy in anti-HIV therapy.1 In particular, the inhibition of viral genome 
translation could affect the high level of genetic variation and prevent the development of virus 
resistance, which is very typical of HIV-1 and one main limit in current therapies.2 

During the last years, our group has focused on developing a large family of metal-based 
supramolecular architectures, where coordination and supramolecular chemistry are important tools 
to target specific motifs of RNA and DNA by tuning shape and dimension of potential binders. In 
particular, di-nuclear metallo supramolecular helicates (cylinders) perfectly fit into nucleic acid 
junctions and bulges.3-5 The biophysical data presented here, prove that octahedral metal-based 
cylinders selectively bind at the bulge of TAR RNA and inhibit the formation of TAT-TAR complex. 
Furthermore, studies in CD4+ T cells, in the presence of the virus, show that cylinders own 
remarkable anti-HIV activity (depending on the metal employed) and relatively low cytotoxicity, 
which is a very important feature when designing antiviral drugs.  

Due to the high structural and functional variability of RNAs, the number of synthetic 
molecules known as targeting specific RNA motifs, is still relatively low compared to protein inhibitors 
or DNA binders.6 Herein, metal based cylinders show interesting recognition properties of TAR RNA 
bulge, which makes them promising candidates in the field of anti-retrovirus therapy. 
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Pt(II)- and Pd(II)-linked metallosupramolecular capsules with improved 

therapeutic potential for cancer treatment  

Anife Ahmedova, a Rositsa Mihaylova, b Denitsa Momekova, b Georgi Momekov b  
a Laboratory of Biocoordination and bioanalytical chemistry, Faculty of Chemistry and Pharmacy, University of 

Sofia, 1, J. Bourchier blvd.,Sofia 1164, Bulgaria ;,b Faculty of Pharmacy, Medical University-Sofia, 2 Dunav Street, 
Sofia 1000, Bulgaria ; email : ahmedova@chem.uni-sofia.bg 

Abstract 
Metallosupramolecular cages and capsules attract increasing attention due to their potential 

application as molecular containers and anticancer agents.  Herein, we present our recent results on 
the anticancer activity of anthracene based coordination capsules [1,2]  that have recently been 
designed and synthesised by Yoshizawa and  co-workers [3]. The capsules have M2L4 composition 
(where M= Pd or Pt) and provide large hydrophobic cavity, with an average volume of ~580 Å3, which 
are capable of encapsulating various guest molecules, such as highly reactive radical-initiators [4] or 
methyl-group rich, biologically active, xanthine derivatives [5]. Beside the demonstrated application 
of these coordination capsules for safe storage or guest recognition, we have also discovered that 
they have appropriate stability in presence of small biomolecules and exert very high cytotoxicity 
against the tested human cancer cells (HL-60, SKW-3, HT-29, and T-24). Moreover,  the capsules show 
high potency to circumvent the multi-drug resistance (up to 125-fold) when compared with cisplatin, 
and very high selectivity - that is ~10 times more toxic to the cancer cells than to the non-malignant 
cells (HEK-293). We also demonstrated that the cytotoxicity of the Pt(II) and Pd(II)-linked coordination 
capsules can be modulated by encapsulation of guest molecules, such as pyrene and caffeine. 
Mechanistic insights into the observed cytotoxicity profiles were obtained by fluorescence 
microscopy imaging of tumour cells treated with the capsules, and the overall data suggested the 
glutathione-triggered disassembly of the capsular structures as a potential activation pathway for the 
observed cytotoxicity. Our findings illustrate the high potency of the Pt and Pd capsules for improved 
therapeutic applications and possible combination with their properties for storage and/or delivery.  
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New heterobimetallic ferrocene derivatives: evaluation of their potentiality as 

prospective agents against infectious diseases. 
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Abstract 
Infectious diseases are major causes of human illness worldwide. Tuberculosis is an ancient 

disease that remains a global public health issue. Diseases caused by genetically related 
trypanosomatid protozoa, like Trypanosoma brucei and Leishmania spp, constitute major health 
concerns in the developing world. Currently available drugs for the treatment of these diseases are 
decades old and/or suffer from limited efficacy, undesirable collateral effects and development of 
resistance.  

Bioorganometallic Chemistry offers an innovative approach for the development of new drugs. 
Our group is currently focused on the development of prospective metal-based drugs mainly based 
on bioactive ligands, pharmacologically active metals and selected organometallic cores.1-4  

Searching for prospective agents against infectious diseases, four new [MII(L)(dppf)](PF6) 
compounds,  with dppf  1,1'-bis (diphenylphosphino) ferrocene, M  Pd or Pt and L  tropolone 
derivatives, were synthesized and fully characterized in the solid state and in solution. In particular, 
crystal structure of the compounds was solved by X-ray diffraction methods. The compounds showed 
good activity (MIC90 values in the M range) against the standard M. tuberculosis strain H37Rv ATCC 
27294 but were less active against resistant clinical isolates. Low activity and/or low selectivity were 
obtained against the clinically relevant form of Leishmania infantum. In contrast, the compounds 
displayed fairly good activity and selectivity (tested for J774 macrophages) towards the related 
trypanosomatid T. brucei (IC50 values in the low micromolar range). In almost all cases, the inclusion 
of the Mdppf moiety lead to an enhancement of activity compared with the parent tropolone 
ligands. Pd compounds were more active than the Pt analogues but showed higher unspecific 
cytotoxicity than Pt ones. Results were compared with those obtained for antitrypanosomal 
compounds previously developed by us.  

These new organometallic compounds could be considered new hits for the development of 
antitrypanosomal agents. 
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Photoswitching the DNA-interacting properties of coordination compounds 
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Abstract 
Photoactivated chemotherapy (PACT) drugs allow to achieve controllable activity with reduced 

side effects [1]. Regarding coordination compounds, their photoactivation of is commonly based on 
metal-centred processes [2]. 
 
Dithienylcyclopentene (DTE) molecules undergo reversible cyclization/ring opening reactions 
between their colourless (open) and coloured (closed) forms when stimulated with UV and visible 
light, respectively [3]. The closed/open photoisomers exhibit drastically different physical properties; 
therefore, such molecules can be used as molecular switches. 
 
In this presentation, a series of photoswitching metal complexes obtained from DTE-based ligands will 
be presented together with their properties. Besides the anticipated distinct optical behaviours, the 
open and closed forms of such coordination compounds exhibit different DNA-interacting properties 
and cytotoxicities [4, 5]. 
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Anticancer Metal Complexes: 

HDAC Enzyme Inhibitors1 and Pyridylphosphinate Complexes2 

James W. Walton,a Tim R. Blower,a Jasmine M. Cross,a Jason H. Gill,b Dmitry S. Yufit,a  
a Department of Chemistry, Durham University, UK; b School of Pharmacy, Durham University, UK;  

 e-mail: james.walton@durham.ac.uk 

Piano stool metal complexes have been explored for several decades as potential anticancer 
agents. HDAC enzymes are excellent targets for such therapeutic activity. We present the first 
examples of Ru(II) and Rh(III) piano stool HDAC inhibitors (Fig A). The novel complexes have 
anticancer activity comparable to the clinically used HDAC inhibitor SAHA. Strong evidence for HDAC 
inhibition as a primary mechanism of action is provided. The complexes reported here represent an 
important step towards the design of highly active and selective HDAC inhibitors. These results have 
recently been communicated in an Early Career Special Issue of ChemPlusChem.1  

 

 
 
We also present the synthesis and anticancer properties of a series of 25 new pseudo-

octahedral metal complexes (Ru, Os, Rh, Ir).2 Each complex incorporates a pyridylphosphinate ligand 
(Fig B), along with a monodentate halide and a capping η6-bound aromatic ligand. Solid-state 
structural analyses of two complexes (Fig B) reveal intriguing conformational diastereoselectivity.  
Aqueous behaviour has been investigated, with respect to hydrolysis of the metal–halide bond and 
pKa of the resultant aqua complexes. Binding studies with selected amino acids and nucleobases 
provide a rationale for the variation in toxicity observed within the series. Finally, an investigation into 
the ability of the chelating amino acid L-His to displace the phosphinate O‒metal bond shows the 
potential for phosphinate complexes to act as prodrugs that can be activated in cellulo. 
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Abstract 
N-heterocyclic carbene ligands (NHCs) containing functional side-arm have been developed 
to stabilize gold(I) cations for biomedical applications. These complexes have been tested on 
a panel of human cancer cell lines, against Plasmodium falciparum (malaria) and Leishmania 
infantum.

The correlation between lipophilicity of the gold complexes and biological activities has been 
evidenced. Moreover, the cationic complexes show higher selectivity than neutral analogues 
against cancer cell lines in comparison to normal non-cancer cells. Combining a NHC-gold 
unit with a ruthenium chromophore permitted to localize these complexes in liver cancer cells 
(Hep3B).
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Fluorescence (λexc = 458 nm, λem = 620 nm and transmission images of Hep3B cells treated with Ru-Au (10 µM, 
24 h, in red) and labeled with MitoTracker (in green, bottom) or DAPI (cyan, top).
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Abstract 
Alzheimer’s disease (AD) is the most common form of neurodegenerative diseases and is still 

incurable so far.1 Traditional therapies use diagnostic and therapeutic drugs separately, which are 
unfavorable to exploring the pathology of AD and optimizing the efficacy of drugs. Theranostic agents 
that combine diagnosis and targeted therapy functions into a single platform could overcome the 
weakness of current approaches.2 Amyloid-β (Aβ) aggregates, one of the primary pathological 
hallmarks of AD, have been considered as both biomarkers and therapeutic targets for AD diagnosis 
and treatment,3 which provide the possibility of developing theranostic agents able to detect and 
regulate Aβ aggregation at the same time. Fluorescent/luminescent probes have many advantages to 
be theranostic agents, including nonradioactive, high biocompatibility, and simple structures, which 
are easily modified to obtain desired efficacy. In this work, we demonstrate a series of Aβ-targeted 
fluorescent/luminescent probes and their dual-functional properties toward Aβ aggregation as 
potential theranostic agents for AD. First, fluorescent chelators, containing metal-chelating group and 
Aβ-recognizing group, were employed to specifically target metal-associated Aβ aggregates and 
capture metal ions to attenuate the aggregates, which can be simultaneously self-monitored by 
fluorescence changes in real-time. Moreover, they were also verified to penetrate the blood brain 
barrier of mice in vivo and detoxify the neurotoxicity. On the other hand, Aβ-targeted luminescent 
lanthanide complexes were also explored as potential theranostic agents for AD due to their unique 
optical properties and ability to modulate metal-free Aβ aggregation under physiological conditions.4 
These findings suggest that the bifunctional Aβ-targeted fluorescent/luminescent probes would 
provide a promising strategy for AD theranosis. 
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Abstract 

Gold complexes are considered as novel anticancer agents due to their strong antiproliferative 
properties, which are related to antimitochondrial activity, thioredoxin reductase (TrxR) inhibition, 
reactive oxygen species (ROS) induction and other effects on the cellular level. Several types of gold(I) 
and gold(III) metallodrugs have been investigated, including organometallic complexes, and 
confirmed the high potential of gold species in anticancer drug development. [1,2] 
Recently, we have reported on organometallic gold(I) complexes with alkynyl ligands as promising 
candidates for further metallodrug design (see the figure for examples). [3-5] Besides strong cytotoxic 
activity against several cancer cell lines, potent TrxR inhibition, substantial effects against tumor cell 
metabolism and cell morphology, induction of the phosphorylation of ERK1, ERK2 and HSP27, as well 
as strong anti-angiogenic effects have been observed. To further exploit the interesting potential of 
gold alkynyl organometallics as novel anticancer agents, a careful evaluation of structure-activity-
relationships (SAR) together with an optimisation of the pharmacokinetic ADME (absorption, 
distribution, metabolism, excretion) parameters is of high importance. In this presentation our 
current findings on these topics will be presented. 
 
 
 
 
 
 

Figure: examples of gold(I) alkynyl complexes 
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alkynylgold complexes. Dalton Trans. (2016), 45, 1345. 

Au PO Au
N

N
O

Metal-based drugs - Saturday June 10th



49

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

Bioconjugated pyrazine-based cyclometalated (C^Npz^C)Au(III) complexes: 
synthesis and anticancer potential 
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Abstract 
Gold complexes are widely studied as potential new anti-cancer agents.1 Biscyclometalated Au(III) 
complexes are particularly known for their stability under physiological conditions and their 
promising cytotoxic properties.2 We have demonstrated the potential of a pyrazine-based 
(C^Npz^C)Au(NHC) complex (A figure 1) as anticancer treatment. However, the compound suffered 
from a certain lack of selectivity for cancer cells.3 We thus explored various strategies to conjugate 
our known pharmacophore to different biovectors to improve the selectivity of the drug. We have 
investigated the possibility to attach some amino acid derivatives to the (C^Npz^C)Au(III) scaffold via 
an open chain carbene ligand. We have also explored the synthesis of a (C^Npz^C)Au(NHC) platform 
bearing a pentafluorophenyl ester moiety for the conjugation with several vectors including biotin 
and estradiol derivatives. We measured the cytotoxicity of the complexes against a panel of different 
human cancer cell lines. 
 

 
Figure 1: Scheme of the bioconjugated (C^Npz^C)Au(III) carbene complexes. 
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2) Bertrand, B.; Casini, A. Dalton Trans. A golden future in medicinal inorganic chemistry: the promise of 
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complexes: Impact of the nature of the ancillary ligand on the biological properties. 2017, submitted. 
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From conception to in vitro and in vivo evaluations: how a smart probe can be 

a key tool to develop a novel anti-cancer agent 
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Abstract 
Since the pioneer discovery of cisplatin for biological applications by Rosenberg, metal 

complexes have become the most currently investigated and used class of compounds in cancer 
chemotherapy. Gold and ruthenium-based derivatives gave very promising results as anticancer 
agents, although it is still challenging to understand their mechanism of action. To deal with this 
issue, we have drawn our inspiration from theranostics: we attached a fluorophore on metal-based 
complexes to be able to track them in vitro.   
 

In this study,1,2 we present several metal complexes involving Au(I), Ru(II), and Os(II) metal ions. 
A challenging question is whether the metal-phosphine complex is a prodrug that is administered in 
an inactive precursor form, or rather than the metal remains attached to the phosphine ligand during 
the treatment. To tackle this issue we choose a phosphine-based smart probe as a ligand, whose 
strong fluorescence depends on the presence of the gold atom. The in vitro biological action of the 
gold complexes were investigated and studies in healthy zebrafish larvae allowed us to evaluate gold 
complexes biodistribution and toxicity. The different analyses carried out showed that these gold 
complexes behaved differently from phosphonium and auranofin, both in vitro and in vivo. 
 

Figure 1: investigated compounds & two-photon microscopy images (MDA, 50 µM, λex = 750 nm). 

Two-photon microscopy experiments demonstrated that the cellular targets of these gold 
complexes are not the same as those of the usually reported gold complexes (Figure 1). To finish, a 
preliminary in vivo study on healthy mice and on tumor bearing mice will be presented to highlight the 
potential of one of the complex as a novel anticancer agent. 
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metabolism of drugs and xenobiotics 
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Abstract 
Mammalian aldehyde oxidases (AOX) belong to the xanthine oxidase (XO) family of Mo-containing 
enzymes. These enzymes contain Mo bound to an organic molybdopterin cofactor (Moco) with two 
spectroscopically distinct [2Fe-2S] centres and an FAD site involved in electron transfer [1]. Reactivity 
appears to be conferred solely by the Mo centre, while specificity is controlled by the amino acid 
residues in the substrate binding pocket. 
Aldehyde Oxidase (AOX) has great toxicological importance since, along with cytochrome P450, it 
metabolizes different classes of drugs and xenobiotics being an enzyme of emerging significance in 
phase-I drug metabolism and pharmacokinetics [2]. The crystallization and structure determination of 
human AOX1 [3] and mouse AOX3 [4] have brought new insights into the structure and the 
mechanisms underlying substrate/inhibitor binding as well as the catalytic activity of this class of 
enzymes. Of special relevance was the identification of a novel inhibition site that is common to XO 
and AOX. 
AOX and XO show a high degree of structural similarity but a single XO enzyme is known while several 
AOX enzymes are present in different animal species. This is the case in rodents, which possess four 
different AOX isoenzymes while humans express only one (hAOX1) [2]. The reason for this is still 
unknown and the fact that the different mouse isoforms metabolize different substrates and are 
localized in a tissue specific manner is a puzzling question and has led to failures in drug development 
projects. 
To clarify the hAOX enzymatic and inhibition mechanisms, several variants were prepared and, kinetic 
studies in combination with computational and structural studies, allowed identifying the structural 
determinants for the specific of hAOX1 [5].  
The ensemble of the published and novel crystal structures has provided important structural insights 
into the catalytic and inhibition mechanisms of AOX1 that will be presented in the talk. 
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Fancy a lift? Glucose and vitamin B12 as carriers for the targeted gold-based 

anticancer chemotherapy 
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Abstract 
Some gold(III)-dithiocarbamato complexes have shown promising antitumor activity, both in 

vitro and in vivo, together with negligible systemic and organ toxicity, although selective tumor 
targeting is still a major issue.1 

In order to maximize the impact on cancer cells and minimize side-effects, our latest 
approaches focus on the conjugation of biologically-active molecules to potential metallodrugs. In 
particular, we aim at designing “Trojan Horse”-type complexes characterized by an improved 
selectivity provided by selected coordinated ligands exploiting specific receptors up-regulated in 
cancer cells, so as to achieve biomolecular recognition and tumor targeting without affecting healthy 
tissues. 

Targeted chemotherapies offer a great potential advantage owing to the expected enhanced 
specificity of the pharmacological treatment, which would lead to the delivery of higher doses of 
drugs directly into the target site. This requires the identification of the relevant biomarkers that are 
over-expressed specifically by diseased cells but not in healthy tissues, so as to achieve such selective 
targeted delivery. 

Rapidly dividing tumor cells require higher amounts of nutrients (e.g. methionine, essential to 
the synthesis of proteins and polyamines) and energy (e.g. through the TCA cycle and ATP) for their 
abnormal growing rate. In this context, it is not surprising that fast-proliferating cancer cells show 
increased demand and accumulation of both vitamin B12 (a vital nutrient characterized by very low 
bioavailability but involved in hundreds of critical metabolic enzymatic reactions)2 and glucose (the 
so-called “Warburg effect”)3 in comparison with healthy ones, thus making them very attractive for 
specific targeting of tumors. Accordingly, tailored vitamin B12 or glucose-like substrates can be 
conjugated to metal-containing anticancer agents so as to attain the site-specific delivery of drugs 
into the affected tissues. 

Starting from the rationale behind our research work, the main results achieved to date 
concerning the development of the aforementioned gold-based bioconjugates for the targeted 
chemotherapy are here illustrated and discussed 
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Abstract 
Platinum-based anticancer agents, such as cisplatin and oxaliplatin, have poor pharmacokinetic 

profile and their un-specific distribution in the body leads to systemic toxicity. Therefore, the 
development of antitumor platinum complexes with ligands specific to target the tumor site is highly 
desirable and currently actively pursued. In addition, drugs can be preferentially delivered to the 
tumor site by a nanoparticle formulation that can take advantage of the leaky vasculature 
surrounding the malignant tissue (enhanced permeability and retention effect).  

We have been involved, in the last decade, in the preparation of bone-targeted platinum-
bisphosphonate anticancer drugs and their subsequent conjugation with inorganic silica xerogels or 
hydroxyapatite (HA) nanocrystals with the aim of using these matrices for the local treatment of bone 
tumors.[1] In the present study, we have investigated the adsorption on and the release from 
biomimetic HA nanocrystals of kiteplatin [PtCl2(cis-1,4-DACH)] (DACH = diaminocyclohexane) and of 
its 1,1-cyclobutanedicarboxylate derivative [Pt(CBDCA)(cis-1,4-DACH)]. The release has been 
investigated as a function of pH to mimic the different physiological environments of healthy 
(including blood) and tumor tissues and the in vitro cytotoxicity of the releasates from the HA 
matrices has been assessed against various human cancer cell lines.[2]  

Moreover, active targeting of kiteplatin towards bone tumors has been pursued by preparing 
two new pyrophosphate derivatives that can be activated at acidic pH and hence at the hypoxic and 
low-pH environment surrounding a tumor mass. The two pyrophosphate derivatives of kiteplatin 
have also been tested 
in vitro to assess their 
cytotoxicity against a 
panel of human tumor 
cell lines. 
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Abstract 

Oxindole derivatives have been described as promising scaffold for new drugs in the last years. 
Diverse compounds in this class have already entered clinical tests (phase II and III), especially as 
potential antitumor agents.1 Among them, isatin (1H-indole-2,3-dione) derivatives exhibit diverse 
pharmacological activities, as anxiogenic, sedative, anticonvulsant, antibacterial, antifungal, 
antidiabetic, antiplasmodial, antiviral, and anticancer properties.2 Particularly, oxindolimines were 
reported as efficient chelates for copper(II) and zinc(II) ions, forming very stable complexes, capable 
of entering the cells and targeting DNA and mitochondria. They can  cause oxidative damage through 
the generation of reactive oxygen species (EROs) and induce apoptosis.3 These complexes can also 
bind to other biomolecules, including vital proteins responsible for cell cycle as human 
topoisomerase IB4 or cyclin-dependent kinases (CDK1/cyclin B and CDK2/cyclin A),5 and act as 
efficient inhibitors of their activity. In all these interactions, the nature of the metal, as well as the 
ligand structure modulate the observed effects in its biological activity. 

Recently, we started to investigate possible effects of such ligands toward amyloid peptides, 
trying to influence their aggregation and subsequent fibril formation, usually associated to Alzheimer 
disease (AD).6 Since this sequence of facts seems to be facilitated or enhanced by metal ions as 
copper or zinc, efficient chelates could have a remarkable inhibition effect. Therefore, hydrazone and 
imine derivatives from isatin containing additional imidazole or pyridine groups were prepared 
(isahim, isahpy, isapn), and characterized by IR and NMR spectroscopy, and ESI-MS spectrometry. 
Among diverse oxindole derivatives, these were the most active. It was also verified that those 
ligands bind strongly to amyloid peptides, especially to A1-16, with binding constants in the range 109. 
Interactions occur mostly at His6, His13 and His14 residues. Molecular dynamics simulation studies 
corroborated the experimental data, indicating efficient interactions between these hydrazones or 
imines and the peptides. Additionally, these oxindole ligands also compete efficiently for metal ions, 
forming very stable species, with stability constants 104 – 105 mol-1 L, in the case of copper ions, as 
determined by UV/Vis spectroscopy. Both effects can explain the observed inhibition of A peptides 
aggregation, monitored by turbidity assays. The hydrazones exhibit E/Z isomerization, depending on 
the pH and temperature, and one of the isomers seems to be preferential in interacting with 
A.These results indicate that oxindole derivatives could be efficient therapeutic agents in AD.  
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Thermodynamics of Pb(II) and Zn(II) binding to MT-3, implications for MT3 

structure and function 
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Abstract 
The neurochemistry of metallothionein-3 (MT3) remains poorly understood.  It is primarily expressed 
in the central nervous system.  We provide evidence that its expression in regulated differently than 
other metallothioneins.    We hypothesize that lead is thermodynamically capable of binding to MT3 
and that this interaction might mediate the chemistry of lead in vivo.  Results from isothermal titration 
calorimetry (ITC) experiments support the hypothesis that lead binds tightly to MT3. They also show 
that lead binding to MT3 is thermodynamically preferred over zinc binding to MT3.  Triphasic 
behavior of both lead and zinc binding to MT3 is observed.  Efforts to rationalize this behavior and 
explore its effects on structure are discussed.   
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Abstract 
The widespread use of silver nanoparticles (AgNP) in consumer goods raises concerns about their 
toxicity to humans and their impact on environment1. AgNP toxicity in cells and animals has been 
extensively studied and is at least due to oxidative stress and metal homeostasis disruption. These 
two processes are strongly interconnected in cells. Furthermore, in animals it has been shown that 
Ag accumulates in liver following AgNP exposure2. At the molecular level, it has been demonstrated 
that the toxicity depends upon the release of Ag(I) ions from the NP3,4. However, the molecular 
processes enabling AgNP dissolution, the subcellular distribution of Ag(I) species, as well as their 
impact on hepatocyte metal homeostasis and the related functions remain poorly understood.  
In this context, we have studied citrate- and PVP-coated AgNP internalization and fate into the 
hepatocyte HepG2 cell line as well as the cellular response induced by AgNP exposure. We used a 
synchrotron nanoprobe to visualize the subcellular distribution of silver. The combined use of X-ray 
fluorescence (XRF) microscopy on whole cells and electron microscopy allowed the discrimination 
between the nanoparticulate form located inside endosomes and lysosomes and the ionic species 
that distribute throughout the cell5. Furthermore, the development of a novel correlative electron 
microscopy – XRF method performed on the same cell section enabled the localization of the 
subcellular distribution of Ag(I) species under long-term AgNP exposure to non toxic concentration. 
We thus observed Ag(I) species in the nucleus and we identified crucial nuclear functions altered by 
AgNP exposure. Using X-ray absorption spectroscopy, we previously showed that Ag(I) recombines 
with sulphur in cellulo in the form of AgS2 and AgS3 complexes5,6. Altogether, these data are now 
prompting us towards the identification of the molecular entities affected by Ag(I) in the nucleus.  
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Abstract 
Uranium is a natural element widely found in the environment, due to both natural occurrence in 
mineral ores or in sea water and industrial applications. The production of nuclear energy uses 
enriched uranium in 235U for nuclear fission. Despite its ubiquitous distribution, uranium has no 
essential role in living organisms and presents radiological and chemical toxicities. Despite significant 
recent advances in the field, there is still a serious lack of knowledge about the molecular interactions 
responsible for uranium toxicity. The underlying mechanisms need to be unravelled to predict the 
effect of uranium on living organisms and also to help in designing efficient detoxification agents, to 
be used in case of dirty bombs or accidental release of uranium in the environment. 
 
At the CIBEST lab, we propose a biomimetic approach to help understanding the interactions of 
uranium with biological molecules, relevant to uranium toxicity. The most stable uranium ion in vivo is 
the uranyl cation, UO2

2+, which prefers four to six oxygen donors in its equatorial plane, perpendicular 
to O-U-O bonds. We use short peptide sequences, as simple models of metal-binding sites in proteins 
to get structural and thermodynamic data, 
which are not accessible directly with large 
biological molecules. Cyclic constrained 
peptide scaffolds that orient metal-
coordinating groups found in proteins toward 
the equatorial plan of the uranyl cation 
revealed to be highly effective uranyl-binding 
peptides.1 
 
A combination of synthesis, analytical chemistry, X-Absorption Spectroscopy and theoretical 
calculations allowed us to correlate the amino acid sequence to the stability of the uranyl complexes. 
Importantly, phosphate groups significantly enhance the affinity of the biomimetic peptides for 
uranyl, which strongly supports the importance of phosphoamino acids in uranyl binding in proteins. 
Therefore, our biomimetic approach reinforces the relevance of considering phosphoproteins such as 
osteopontin as potential uranyl targets in vivo.2,3 
 
This work was supported by the toxicology and NRBC programs of CEA. 
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Abstract 
Metal species play an essential role in maintaining the structure and the enzymatic activity of 

biological cells. However, an excess of certain metals can lead to severe toxicity because of metal 
substitutions in enzymes and oxidative damage.  As a consequence, it is crucial to determine the 
nature of metal species to better comprehend their fate and their role in organisms.  

Generally associated with organic molecules, metals are usually present in low concentrations 
(nM to lM ranges) and occur distributed in a plethora of chemical forms with various properties 
(covalent or noncovalent species and a wide range of molecular weights). These species are often 
unstable (labile and prone to oxidation), which makes the analysis cumbersome.  

Whereas covalent species can be approached by canonical metabolomic procedures, the 
identification of noncovalent metal complexes at basal concentrations remains a challenge. X-ray 
absorption spectroscopy (XAS) and micro-X-ray fluorescence (µXRF) techniques are of particular 
interest to obtain information on the valence, coordination environment and spatial localization of 
elements within intact tissues but they have a number of limitations. These include low sensitivity 
rendering the analysis of biological fluids at basal concentrations virtually impossible, and the critical 
dependence on a priori knowledge of the nature of the metal complexes present because their 
signals have to be compared with appropriate standards. De novo identification of previously 
unreported species and detection of minor species are therefore difficult to achieve. 

An alternative is liquid chromatography with mass spectrometric (MS) detection which has 
been developed largely for metabolomics during the last decade. However, successful applications to 
metal-speciation in biological samples in-vivo have been rare and limited mostly to single elements 
with few ligands at relatively high concentrations. The reasons are the difficult-to control dissociation 
of metal complexes during sample preparation and during their exposure to the column stationary 
phase and electrospray source. 

The lecture discusses the recent advances in the development of coupling of chromatographic 
techniques with dual: elemental (ICP MS) et molecular (electrospray) mass spectrometric detection1,2, 
highlighting their advantages and limitations. 
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Abstract 
The post-genomic era has seen a proliferation of “-omics” approaches such as transcriptomics and 
metabolomics, all concerned with the large-scale, high-throughput analysis of a set of (usually) 
biological molecules or species. The term “metallome” was suggested by the late RJP Williams in 
2001, in an article on the chemical selection of elements by cells, where it was defined as the 
distribution of (metallic) elements in a biological system.1 An important aspect of this distribution 

concerns speciation, and it is the latter that is a 
major focus of Metallomics and its sub-
discipline of Metalloproteomics. Technological 
advances in both inorganic and molecular mass 
spectrometry were fundamental in developing 
this new field;2 nonetheless, it can be argued 
that now the major challenges in 
metalloproteomics lie within separation 
science. To a large extent, limitations in what is 
currently experimentally possible are owed to 
the non-covalent nature of interactions 
between proteins and many metals of interest, 

amongst them the ubiquitous zinc.  
This lecture will give a brief overview of approaches and challenges in metalloproteomics, 

drawing on work carried out by our team3 as well as by other groups.  
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1)  R.J.P. Williams, Chemical selection of elements by cells. Coord. Chem. Rev. 2001, 216, 583-595. 
2)  S. Mounicou, J. Szpunar, R. Lobinski, Inductively-coupled plasma mass spectrometry in proteomics, 

metabolomics and metallomics studies. Eur. J. Mass Spectrom. 2010, 16, 243-253. 
3) J. P. Barnett, D.J. Scanlan, C.A. Blindauer, Identification of major zinc-binding proteins from a marine 

cyanobacterium: Insight into metal uptake in oligotrophic environments. Metallomics 2014, 6, 1254-
1268. 

 
 
 

0.000

75.00

150.0

225.0

300.0

375.0

450.0

525.0

600.0

1.0

2.0

V0 66 29 14 1 kDa

A
EX

 N
aC

l f
ra

ct
io

ns
 (M

)

Zn (ppb)

5 6 7 8 9 10 11 12 13
0

0.1
0.2

0.25

0.3
0.35

0.4

0.5

Gel filtration fractions (ml)

Metals in environment and toxicology - Saturday June 10th



61

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Synergistic effects observed in the AsIII-binding of small ligands possessing 

multiple thiol groups 
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Abstract 
Arsenic is known to exert severe biological effects on cells and tissues depending on the level 

and duration of exposure. A few examples for the adverse effects are skin lesions, cardiovascular 
diseases, gastrointestinal toxicity or the development of various types of cancer.1 As an interesting 
contrast arsenic and its derivatives have been applied since the ancient times as therapeutic agents 
e.g. in the treatment of ulcers, plague or malaria.2 Most significantly arsenic trioxide (As2O3) has been 
shown to possess important antitumor properties against human acute promyelocytic leukemia 
(APL).2 It was suggested that similar mechanisms may operate both in the therapeutic and toxic 
activities of arsenic,2 nevertheless, the molecular details of these mechanisms are yet to be explored. 

It is well known, that arsenic in its trivalent oxidation state can bind to reduced thiols, 
especially when more thiol groups are available, and this plays a role in many of its physiological 
effects.1,2 Nevertheless, the solution speciation of AsIII with small ligands bearing multiple thiol groups 
has been rarely investigated even though understanding the AsIII-thiol interaction at the level of small 
models could be essential in unravelling the versatile, sometimes paradoxical biological effects. 

With an aim of exploring the possible binding site and coordination environment preferences 
of AsIII in biological milieu we have investigated the interactions of arsenous acid (H3AsO3 - the typical 
aqueous form of AsIII) with several model ligands. Our studies focussed on the antidote 2,3-
dimercaptopropanol (BAL), a hexapeptide with two Cys residues (Ac-DCSSCY-NH2 - DY) and the AsIII-
binding fragment of an arsenic sensing protein ArsR from A. ferrooxidans (Ac-NCCHGTRDCA-NH2). All 
of these models bound to H3AsO3 efficiently by multiple As-S bonds. Interestingly, bis-ligand species 
also formed in a significant amount in the AsIII-BAL and AsIII-DY systems by mono-, or bidentate 
binding mode of the second ligand resulting in a unique {4S} coordination environment for AsIII. 
Experiments were also performed with monothiols (e.g. cysteine and glutathione) and in the H3AsO3-
BAL-monothiol ternary systems. The results revealed that the binding of the dithiol to AsIII could 
significantly promote the formation of further AsIII-S bond(s) in spite of the relatively weak affinity of 
monothiols to H3AsO3. The above findings may have significant relevance e.g. in the mechanisms of 
AsIII-transfer between biological targets, in the role of AsIII in modulating the cellular redox status1,2 or 
in the explanation of why dithiols increase arsenic toxicity3 when applied in low concentrations. 
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Magnetotactic bacteria and their application
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Magnetotactic bacteria represent a group of polyphyletic aquatic microorganisms able to synthesize 

a specialized organelle called the magnetosome. The magnetosome consists of a magnetic 

nanocrystal of iron oxide (magnetite) or iron sulfide (greigite), surrounded by a biological membrane. 

The magnetosomes are aligned in chains inside the cytoplasm of the bacteria, forming a true 

compass needle allowing the cell to passively orient and actively swim in the water column along the 

earth's magnetic field lines. The synthesis of magnetosomes is genetically controlled by a set of 

genes common to different species and involved into several processes: invagination of the 

cytoplasmic membrane to form a nanoreactor, massive iron import and control of its redox state, 

followed by controlled biomineralization of nano-magnets and finally alignment of the 

magnetosomes in the cell. Our laboratory develops fundamental approaches to increase our 

knowledge of the biodiversity of these microorganisms (1) and to identify and characterize the genes 

(2) and the proteins (3) involved in the molecular mechanisms leading to the synthesis of the 

magnetosome. This fundamental knowledges feed applied developments that seek to exploit the 

tremendous potential of these microorganisms in the field of environmental biotechnology and 

health technologies (4). 
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Abstract 
A mechanistic understanding of the processes governing metal (M) toxicity to- and uptake 
bymicroorganisms (e.g. bacteria, algae) calls for an adequate formulation of metal partitioning at 
biointerfaces during cell exposure to M.1-6 This includes, in particular, the joint account of metal 
transport dynamics from bulk solution to biomembrane, the kinetics of metal internalisation, and the 
dynamics of metal speciation in the vicinity of the active cell surface, which speciation is governed by 
e.g. M complexation by ligands of molecular to nanoparticulate or colloidal size. Popular 
thermodynamic models such as the Biotic Ligand Model (BLM) and the Free Ion Activity Model 
(FIAM), while useful for evaluating M uptake and speciation in specific scenarii, do not integrate the 
complex and generic coupling between the various timescales involved in the problem. In this 
presentation we shall discuss some basics of (i) metal uptake dynamics by biointerfaces in the 
absence of significant M complexation in bulk solution, (ii) metal speciation dynamics in suspensions 
of (nano)particulate ligands,7,8 and (iii) lability of metal complexes in the vicinity of M consuming 
(bio)interfaces. 
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Abstract 
Dynamics and ligand exchange processes at biomolecular metal sites are essential to enzyme 

function, transport of metal ions across cell membranes, transfer of metal ions between proteins and 
in regulatory metallobiochemistry. Many biologically relevant metal ions display nanosecond water 
exchange dynamics in aqueous solution [1], and it seems plausible that this is also the case at 
biomolecular binding sites. Perturbed angular correlation (PAC) of γ-rays spectroscopy allows for 
determination of nanosecond metal site dynamics [2]. Selected examples will be presented including 
water exchange dynamics at a Cd2+ binding site in a de novo designed protein, and the effect on the 
exchange rates by a remote amino acid substitution [3], and possible cysteine exchange dynamics at 
the Cd2+ binding site of CadC [4,5]. 
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Abstract 
Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) is a solid sampling micro-
analytical technique, capable of performing quantitative spatially resolved elemental analysis with 
µm lateral resolution. The laser ablation process involves the removal of a tiny amount of mass by 
focusing a high-energy pulsed laser beam onto the solid sample surface.1 This plume of ablated 
material is transported away from the ablation site into the ICP via a He carrier gas flow. In the ICP, 
the particles are vaporized, the molecules atomized and the atoms thus formed subsequently ionized 
before entering the mass spectrometer. The ions are separated as a function of their mass-to-charge 
ratio and the ion beam impacting the detector is subsequently converted into a measurable electrical 
signal. LA-ICP-MS is characterized by low limits of detection, multi-element capabilities, a wide linear 
dynamic range and minimal sample preparation. During the last decade, bioimaging of endogenous 
metals and metal-based drugs via LA-ICP-MS has gained interest due to instrumental improvements 
which enhance the performance of the system. Recently, the aerosol rapid introduction system 
(ARIS)2 was developed at Ghent University and commercialized by Teledyne CETAC Technologies Inc. 
This device connects the HelEx II laser ablation cell to the ICP-MS unit, hereby minimizing the transfer 
volume and providing fast washout of the sample aerosol, which speeds up the analysis and boosts 
the sensitivity. In this way, lower detection limits and/or better spatial resolution images can be 
achieved and this opens up a new range of applications within the bioanalytical field.  
In recent work by Van Acker et al.,3 high-resolution LA-ICP-MS Pt-mapping was performed on 5 µm 
thick kidney tissue sections of Macaca fascicularis which were treated with pharmacological doses of 
cisplatin in order to investigate the adverse nephrotoxic side effects. Prior to analysis, a 
histopathological study was performed and the regions of interest (ROIs) were highlighted. The use of 
the ARIS provided sufficient sensitivity to map the ROIs with laser spot sizes down to 1 µm diameter 
enabling Pt distribution maps on a (sub)-cellular level to be obtained. These images revealed hot 
spots with very high Pt signal responses for sloughed necrotic tubular epithelial cells. Another recent 
application deals with the evaluation of in vitro receptor affinity and kinetics of hybrid imaging labels. 
These hybrid imaging labels consist of an antibody or peptide with both a fluorescent and nuclide tag 
which enables the cross-combination of confocal fluorescence microscopy and high-resolution LA-
ICP-MS imaging. 
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Abstract 
Optical methods using phosphorescence quenching by oxygen is suitable for sequential 

monitoring and non-invasive measurement for oxygen concentration (OC) imaging of a single cell. 
Phosphorescence intensity measurement is widely used in combination with phosphorescent probes, 
because triplet state of sensitizer is quenched by oxygen. These probes were usually distributed 
ubiquitously but heterogeneously inside cell. This distribution is a major disadvantage in 
phosphorescence intensity measurement. We established the 
visualization system of OC inside a cell using phosphorescence 
lifetime measurement (PLIM). This system enabled the direct 
observation of phosphorescence lifetime inside cell under 
confocal microscope, so we can visualize the OC inside a whole 
cell and spheroid under a confocal microscope using a 
phosphorescent dye. This system uses reversible 
phosphorescence quenching by oxygen, so it can visualize 
successive OC change from normoxia to anoxia. Time dependent 
OC change in an insulin-producing cell line MIN6 by the glucose 
stimulation was successfully visualized. Assessing detail 
distribution and dynamics of OC inside cells achieved by the 
presented system will be useful to understand a physiological as 
well as pathological oxygen metabolism. 
 
References 
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Figure 1 Typical oxygen 
concentration distribution 
within a single cell. 



69

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Cancer-driven isotopic fractionation 

Vincent Balter, a 
a Lyon Lab of Geology. Ecole Normale Supérieure de Lyon. 46, Allée d'Italie. 69342 Lyon Cedex 07 

FRANCE; vincent.balter@ens-lyon.fr

Abstract 
 In cancer, copper concentrations increase in the blood and in tumor cells, leading to 
deleterious side effects. The mechanisms of this copper accumulation and the source of extra copper 
burden are still poorly understood. In hepatocellular carcinoma (HCC) patients, blood copper is 
enriched in 63Cu compared to control subjects and this isotopic signature is not compatible with a 
dietary origin. It rather reflects the massive reallocation in the body of copper immobilized within 
cysteine-rich proteins such as metallothioneins. I will also show that the blood of HCC patients is 
enriched in 32S compared to control subjects, an enrichment compatible with the notion that some 
proportion of blood sulfur originates from tumor-derived sulphides. I will emphasize on the hypoxic 
conditions of the tumor microenvironment, how they can impair the metabolism of copper and 
sulfur, notably by changing their redox state and, as a consequence, their ability to bind specific 
molecules. Finally, isotopic ratios of zinc, carbon and nitrogen, in tumors, in vitro cancer cells and in 
blood will be discuss. 
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Abstract 

In chemistry and biochemistry nuclear magnetic resonance (NMR) is currently the most versatile and powerful 
spectroscopic technique for characterization of molecular structure and dynamics in solution. However, one drawback 
of the method is its low sensitivity, leading to relatively large amounts of sample (mg or ~1017 molecules), which poses 
constraints on the systems that may be explored. In addition, not all elements are easily accessible by NMR 
spectroscopy, as the relevant isotopes display no or poor response.  

Our project aims at studying liquid samples with beta-detected NMR (or beta-NMR) [1], which has been successfully 
applied in nuclear and solid state physics. This technique relies on the anisotropic emission of beta-particles in the decay 
of spin-polarized nuclei, and offers the sensitivity of radiotracer experiments, and this – in principle – for several nuclei 
across the nuclear chart. In addition, the spins are hyperpolarized using lasers, which results in polarizations of 10-100%. 
The combination of these two features gives beta-NMR over 1billion times more sensitivity than conventional NMR 
spectroscopy and makes it applicable to chemical elements which are otherwise difficult to interrogate 
spectroscopically. Perspectives include chemistry, biochemistry, and material-science applications. A very similar 
approach – based on hyperpolarization with lasers and on detection of resonances using gamma-ray emission has been 
very recently applied to the Magnetic Resonance Imaging [2]. 

The project is based at ISOLDE, CERN’s facility for the production and research on radioactive nuclei. The goal is to use 
this novel approach to investigate the interaction of essential metal ions, which are spectroscopically silent in most 
spectroscopic techniques, such as Mg2+, Cu+, and Zn2+, with biological macromolecules, with potential applications in the 
folding of nucleic acid as well as metalloprotein active sites.  The experimental approach follows a successful proof-of-
principle experiment [3] in which we recorded 31Mg beta-NMR spectra in an ionic liquid. In 2016 we have designed, built, 
and commissioned a dedicated beam line for producing polarized radioisotopes[4] and in 2017 we aim to perform the 
first beta-NMR studies.  
The contribution will include comparison of beta-NMR with conventional NMR, for the nuclei which have already been 
used (isotopes of Li, Be, Na, Mg), and those envisaged soon (Cu, Zn). The experimental setup and the challenges when 
applying it to liquid samples will be illustrated, and the overarching goal of chemical and biochemical studies with 
different metal ions will be presented.  
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Introduction: The physiological and pathological roles of exogenous metals, but also endogenous 
metallic and organic ions are of major interest for the medical community. Elemental imaging of 
biological tissues is currently a technological challenge, generally requiring complex instruments with 
restricted accesses. We recently developed an all-optical method, fully compatible with standard 
microscopy systems, for multi-elemental imaging of biological tissues. Our instrument is based on 
Laser Induced Breakdown Spectroscopy (LIBS) and allows the in situ imaging and quantification of the 
elements of the periodic table within biological tissues, with ppm-scale sensitivity and a pixel size of 
up to 10x10 µm². [1] 
Methods: A laser is focused on the sample surface, which generates a plasma. Spectrometers analyze 
the specific optical response from chemical elements (including metals) contained in the biological 
tissues. Elemental images (maps) are obtained by scanning the surface of the sample. Different 
spectrometers are used to collect the signal of various metallic elements such as Fe, Ca, Na, P, Mg, Zn, 
Al, Mn and Cu in the tissue.  
Results: The proof-of-concept was obtained by studying the bio-distribution of gadolinium-
nanoparticles in tumors or organs (kidneys/liver) after i.v. administration in mice. These experiments 
helped to describe and understand the kinetic evolution of several metal-based (Gd, Au, Ag, Pt) 
nanoparticles in vivo. We recently upgraded our instrument to work faster and to image the elements 
contained in paraffin-embedded samples, which are the most frequent form of clinical specimens 
(surgical resections or biopsies). This allowed the identification of different chemical elements in 
human samples of medical interest. As an example, we were able to identify and map the presence of 
high levels of aluminium within a post-vaccinal cutaneous granuloma. We also found several metal 
particles within lung tissues and thoracic lymph nodes from patients with sarcoidosis. We are 
currently performing exploratory experiments on pathological specimens of medical interest such as 
brain, lung, skin, or cancer tissues. We already identified elements that are differentially expressed 
within cancer tissues, but also exogenous metals within exposed tissues. These preliminary results 
demonstrate the strong potential of this disruptive technology as a complementary tool for biological 
investigations or medical diagnosis. 
Conclusion: This laser spectrometry technique is highly versatile because almost any element, 
especially metals, can be imaged with high sensitivity. Besides, this technique is complementary to 
optical microscopy used by medical pathologists for routine diagnostic activity.  We describe a panel 
of recent results obtained with LIBS for the multi-elemental imaging of biological tissues for medical 
applications, and we highlight the main applications for pre-clinical research and human health. 
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Abstract 
The study of metal isotopic fractionations in biological samples has recently been identified as a 
potential biomarker of metabolic processes, and as a very promising tool for the early diagnosis and 
the monitoring of diseases, such as cancer or neurodegenerative disorders. Diseases or the exposure 
to toxic elements can modulate the cellular homeostasis of essential elements, which may be at the 
origin of the isotopic fractionations observed in vivo. The use of cellular models for in vitro isotopic 
fractionation studies is a promising and under-exploited tool to help in understanding the biological 
processes governing isotopic fractionation, and further identify major metabolic pathways of metals. 
 
With the aim of investigating uranium cellular pathways and potential toxicity mechanisms following 
chronic exposure to natural uranium (Unat), human cells differentiated into neuron-like cells were 
exposed to non-toxic and sub-toxic Unat concentrations for seven days. The isotopic signatures of 
uranium, copper and zinc in the extracellular and intracellular media were studied. Given the low 
intracellular Cu and U amounts, efforts were initially focused on the development and validation of a 
fit-for-purpose analytical procedure for high precision isotope ratio measurements of these elements. 
An isotopic fractionation was observed for U between the extracellular and intracellular media after 
cell exposure to 1 and 10 µM Unat, with a preferential incorporation of the lightest isotope 235U by the 
cells. This isotopic fractionation, however, was not observed for cells exposed to Unat concentrations 
of 125 and 250 µM. For Cu and Zn, an isotopic fractionation was also found between the extracellular 
and intracellular media but the incorporation of U by the cells did not induce any change in the 
isotopic signature of intracellular Cu and Zn. 
 
This work demonstrates for the first time the isotopic fractionation of U by human cells. Our results 
provided clues for the identification of uranium uptake pathways in human cells, unknown until know. 
Isotopic fractionation results seem to indicate the presence of two different uranium incorporation 
pathways, one of which would be active only above a threshold uranium concentration in the 
exposure solution. 
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platform for investigating redox active metals and co-factors invoked 

in Alzheimer's Disease.  
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Abstract 
The water soluble hydrophilic part of human Aβ peptide has been extended to include a C-

terminal cysteine residue. Utilizing the thiol functionality of this cysteine residue, self-assembled 
monolayer (SAM) of these peptides is formed on Au electrodes. AFM imaging confirms formation of 
small Aβ aggregates on the surface of the electrode. These aggregates bind redox active metals like 
Cu and cofactors like heme, both of which are proposed to generate toxic reactive oxygen species 
(ROS) and play a vital role in Alzheimer's disease. The spectroscopic and electrochemical properties of 
these Cu and heme bound Aβ SAM mirror those reported for the soluble Cu and heme bound Aβ pep-
tide. Large and small aggregates of Aβ peptides, resembling the morphology and dimensions of 
fibrillar and oligomeric forms of Aβ respectively, relevant to Alzheimer’s disease, can also stabilized 
on electrodes using self-assembly. Both of these forms found to bind redox active Cu and heme 
resulting in active sites having distinctive biophysical properties. The reduced metal bound Aβ active 
sites of both the oligomeric and fibrillar forms of Aβ produce detrimental partially reduced oxygen 
species (PROS). This artificial construct provides a very easy to construct platform for investigating 
potential drugs affecting aggregation of human Aβ peptides and ROS generation by its complexes 
with redox active metals and cofactors.  
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Abstract 
Significant research effort has investigated new bifunctional chelate alternatives to the N3 and N4 
aminocarboxylate macrocycles NOTA or DOTA, respectively, for the isotopes 66,67,68Ga; however, NOTA 
and DOTA have become the “gold standard”.  We report our findings concerning the linear N4O2 
chelate H2dedpa and the linear N4O4 chelate H4octapa plus larger analogues for application with a 
wide variety of radiometal ions useful for imaging, diagnosis and therapy.  Concentration dependent 
labelling after 10 minutes reaction at RT of these ligands with many radiometal ions showed 
quantitative conversion to the desired products with ligand concentrations as low as 10-7 M. With 
68Ga and [dedpa]2-, specific activities as high as 9.8 mCi nmol-1 were obtained without purification.  
Most notably, in a 2h competition experiment against human apo-transferrin, [67Ga(dedpa)]+showed 
no decomposition.  In a direct competition for chelation of 67Ga with equal concentrations of both 
NOTA and H2dedpa, over 96% of the gallium isotope was coordinated to dedpa2-.  Bifunctional 
analogues of H2dedpa and H4octapa all label various M3+ at RT within 10 minutes. The stabilities of 
these building blocks and their modular family of easily accessible ligands, such as H5decapa, are 
comparable to, or higher than, that of DOTA; the “pa” family of ligands is under intense current 
investigation, as are the biodistribution profiles of these platform chelate candidates with a variety of 
radiometal ions (e.g. 64Cu2+, 111In3+, 89Zr4+, 86,90Y3+, 177Lu3+).  We will also present our new family of “ox” 
ligands. 
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Abstract 
This talk presents a stimulus-induced disassembly approach in water.1 In particular, the 

selective fluorometric detection of polyphosphates in water and biological media is described. 
In this method, an analyte sequesters selectively a metal ion from a metal-chelate complex. 

The “unlocked“ ligand hydrolyses subsequently into its molecular subunits. Since the optical 
properties of the disassembled ligand and its ancestor are distinguishable, the anylate induced 
depletion of the metal-complex leads to a detectable signal. 

The concept is described for the selective detection of pyrophosphate with metal-salen 
complexes.1-3 Initially the intrinsic fluorescence of the salicylaldehyde signaling units is suppressed, 
but is unfolded during the disassembly of the molecule. Unprecedented applications of this strategy 
for endogenous pyrophosphate detection in the mitochondria of bacterial cells are presented.4 

 
References 
1) N. Kumari, F. Zelder, Chem. Commun., 2015, 51, 17170-17173.  
2) S. Lee, K. K. Y. Yuen, K. A. Jolliffe and J. Yoon, Chem. Soc. Rev., 2015, 44, 1749-1762.  
3) S. Bhowmik, B. N. Ghosh, V. Marjomäki, K.Rissanen, J. Am. Chem. Soc., 2014, 136, 5543–5546.  
4) N. Kumari, H. Huang, H. Chao, G. Gasser, F. Zelder, ChemBioChem 2016, 17, 1211-1215. 
 
 
 
 



78

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

Metals in imaging and sensing - Thursday June 8th

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Zinc Responsive Contrast Agents 

Patrick K. Malikidogo,a Fabien Caillé,a,b Jean-François Morfin,a Franck Suzenet,b Eva Totha, 
Célia S. Bonnet,a 

a Centre de Biophysique Moléculaire, UPR 4301 CNRS, rue Charles Sadron, 45071 Orléans, France; a,b Institut de 
Chimie Organique et Analytique, UMR 7311 CNRS/Université d’Orléans, rue de Chartres, 45067 Orléans, France 

email : celia.bonnet@cnrs-orleans.fr 

Abstract 
Magnetic Resonance Imaging (MRI) has been devoted for a long time to obtaining anatomical and 
functional images. Recently emerging applications in molecular imaging seek information at the 
molecular level, looking at the biochemical or physiological abnormalities underlying the disease. 
Unlike anatomic imaging, molecular imaging always requires an imaging probe that is selectively 
responsive to the parameter to detect. Gd3+-based contrast agents are particularly well-adapted for 
this purpose and most often the changes on the efficacy (relaxivity) are based on changes of the 
hydration number and/or rotational dynamics of the complexes; these two parameters being the 
easiest to be tailored by the chemist.1 
Zinc is the second most abundant transition metal ion in humans, and it plays a central role in 
controlling gene transcription and metalloenzyme function. However, its quantitative distribution and 
its exact role are not well understood. It has also been shown that disturbances in Zn2+ homeostasis is 
implicated in neurodegenerative diseases (Alzheimer, Parkinson), diabetes, and cancers (prostate, 
pancreas and breast).2 Therefore, monitoring Zn2+ in vivo by non-invasive technique such as MRI is 
important in biomedical research to understand its biological role, and to provide earlier diagnosis for 
specific pathologies. 
We have developed zinc responsive contrast agents based on a pyridine unit already used for Gd3+ 
complexation,3 to which a zinc complexing unit has been added through a linker (Figure). Detailed 

potentiometric, relaxometric and 17O studies have 
given us access to the microscopic parameters 
controlling the efficacy of the systems.4 This 
fundamental understanding has led us to the 
development of a new generation of contrast agents 
and their response to Zn2+ in the absence and in the 
presence of Human Serum Albumin will also be 
discussed. 
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Abstract 
Intravital imaging by two-photon excitation microscopy (TPEM) has been widely utilized to 

visualize cell functions. However, small molecular probes (SMPs) commonly used for cell imaging 
cannot be simply applied to intravital imaging because of the challenge of delivering them into target 
tissues, as well as their undesirable physicochemical properties for TPEM imaging. Here, we designed 
and developed a functional SMP with an active-targeting moiety, higher photostability, and 
fluorescence switch, and imaged target cell activity by injecting the SMP into living animals. The SMPs 
are based on BODIPY structure which is optimized for photostability and for fluorescence 
wavelenghth overlap for multicolor imaging. The combination of the rationally designed SMP with a 
fluorescent protein as a reporter of cell localization enabled quantitation of osteoclast activity and 
time-lapse imaging of its in vivo function associated with changes in cell deformation and membrane 
fluctuations. Real-time imaging revealed heterogenic behaviors of osteoclasts in vivo and provided 
insights into the mechanism of bone resorption. 
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Abstract 
Singlet dioxygen (1O2) belongs to a family of highly reactive oxygen species, because it has very high 

capacity for oxygenation of a variety of biological substrates, including nucleosides and amino acids 
containing heteroatoms. Although little is known about the biological process of 1O2 in vivo, growing 
evidence indicates biological generation, trafficking, and annihilation of the 1O2. To establish the 1O2 
biochemistry, molecular tools for 1O2 are essential. This prompted us to develop a series of molecules 
for detection and photomodulation of biological 1O2. We created isobenzofuran compounds having 
1,7-diaryl groups which underwent the ultrafast DielsAlder reaction with 1O2 to produce 
fluorescence ratiometric responses.1 The response was selective to 1O2 over other reactive oxygen 
species. The ratiometric changes enabled an estimation of accumulated levels of biological 1O2 in 
RAW 264.7 macrophages. We also found that a coumarin fluorophore having a julolidine unit at the 7 
position could generate fluorescence responses to 1O2.2 Mechanistic studies, including analyses of 1O2 
products, revealed an occurrence of 1O2-mediated dehydrogenative oxidation of julolidine into 
imminium. Taking advantage of this reactivity, we synthesized a molecular dyad capable of 
sensitization and detection of 1O2. The dyad enabled us to monitor 1O2-mediated induction of 
apoptosis, followed by necrosis of mammalian cells. This study is suggestive of a signaling action of 
biological 1O2. To expand photobiological utility of the 1O2 reactivity, 1,7-diphenylisobenzothiophene 
(DPBS) was prepared.3 DPBS reacted slowly with photogenerated 1O2 to form unstable endoperoxide, 
which is subsequently hydrolyzed into 1,2-dikitone. The latter step released hydrogen sulfide (H2S), an 
important gasotransmitter. We explored the 1O2-mediated photo-uncaging reaction of H2S. The 
studies demonstrated that the reaction can serve a useful strategy for photocontrolled delivery of 
H2S.  

Figure. Molecular tools for biological singlet oxygen (1O2) 
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Abstract 

The development of redox active luminescent probes is an exciting field of research as they can 
been envisaged as useful tools in medical imaging due to their potential for in vivo detection.[1,2] 
Lanthanide complexes possess fascinating photophysical properties, such as long lived lifetimes and 
narrow emission bands, which lend them to applications as luminescent and magnetic probes. [3,4] 
However, the use of lanthanide complexes as redox active probes for biological imaging applications 
has been hindered due to the difficulty in controlling changeable oxidation states, the lanthanides 
preferring the +III oxidation state. A novel approach is the incorporation of redox active ligands which 
can be oxidised independently of the metal ion, which could lead the way in the development of new 
families of redox probes capable of detection in biological media.[5,6,7] We report two families of 
radical complexes based on a tris-phenolate scaffold. The selective oxidation of the phenolate 
moieties induces the switching of the luminescence of the lanthanide complex and thus can function 
as a redox probe. The properties of these redox active complexes have been studied by 
electrochemistry, UV-vis absorption and fluorescence spectroscopy and EPR. 
 
 
 
 
 
 
 
 
 

Figure 1: X-Ray Crystal Structure of 1.Nd
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Abstract  
Molecular imaging is a highly promising field of research and innovation with potential in a wide 
range of applications, including prognostic, diagnostic, drug discovery and development of 
theranostics.1 Among the different imaging modalities, there is an increasing interest in combining 
two different techniques providing an imaging approach that is complementary and highly 
translational. In particular, combining fluorescence with nuclear imaging techniques (PET or SPECT) 
can be really advantageous due to their complementarity, both for preclinical and clinical use. 2 For 
example, fluorescence microscopy and ex vivo optical investigations can provide preclinical in vivo 
PET or SPECT data, but also optical imaging can be applied clinically for intraoperative image-guided 
surgery, after a whole body PET or SPECT scan imaging of the patient. In order to elaborate a 
multimodal imaging agent, labeling the biovector with a single molecule containing both probes, 
called MOMIP (MonomOlecular Multimodal Imaging Probe), presents numerous advantages 
compared to the conventional dual-labeling approach (Figure 1). However, as the properties of the 
MOMIP may strongly affect the behavior of the resulting imaging agent, being able to finely modulate 
the different components of the bimodal probe is of major importance. The aim of this work is to 
provide a versatile tool for an easy access to a wide variety of MOMIP. For this purpose, we have 
chosen a lysine carefully protected with orthogonal protecting groups as a building block, to 
introduce sequentially the three components of the MOMIP: a fluorescent dye (Cy5, BODIPY, 
fluorescein), a chelator (DOTA or DOTAGA for 111In labeling, NODAGA for 68Ga or 64Cu labeling), and a 
bioconjugatable handle (isothiocyanate, azide or tetrazine group, dithiolane ring). Several examples 
of MOMIP have been synthesized, characterized (including photophysical studies), and conjugated to 
different biomolecules (full antibodies, antibody fragments, peptides) or nanoparticles. The 

radiolabeling (111In, 68Ga) of some resulting 
bimodal bioconjugates has been investigated. 
Whole-body fluorescence images were 
recorded after injection in tumor bearing mice. 
Ex-vivo imaging was performed to provide 
semi- quantitative information about the tracer 
biodistribution. This work shows the versatility 
of a new method for the construction of 
MOMIP, thus providing access to optimized 
bimodal imaging agents for a given application.

 

Figure 1: General structure of the MOMIP 
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The ability to manipulate molecules and their properties at will has been the chemist’s dream since 
the first alchemists attempt to turn lead into gold. Particularly in the field of medicinal chemistry it 
has been shown again and again, that even very small changes can have dramatic impact on the 
biological behaviour of a lead compound. 99mTc is one of the staple radionuclides for SPECT imaging in 
the clinic, being used in over 80% of all diagnostic nuclear imaging studies.1 This is mainly due to the 
artificial elements favourable nuclear properties and its widespread availability at modest cost. 
However, current 99mTc tracers lack the high degree of target specificity that is desired in today’s 
clinical applications. Using the cyclopentadiene synthon, we have developed a synthetic approach to 
multifunctional Cp-Re/99mTc complexes. The targeting, as well as other physical and chemical 
properties of the system can be manipulated before coordination to the metal center. We will report 
on the chemical flexibility of this approach as well as the mono- and bi-functionalization of these Cp-
ligands with the synthesis of their respective Re/99mTc complexes. Furthermore, we are currently 
exploring the synthesis of new Cp-ligands derivatized with biological functions for in vitro and in vivo 
evaluation. 
References 
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Abstract 
A large group of carbostyril and coumarin-appended lanthanide complexes were prepared 

based on two chelating frameworks: do3a, to which the antennae were linked via azide-alkyne 
cycloaddition, and dota, to which the antennae were coupled via amide bonds. The do3a-ligands 
carrying coumarin antennae were complexed with Eu and Tb. These species were moderately 
emissive. The carbostyril-equipped ligands were paired with Eu, Tb, Sm, Dy, and, in some cases, Nd 
and Yb. Several of the carbostyrils were good sensitizers for not only Eu and Tb, but also for the 
lesser-studied Sm and Dy. The Nd and Yb species all had sensitized near infrared emission. Non-
emissive Gd- and diamagnetic Lu-analogues were also prepared. The former enable the investigation 
of the ligand photophysics without an emissive lanthanide, while the latter renders 1H NMR 
characterization of the complexes possible. 

The photophysical properties of the ligands and the complexes were studied using steady-state 
and time-resolved emission spectroscopy. A FRET-type sensitization pathway seems to dominate in 
architectures wherein coumarin antennae are attached via long linkers to the lanthanide moiety. This 
pathway also contributes to sensitization in architectures with shorter antenna-lanthanide distances, 
along with the well-established triplet pathway.  

The Eu-complexes had markedly lower residual antenna fluorescence quantum yields than the 
analogous Gd-complexes. Similar, although less pronounced quenching of the antenna fluorescence 
was observed for all the other emissive lanthanides. This effect is likely due to a combination of 
photoinduced electron transfer from the antenna to the lanthanide (especially for the more reducible 
metal ions), and of a singlet-mediated energy transfer.  

Finally, the most emissive complexes were tested for their potential in multiplex detection. Up 
to six distinct lanthanide emissions could be unambiguously identified in a cocktail of complexes 
without the need for extensive data processing. A mixture of Eu- and Tb-complexes carrying the same 
carbostyril antenna was taken up by bacteria and could be detected in the intact cells. 

  
 
 
 
 



85

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

Metals in imaging and sensing - Saturday June 10th

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Polymetallic Emitting Lanthanide Dendrimer Complexes and Metal Organic 
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Abstract 
Fluorescence and luminescence are detection techniques that possess important advantages 

for bioanalytical applications and biologic imaging: high sensitivity, versatility and low costs of 
instrumentation.  A common characteristic of biologic analytes is their presence in small quantities 
among complex matrices such as blood, cells, tissue and organs. These matrices emit a significant 
background fluorescence (autofluorescence), limiting detection sensitivity.   

The luminescence of lanthanide cations has several complementary advantages over the 
fluorescence of organic fluorophores and semiconductor nanocrystals, such as sharp emission bands 
for spectral discrimination from background emission, long luminescence lifetimes for temporal 
discrimination and strong resistance to photobleaching. In addition, several lanthanides emit near-
infrared (NIR) photons that can cross deeply tissues for non-invasive investigations and that result in 
improved detection sensitivity due to the absence of native NIR luminescence from tissues and cells 
(autofluorescence).  

The main requirement to generate lanthanide emission is to sensitize them with an 
appropriate chromophore (“antenna effect”). The choice of this antenna allows the tuning of the 
excitation wavelength of the resulting complexes.  

An innovative concept for such sensitization of NIR-emitting lanthanides is proposed herein; 
the current limitation of low quantum yields experienced by most mononuclear lanthanide 
complexes is compensated for by using a large number of lanthanide cations and by maximizing the 
absorption of each discrete molecule, thereby increasing the number of emitted photons per unit of 
volume and the overall sensitivity of the measurement.  To apply this concept, we have created 
several metal-organic frameworks and dendrimer macromolecular complexes. We will discuss their 
designs, synthesis, structures, photophysical properties and their applications for biological imaging in 
cells with NIR microscopy. 

This research is supported through grants from the European Community's Seventh Framework 
Programmes (ITN Luminet, IEF Dendrimage), l’Agence National de la Recherche and La Ligue Contre le 
Cancer. 
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Abstract 
 

Fluorescence microscopy has become one of the most powerful tools in cell biology and 
related areas of bioscience. Their high sensitive detection that allows to visualize single molecules 
together with the possibility of monitoring rapidly changing events make this technique as the ideal 
tool to reveal key information about the mechanism of action of multiple metallodrugs. The idea of 
using fluorescence microscopy for visualizing biomaterial relays in the availability of having molecules 
with the suitable photophysical properties that can be used as light-bulbs inside the cells. 
Unfortunately, gold(I) and gold(III) metallodrugs lack sometimes of such capacity. Therefore, it is 
imperative to be able to design new species that bear together anticancer activity and emissive 
properties. A reasonable approach would be the development of bioactive luminescent 
heterometallic derivatives, being each metallic fragment the responsible of bringing together those 
features. 

As d6 metal derivatives have been proved to be excellent candidates for cell imaging 
applications,1 we have considered the use of bimetallic Re-Au derivatives to be used in diagnosis and 
therapy.2 Therefore, a series of luminescent homometallic fac-[Re(bipy)(CO)3(L)]+ and fac-
[Re(N^C)(CO)3(L)]+ and heterometallic Re-Au complexes, where L is a functionalized ligand, have been 
synthesized for the purpose of finding a synergic effect between the excellent photophysical 
properties of rhenium complexes and the good antiproliferative effects of gold compounds. 
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A lanthanide complex to overcome  

the two major chokepoints of protein crystallography. 
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Protein crystallography, the leading technique for protein structure determination, is limited by two 
main chokepoints: (a) obtaining protein crystals and (b) solving the phase problem. Since 2000, our 
team has developed luminescent lanthanide complexes as auxiliary for structure determination of 
macromolecules, in particular, exploiting the high-phasing power of lanthanide elements.1 
Our previous works highlighted the supramolecular complexes-protein interactions and the required 
technical specifications to design compatible agents with high-throughput crystallization platforms.2 
This unprecedented approach lead recently to a new terbium complex, named Crystallophore, which 
showed exceptional nucleating properties when added to the protein crystallization media.3 Up to 
now, this effect was tested on 12 proteins with different molecular weights and different oligomeric 
states (2 with unknown structure) and compared to the classical screening conditions. It was 
observed that, in addition to new crystallization conditions, this complex could improves the quality 
of the crystals obtained compare to native conditions (see picture).  
We will present our last results using this new agent for protein crystallography which, in addition to 
nucleating and phasing properties, also allows an easier detection and centring of the protein crystals 
thanks to its luminescence. We believe that this all-in-one lanthanide complex is a convenient new 
additive for biocrystallographer, being both a powerful nucleating agent and providing ready-to-use 
crystals for diffraction experiments. 

Figure Crystals of PB6 protein: classical conditions (on left); with Tb-Xo4 (on right).

1) R. Talon, R. Kahn, M. A. Dura, O. Maury, F. M. D. Vellieux, B. Franzetti, E. Girard, J Synchrotron Rad., 2011, 18, 74; 
E. Girard, M. Stelter, J. Vicat, R. Kahn, Acta Crystallogr D, 2003, 59, 1914. 
2) G. Pompidor, A. Daleo, J. Vicat, L. Toupet, N. Giraud, R. Kahn, O. Maury, Angew. Chem. Int. Ed. 2008, 47, 3388; E. 
Dumont, G. Pompidor, A. D'Aléo, J. Vicat, L. Toupet, R. Kahn, E. Girard, O. Maury, N. Giraud, Phys Chem Chem Phys 
2013, 15, 18235. 
3) S. Engilberge, F. Riobé, S. Di Pietro, L. Lassalle, N. Coquelle, C.-A. Arnaud, D. Pitrat, J.-C. Mulatier, D. Madern, C. 
Breyton, O. Maury, E. Girard., submitted; Patent pending, PCT/FR2016/053539. 

 
 





Metalloenzymes, 
inspiration, mimics, 
function and inhibition



90

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

Metalloenzymes, inspiration, mimics, function ... - Thursday June 8th

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Water splitting catalyzed by the Mn4CaO5 cluster in Photosystem II 

Johannes Messinger a,b  
a Uppsala University, Department of Chemistry –Ångström, Molecular Biomimetics, Uppsala, Sweden; b Umeå 

University, Chemistry Biology Centre (KBC), Department of Chemistry, Umeå, Sweden;  
email: johannes.messinge@kemi.uu.se  

Abstract 
The catalytic site for water oxidation in photosynthesis is a simple manganese-calcium-oxide 

cluster, at first glance not much different to minerals like birnessite ((Na,Ca,K)0.6(Mn4+,Mn3+)2O4· 1.5H2O). 
Yet, the water splitting activity per metal center is orders of magnitudes higher for photosystem II. In 
synthetic systems, similar rates of oxygen evolution can presently only be reached with complexes 
containing rare and expensive metals such as ruthenium and iridium. Photosystem II is thus a prime 
example for the activation of base metals for complex reactions involving the well-orchestrated coupling 
of proton and electron transfer events.  

After an introduction into the structure and general reaction pattern of photosystem II, I will 
present recent results of x-ray free-electron laser experiments on different oxidation states of 
photosystem II.1 Subsequently, recent mass spectrometric and advanced EPR data concerning the binding 
of the two substrate ‘water’ molecules are reported.2-3 Finally, the mechanism of water oxidation and 
possible ways of base metal activation are discussed.  
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Abstract 
[FeFe] hydrogenases (HydA) are fascinating enzymes that catalyse the interconversion between 

H2 and protons with remarkable efficiency. The reaction occurs at the H-cluster featuring a, in biology 
unique, dinuclear [2Fe] subsite (Fig. 1).1 Synthetic chemistry has long been a powerful tool in studies 
of this cluster, via the preparation of biomimetic model compounds.2 In 2013 it was shown how such 
synthetic complexes can be introduced into the enzyme itself under in vitro conditions, thus providing 
a direct link between biomimetic chemistry and biology, and allowing the manipulation of the 
enzyme using synthetic chemistry.3, 4   

More recently we discovered how this concept can be extended to in vivo conditions, and the 
apo-enzyme activated using synthetic compounds inside living cells.5 Here I will present how this can 
be used to generate both active “native” hydrogenases, as well as “artificial” hydrogenases 
incorporating non-native cofactors resulting in enzymes with new spectroscopic and catalytic 
properties, inside living cells.  
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Figure 1: Cartoon representation of the 

H-cluster (S = yellow; Fe = orange; 

N = blue; O = red; C = white)  
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Abstract 
Carbon monoxide (CO) is endogenously produced in mammalian cells during metabolic 

degradation of hemin by heme oxygenase (HO) enzymes. It has been believed that endogenous CO 
functions as a second messenger in the various signalling pathways in the cells. The biological 
functions of endogenous CO, however, is not well understood because of the difficulty in preparing 
the cells or animals which lack endogenous CO. In the present study, we demonstrate the selective 
removal of endogenous CO in cells and in animals using supramolecular hemoprotein model 
complexes (Figure 1).  

HemoCD1, a supramolecular 1:1 inclusion complex of 5,10,15,20-tetrakis(4-
sulfonatophenyl)porphinatoiron(II) and per-O-methylated -cyclodextrin dimer having a pyridine 
ligand, is an aqueous hemoprotein model complex that bind oxygen (O2) and CO reversibly in 
aqueous solution at an ambient temperature. The CO affinity of hemoCD1 is much higher than those 
of native hemoproteins whereas the O2 affinity is moderate. When hemoCD1 was administered to 
mice, hemoCD1 captured endogenous CO during its circulation in the blood, and then smoothly 
excreted in the urine as the CO-bound form. Thus the endogenous CO in the mice was easily removed 
by hemoCD1. We have recently discovered the homeostatic feedback response of endogenous CO 
using the mice,1) i.e., the removal of endogenous CO in mice significantly induced an HO enzyme in 
the liver to compensate endogenous CO up to the constant level. 

The strong CO affinity of hemoCD1 was also applicable for quantification and removal of 
endogenous CO in the cells. HemoCD1 sensitively detected endogenous CO in the cell lysate (~200 
pmol per 106 cells). To deliver hemoCD1 into the cells without cell disruption, we synthesized a new 
hemoCD1 derivative, R8-hemoCD1, which has an octaarginine as a cell-penetrating peptide. We 
confirmed that R8-hemoCD1 penetrated the cell membrane and captured endogenous CO in the 
cells. We found that the selective removal of CO in macrophage cells affected the signaling pathway 
involving inflammation and reactive oxygen species (ROS) levels in macrophage cells.  

Figure 1. Selective removal of endogenous CO in vitro and in vivo by aqueous hemoprotein model complexes. 
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Abstract 
The tetramanganese Mn4CaO5 cluster at the active site of the oxygen-evolving complex in 

Photosystem II is an archetypal example of a complex bioinorganic system comprising interacting 
open-shell transition metal ions.1 Structural methods such as X-ray crystallography have considerably 
enhanced our view of the complex but cannot yet provide unique models of the various catalytic 
states or even probe all of them. On the other hand, spectroscopic techniques that report on the 
magnetism and the local or global electronic structure (e.g. electron paramagnetic resonance and X-
ray spectroscopies) provide selective information on intermediates and metastable states but without 
the possibility of direct interpretation in terms of precise geometry. The link between 
spectroscopy/magnetism and atomistic structure can, however, be established through quantum 
chemical simulations that focus on the prediction of spectroscopic observables.2,3 The application of 
spectroscopy-oriented quantum chemistry to photosynthesis in recent years has revolutionized our 
understanding of biological water oxidation: analysis of magnetic properties and spectroscopic 
parameters resulted in the definitive assignment of metal oxidation states,4,5 in identification of 
previously unsuspected catalytic intermediates,5,6 in a functional understanding of the local protein 
matrix,7 and in a detailed mapping of atomistic models that rationalize and interconnect disparate 
experimental observations amassed over decades of experimental work into a coherent mechanistic 
interpretation. With this new-found insight into functional principles and catalytic intermediates of 
biological water oxidation, we can begin to understand why nature chose Mn for making oxygen. 
From a chemical perspective, the answer can be found in two unique properties that make 
manganese ideal for strictly controlling substrate binding/activation and for prohibiting early onset of 
oxidative chemistry. 
 
 
References 
1) V. Krewald, M. Retegan and D. A. Pantazis, Top. Curr. Chem. 2016, 371, 23. 
2) D. A. Pantazis, W. Ames, N. Cox, W. Lubitz and F. Neese, Angew. Chem., Int. Ed. 2012, 51, 9935. 
3) N. Cox, D. A. Pantazis, F. Neese and W. Lubitz, Acc. Chem. Res. 2013, 46, 1588. 
4) V. Krewald, M. Retegan, N. Cox, J. Messinger, W. Lubitz, S. DeBeer, F. Neese and D. A. Pantazis, Chem. Sci. 

2015, 6, 1676. 
5) N. Cox, M. Retegan, F. Neese, D. A. Pantazis, A. Boussac and W. Lubitz, Science 2014, 345, 804. 
6) M. Retegan, V. Krewald, F. Mamedov, F. Neese, W. Lubitz, N. Cox and D. A. Pantazis, Chem. Sci. 2016, 7, 72. 
7) M. Retegan and D. A. Pantazis, Chem. Sci. 2016, 7, 6463. 
 
 
 

Metalloenzymes, inspiration, mimics, function ... - Thursday June 8th



94

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
Heme Protein Supramolecules Constructed by Domain Swapping 

Shun Hirota 
a Graduate School of Materials Science, Nara Institute of Science and Technology ; email : hirota@ms.naist.jp 

Abstract 
We have previously shown that horse cytochrome (cyt) c forms polymers from monomers by 

3D domain swapping its C-terminal α-helix successively (runaway domain swapping).1 The C-terminal 
α-helix of dimeric horse cyt c was displaced from its original position in the monomer, and the 
Met80–heme coordination was perturbed significantly in the dimer, causing higher cyanide ion 
binding affinity and peroxidase activity compared to those in the monomer. Cyt c domain swapping 
occurred regardless of Met80 mutation to Ala, and the domain-swapped dimer stability was less 
affected by the Met80–heme coordination.2 Cyt c formed domain-swapped oligomers by the 
interaction between the N- and C-terminal α-helices at the early stage of folding from its unfolded 
state,3 and the interaction important for domain swapping was also detected in the monomer molten 
globule state.4 Domain-swapped oligomeric cyt c interacted more strongly with the anionic 
phospholipid-containing vesicle and the HeLa cell outer membrane compared to the monomer.5 
Psudomonas aeruginosa cyt c551 and Hydrogenobacter thermophilus (HT) cyt c552 formed oligomers by 
domain swapping the N-terminal region containing the heme.6 By elongation of the hinge loop in HT 
cyt c552, the domain swapping of the C-terminal region was also observed.7 High-order domain-
swapped oligomers of HT cyt c552 were produced during E. coli culture, whereas the domain-swapped 
protein amount decreased when the protein stability was decreased by mutation.8 The domain-
swapped dimers of Allochromatium vinosum cyt c′ formed high-order oligomers in the absence of CO. 
The cyt c′ oligomers dissociated to domain-swapped dimers in the presence of CO, and re-associated 
by CO readdition.9 Cyt cb562 also domain swapped and formed a dimer, where the two helices in the 
N-terminal region of one protomer interacted with the other two helices in the C-terminal region of 
the other protomer. In the crystal, three domain-swapped cyt cb562 dimers formed a unique cage 
structure with a Zn-SO4 cluster inside the cavity.10 We have previously shown that myoglobin (Mb) 
forms a domain-swapped dimer with two extended α-helices. An artificial heterodimeric protein with 
two different heme active sites (a bis-histidine-coordinated heme and a H2O/histidine-coordinated 
heme) was constructed by domain swapping two Mb surface mutants with opposite charges.11 
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Abstract 
FeFe hydrogenases catalyze H2 oxidation and formation at an inorganic active site (the “H-

cluster”), which consists of a Fe2(CO)3(CN) 2 (dithiomethylamine)] subcluster covalently attached to a 
Fe4S4 subcluster (fig 1). This active site is sensitive to light and small ligands such as O2. Studying the 
effect of inhibitors is a common approach for learning about the reactivity of enzymes’ active sites; in 
the case of hydrogenase, understanding these reactions is particularly important because they may 
negatively impact the use of hydrogenase for the photoproduction of H2. Here we show that 
combining theoretical methods, site-directed mutagenesis and electrochemical kinetics1 is a powerful 
approach for understanding at a molecular level how oxygen2 and light3 affect the active site and the 
activity of hydrogenase. 
 

Figure 1. The [Fe2(CO)3(CN)2(dithiomethylamine)] active site of FeFe hydrogenase. 
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Abstract 
The search for new catalysts represents still a great challenge for sustainable chemistry. While 

heterogeneous catalysis has been very successful, the heterogeneization of enzymes remains a great 
opportunity since enzymeshave reached highest efficiencies and selectivities but suffers from low 
stability. In the 90’s, a new technology has emerged to solve this drawback, based on the cross linking 
methodology applied to enzyme crystals (CLEC), using the mesoporous properties of protein 
crystals.[1]While CLECs were successfully used for hydrolytic or reduction catalysis, none were used in 
the domain of oxidation. In our teamLCBM/BioCE, we combine inorganic and bio-catalyisto develop 
artificial enzymes, issued of the insertion of an inorganic complex into a host protein.[2] Here, we will 
combine heterogeneous and bio-catalysis by developingCLECs of artificial enzymes. Few years ago, O2 
reductive activation by an iron complex embeddedin a crystal of NikA, a Ni transport protein, 
wasobservedbut only the iron ligand was oxidized.[3] Today, by modifying the artificial active site iron 
complex, we have mastered a catalytic version for alkene oxidative cleavage. Furthermore, the use of 
other oxidants allowed us to reach selective and efficient catalysis for the oxychlorination of alkenes 
(6000 TONs, 1000 TON.h-1 with high stereospecificity).  During the presentation, the two catalytic 
systems will be described, the role of the embedded iron complex revealed and insights on reactions 
mechanism proposed thanks to protein crystallography. We will also demonstrate the high stability of 
protein crystals upon exposition to organic solvent, oxidizing conditions and high temperatures. 
These two examples of “in cristallo” catalysis represent a new development in the search for green 
catalysis, combining robustness, selectivity, easy recovery and the use of less hazardous substances.  
 
We thank ARCANE Labex and ANR for financial support. 
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Abstract 
The majority of copper enzymes in biological systems directly activate dioxygen to perform a myriad 
of essential chemical transformations almost exclusively performed with copper. Tyrosinases (Ty), 
ubiquitously found in both eukaryotes and prokaryotes, are well recognized examples that perform 
the first committed step in the synthesis of melanine from tyrosine by catalytic hydroxylation of the 
phenol to a catechol by activating O2. Chemical model complexes extract the chemical reactivity of Ty 
to small molecules which allows a better investigation of structural variations and their influences on 
reactivity as well as the translation to industrially useful processes.  
As ligand systems, we use guanidines1-3 and bis(pyrazolyl)methanes4-7 in order to stabilize bis(µ-oxo) 
and peroxo complexes which are both discussed as active Ty species. In our ongoing studies, we 
developed versatile new ligands to explore new ways to the catalytic hydroxylation of various 
phenolates. We found that subtle changes in the ligand sphere have a dramatic influence on the 
stability of the Cu2O2 species as well as on its catalytic reactivity. Especially the donor difference 
between pyrazolyl and pyridinyl units is crucial to obtain the catalytic activity (Figure 1).7 

  
Figure 1. Four possible conformers of [Cu2O2{HC(3tBuPz)2(Py)}2]2+ and catalytic cycle 
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of Nickel Containing Metalloenzymes 
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Abstract 
Nickel containing metalloenzymes are found in a wide variety of microorganisms. All but one of 

the redox active nickel containing metalloenzymes that have been discovered to date possess 
cysteinate ligation. Two of these cysteinate-ligated metalloenzymes are nickel superoxide dismutase 
(NiSOD), which catalyses superoxide disproportionation, and nickel iron hydrogenase ([NiFe]H2ase), 
which catalyses proton reduction to H2. Recent spectroscopic and structural analyses of these two 
enzymes has revealed that at least one of the cysteinate sulphur atoms coordinated to their nickel 
centres is protonated, forming the NiII-S(H+)-Cys moiety.1,2 The function(s) of this moiety in both 
NiSOD and [NiFe]H2ase is not known. The present study discloses a nickel-containing metallopeptide-
based system, {Ni(m1S3)} (m1S3 = TaCDLP-CGVYD-PA; Ta = thioacetamide), which contains Ni2+ in a 
square planar S3N coordination environment. We will provide evidence that this system undergoes 
cysteinate sulphur atom protonation events at physiological pH, forming two NiII-S(H+)-Cys moieties. 
Formation of these NiII-S(H+)-Cys moieties dramatically alters the peptide’s nickel-binding affinity and 
the resulting metallopeptide’s stability towards reactive oxygen species. A detailed spectroscopic 
(optical, X-ray absorption, and X-ray emission spectroscopy) and computational investigation of the 
protonated and unprotonated forms of {Ni(m1S3)} will show that cysteinate protonation dramatically 
influences the electronic structure of the metal-centre. The differential behaviour of the protonated 
and unprotonated forms of {Ni(m1S3)} can be readily rationalized by the changes in electronic 
structure. Based on this study it will be suggested that, among other functions, the M-S(H+)-Cys 
moiety is involved in the protection of metal-sites from oxidative damage and the promotion of 
metal-ion transfer in metal transporter proteins. 
 
References 

1) Ogata, H.; Nishikawa, K.; Lubitz W. Nature 2015, 520, 571 
2) Szilagyi, R.K.; Bryngelson, P.A.; Maroney, M.J.; Hedman, B.; Hodgson, K.O.; Solomon, E.I. J. Am. Chem. 

Soc. 2004, 126, 3018. 
 
 
 

Metalloenzymes, inspiration, mimics, function ... - Friday June 9th



99

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 
A Fully Active Semiartificial [FeFe]-Hydrogenase 

F. Wittkampa, L. Kertessb, C. Sommerc, J. Esselborn, E. Reijersec, W. Lubitzc, T. Happeb, M. 
Winklerb, U.-P. Apfela 

a) Ruhr-Universität Bochum, Anorganische Chemie I / Bioanorganische Chemie, Universitätsstraße 150, 44801 
Bochum; b) Ruhr-Universität Bochum, Biochemie der Pflanzen, Universitätsstraße 150, 44801 Bochum; c) Max-
Planck-Institut für chemische Energiekonversion, Stiftstraße 34-36, 45470 Mülheim an der Ruhr ; email : 
ulf.apfel@rub.de 

Abstract 
The recent finding that fully active [FeFe]-Hydrogenases can be obtained via maturation of the 

apo-protein with the synthetic [2Fe-2S] cofactor enables the targeted alteration of the native 
enzymes and allows for more in-depth mechanistic studies.[1,2] Recently, different cofactor mimics of 
the type [Fe2(CO)4(CN)2{(SCHR)2X}]2- (R = H, CH3, X = NH, CH2, O, S) were tested regarding their 
catalytic activity inside HydA1 of C. reinhardtii. However, solely [Fe2(CO)4(CN)2{(SCH2)2NH}]2-, the 
synthetic precursor of the natural cofactor, revealed full wild type activity and allowed for proton 
reduction and hydrogen oxidation.[3] This observation clearly highlights the importance of the proton-
shuffling amine-group. We recently reported on the S/Se exchange in the [4Fe-4S] cluster attached to 
the di-iron active site. This assembly revealed wild-type like activity and suggested high tolerance of 
the active site towards electronic manipulations.[4] The next straightforward step was to alter the 
chemistry of the [2Fe2S] cofactor by S/Se exchange. Herein, we report on the synthesis of 
[Fe2(CO)4(CN)2{(SeCH2)2NH}]2- and its incorporation as well as reactivity in the natural binding pocket 
of HydA1 of C. reinhardtii and Cp1 of C. pasteurianum. These semiartificial enzymes are the first fully 
active [FeFe]-hydrogenases containing a non-natural cofactor and revealing a wildtype like activity. 

 
References 
1) G. Berggren, A. Adamska, C. Lambertz, T. R. Simmons, J. Esselborn, M. Atta, S. Gambarelli, J.-M. Mouesca, E. 
Reijerse, W. Lubitz, T. Happe, V. Artero, M. Fontecave, Nature 2013, 499, 66. 
2) J. Esselborn, C. Lambertz, A. Adamska-Venkatesh, T. Simmons, G. Berggren, J. Noth, J. Siebel, A. 
Hemschemeier, V. Artero, E. Reijerse, M. Fontecave, W. Lubitz, T. Happe, Nat. Chem. Biol. 2013, 9, 607. 
3) J. F. Siebel, A. Adamska-Venkatesh, K. Weber, S. Rumpel, E. Reijerse, W. Lubitz, Biochemistry 2015, 54, 1474.  
4) J. Noth, J. Esselborn, J. Güldenhaupt, A. Brünje, A. Sawyer, U.-P. Apfel, K. Gerwert, E. Hofmann, M. Winkler, T. 
Happe, Angew. Chem. Int. Ed. 2016, 55, 8396. 
 

A Fully Active Semiartificial [FeFe]-Hydrogenase 

F. Wittkampa, L. Kertessb, C. Sommerc, J. Esselborn, E. Reijersec, W. Lubitzc, T. 
Happeb, M. Winklerb, U.-P. Apfela

a Ruhr-Universität Bochum, Anorganische Chemie I / Bioanorganische Chemie,
Universitätsstraße 150, 44801 Bochum 

b Ruhr-Universität Bochum, Biochemie der Pflanzen, Universitätsstraße 150, 44801 
Bochum 

c Max-Planck-Institut für chemische Energiekonversion, Stiftstraße 34-36, 45470 
Mülheim an der Ruhr 

The recent finding that fully active [FeFe]-Hydrogenases can be obtained via 
maturation of the apo-protein with the synthetic [2Fe-2S] cofactor enables the 
targeted alteration of the native enzymes and allows for more in-depth mechanistic
studies.[1,2] Recently, different cofactor mimics of the type 
[Fe2(CO)4(CN)2{(SCHR)2X}]2- (R = H, CH3, X = NH, CH2, O, S) were tested regarding 
their catalytic activity inside HydA1 of C. reinhardtii. However, solely 
[Fe2(CO)4(CN)2{(SCH2)2NH}]2-, the synthetic precursor of the natural cofactor, 
revealed full wild type activity and allowed for proton reduction and hydrogen 
oxidation.[3] This observation clearly highlights the importance of the proton-shuffling 
amine-group. We recently reported on the S/Se exchange in the [4Fe-4S] cluster 
attached to the di-iron active site. This assembly revealed wild-type like activity and
suggested high tolerance of the active site towards electronic manipulations.[4] The 
next straightforward step was to alter the chemistry of the [2Fe2S] cofactor by S/Se
exchange. Herein, we report on the synthesis of [Fe2(CO)4(CN)2{(SeCH2)2NH}]2- and
its incorporation as well as reactivity in the natural binding pocket of HydA1 of C. 
reinhardtii and Cp1 of C. pasteurianum. These semiartificial enzymes are the first 
fully active [FeFe] hydrogenases containing a non-natural cofactor and revealing a 
wildtype like activity.
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Abstract 
The gasification of biomass results in the production of syngas, mainly composed of CO, CO2 and 
H2. Syngas is considered to be an inexpensive and versatile substrate for the production of a 
variety of renewable fuels and chemicals with different H2/CO ratios through the Fischer-Tropsch 
process.  The Water Gas Shift reaction (WGSR, CO + H2O  CO2 + H2) is one of the most 
important reactions used to balance H2/CO ratios. In the perspective of a green economy, the 
development of biomass gasification requires the development of biological WGSR. In biological 
systems, CODH and [NiFe]-hydrogenase are key components of WGSR. CODH is a complex 
metalloenzyme with a unique [NiFe3S4] active site1,2 (Figure 1). Although the mechanism is well 
studied3, not much is known about the biosynthesis of the C-cluster. A better understanding of its 
biosynthesis is a starting point for its use as a potential tool in biological syngas purification 
processes.

 

Figure 1: Structure of R. rubrum CODH at 2.8 Å (PDB code: 1jqk) and its active site  
 
CooC, CooT and CooJ from Rhodospirillum rubrum are accessory proteins, essential for nickel 
insertion into CODH. CooC is proposed to carry out the ATP-dependent insertion of nickel 
into the C-cluster but the mechanism of nickel insertion remains elusive. The roles of CooT 
and CooJ are even less well understood. Recently, we structurally and biochemically 
characterized CooT and highlighted the existence of a novel Ni-binding protein family. Here, 
we report the development of in vivo and vitro maturation protocols of CODH in the easy-to-
grow bacterium Escherichia coli as well as the functional study of the Coo proteins. 
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Abstract 
Hemoprotein is one of the promising scaffolds to create artificial metalloenzyemes because of 

the diversity of structures and the specific reaction fields in the intrinsic cofactor binding sites. 
Whereas metalloenzymes generally have large molecular weight (over 40 kDa), myoglobin (Mb), an 
oxygen storage hemoprotein, has relatively smaller molecular weight (17 kDa), indicating a suitable 
protein to be engineered. However, Mb shows very low peroxidase and monooxygenase activities and 
does not catalyze alkane hydroxylation despite including the same cofactor, heme b, as heme-
dependent enzymes such as horseradish peroxidase and cytochrome P450.  In this decade, our 
group has reported artificial metalloproteins by hemoprotein reconstitution with artificial cofactors 
(Figure 1).  Recently, we focus on Mb reconstituted with a manganese porphycene complex (MnPc) 
to catalyze alkane hydroxylation.1 

Mb reconstituted with MnPc (rMb) was successfully obtained by the conventional method.  
The obtained protein was identified with UV-vis absorption spectroscopy and mass spectrometry.  
Furthermore, the X-ray structure reveals the incorporation of MnPc into the intrinsic heme binding 
site and the axial ligation by His93, which is the axial ligand of heme in native Mb.  The reaction of 
rMb with mCPBA produced the spectroscopically detectable intermediate (t1/2 > 40 s) at 10 oC and pH 
8.5. Since no characteristic near-infrared absorption for radical cation of the porphycene framework 
and no signal in X-band EPR spectra obtained with both of perpendicular and parallel modes was 
observed, the intermediate was assigned as a Mn(V)-oxo species.  In addition, we carried out the 
H2O2-dependent hydroxylation of ethylbenzene by rMb. From the GC analysis, it is found that rMb 
catalyzes the hydroxylation to provide 1-phenylethanol with the turnover number of 13 at 25 oC and 
pH 8.5 without any by-product such as ketone, whereas native Mb and other reconstituted proteins 
show no product under the same condition.  In addition, kinetic data, log kobs versus BDE(C(sp3)–H) 
for ethylbenzene, toluene, and cyclohexane present a linear relationship with negative slope, showing 
that the reaction occurs via a hydrogen-atom abstraction by a Mn(V)-oxo species as a rate-
determining step.   

Figure 1. Reconstitution of myoglobin with an artificial cofactor. 
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Abstract 
LytB (also called IspH) is an essential enzyme for the survival of most bacteria including Escherichia 
coli, Pseudomonas aeruginosa, Mycobacterium tuberculosis, Vibrio cholerea but also of the parasite 
Plasmodium falciparum (responsible for malaria). LytB does not exist in humans and is therefore a 
valuable target for the development of new specific antibacterial and antiparasitic drugs. This enzyme 
catalyzes the conversion of (E)-4-hydroxy-3-methylbut-2-enyl diphosphate 1 into isopentenyl 
diphosphate (IPP, 2) and dimethylallyl diphosphate (DMAPP, 3), the two building blocks of all 
isoprenoids. This reaction is unprecedented and involves two one-electron transfers and a water 
elimination. LytB is an oxygen-sensitive protein harboring in vivo a peculiar [4Fe-4S]2+ center, with one 
iron linked to three inorganic sulfur atoms from the cluster and to two or three non-sulfur ligands (N 
and/or O) as shown by Mössbauer spectroscopy investigations [1]. Very recently, synchrotron-based 
nuclear resonance vibrational spectroscopy (NRVS) experiments, a technique that senses specifically 
vibrations involving iron, led to the identification of these unknown ligands as three water molecules 
[2]. 

Mössbauer investigations of LytB in presence of the HMBPP 1, revealed also that the first step in the 
catalytic mechanism of LytB is the binding of HMBPP via its OH group to the [4Fe-4S]2+ [1,3]. This 
feature was used to design new extremely potent inhibitors of LytB [3,4]. 
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Inorganic Complexes for Applications in Biology:  

Mn-Complexes as SOD mimics from Design to Evaluation in Cells 
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Superoxide dismutases are redox active metalloproteins that protect the cell against oxidative stress. 
These enzymes are highly efficient in catalyzing the dismutation of superoxide, with several physico-
chemical parameters that have been evolutionarily optimized.1 In this talk, the bio-inspired strategy 
that we use to design Mn-based SOD mimics will be presented. A wide range of SOD-mimics have 
been studied in the last decade,2-4 that show intrinsic SOD-activity in an in vitro context,5 some of 
which also demonstrate anti-oxidant properties in cells or in animals models.3 From these studies we 
have learned that an SOD-mimic can be active outside a cellular context and be inactive within cells 
or a whole organism. Successful implementation into cellular and biological environments is thus key 
to biomedical applications.6 We will present two cellular models in which we have assayed the 
activity of an SOD-mimic (1). Activated macrophages produce ROS and RNS fluxes under appropriate 
activation, and they constitute a relevant model in which to test the cellular efficacy of a biologically-
relevant antioxidant. In this system, compound 1 demonstrated the ability to diminish the flux of 
superoxide.5 In the second model, we used intestinal epithelial cells HT29 that have been modified to 
be very sensitive to bacterial lipopolysaccharide with a high inflammatory response. Compound 1 was 
studied in this cell line using an  inorganic cellular chemistry approach that combined an investigation 
of its intracellular speciation using mass spectrometry, its quantification and distribution using 
electron paramagnetic resonance, and spatially-resolved X-ray fluorescence with evaluation of its 
biological activity. Interestingly, 1 shows intracellular anti-inflammatory activity, remains at least 
partially coordinated, has a diffuse distribution over the whole cell, and functionally complements 
mitochondrial MnSOD.6 This is promising in the context of oxidative stress induced diseases 
inflammatory diseases. 
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Substrate specificity and regioselectivity of polysaccharide monooxygenases 
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Abstract 

Polysaccharide monooxygenases (PMOs) were recently discovered enzymes that degrade 
recalcitrant polysaccharides in an unprecedented oxidative mechanism. PMOs activate oxygen with a 
Type-2 monocopper active site on an open protein surface and hydroxylate the C-H bonds of the 
glycosidic linkage. The resulting hydroxylated intermediates likely spontaneously undergo elimination, 
which breaks the glycosidic linkage. The oxidative cleavage highly likely occurs on the surface of the 
substrates without the need to separate the polysaccharide chains from insoluble matrix as observed 
in canonical glycoside hydrolases (GHs). The newly created chain ends can be further processed by 
GHs. Some cellulose-active PMOs exhibit remarkable synergy with GHs, which could reduce 
significantly the cost of enzymatic technology for biomass conversion. The regioselectivity and 
substrate specificity of PMOs are important aspects in developing optimal synergistic mixtures of 
PMOs and GHs. We employed rigorous bioinformatics and biochemical analyses to classify cellulose-
active PMOs in to three subgroups with distinct regioselectivity, as well as determined some protein 
motifs governing their regioselectivity [1]. We recently discovered a novel PMO family that acts on 
α(14) glycosidic linkages of starch rather than the β(14) glycosidic linkages of cellulose and chitin 
as observed in the well-studied cellulose-active PMOs and chitin-active PMOs. This finding showed 
that PMOs are diverse and have a broad range of activities [2]. Further studies involving spectroscopic 
analysis, biochemical assays, and molecular dynamic simulations are underway to gain further 
insights in to the substrate specificity and regioselectivity of PMOs.  
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Abstract 
Research towards novel artificial enzymes has drawn much attention in recent years with 

several strategies existing for their development. Incorporation of organometallic centres within a 
protein scaffold lends itself to an attractive solution to this problem. Key to this is the identification of 
new protein-catalyst hybrid systems which lend themselves towards development of systems able to 
catalyse synthetically relevant reactions with rates and selectivities of enzymes.1 

 
Here we present the development of such an artificial metalloenzyme using the siderophore 

binding protein CeuE (C. jejuni),which binds tetradentate siderophores with high affinity,2-4and the 
exploration of different siderophore anchoring, and catalyst moieties, designed to optimize the first 
generation of artificial enzymes based on this system. 
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Abstract 
  In natural photosynthesis, light is used for the production of chemical energy carriers to fuel 
biological activity and the first protein in the photosynthetic chain is the water oxidation enzyme 
Photosystem II. This presentation will summarise our progress in the development of protein film 
photoelectrochemistry as a technique for the light-dependent activity of this enzyme adsorbed onto an 
electrode surface to be studied.[1] Materials design enabled us to develop ‘tailor-made’ 3D electrode 
scaffolds for optimised integration of the ‘wired’ enzyme and these investigations yielded valuable 
insights into the performance of Photosystem II and interfacial charge transfer pathways. Examples 
are the identification of unnatural electron escape routes to the electrode and a recently elucidated O2 
reduction pathway that short-circuits the known water-oxidation process.[2] 

The integration of Photosystem II in a photoelectrochemical circuit has also enabled the in vitro 
re-engineering of natural photosynthetic pathways. We succeeded in assembling an efficient enzyme-
based full water splitting cell driven by light through the rational wiring of Photosystem II to a [NiFeSe]-
hydrogenase.[3] This hydrogenase displays unique properties for water splitting applications as it 
displays good H2 evolution activity, little product (H2) inhibition and some tolerance towards O2.[4] The 
semi-artificial water splitting cell shows how we can harvest and utilise electrons generated during 
water oxidation at Photosystem II electrodes for the generation of renewable H2 with a wired 
hydrogenase through a direct pathway unavailable to biology. This work is currently supported by an 
ERC Consolidator Grant ‘MatEnSAP‘ (682833). 
 
 
References 
[1] Kato, Zhang, Paul & Reisner, Chem. Soc. Rev., 2014, 43, 6485–6497. 
[2] Zhang, Sokol, Paul, Romero, van Grondelle, & Reisner, Nature Chem. Biol., 2016, 12, 1046–1052. 
[3] Mersch, Lee, Zhang, Brinkert, Fontecilla-Camps, Rutherford & Reisner J. Am. Chem. Soc., 2015, 137, 8541–

8549. 
[4] Wombwell, Caputo & Reisner, Acc. Chem. Res., 2015, 48, 2858–2865. 

 
 



Metals and biomolecules



108

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

Metals and biomolecules - Thursday June 8th

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Siderophores as anchors in artificial metalloenzymes 
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Abstract 
Artificial metalloenzymes that consist of a synthetic catalyst that is linked via an anchor to a 

protein scaffold allow the bio-orthogonal reactivity of organometallic catalysts to be combined with 
the selectivity of enzymes. A particular strength of this approach lies in the synthesis of 
enantiomerically pure compounds and the potential use of artificial enzymes in vivo, for example 
within the periplasm of a Gram-negative bacterial cell.1 To complement the commonly used biotin-
(streptavidin) affinity pair, we have identified ferric siderophore-binding protein pairs that allow 
organometallic catalysts to be anchored with suitably high affinities. Siderophores are ligands that are 
produced by bacteria for the uptake of essential iron and hence, ferric siderophore complexes are 
bound both strongly and enantioselectively by their cognate periplasmic binding proteins.2, 3 By 
linking iridium-based transfer hydrogenation catalysts to selected siderophore-binding protein 
systems (Figure 1) the reduction of prochiral imines to chiral amines was achieved with encouraging 
levels of enantioselectivity. 

 
 
 

 
 
 

 
Figure 1: A) Schematic representation of an artificial metalloenzyme that consists of a periplasmic binding protein 
(PBP) scaffold (green) with bound ferric siderophore anchor (red) and attached transfer hydrogenation catalyst 
(orange). B) [Fe(siderophore)]PBP crystal structure that highlights a chiral pocket that is available for the 
accommodation of a catalyst (PBP: electrostatic surface representation; Fe grey; siderophore: C green, O red, N 
blue). C) Example of a catecholamide siderophore derivative. 
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Abstract 
For the regiospecific introduction of novel functionalities to bio(macro)molecules, bio-

orthogonal reactions are required which do not show cross-reactivity with the normal constituents of 
biological systems and exhibit reaction kinetics faster than the biological processes of interest.1,2 So 
far mostly a domain of bioorganic chemistry, the introduction of metal-based functionalities also 
holds great promise for applications in Inorganic Chemical Biology by exploration of metal-inherent 
properties such as interesting photophysical and photochemical characteristics, electrochemical 
bistability, tunable ligand-exchange kinetics, and availability of stable as well as  radioactive isotopes. 

 
 

   
 
 
 
 
 
 

Figure 1. (left) "iClick" periodic table with compounds already prepared by room-temperature 
catalyst-free cycloadditions and (right) kinetics of the iClick reaction monitored by IR spectroscopy. 

 
In that context, our group develops novel chemistry to quickly generate molecular diversity in 

metal complex-bio(macro)molecule conjugates.3 Based on an innovative and flexible reaction 
between a metal-azide complex and an alkyne coupling partner in a [3+2] cycloaddition reaction, a 
particular highlight of our procedure is the formation of very robust triazolate linkers directly in the 
inner metal coordination sphere under retention of the stereochemistry, without the need for a 
catalyst, and in most cases at room temperature. 

In this presentation, we will give a systematic insight in the structural and electronic 
preferences of the reaction together with kinetic data, including the trapping of intermediates at low 
temperature (-20 °C), which revealed 2nd order rate constants comparable to the Staudinger ligation 
reaction well-established in bioorganic chemistry.1,2 Very recent results will also be presented on the 
application of the methodology to lyszoyme functionalization serving as a model protein. 
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The introduction of metal-based functionality into nucleic acids via artificial metal-meditated 

base pairing is a topical area of research that has attracted a lot of interest recently. Numerous 
applications are possible for the resulting conjugates, ranging from sensors to an exploitation of the 
modified charge transfer capabilities of nucleic acids.[1-3] 

We report here the first successful application of metal-mediated base pairing in the sensing of 
natural oligonucleotide sequences.[4] Towards this end, 1H-imidazo[4,5-f][1,10]phenanthroline (P) 
was used as an artificial nucleobase. DNA oligonucleotides with a P nucleoside can be applied for the 
discrimination of the canonical nucleobases thymine and cytosine, as the respective silver(I)-
mediated base pairs exhibit significantly different stabilities. A molecular beacon based on this 
approach has been developed.[5] Such a beacon can principally be applied for the detection of single-
nucleotide polymorphisms in sequences with a medicinally relevant TC or CT transition. 
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The difficulties in synthesis of structurally complicated natural siderophores (low molecular weight 
molecules produced by microorganisms to acquire iron) has directed the siderophore research 
towards biomimetic chemistry, aiming at mimicking or reproducing the function of the natural 
product rather than its detailed structure. This approach allowed diversifying the arsenal of 
biologically active siderophore-type molecules, introducing additional desired chemical and/or 
physical properties, and providing means to identify general motifs governing interplay between 
structure and function in biological activity.  
Following these principles, we have been working on characterization of novel biomimetic 
compounds, artificial siderophores, in terms of iron complex formation and stability, for the 
construction of structural probes of microbial iron uptake processes 1, 2 and iron sensors.3 
Over the years, we were able to couple iron binding or its release with a signaling component in order 
to elicit spectrophotometric signals. Attaching a fluorescent 6-aminonaphthalimide group at the 
carboxyl terminus of desferrioxamine biomimetic analogue provided a tool to track the path of the 
iron from the environment to the cells of Yersinia enterocolitica.2 Moreover, inspired by L-vulnibactin 
- microbial siderophore from Vibrio vulnificus, we fused the iron(III) binding site with a fluorescent 
probe into a single functionality, and studied tripodal phenoloxazoline-based ligands. Due to their 
fluorescent properties, the Fe(III) coordination event could be easily monitored, with detection limits 
in the low ng/mL range.3 
 
Here we will present Fe(III) binding properties of novel artificial siderophores in the perspective of 
using the compounds as tools for investigating iron uptake by siderophore-utilizing organisms. We will 
also discuss abilities of these biomimetics to coordinate other metal ions in order to use them for 
imaging and detection purposes.  
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Abstract 
Metallothioneins (MTs) are ubiquitous proteins generally characterized by a low molecular 

weight, a large Cys content and, as a result, a high affinity for metal ions with d10 electron 
configuration that are organized in cluster structures. MTs are among others involved in the 
regulation of physiologically important ZnII and CuI ions, the protection against xenobiotic heavy 
metal ions, e.g. CdII and HgII, and are linked to oxidative stress conditions due to the redox activity of 
the many Cys residues. While the thermodynamic constants for metal ion binding to MTs are high 
(e.g. K = 3.1  1011 M1 for rabbit Zn7MT2),1 the kinetics of metal ion release are still fast enough (e.g. k 
= 5.8  104 s1 for human Zn7MT2)2 to easily allow metal ion release and exchange processes to occur.   

While the vertebrate isoforms, which strictly contain 20 Cys as sole ligands, have been in the 
focus of studies for 60 years now, MTs from other phyla add to the great variety of amino acid 
sequences for MTs we know today, showing different lengths, diverse amounts and distribution 
pattern of Cys residues, as well as sometimes even His residues as additional metal ion binding 
ligands. It will be the aim of this talk to provide a closer look at the stability of metal ion binding and 
the possibility of metal exchange processes in non-vertebrate MTs. 
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Abstract 
In the Kulak group we develop metal complexes for the interaction with biomolecules. Our 

motivation is that manipulation of disease-related nucleic acids or proteins bears a potential for 
combating various diseases. 

The degradation of pathogenic structures like amyloidogenic peptides is of high importance for 
therapeutic purposes.[1] Such a cleavage can be carried out by so-called proteases. As synthetic 
chemists we seek for small metal complexes that do the same job like natural enzymes, but come 
with some advantages concerning stability, prize and accessibility to rational design. Some of the 
artificial proteases developed so far are based on metal complexes of the macrocyclic ligand cyclen 
(1,4,7,10-tetraazacyclododecane) and its oxygen analog oxacyclen (1-oxa-4,7,10-
triazacyclododecane).[2] Their proteolytic activity, which has been known in the literature for a 
couple of years already, is relatively low though when compared to natural enzymes.[3] 

In this presentation, the application of cyclen-based metal complexes as artificial 
metalloproteases for the cleavage of model proteins will be discussed. Approaches for increasing 
their efficiency will be presented: heteroatom exchange and the mono N-alkylation resulting in 
micelle formation. The proteolytic activity of these derivatives is comparable to that of the most 
efficient artificial systems known so far, which require covalent bond formation with the protein to be 
cleaved and immobilization on solid support, respectively.[4] 
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Abstract 
 Selective cleavage of proteins is one of the most important procedures in analytical 

biochemistry and biotechnology applications, frequently used for protein structure/function/folding 

analysis, protein engineering, and target-specific protein-cleaving drug design.1 This is, however, a 

challenging task. Commonly used natural proteases are expensive, operate only in a narrow 

temperature and pH range, often suffer from self-digestion and often have limited selectivity. 

Therefore, new, efficient, and selective cleaving agents that are sufficiently active at non-denaturing 

pH and temperature conditions are highly needed.  

In the search for new artificial peptidases, Zr(IV) was incorporated into lacunary polyoxometalate 

frameworks (POMs) to form metal-substituted polyoxometalates, which have been intensively 

investigated in our research group for the hydrolysis of peptides and proteins.2 In this study, reactivity 

of a series of Zr(IV)-substituted POMs towards the hydrolysis of peptide bonds in dipepties and 

proteins as well as the interaction between POMs and the substrates were investigated. The cleavage 

was purely hydrolytic, occurred under mildly acidic or physiological pH, and was selective. The 

interaction was evidenced by several spectroscopic techniques such as 1H NMR, 13C NMR, 31P NMR, 

circular dichroism (CD), tryptophan fluorescence, and UV-Vis spectroscopies.   
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Abstract 
RNAs fulfil multiple functions in a living cell, including regulation of gene expression on either the 
transcriptional or the translational level. In any of these functions, metal ions, and in some instances 
also metal ion complexes are a crucial part of their regulatory mechanism.[1] 
An example that has been known only for a few years are RNA G-quadruplexes, which occur in the 5'-
UTR of mRNAs.[2] Similar to their DNA counterparts, RNA quadruplex formation is highly dependent 
on the kind of metal ion,[3] but they are always of parallel stranded topology. We focus on three 
different RNA G-quadruplexes, namely TERRA (telomeric repeat-containing RNA), NRAS 
(neuroblastoma rat sarcoma viral oncogene homolog), and BCL2 (B-Cell Lymphoma/Leukemia-2). The 
BCL2 RNA takes up several co-existing structures in solution, depending on which of the excess Gs 
present in the linkers is involved in the tetrads. We subsequently systematically restricted the intrinsic 
folding dynamics of this G4-forming sequence to yield the formation of only two different 
intramolecular loop-isomer G-quadruplex structures in the native 5'-UTR context and finally the fold 
of a single G4 structure suitable for NMR studies. By NMR and fluorescence lifetime and anisotropy 
spectroscopy we characterize in addition the interaction with a highly charged Pt(II) complex, 
designed to specifically target such structures and modulate their regulatory function.[4] Due to their 
regulatory function, RNA G quadruplex sequences serve as potential targets for drugs, e.g. by 
stabilizing the quadruplex fold.[2] 
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Abstract 
Cu(II) complexes of peptides containing a His2 residue have been 

a subject of chemical research for decades, but the only instance of such 
a complex in biochemistry is Cu(GHK), a liver cell proliferation and 
wound healing agent [1]. Interestingly, the stability of this complex 
measured in vitro, ca. 100 fM at pH 7.4 is not sufficient to support its 
existence in the bloodstream in the presence of a vast excess of 
albumin, which binds Cu(II) with a 1 pM affinity. We identified other 
His2 bioactive peptides: GHTD-amide released by pancreas, α-factor of 
yeast (WHWLQLKPGQPMY) and Aβ5-x peptide family (with the RH N-
terminal sequence). We found that all bind Cu(II) with affinities similar 
to those of GHK and albumin [2]. Moreover, the 3N chelate ring of His2 peptide enables the 
formation of ternary complexes, and our investigations revealed that imidazole rings are their favored 
ternary ligands (Fig). Such (3+1N) ternary complexes are readily formed between GHK and albumin, 
the latter unexpectedly serving solely as the imidazole ring donor. We hypothesize that this complex 
serves as chaperone, facilitating Cu(II) exchange among its targets in the bloodstream and on cell 
surfaces. As structural and thermodynamic properties described above are shared by all His2 
peptides, we propose that their biological activity is, at least in part, Cu(II)-dependent (thus these 
peptides act as metallohormones) and, conversely, the His2 peptides participate in extracellular 
copper physiology. 
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The small subunit of [NiFe] hydrogenases (HupS) contain three iron-sulfur clusters: a proximal 

4Fe-4S cluster, a medial 3Fe-4S cluster and a distal 4Fe-4S cluster [1]. In the uptake hydrogenases, 
which oxidize molecular hydrogen, these clusters are responsible for the electron flow from the active 
site to the surface of the enzyme.  

The iron-sulfur clusters are usually coordinated by four cysteines residues. The cyanobacterial 
uptake hydrogenases show unusual FeS binding motifs, an asparagine and three cysteines in the 
proximal cluster, and one glutamine and three cysteines in the distal cluster [1].   

 
Amino acid substitution mutants were made in the HupS protein from Nostoc punctiforme 

affecting the coordination of the proximal 4Fe-4S cluster. The amino acid substitution mutants were 
characterized with EPR spectroscopy and hydrogenase activity measurements. Changing one of the 
coordinating cysteines to proline leaded a shift in its catalytic bias from hydrogen oxidation to 
hydrogen production [2].  

Examination the role of the unusual coordination of the proximal FeS cluster showed that the 
asparagine has important role in the coordination of the cluster. 
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Abstract 
Amyloidogenic proteins are generally associated with severe neurodegenerative disorders like, 
Alzhemier’s Disease (AD), Transmissible spongiform encephalopathies (TSEs) and Parkinson’s Disease 
(PD). These disorders afflict millions of people worldwide and their main hallmarks are the presence 
of amyloid plaques in the brain, primarily formed by fibrils of misfolded cellular proteins. Several 
different factors are able to influence the morphology and kinetics of amyloids formation [1-4]. 
Among them, copper-protein and membrane-protein interactions have been taken into account. In 
presence of membrane environments, amyloidogenic proteins usually form stable α helix structures. 
The regions involved in the helicoidal rearrangements correspond to regions critical for protein 
aggregation as well. The conformational rearrangements strongly affect copper binding features, in 
terms of donor atoms and complex stability. This behavior is explained by considering that metal 
binding domains are often located nearby regions experiencing transitions from random-coil to α 
helix. We have investigated the structural details of membrane interaction and copper binding in PrP, 
Aβ and αS with the main aim to highlight how α-helix structure, induced by membrane interaction, 
affects copper binding domains of amyloidogenic proteins [5-8].  
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Abstract 

Aside from the importance of the G-quartet (Figure 1A) as a therapeutic target, Sen and co-workers 
[1] demonstrated the possibility of utilizing the G-quartet as a scaffold for deoxyribozymes that 
exhibit catalytic activities similar to those of hemoproteins.  A complex between heme (Figure 1B) 
and G-quadruplex DNA has been shown to exhibit peroxidase activity [1].  This finding opened up 
new research fields for exploring the biological versatility of heme as the prosthetic group of 
DNAzymes.  The size and planarity of a G-quartet are well-suited for interaction with a porphyrin 
ring through - stacking interaction.  We are characterizing complexes between hemes and parallel 
G-quadruplex DNAs from a single repeat sequence of the human telomere, d(TTAGGG), (Figure 1C) 
and its related ones [2].  Heme binds specifically to the 3’-terminal G-quartet of the DNA to form a 
stable “heme-DNA complex”.  In a heme(Fe2+)-DNA complex, carbon monoxide (CO) is coordinated 
to the heme Fe atom on the side of the heme opposite the G-quartet, and a water molecule (H2O) is 
also coordinated as another axial ligand trans to CO (Figure 1D) [3].  In this study, the heme 
environment in the heme-DNA complexes has been characterized using NMR and resonance Raman.  
The study revealed the influence of the DNA sequence on the heme environment in the complex, 
which provides valuable clues to elucidate the catalytic activities of the complexes. 

 

Figure 1. Molecular structures of G-quartet (A), heme(Fe3+) (B), formation of G-quadruplex DNA formed from 
d(TTAGGG), (d(TTAGGG))4, (C), and a CO adduct of heme(Fe2+)-(d(TTAGGG))4 complex and coordination of CO 
and H2O to heme(Fe2+) of the complex (D).  
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Abstract 

Recently,  the  research  field  of  bioorganometallic  chemistry,  which  is  a  hybrid  area  between 
organometallic  chemistry and biology, has attracted much attention. Conjugation of organometallic 
compounds  with  biomolecules  such  as  nucleobases,  amino  acids,  and  peptides  is  envisioned  to 
provide  novel  bioorganometallic  systems  depending  on  the  properties  of  both  components. 
Nucleobases  of  DNA  possess  donors  and  acceptors  for  hydrogen  bonding,  which  permits  self‐
association into various structurally defined molecular assemblies. A variety of nucleobase derivatives 
with fluorescent, electrical, magnetic, and metal ion binding properties have been reported to expand 
the scope of their applications. Herein, we report the architectural control of molecular self‐assembly 
of bioorganometallic conjugates composed of organometallic compounds and nucleobases.1‐4 

A  guanosine‐based  Au(I)  isonitrile  complex  GAu(I)  was  demonstrated  to  form  a  G‐octamer 
aggregate via self‐assembly, wherein the quartet or octamer was formed in the absence or presence 
of a potassium ion, respectively, exhibiting a switchable emission based on Au(I)‐Au(I) interaction as 
shown  in Figure 1.1 The  formation of  the quartet, octamer, and polymeric columnar aggregate was 
found to be controlled by the amount of a potassium ion.2   

 
 
 
 
 
 
 
 
 
 
 
The tuning of the emission properties of the bioorganometallic platinum(II) conjugates with a 

uracil  moiety  was  also  performed  by  changing  the  direction  of  hydrogen  bonding  sites  and  the 
molecular  scaffold  having  complementary  hydrogen  bonding  sites  for  the  uracil  moiety,  which 
depends on the control of the aggregated structures.3 
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Abstract 
The mechanism by which zinc proteins associate and dissociate their Zn(II) ions and the 

factors that modulate its affinity and stability remain incompletely understood [1]. The 
question whether the protein is saturated with Zn(II) in cell environment is linked to its 
biological function, redox status and zinc availability, which depends on both zinc buffering 
and muffling [2]. These is mostly based on both thermodynamic and kinetic properties of 
zinc binding sites in proteins. We focus our attention on intra- and intermolecular 
interactions in zinc proteins that are crucial for protein stability and cell functionality. Careful 
characterization of the metallothionein metalation pathway and its weak binding site reveals 
the importance of the interdomain interaction as well as Cys21 residue. Thorough 
examination of Zn(II)-mediated protein interaction of Rad50 protein, CD4-Lck interface, and 
several zinc finger domains revealed that hydrogen bond network around coordinating 
cysteine residues highly modulates Zn(II)-to-protein affinity adjusting it to cellular function 
and localization [3-5]. We show that the presence or lack of metal-dependent protein folding 
is the most important factor that modulates zinc proteins stability and reactivity. 
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Abstract 
 
Guanine quadruplexes (GQs) are compact four-stranded DNA structures that play a key role in the 
control of a variety of processes, including gene transcription.1Herein we demonstrate that bulky 
ruthenium complexes of type [Ru(terpy)(bpy)X]n+ (X = Cl, RSR´, Met), metalatesterically-accessible 
guanines in the GQ of the c-MYC promoter region, and increase the expression levels of this 
oncogene, most probably by disrupting the parallel GQ structure present in its gen promoter site 
(Figure 1). We also show that exchangeable tioether ligands (X = RSR’, Met) allow the regulation of 
their metalating activity with visible light.2Importantly, the complexes exhibit very low toxicity. 
 
Given that the increase of c-MYC transcriptional levels has been pointed out as an important step in 
several research lines in cancer therapy, and in particular in the renewal ability of cancer stem cells,3 
our discovery might provide new powerful tools for biological applications. 

 

 
Figure 1.Top) Cartoon representing thestructure of the GQ of c-MYC highlighting the metalation selectivity and 
the disruption of the G-quadruplex.Bottom)Representation of the plausible mechanism for the enhancement of 
the c-MYC expression. 
References 
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New Designing of Organometallic Iridium(III) Complexes as Improved 
Photocytotoxic and Cytotoxic Agents: A structure-activity Relationship Study 
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LEILA.TABRIZI@nuigalway.ie 

Abstract 
Organometallic Ir(III) complexes of the type *IrIII(η6-arene-C≡CFc)(L)(3,5-(NO2)2pcyd)](PF6), 
[Cp*IrIII(LC)(PECA)](PF6), [Cp*IrIII(LC)(PECB)](PF6) (L: lawsone, juglone, lapachol, plumbagin, PECA:  
4-(Pyren-10-yl)ethynyl-phenylcyanamide , PECB: 4'-(Pyren-10-yl)ethynyl-4-cyanamidobiphenyl, LC: 
lidocaine, 3,5-(NO2)2pcyd, 3,5-dinitro phenylcyanamide, FcC≡CH: ferrocenyl acetylene, C≡CFcIP: 1'-
(phenanthro[9,10-d]imidazole) ferrocenyl -1-acetylene) have been synthesized and fully 
characterized. For the first time, in these complexes a ferroence molecule has been attached to an 
arene, which is then fixed to an Iridium (III) centre.  Remarkably, these complexes with ferrocene 
exhibit significant cytotoxic effects, which emerged as the most cytotoxic derivative in comparison 
with other complexes. The complexes increase the production of reactive oxygen species (ROS) in 
MCF-7 cells. The new compounds also inhibit the enzyme thioredoxin reductase activity at nanomolar 
concentrations. Furthermore, the complexes induce major levels of cancer cell death by apoptosis 
that is in correlation with activity in cytotoxicity studies. 
   The PECA or PECB moiety decreased the inherent dark-cytotoxicity and increased the photo-toxicity 
simultaneously, both of which contributed to the greatly improved photodynamic therapy (PDT) 
efficacy, ultimately resulting in cancer cell apoptosis. The main contributor for such a greatly 
enhanced PDT efficacy was the effect of the PECA or PECB moiety on the cellular uptake and 
intracellular ROS levels. We therefore demonstrate that the combination of PECA or PECB with 
organometallic Iridium(III) complexes may be an emerging strategy to develop novel complexes as 
potential photosensitizers (PSs) in photodynamic therapy (PDT). 
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of the Prion Protein N-terminal domain 
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Abstract 

Undoubtedly, Neurodegenerative Diseases (ND) are one of the most serious diseases in 
modern society. Understanding the molecular mechanisms underlying these disorders is a challenge 
for global science. ND are still based on huge number of hypothesis, therefore it is important to find 
out the mechanism which leads to the pathogenic process. 

Prion disorders, are associated with protein infectious agents called prions that cause the 
conversion of the normal cellular prion protein isoform (PrPC) into the abnormal scrapie prion protein 
isoform (PrPSc)1). PrPSc is highly insoluble and prone to aggregation. Elevated β-sheet content of PrPSc 
is essential for protein aggregation and formation of pathological deposits2).  

The human Prion Protein (hPrPC) is able to bind up to six Cu2+ ions. Four of them are distributed 
in the octarepeat domain, containing four tandem-repetitions of the sequence PHGGGWGQ. 
Immediately outside the octarepeat domain, in so called PrP amyloidogenic region, two additional 
and independent Cu2+ binding sites (His96 and His111) are present. Furthermore, the amyloidogenic 
fragment of PrP contains a two methionine residues (Met109 and Met112) known to act as Cu+ 
binding site3). 

The amyloidogenic region of hPrP contains an N-terminal polar head and a long C-terminal 
hydrophobic tail. The presence of the PrP hydrophobic region, highly conserved among different 
species, is essential for PrPC - PrPSc conversion in the phospholipid membrane. The PrP is bound to the 
cell membrane via its C-terminal GPI anchor, so it is reasonable to assume that it may interact with 
the lipid bilayer. In the last years, a huge number of studies have suggested that the misfolding 
process is influenced by the interactions of these proteins with copper ions and membranes4). The 
amyloidogenic human prion protein fragment (hPrP91-127) undergoes to large conformational changes 
in presence of detergent micelles and forms stable α-helical structure. The α-helix structuring of 
amyloidogenic proteins, upon membrane interaction, also strongly affect Cu2+ and Cu+ binding, in 
terms of donor atoms and complex stability5,6).  
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Oxidative reactivity promoted by copper-prion peptide complexes 
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Abstract 
Prion diseases are a group of neurodegenerative diseases caused by prion protein (PrP) 

conformational changes.1 The key molecular event in the pathogenesis of such diseases is the 
conformational conversion of prion protein, PrPC, into a misfolded form rich in -sheet structure, 
PrPSc, but the detailed mechanistic aspects of prion protein conversion remain enigmatic. There is 
uncertainty on the precise physiological function of PrPC, but several evidences support the notion of 
its role in copper homeostasis. Despite the large number of investigations on the structural properties 
of copper-prion complexes, little is known regarding the related reactivity.  

We focused on the redox reactivity of Cu2+ bound to three N-acetylated and C-amidated PrP 
fragments, PrP106-114, PrP84-114 and PrP76-114. These peptides include the fragment outside the 
octarepeats (92-114), with the high affinity Cu site involving H96 and H111, and the larger fragments 
also containing one (84-114) or two (76-114) of the Cu sites within the four octarepeats.2 We found 
that copper(II) binding to prion peptides does not prevent Cu redox cycling in the presence of 
reducing agents and the formation of reactive oxygen species (ROS). The toxic effects of these species 
are exacerbated in the presence of catecholamines, indicating that dysfunction of catecholamine 
vesicular sequestration or recovery after synaptic release is a dangerous amplifier of Cu induced 
oxidative stress. Cu bound to prion peptides including the high affinity site involving histidines 
adjacent to the octarepeats exhibits marked catalytic activity toward dopamine and 4-
methylcatechol. The resulting quinone oxidation products undergo parallel oligomerization and 
endogenous peptide modification yielding catechol adducts at the histidine binding ligands. These 
modifications add to the more common oxidation of Met and His residues produced by ROS.  
Compared to previous studies, oxidative degradation of Cu-prion peptides is much faster than that 
undergone by Cu--amyloid3,4  and Cu--synuclein5,6 complexes in the same conditions. 
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Combatting antimicrobial resistance with novel photoactivatable metal 

complexes 
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Abstract 
The widespread and inappropriate use of antimicrobials have led to life-threatening 

antimicrobial resistance. Considering the time-consuming separation of effective antimicrobial agents 
from bacterial metabolites and the high mutation rate of bacterial chromosomal and protein 
expression, the investigation of novel mechanisms for bacterial treatment is warranted.1 
Antimicrobial photodynamic therapy (aPDT) is a novel method that combine photosensitizers and 
suitable light source to treat microbial infections.2 The aPDT relies on the generation of highly toxic 
reactive oxygen species (ROS) to kill bacteria.  

One of the central problems in antibacterial therapy is to develop targeting strategies. Most 
current antimicrobials target the bacterial cell wall and cannot access the bacterial intracellular 
volume.3 Maltohexaose is a maltooligosaccharide consisting of six glucose units and functions as the 
major glucose source for bacteria which can reach millimolar within bacteria. Different from bacteria, 
mammalian cells do not express maltodextrin transporter system and thus cannot internalize 
compounds conjugated to maltohexaose.4 In recent years, ruthenium(II) polypyridyl complexes have 
been widely used as photosensitizers in PDT.5 With these in mind, we have design and synthesis 
maltohexaose conjugated luminescent ruthenium(II) antimicrobial complexes promising for bacteria 
targeting, imaging and photodynamic therapy. Upon light irradiation, we can identify the microbial 
infection area by fluorescent microscopy. The photosensitizers ruthenium(II) complexes will generate 
ROS during irradiation and induce irreversible oxidative damage to multiple bacteria components 
including cell membranes, organelles, intracellular proteins or DNA. Our work provides a novel 
strategy for treating antimicrobial resistant bacteria with photoactivatable ruthenium complex. 
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Abstract 
Alzheimer’s disease is the most frequent form of dementia in the elderly. One of the features of AD is 
the formation of senile plaques in brain, mainly composed of the 40/42-residue Amyloid-β peptide 
(Aβ) on aggregated form. Metal ions such as copper and zinc are also present in high levels of 
concentration in senile plaques, and form complexes with Aβ. In the presence of a reducing agent, 
Cu-Aβ complexes can catalyze the production of Reactive Oxygen Species (ROS), including the 
hydroxyl radical (HO•).1,2 This reaction proceeds through a low-populated Cu-Aβ state,3,4 called In-
Between State, which is an elusive state little described so far.  
 
The hydroxyl radicals released during the Cu-Aβ mediated ROS production are very reactive and they 
can cause oxidative damages to surrounding neuronal biomolecules and to the Aβ peptide itself. 
Indeed, it has been shown that Aβ is the first target for ROS during this reaction.5 

We present here key structural features of this elusive In-Between State responsible for ROS 
production 6 (Figure 1) as well as results on the impact of the oxidation undergone by Aβ on the 
events related to Alzheimer’s Disease.7 

Figure 1: Schematic view of the proposed Cu-Aβ structure in the In-Between State during the metal-catalyzed ROS 

production.6 
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Abstract 
 
Storage of diluted and intermittent sources of energy such as solar and wind energy is a great 
challenge of the 21st century. It can be accomplished by the conversion of electricity or light into 
chemical energy. For this reason, the reduction of CO2 is particularly appealing since it also gives 
access to carbonated fuels. For these reasons, numerous labs have been focus in the development of 
catalysts over the last decades[1,2]. In order to find new catalysts with abundant metals we decide to 
take inspiration from Nature. More precisely, we have focused on molybdenum and tungsten 
dependent formate dehydrogenase which are known to reversibly catalyse the reduction of CO2 into 
formate[3,4]. The active site has Mo/W coordinated to one or two molybdopterin (MPT) ligands and an 
O/S axial ligand (Figure 1). MPT is a highly unstable tricyclic organic molecule with a fused 
pyranopterin system and a dithiolene chelate moiety. 

 
 
 
 
 
 

Figure 1: Structures of MPT (left) and ORTEP diagram of the [Ni(qpdt)]- catalyst (right).  

We have previously reported the synthesis of a bio-inspired ligand (qpdt) mimicking the natural MPT 
ligand[5,6]. The corresponding bisdithiolene Molybdenum-oxo and cobalt complexes showed to be 
good catalysts for the reduction of protons into hydrogen[6,7]. We report here the synthesis of the 
[Ni(qpdt2)]− complex. Interestingly, it has been found to be a catalyst for the electro-reduction of CO2 

and demonstrated a great stability. The main product of reduction was formate. Finally, the 
mechanism was investigated by DFT calculations. 
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Abstract 
For the last five years, cyclometalated half-sandwich Ir(III) complexes containing a C^N type 

ligand and a chloro ligand have particularly attracted interest since they were found to exhibit 
antiproliferative activity on various cancer cell cultures, including cisplatin resistant cell line.[1-4] Their 
cytotoxicity was further enhanced by replacing the chloro ligand by a pyridine to afford monocationic 
complexes. In order to get further insight into their mechanism of action and their pharmacokinetics, 
we designed new half-sandwich Ir(III) complexes bearing a fluorescent probe linked to the pyridine 
ligand. Our choice fell on BODIPYs (boron-dipyrromethene), which are among the most attractive 
fluorophores currently available, as they generally display high quantum yield, sharp absorption and 
emission bands, and easily tunable optical properties.[5]  
 
To access these fluorescent theranostic metallodrug candidates, the half-sandwich Cp* Iridium(III) 
complex including 2-phenyl-pyridine chelating ligand was selected as scaffold. The optical imaging 
reporter was then introduced by replacing the pyridine ligand by meso-pyridyl BODIPYs. In this 
communication, we will present our results obtained on several fluorescent complexes with sub-
micromolar cytotoxicity, and the successful monitoring of their internalization during fluorescence 
microscopy experiments. 
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Abstract 
Fluorescence optical imaging is a powerful tool for in vitro and in vivo biological imaging due to 

the high detection sensitivity and resolution at the cellular level. In addition, imaging within the 
biological diagnostic window is advantageous for enhanced signal-to-noise ratio and deeper 
penetration of light through tissues, a major advantage for non-invasive detection and diagnostic.[1] 
Lanthanides (Ln3+) possess unique optical properties that are complementary to those of organic 
fluorophores: sharp emission bands, spectral positions of which are not affected by pH and 
microenvironments, large difference between excitation and emission wavelengths and high 
resistance to photobleaching.  

Herein, we report the synthesis, characterization and biological imaging with novel Ln3+-based 
probe (L1Nd3+), which possess excitation and emission wavelengths within biological diagnostic 
window. The synthesis of the ligand L1 has been performed by amide coupling between a 
triethylenetetramine-N,N,N′,N′′,N′′′,N′′′-hexaacetic acid (TTHA) and an anthraquinone derivative. The 
complex formed with Nd3+ (L1Nd3+) has been obtained in situ and the photophysical properties 
(quantum yields, luminescence lifetimes and photostability) have been studied. The internalization of 
L1Nd3+ complex in lysosomes of living HeLa cells has been confirmed by visible/near-infrared 
epifluorescence and confocal microscopy. In addition, this probe demonstrated superior 
photostability over the commercial fluorescent probe LysoTracker Deep Red. Moreover, a deeper 
penetration of photons through tissues of different origin (up to 3 mm thickness) has been detected 
and an intense near-infrared signal arising from the L1Nd3+ complex in the blood has been observed. 

This research is supported through grants from the European Community's Seventh Framework 
Programmes (ITN Luminet, IEF Dendrimage), l’Agence National de la Recherche and La Ligue Contre le 
Cancer. 
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Abstract 
Metal-mediated Amyloid-β peptide aggregation1 and ROS production2 are well known to play an 
important role in the development of Alzheimer’s disease.3 For this reason, one of the proposed 
therapies is based on the chelation of implicated metal ions such as Cu, Zn and Fe.4 Such chelators 
could sequestrate the metal ions from the amyloid aggregates and recover the normal metal 
homeostasis.  
In this work we present the preliminary results obtained with different new approaches on metal 
chelation and inhibition of metal-mediated aggregation, using several families of ligands with 
differentiated actions.  
In the recent years, the use of polyoxometales clusters (POMs) has been described successful in the 
inhibition of Amyloid-β aggregation.5 We have studied the interaction of different Keggin-structure 
POMs with Cu and Zn, and how, through their interaction, they can modulate the metal-mediated 
aggregation of amyloid- β peptides. 

 

 

Figure 1. A) Structure of a Keggin-structure POM (from Chem. Soc. Rev., 2012, 41, 7537). B) cyclen. 
 
Moreover, taking into account the effect that Zn could have on the action of Cu-chelators,6 and the 
physiological relevance of Cu(I), we have studied different specific Cu(I) chelators based on the cyclen 
scaffold and their effect of inhibition of Cu(Aβ) ROS production and metal-mediated aggregation. 
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Abstract 
Colorectal adenocarcinoma is one of the main causes of cancer-related dead and the second most 
prevalent in Western countries.  Treatment involves surgical resection followed by 5-fluoracil-based 
adjuvant therapy, but although it substantially improves survival, it is associated with side effects that 
affect overall health and the quality of life. Therefore, it is necessary to develop a novel, less toxic and 
more efficient therapy to treat this disease. Gold compounds have already been used in medicine as 
antibacterial drugs, but nowadays are in focus because several studies have demonstrated that 
organometallic compounds with a coordinated gold atom in the oxidation states +1 and +3 have 
strong cytotoxicity in different cancer cell lines. Most of these compounds produce cell death by 
apoptosis but due to the increase of tumors resistant to apoptosis, it is needed new drugs able to 
induce other forms of cell death. Necroptosis induction may have a great therapeutic potential on 
those apoptosis-resistant cancers, in spite of the inflammatory effects associated with it. We have 
synthetized and characterized an alkynyl gold(I) complex *Au(C≡C-2-NC5H4)(PTA)] whose anticancer 
effect was tested on colorectal adenocarcinoma Caco-2 cell line. With regard to its mechanism of 
action, this gold complex leads to an increase in ROS production, which triggers necroptosis. 
Necroptosis induction has been found dependent of TNF-α and TNFR1 binding, RIP1 activation and 
NF-κB signaling. Thus, this complex could be an interesting alternative to current chemotherapy drugs 
in cases of apoptosis resistance.  
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Abstract 
The development of multifunctional theranostic agents that combine therapy and diagnosis 

applications has attracted a great deal of attention, as they can avoid the undesirable differences in 
biodistribution and selectivity that exist between distinct imaging and therapeutic agents.1,2 In this 
work, a novel cyclometallated Ir(III) complex that exhibits exceptional photochemical characteristics 
for bioimaging (high quantum yield, large Stokes shift and long emission lifetime) as well as potent 
anticancer properties is presented. Its mechanism of action involves mitochondrial dysfunction and 
intracellular ROS (reactive oxygen species) generation that leads to an apoptotic cell death process as 
evidenced by Time-Lapse and caspase-inhibition assays. In fact, subcellular colocalization studies 
demonstrates that this Ir(III) complex specifically accumulates in mitochondria (Figure 1).  

 
In summary, a new tris-chelate Ir(III) complex with anticancer as well as bioimaging properties 

is presented, which puts forward the potential of this family of compounds to act as dual-functional 
theranostic agents. 

 
 
 
 
 
 
 
 
 
Figure 1. Confocal images of A549 cells treated with the Ir(III) complex (green) and the specific 
fluorescent probe for mitochondria “TMRM” (red).  
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Abstract 
The last efforts in chemotherapy have been dedicated to develop iridium metallodrugs1 which exhibit 
positive antiproliferative activities against malignant cells and inhibit kinase enzymes. Their potency 
can be modulated varying the quelating ligands2 or changing the substituents on Cp*.3 Three 
analogous organoiridium half-sandwich complexes have been studied with ctDNA by a set of kinetic, 
circular dichroism spectroscopy, melting and viscosity experiments. In addition, the cytotoxic activity 
was evaluated towards A2780 (human ovarian carcinoma), A2780CIS (cisplatin resistant) and SW480 
(human colon carcinoma) cell lines in order to elucidate the role of different atoms in the mode of 
action. These three complexes are schematized in figure 1.  
 
 
 
 
 
 
 
 
Figure 1. Chemical structure of the half sandwich iridium(III) complexes studied in this work. 
 
Complex 3 is not cytotoxic towards SW480 cell line whereas it has the lowest IC50 value towards 
A2780 and A2780CIS cell lines. The covalent binding with N7 of guanine takes place in the three 
studied examples. Furthermore 2 and 3 are bifunctional complexes since both of them 
 intercalate in the double helix of DNA. However only in presence of 2, thermal denaturation reveal 
an interesting stabilization. It is obvious that a simple atom leads the mode of binding. 
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Abstract 

Mitochondria play a central role in various cellular actions such as energy conversion, substance 
metabolism and apoptosis. In recent years, targeting mitochondria and affecting their function have 
become a new strategy for cancer therapy. Three mitochondrion-targeted monofunctional PtII 
complexes, [Pt(o-PPh3CH2Py)(NH3)2Cl](NO3)2 (OPT), [Pt(m-PPh3CH2Py)(NH3)2Cl](NO3)2 (MPT), and 
[Pt(p-PPh3CH2Py)(NH3)2Cl](NO3)2 (PPT) (PPh3 = triphenylphosphonium, Py = pyridine), were 
investigated. OPT exhibited a high cytotoxicity against several human cancer cell lines, especially 
against non-small lung cancer cells (A549). In vivo antitumor efficacy was tested using A549-bearing 
nude mice. OPT exerted a strong inhibition towards the tumor growth. Cellular distribution assay 
showed that OPT accumulated more in mitochondria than in nuclei, while PPT accumulated more in 
nuclei than in mitochondria. The plasmid DNA unwinding activity of OPT was lower than that of PPT, 
while MPT showed little DNA-binding ability. Mitochondrial DNA lesion induced by OPT was similar to 
that induced by cisplatin. More importantly, OPT induced significant changes in mitochondrial 
functions, particularly in mitochondrial bioenergetics; furthermore, it also induced changes in the 
ultrastructural morphology and the membrane depolarization of mitochondria. In addition, the 
release of cytochrome c and nuclei DNA fragment induced by OPT were extremely higher than that 
responding to cisplatin. Therefore, the antitumor mechanism of these complexes differs from that of 
cisplatin. 
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Structural Studies on the precious metal ions in the Atx1-like Copper 
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Abstract 
The coordination bond between gold and sulfur (Au-S) has been widely studied and utilized in many 
fields. However, detailed investigations on the basic nature of this bond are still lacking. A gold-
specific binding protein, GolB, was recently identified, providing a unique opportunity for the study of 
the Au-S bond at the molecular level. We probed the mechanical strength of the gold-sulfur bond in 
GolB using single molecule force spectroscopy. We measured the rupture force of the Au-S bond to 
be 165 pN, much lower than Au-S bonds measured on different gold surfaces (~1000 pN). We further 
solved the structures of apo-GolB and Au(I)-GolB complex using X-ray crystallography. These 
structures showed that the average Au-S bond length in GolB is much longer than the reported 
average value of Au-S bonds. Our results highlight the dramatic influence of the unique biological 
environment on the stability and strength of metal coordination bonds in proteins. 
The toxicity of silver to many living organisms has been generally attributed to its competitive binding 
to the metal coordination sites of metalloproteins. Here we report the crystal structure of silver with 
a copper trafficking protein Atox1. Surprisingly we find that silver could form a plane quadrangle and 
mediate the formation of Atox1 dimer. Using single molecule force spectroscopy we reveal that the 
silver-Atox1 complex is mechanically labile in solution and can easily fall apart by breaking the silver-
silver bonds. The mechanical bond strength of the silver-silver bond is determined to be ~64 pN and 
this weak bond strength may explain the scarcity of silver nanoclusters. Our results not only provided 
the potential molecular basis for the detoxification of silver ions in vivo through copper chaperones, 
but also a biosynthetic route for metal nanoclusters. 
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Abstract 
One of the major sources of OH radical in atmospheric water has been attributed to iron species. 
However, iron chemistry in aqueous solution is a very complex process due to the existence and the 
stability of numerous iron species. Given the insolubility of ferric oxyhydroxides and oxides under 
natural waters conditions, the concentration of iron in equilibrium with these solids is very low and 
insufficient to drive substantial change in iron speciation or oxidant capacity of the medium. 
However, the concentration of dissolved iron can substantially increase by the presence of strong 
complexing agents as siderophores. The so formed iron complexes may absorb solar light and 
undergo a redox process leading to the reduction of Fe(III) and the formation of oxidant species 
(•OH). The presence of organic Fe-complexing ligands with high stability constants comparable to 
siderophores ones (K>1020-1022) has been shown in rainwaters1 by striping cathodic voltametry. Their 
chemical nature has not been determined yet but the hypothesis that iron is complexed by 
siderophore in atmospheric waters could be emitted. Indeed metabolically active microorganisms are 
present in cloud water. To test our hypothesis a high-throughput method permitting the detection of 
siderophores and the characterization of the chemical functions involved in iron chelation has been 
set up. 450 strains isolated from cloud water at the puy de Dôme station (1465m, France) were 
identified and screened for siderophore production2. In our conditions 42% of strains were able to 
produce siderophores. The most frequently encountered genus Pseudomonas was also the most 
active. A mixture of pyoverdins produced by bacteria isolated from clouds was used to determine the 
photoreactivity of iron (III) pyoverdine complexes under simulated cloud conditions. The photolysis of 
these complexes led to the generation of Fe (II) and hydroxyle formation. Acetate formation was also 
observed suggesting a fragmentation following ligand-to-metal charge transfer3. Finally the presence 
of pyoverdine in cloud water could impact the composition and oxidative capacity of this 
environment. 
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Abstract 
The living cell is a very complex, compartmentalized and dynamic entity, with a very high 

concentration of biomolecules, ions and other structures in complex equilibrium, and can therefore 
be considered as a very stringent reaction medium. Despite all these potential complications, recent 
data suggest that ruthenium derivatives can promote intracellular reactions through typical 
organometallic mechanisms.1-3 Contributions in the area dealing with the use of palladium complexes 
suggest that obtaining good results requires the use of heterogeneous nanostructured palladium 
species.4–6 All these data confirm that achieving organometallic catalytic reactions of exogenous 
substrates in complex biological media and within living cells is certainly tricky, and has not yet 
unambiguously demonstrated. 

While the field is in its infancy and further progress requires the development of new 
biocompatible transformations, there are many other questions that remain to be addressed. Is it 

possible to concentrate the catalyst within a 
specific organelle/environment while keeping its 
activity, and without generating toxicity? Would it 
be possible to visualize the catalyst within the cell 
and the organelles? Is it possible to use the 
confined catalyst to generate a differentiated 
biological effect? Could this localization provide a 
functional advantage? 

Herein we provide some answers to these 
questions and among other things we will 
describe designed ruthenium conjugates that 
accumulate in the mitochondria of living cells and 
promote a localized uncaging of alloc/allyl 
protected exogenous substrates (Fig. 1).  
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Figure 1. Preferential accumulation of the 
metal catalyst in the mitochondria owing to 
the targeting group P. Abbreviations: M   = 
metal complex, P   = mitochondria targeting 
group.
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As it is well known nowadays, more and more resistance to antibiotics is being developed by 
different pathogens, becoming a world-wide health risk: Resistant microorganisms are able to 
withstand drugs, these become ineffective, and disease persist. This is why the research of new drugs 
is of big importance on the current days.  

In our laboratory, we are interested in the development of new antibacterial drugs against the 
“quinolinate synthase” enzyme, which is essential in some pathogen organisms such as 
Mycobacterium leprae, cause of leprosy disease; and Helicobacter pylori, cause of gastric ulcers and 
cancers. 

This enzyme, also called NadA, is a [4Fe-4S]2+ enzyme. The cluster is essential for its activity and it is 
coordinated by 3 cysteine ligands and a water molecule [1]. Previously in our laboratory, the first in 
vitro and in cellulo inhibitor of NadA was described: the dithiohydroxyphtalic acid or DTHPA (X=Y=CH; 
(SH)2. IC50=10µM; 1:1 with regard to the protein). It was demonstrated that it inhibits NadA activity by 
interaction through its thiolate groups with the iron site of the cluster coordinated by the water 
molecule in the resting state [2]. However, a lack of selectivity was observed at high concentrations 
both in vitro and in vivo. Based on a structure-activity study and some docking studies [1], with the 
aim of finding new, stronger and more specific inhibitors, we have designed, synthesized, studied and 
tested a family of molecules. These results will be presented and discussed in the poster. 

[1] Cherrier M.V., Chan A., Darnault, C., Reichmann, D., Amara, P., Ollagnier de Choudens, S., Fontecilla-Camps, J.C. The 
Crystal Structure of Fe4S4 Quinolinate Synthase Unravels an Enzymatic Dehydration Mechanism That Uses Tyrosine and a 
Hydrolase-Type Triad. J. Am. Chem. Soc. 2014, 136, 5253−5256 
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Abstract 

Cellular ion homeostasis is essential for cells. Key components of this process are P-Type-
ATPases, membrane proteins that actively transport many cations by using the energy of ATP 
hydrolysis. P1B-type ATPases are a large family that gathers Zn2+, Cu+/2+, Cd2+, Pb2+-ATPases. CadA from 
Listeria monocytogenes belongs to this family and was found responsible for the resistance to 
cadmium however its physiological role very likely relies on zinc homeostasis [1]. 

In L. monocytogenes and in other intracellular pathogens like Mycobacterium tuberculosis, 
P1B-type ATPases are also involved in the resistance of metal based poisoning triggered by 
macrophages in response to infection [2]. P1B-type ATPases could then be relevant as new therapeutic 
targets, given that inhibition of these transporters could somehow decrease bacterial virulence and 
then help in the treatment of various diseases 

Inhibitors could also constitute new pharmacological tools useful in the understanding of P1B-
type ATPases. For now little is known about P1B-type ATPase structure. Only two structures are 
available, one of the Cu+-ATPase CopA from Legionnella pneumophila, the other of the Zn2+-ATPase 
ZntA from Shigella sonnei. This two structures have been obtained without the N-terminal metal 
binding domain, a key domain in ATPase function, and in an unmetalled conformation. The 
stabilization of different conformations of P1B-type ATPases by inhibitors (or ligands in general) could 
be helpful in the acquisition of new crystallographic structures and thus in a better understanding of 
the mechanism of metal transfer by these transporters. 

With these two main objectives, we decided to find new inhibitors of P1B-type ATPases and 
for that to develop the first High Throughput Screening (HTS) assay on this kind of transporters. We 
chose CadA as model, whose enzymatic characteristic we know in details [3]. Measurement of the ATP 
hydrolysis using the Fisk-Subarrow method is the readout of the HTS assay. The latter was optimized 
to 384 wells plate format and orthovanadate, an analogue of inorganic phosphate that non-
specifically blocks all the P-type ATPases, used as reference inhibitors. Eleven hit compounds (IC50 
value below 50 µM) were identified from the first screen performed on the Prestwick chemical 
library® (1280 molecules). Screening of other chemical libraries are in progress. Due to the similarity 
of their enzymatic cycle, this assay could easily be adapted to other members of the P1B-type ATPase 
family. 
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Abstract 
Some biological studies of metallocomplexes include particular events such as (i) drug uptake 

by the cells, (ii) interaction with biomolecules, (iii) co-localization, (iv) stability of the complexes in 
solution, and more. These events could be monitored using the FTIR – Fourier Transform Infrared 
spectromicroscopy (microFT-IR), presented here as a new tool for ruthenium metal complex studies.  
Ruthenium nitrosyl complexes are promising NO donor agents with numerous advantages for the 
biologic applications of NO. In this context, we have characterized the NO release from the ruthenium 
nitrosyl complex trans-[Ru(NH3)4(isn)(NO)]3+ (I), presenting the chemical and cytotoxicity properties 
against lung carcinoma cell line, A549. Its biological effect on the A549 cell line was studied in the 
absence of visible light irradiation, releasing NO via reducing process. The results indicated that 
oxidation of exogenous NADH promotes NO release from (I), using an electrode for detection. 
Interestingly, the NO release was also observed by monitoring the NO stretching (1939 cm-1, νNO) via 
microFT-IR, after 30 minutes of cell treatment, in the moment that was detected the internalization 
of (I). When tested for their cytotoxic potency, the species showed IC50 values in the low μM rage. 
MicroFT-IR analysis allowed detecting the (I) concentration in specific sites of the cell environment 
which corroborate with the determination of the cytoplasmatic co-localization. Then, live-lung cell IR 
imaging was generated for this class of ruthenium nitrosyl, describing the real-time determination of 
interactions and dynamics of metallocomplexes with cells. The interactions with cellular biomolecules 
are being under investigation using this advanced label-free analysis.   
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The role of Amyloid beta protein, metal ions and oxidative stress in the 
pathophysiology of Alzheimer’s disease: recent findings  
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Abstract 
Aβ peptides are associated in various ways with metal ions and with mediating oxidative stress in 
Alzheimer’s disease (AD).  That oxidative stress, acting on ω-6 and ω-3 polyunsaturated fatty acyl 
chains, produces 4-hydroxy-2-nonenal (HNE) and 4-hydroxy-hexanal (HHE) respectively, which can 
covalently modify the Aβ peptides that helped producing it.  To examine possible feedback pathways 
involving Aβ peptides, metal ions and HNE, the interactions were examined by mass spectrometry 
and fluorescence spectroscopy.  Results indicate that metal ions, particularly copper(II), interfere with 
the modification of His side chains by HNE, but that once modified, metal ions can still bind to Aβ 
with high affinity.  Moreover, a first attempt to monitor the relative amounts of unmodified Aβ and 
HNE/HHE modified Aβ in vivo is also reported. 
These results provide insight into a network of biochemical reactions that may be operating as a 
consequence of oxidative stress in AD, or as part of the pathogenic process. 
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REGIOSELECTIVITY OF THE PICTET-SPENGLER REACTION 
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Dopamine belongs to the catecholamines family, a widespread class of neurotransmitters which 

are active in the central nervous system. Parkinson’s disease is characterized by a deficit of dopamine and 
abnormal accumulation of diverse metals, such as iron, copper and aluminium, in the substantia nigra is 
part of numerous neurodegenerative diseases. This does not come out of the blue since catecholamines 
decomposition is known to be catalyzed by metal ions leading to formaldehyde1 which can in a second step 
lead to two regioisomers of tetrahydroisoquinolines2 (THIQ) through the Pictet-Spengler Reaction (PSR). 
The induced THIQs are found in significant amount in substantia nigra of parkinsonian and alcoholic 
people. 
 

 The aim of our work is to study in vitroa subsequent effect of metal ions on this 
degradation process. In a previous work3, it was shown that the kinetic of the PSR reaction was affected by 
the presence of transition metals, namely Cu2+ and Fe3+. We report here the impact of the presence of 
some metal ions on the regioselectivity of the Pictet-Spengler Reaction and show that the effect is highly 
correlated to the complexation strength of these metal ions with dopamine. Hence, Fe3+, Al3+ and Cu2+could 
have a significant impact on the toxicity level of neurotoxic THIQs depending on the relative amount of 
each regioisomer. 

 
 
 

 
 
 

Figure 1.Formation of two regioisomers of tetrahydroisoquinolines through a Pictet-Spengler reaction 
 
 
 
 
 
References 
1 A. Napolitano, A. Pezzella, and G. Prota, Chem. Res. Toxicol., 1999, 12, 1090 
2 H. A. Bates., J. Org. Chem., 1981, 46, 4931 
3 P. Manini, M. d’Ischia, R. Lanzetta, M. Parrilli, G. Prota, Bioorgan. Med. Chem.,1999, 7, 2525 

2-A Hd



Poster session A - Thursday June 8th148

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 3-A Hd
 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 

Iron-Sulfur Clusters Biogenesis and diseases: the role of mammalian ISCA 
proteins 

S. Ollagnier de Choudens, LK. Beilschmidt, M.A. Hograindleur, M. Clémancey, G. 

Blondin, I. Sanakis, A. Martelli and H. Puccio 
 
 
Abstract 
 
Iron-sulfur clusters (Fe-S) are ancient and essential cofactors that participate in a number of cellular 
processes ranging from mitochondrial respiration to DNA metabolism. Within the past decade, their 
biogenesis has being studied by genetic and biochemical approaches in bacteria, yeast, plants and 
mammalian demonstrating that it is a complex process involving multiple components highly 
conserved from bacteria to humans. The process of Fe-S protein maturation is a fundamental and 
essential biosynthetic pathway. In human, mutations in several components of this biosynthetic 
machinery are associated with severe disorders such as neurodegeration, myopathy and anemia 
pointing to the importance of this pathway for normal cellular function. Therefore, it is crucial to 
investigate such a process at a molecular level in order to better understand these diseases. In 
eukaryotes, Fe-S clusters are synthesized by the mitochondrial ISC machinery and the cytosolic CIA 
system. In the mammalian ISC machinery, the initial stage of nascent Fe-S cluster biosynthesis occurs 
by a multimeric complex allowing the assembly of a transiently-bound Fe-S cluster on a scaffold 
protein from inorganic sulfide and iron. Once assembled, the labile cluster is transferred directly or 
indirectly from the scaffold to target mitochondrial proteins. Mammalian A-type proteins, ISCA1 and 
ISCA2 are proteins involved in this later step and it was shown that mutation in ISCA2 in human lead 
to severe genetic disorders in young children. We have characterized mouse ISCA1 and ISCA2 using 
biochemical, spectroscopic and in vivo approaches. Collectively, our data point to different 
requirements of ISCA1 and ISCA2 in vivo in contrast to previous published results. 
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Copper-induced proteasome inhibition:  
the role of metalsa laconciergerie of the core particle 
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Abstract 
Copper is essential for living cells and itsdyshomeostasisis involved in many diseases, such as  
neurodegenerative disorders and cancer. In particular, growing evidences suggest a causative 
relationship linking between derangement of the ubiquitin proteasomesystem(UPS)and copper 
mishandling. Based on this, a number of Copper(II) chelating ligands (including 8-hydroxyquinoline, 
clioquinol, and dithiocarbamate) have been tested as proteasome inhibitors (PIs) and proposed as 
anticancer agents.1Although it is known that their pro-apoptotic activity is potentiated by Cu(II) ions, 
the exact mechanisms by which they inhibit proteasome activity is not yet elucidated.2 
 In the present study we show that Cu(II) ions simultaneously inhibit the three peptidase 
activities of isolated 20S proteasomes with potencies (IC50) ranging from 1.0 to 1.4 M. Spectroscopic 
studies and native gel electrophoresis assays suggest that Cu(II) ions, in the experimental conditions 
adopted for cell-free assays, neither catalyze red-ox reactions nor disrupt the assembly of the core 
particle but, rather, promote conformational changes that may be associated with impaired gating 
dynamics. A mutant proteasome (α3N) which is in a permanent open gate conformation resulted 
insensitive to Cu(II) ions, thus confirming their role in proteasome gate closing. Notably, proteasome 
activity of live HeLa cells grown in a Cu(II)-supplemented medium was significantly inhibited with a 
maximum effect observed at about 40 M. However, this inhibitory effect resulted attenuated in the 
presence of an antioxidant.3Finally, the our results have demonstrated that Cu(II)-inhibited 20S 
activities may be associated to conformational changes that favor the closed state of the core 
particle, on the other hand the complex effect induced by Cu(II) ions in intact cancer cells is the result 
of several concurring events including ROS-mediated proteasome flooding, and disassembly of the 
26S proteasome into its 20S and 19S components. Knowledge of all these phenomena is expected to 
better guide the design of novel and more effective Cu(II)-based PIs. 
 
References 
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4-A Hd



Poster session A - Thursday June 8th150

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 5-A Hd

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 
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Benzotriazole/Acesulfamate Mixed Ligand Coordination Compounds of Cu(II) 
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Abstract 

In this study, coordination compounds of biofunctional ligands benzotriazole1 and 
acesulfamate2 with Cu(II) and Zn(II) metal cations were synthesized. The structure of these 
compounds is characterized by Elemental Analysis, Single Crystal X-Ray Diffraction, FT-IR and UV-Vis 
Spectroscopy, Thermal Analysis Techniques DTG-DTA methods. As a result of these analyzes Zn(II) 
complex has been determined to be tetrahedral geometry (Figure 1). 

 
 
 
 

 
 
 
 
 
 
 

 
Figure 1. Structure of Zinc Complex (bis(acesulfamato-O)bis(benzotriazole)zinc(II)) 
 

Subsequently, the biological activities of the synthesized complexes were investigated by disk 
diffusion method as antibacterial, antimicrobial and antifungal. 
 
 
Keywords: Biological Properties, Acesulfamate, Benzotriazole 
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Modeling Cu-Abeta oligomers to understand dioxygen  
activation in Alzheimer’s disease 
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Abstract 

Recent research [1,2] shows that soluble complexes of amyloid beta (AB) peptides and copper 
are efficient catalysts in dioxygen activation and, therefore, are potentially dangerous species 
triggering an irreversible oxidative pathway in Alzheimer’s disease. Starting from dimeric models 
already investigated within a joint collaboration [3], we built statistical models of oligomeric Cu-AB 
complexes up to [Cu-AB(1-42)] octamers. The binding of Cu is assumed in all cases to Asp 1 (N,O), His 
6 (Nd1) and His13 (Ne2) of each protein chain. 

The simulations of these models show that in all cases there is a significant pool of 
configurations displaying higher solubility in water compared to Cu-free species, and with Cu largely 
exposed to the water solvent. The burying of Cu within the protein assembly appears disfavoured in 
transient AB oligomers with Cu:AB 1:1. The relationship between the structural statistics and the 
activity of Cu sites for dioxygen activation is disclosed by the models. 
 

 
 
 
 

 
 
 
 
 
 
 
 

Fig. 1 Tetramers of Cu-AB(1-42) with high solvent-accessible surface with no Cu (left) and with Cu:AB 1:1 (right). 
Monomers are blue (A), red (B), orange (C) and gray (D); Cu atoms are in orange; atomic and bond radii are 
arbitrary; H atoms are not displayed. 
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A new tris-hydroxypyridinone chelating agent with potential biomedical 
interest: Synthesis, chemical and biochemical studies  
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Abstract 
In the industrial age, exposure to metal ions is ever increasing, and so their toxic effects to humans. 
The behavior of a metal in the physiological conditions depends on the different forms in which it is 
located in a particular environment. Metal ions can exert conflicting roles in body physiology: some 
are essential, some are toxic and some essential can transform in toxic depending on concentration.  
For instance, iron is necessary for the normal metabolic functions, but can be toxic at high 
concentration, interfering with functions of various organs like the central nervous system, liver, 
kidneys, etc. The use of selective metal chelators as therapeutic agents for the prevention, diagnosis 
and treatment of cancer, diabetes, thalassemia, Alzheimer’s, Parkinson’s and Wilson’s diseases, has 
received increasing attention [1-3]. 
The family of hydroxypyridinones, and that of close analogous hydroxypyrones, are particularly 
versatile classes of ligands. Easily functionalizable, these O,O-donor chelators allow the formation of a 
range of divalent and trivalent stable metal-complexes and can include tissue molecular targeting 
features [4-9]. 
A new tripodal 3-hydroxy-4-pyridinone derivative has been synthesized and fully characterized using 
different spectroscopic techniques 1H NMR, 13C NMR and ESI-MS. Its protonation and metal complex 
formation equilibria with iron, aluminium and gallium have been studied through potentiometry, UV-
visible and ESI-MS spectroscopy. Moreover, biodistribution studies with 67Ga in mice indicate that the 
ligand has a high in vivo chelating ability promoting the rapid elimination of the radiometal from the 
animal body. The results are discussed in comparison with reported data for homologous compounds. 
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Abstract 
 Thiourea derivatives have been used in medicine as antibacterial, antiviral and antifungal 
agents.1 The chemical and medicinal interest of thiourea derivatives rise from their ambidentate 
behavior since they can coordinate to metal ions through either the sulfur or nitrogen atoms, while 
they possess binding sites relevant to those of living organisms.2 The coordination chemistry of 
thiourea derivatives with p-block elements is less studied than that of transition metals and so this is 
a matter of research interest.3 Among the elements of 15th group, antimony and arsenic are less 
studied than bismuth. Recently, antimony(III) thione or thiolate complexes have been shown 
antitumor properties. 

 
Scheme 1. Formulae of the ligands used. 

 In the progress of our work in the design and development of new cytotoxic compounds 
based on the structure activity relationship studies, we report here the synthesis and spectroscopic 
characterization of new antimony(III) halide complexes (SbX3, X = Cl and Br) with thioureas (Scheme 
1), N,N-dimethylthiourea (DMTU) and N,N-diethylthiourea (DETU) of formulae [fac-SbCl3(DMTU)3] (1), 
[mer-SbBr3(DMTU)3] (2) and ([SbCl3(DETU)2] (3). The ligands and their antimony(III) halide complexes 
were evaluated for their in vitro cytotoxic activity against human breast adenocarcinoma (MCF-7) and 
human cervical adenocarcinoma (HeLa) cells. The toxicity of the complexes was studied against 
human fetal lung fibroblast cells (MRC-5). Cell cycle arrest was employed in order to verify the 
mechanism of action of compounds 1–3. The factors such as (i) structural (geometry, molecular 
weight, volume), (ii) electronic (intermolecular interactions), (ii) lipophilicity (LogP) and (iii) 
antioxidant activity, which govern the biological activity of these compounds, is discussed in relation 
with those of other related compounds reported previously by our group. 
 

Acknowledgements: This research was support by Namık Kemal University, Scientific Research Projects Unit 
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References 
1) S. Bourne, K.R. Koch, J. Chem. Soc., Dalton Trans. 1993, 13, 2071. 
2) E. Rodríguez-Fernández, J.L. Manzano, J.J. Benito, R. Hermosa, E. Monte, J.J. Criado, J. Inorg. Biochem. 2005, 
99 (8), 1558. 
3) (a) A. Han, I.I. Ozturk, C.N. Banti, N. Kourkoumelis, M. Manoli, A.J. Tasiopoulos, A. M. Owczarzak, M. Kubicki, 
S.K. Hadjikakou, Polyhedron, 2014, 79, 151, (b) S.K. Hadjikakou, I.I. Ozturk, C.N. Banti, N. Kourkoumelis, N. 
Hadjiliadis, J. Inorg. Chem. 2015, 153, 293. 

Dg



Poster session A - Thursday June 8th154

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 9-A Dg
 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 

THE HUMAN ENZYME TOPOISOMERASE IB IS INHIBITTED BY Ru(II) 
DIPHENYLPHOSPHINE COMPOUNDS 
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Abstract 

Cancer is the second leading cause of death worldwide. So far, about 50-70% of all tumors are 
treated with platinum based compounds. Due to severe side effects caused by platinum drugs and 
the resistance (intrinsic or acquired), complexes with other metal ions than platinum, have been 
investigated for their anticancer properties. Ruthenium appears as a strong candidate for drug 
development showing low toxicity, selectivity for tumors, inhibition of metastasis progression and 
anti-angiogenic properties. Many studies have shown that topoisomerases are important therapeutic 
targets in cancer chemotherapy. Therefore, the aim of this work was the synthesis of two Ru(II) 
complexes, the evaluation of their citotoxicity against normal and lung cancer cells and their capacity 
to inhibit the human topoisomerase IB activity. The ruthenium compounds with formula 
[Ru(mpca)(bipy)(P-P)]PF6 (1) and [Ru(mpca)2(dppb)] (2) where mpca=6-mercaptopyridine-3-
carboxylic, bipy = 2,2’-bipyridine and dppb = 1,4-bis (diphenylphosphino)butane were obtained. The 
complexes were characterized by elemental analysis, spectroscopic techniques, including X-ray 
crystallography, conductimetry, cyclic voltammetry and 31P{H} NMR experiments. Additionally, 
preliminary tests were carried out, in order to evaluate the cytotoxicity activity of the complexes to 
performed the MTT-assay for cell viability on cancer cell lines of the new complexes, and the free 
ligands, against A549 (human lung cancer) and the MRC-5 (human lung) cell lines. The inhibition of 
ruthenium compounds on topoisomerase enzyme activity was evaluated by dose-dependent analysis, 
performed by simultaneously adding enzyme (TopIB) and the supercoiled plasmid in the presence of 
the ruthenium compounds, using DMSO as control. The complexes showed cytotoxicity (IC50A549 
11.74 ± 0.52 (1) and 25.06 ± 0.29 (2) μmol L–1) and selectivity indexes (SI = IC50MRC-5/IC50A549) 
within 1.03-1.87, when compared to cisplatin (IC50A549 = 14.48 ± 1.45μmol L–1 and SI= 2.02) the 
results are as good as. DNA supercoiled relaxation was inhibited for all evaluated compounds showing 
the inhibitory effect of the compounds on topoisomerase IB activity. Compound 1 totally inhibits the 
activity of the TopIB at the concentration of 100 μmol L–1 whereas complex 2 partially inhibits the 
activity of the enzyme. DNA interaction studies were carried out by means of viscosity 
measurements, square wave voltammetry and gel electrophoresis, and it was suggested that the 
complexes do not interact strongly with the DNA, but their interaction with this molecule is 
predominantly electrostatic or through binding hydrogen bonding between the complexes and the 
DNA. The ruthenium complexes are cytotoxic against the A549 cells and a possible action mechanism 
consists on TopIB inhibition, encouraging further studies on their potential use on cancer therapy. 
 
Key words: Ruthenium, cytotoxicity, topoisomerase inhibitors. 
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Azaindoles as a Suitable Scaffold for Development of Anticancer Transition 
Metal Complexes 
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a Department of Inorganic Chemistry, b Department of Cell Biology and Genetics, Regional Centre of Advanced 

Technologies and Materials, Faculty of Science, Palacký University in Olomouc, 17. listopadu 12, 771 46 
Olomouc, Czech Republic; email: zdenek.travnicek@upol.cz 

 
Abstract 

A group of azaindoles, formally representing the dideazapurines, consists of four isomers, 
namely 1H-pyrrolo[3,2-b]pyridine (4-azaindole), 1H-pyrrolo[3,2-c]pyridine (5-azaindole), 
1H-pyrrolo[2,3-c]pyridine (6-azaindole) and 1H-pyrrolo[2,3-b]pyridine (7-azaindole; 7aza). Among 
them, 7-azaindole and its derivatives (n7aza) have been recently used as ligands of highly in vitro 
cytotoxic platinum(II) complexes of the general formulas cis-[PtX2(n7aza)2] and [Pt(Y)(n7aza)2], where 
X symbolizes Cl–, I– or decanoato, and Y stands for oxalato, cyclobutane-1,1-dicarboxylato or malonato 
ligands. For example, the iodido complexes cis-[PtI2(n7aza)2] exhibited significant in vitro cytotoxicity 
against a panel of human cancer cell lines. Their mechanism of action seems to be different from the 
conventional cisplatin, as resulted from the studies of cell cycle modulation or DNA interactions [1]. 
In addition, these complexes showed encouraging anticancer potency against the L1210 mouse 
leukaemia cells even at the in vivo level.  

With respect to overall positive cytotoxicity of platinum complexes containing 7-azaindoles, we 
decided to utilize these ligands as a scaffold for the preparation of other transition metal complexes 
showing promising anticancer activity. Thus, we also prepared, thoroughly characterized and studied 
gold(I) and ruthenium(II) complexes. The Au(n7aza–)(PPh3)] complexes showed significant potency 
against the A2780 human ovarian carcinoma cells and promising selectivity towards the mentioned 
cancer cells over the MRC-5 non-cancerous ones [2]. We also prepared a series of organometallic 
half-sandwich dichlorido complexes of the type [Ru(η6-pcym)(n7aza)Cl2] (pcym = p-cymene) [3]. 
Nowadays, we strive to prepare iridium(III) complexes of the composition [Ir(η5-Cp*)(n7aza)Cl2] 
(Cp* = 1,2,3,4,5-pentamethylcyclopentadienyl). An overview of the biological properties of the 
complexes will be discussed with the framework of the presentation.  
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Bismuth Hydroxamic Acid Complexes Targeting Multidrug Bacterial Resistance 
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Abstract 
Hydroxamic acids, of general formula RCONHOH, represent a very important family of bioligands.1 
They are effective metal chelators and as ligands exhibit versatile and fascinating coordination 
chemistry. In turn hydroxamic acids have been employed to develop (i) a diverse range of interesting 
complexes including metallacrowns, coordination polymers and cluster complexes and (ii) important 
inhibitors of metalloenzymes such as urease and peptide deformylase.1  
Infection involving multidrug bacterial resistance represents an emergent global disease and 
significantly one of the greatest threats to human health. Given that the prospect of untreatable 
bacterial infections is now becoming a reality, there is an urgent need to develop new classes of 
effective antibacterial agents.2 
Progress, including synthesis and biological activity, in relation to the development of novel 
multifunctional bismuth hydroxamic acid complexes, that target multidrug bacterial resistance will be 
reported.3,4 
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Evaluation of metal polypyridyl complexes as anticancer agents 
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Abstract 

A great variety of metal-complexes, namely 2,2′-bipyridine and 1,10-phenanthroline (phen) 
containing complexes, have been tested as cytotoxic agents and showed antitumor activity in several 
in vitro and a few in vivo experiments.1-3 Many of these compounds, namely Cu-, V-, Zn-, Fe- and Ru-
complexes containing phen and derivatives have been reported to bind DNA by intercalative and non-
intercalative interactions; several of these compounds have been also characterized as agents for its 
cleavage and oxidative modification.1-5 The mechanism of cytotoxic action for these complexes may 
go beyond the DNA cross-linking and adduct formation; it may involve disruption in the 
mitochondrial and of cellular redox balance by producing reactive oxygen species and GSH depletion, 
as well as inhibition of topoisomerases, and proteasome inhibition or oxidation.2,3,5  

Several studies were reported on the cytotoxicity, bactericidal, antiparasitic, DNA and HSA 
binding properties and mechanism of action of mixed ligand Cu-, V- and Zn-complexes containing 
phen and derivatives. In many cases relatively low concentrations of the compounds were used, e.g. 
1-10 M, and low IC50 or MIC values were reported. However, the stability of the compounds at these 
low concentrations in aqueous media, and which are the species present in the experimental 
conditions used, is not accessed.  

In this work we prepare several XM(phen) and XM(phen)2 complexes (M = Cu(II), V(IV) or Zn(II) 
and X = anion to balance charge), and report preliminary results on cytotoxicity, as well as speciation 
analysis, to clarify which might be the relevant complexes that might be present in the aqueous 
media in contact with the cells during the experiments to evaluate the cytotoxicity. These results are 
compared with those previously reported with the mixed ligand Cu-, V- or Zn-complexes containing 
phen as co-ligand. 

We also evaluate the experimental conditions of spectroscopic techniques (e.g. fluorescence, 
circular dichroism), used to access the binding constants of the complexes to DNA or HSA. 
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First synthesis of group 11 metal complexes with α‐hydrazidophosphonate 
ligands and biological study 
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Abstract 
Phosphonyl  derivatives  have  aroused  a  great  interest  because  of  the  important  biological 

properties  that  these  compounds exhibit.1  In  the  context of our  research program  focused on  the 
search  of  new  biologically  active  metal  complexes,2  the  coordination  chemistry  of  α‐
hydrazidophosphonates towards group 11 metals has been studied by the first time. Thus, Au(I), Ag(I) 
and  Cu(I)  complexes  with  α‐hydrazidophosphonates  ligands3  have  firstly  been  prepared  and 
characterized.  The  in  vitro  cytotoxic  activity  of  the  resulting metal  complexes was  further  tested 
against two tumor human cell lines (HeLa and A‐549). IC50 values were compared with those obtained 
for  the  α‐hydrazidophosphonate  ligands  alone  and  cisplatin.  Interestingly,  several  complexes 
exhibited excellent cytotoxic activities (IC50 < 5 M) compared with the ligands alone and even better 
than that shown by cisplatin.4 
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Synthesis and Development of Novel Metallodrugs Based on Benzimidazole 
with Therapeutic Activity  
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Abstract 
The design concept of the presently synthesized target has originated from the recognition of 

the biological  role of  the benzimidazole which exhibits a wide  range of pharmacological properties 
including anticancer, anti‐alzheimer and HIV‐1  integrase  inhibition. Hence the benzimidazole moiety 
linked with a phenyl  or pyridyl ring is selected as the main core of the design (Figure 1). This type of 
ligand  has  allowed  us  preparation  of  novel  ruthenium  and  iridium  organometallic  complexes  that 
exhibit  outstanding  potency  in  anticancer,1,2  antiangiogenic1  and  anti‐Alzheimer3  studies.  We 
successfully  synthesized  also  the  iridium  compounds  (C^N  or N^N)  functionalized with  linear OH‐
(PEG)n‐OH, and OH‐(PEG)n‐OMe, NH2‐(PEG)n‐NH2  (n = 3)  as  linkers  to  improve  the  lipophilicity and 
cytotoxicity.  In  addition,  an  intensive  exploration  of  functionalization  of  these  structures  is 
currently underway. Furthermore heteroleptic iridium(III) complexes are strong luminescent emitters 
in cells, being therefore good candidates as theranostic agents. 
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Structure-activity relationships, DNA compaction efficiencies and intracellular 
accumulations on anticancer-active tetrazolato-bridged dinuclear platinum(II) 

complexes 
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Abstract 
Structure-activity relationships, DNA compaction efficiencies and intracellular accumulations 

on recently synthesized tetrazolato-bridged dinuclear Pt(II) complexes [{cis-Pt(NH3)2}2(μ-OH)(μ-5-R-
tetrazolato-N2,N3)]2+ (tetrazolato-bridged complexes, Figure 1) with diverse substituents at 
tetrazolate C5 will be presented to update our drug development research. The series of tetrazolato-
bridged complexes is known to be among next-generation anticancer drug candidates, which are 
effective on cancers with intrinsic or acquired resistance to the currently available Pt-based drugs 
such as cisplatin. Tetrazolato-bridged complexes are cationic Pt(II) complexes, and the framework 
consists of two sets of cis-diammineplatinum(II) coordination plane bridged by tetrazolato and 
hydroxo group, which acts as a leaving group for bifunctional DNA binding at purine bases. 
Tetrazolato-bridged complexes exhibited markedly high DNA compaction potency through non-
covalent interactions (Pt···DNA), followed by slow covalent interactions (Pt―DNA), indicating that the 
mechanism of action involves a multimodal DNA binding. In addition, highly efficient intracellular 
uptake into cancer cells was observed.1, 2 The mechanistic uniqueness of tetrazolato-bridged 
complexes therefore resulted to bring cytotoxicity profiles totally different from Pt-based drugs3 and 
markedly high in vivo antitumor efficacies against pancreatic4 and colon cancer (Figure 2, SK38).   
 
 
 
 
 
 
 
 
 
 
 
 
References 
1) Uemura, M. et al., Metallomics 2015, 7, 1488-96. 
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Figure 2. Mouse xenograft study for treatment 
of colon-26 murine colon cancer (n = 5). 

Figure 1. Chemical Structure of tetrazolato-bridged 
dinuclear platinum(II) complexes. 

15-A Dg



Poster session A - Thursday June 8th 161

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 16-A Dg

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1

Development of Trackable Platinum-Based as Anticancer Agents 
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Abstract 
 
Metal based drugs provide an excellent platform for the development of novel anticancer therapeutic 
and diagnostic agents, and the prediction and control of the pharmacodynamics and 
pharmacokinetics of such compounds. Individual metals can offer characteristic or accessible 
geometries, coordination numbers and redox states. Furthermore manipulation of such variables, by 
selection of appropriate ligands, can lead to the fine tuning of electronic, chemical and photophysical 
properties of metal complexes (1-2). Given that many clinical chemotherapeutic metallodrugs, such 
as cisplatin, are associated with adverse side effects and acquired resistance, non-conventional or 
next generation complexes are in high demand (1). We are interested in the development of platinum 
(Pt) complexes as (i) fluorescent probes capable of monitoring cellular uptake and trafficking of Pt-
drugs within cells and (ii) theranostic agents, capable of dual therapeutic and diagnostic activity. We 
have employed copper-free alkyne-azide cycloaddition (AAC) click chemistry to conjugate a derivative 
of the Pt-based anticancer drug, carboplatin, with a near-infrared (NIR) fluorophore (3). The synthesis, 
characterisation, in vitro activity and cellular imaging of the Pt-NIR fluorophore conjugate will be 
described. 
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Abstract 

Half-sandwich platinum metal complexes represent one of the most extensively studied class of 
anticancer metallodrugs in recent times. It is also known that some hydroxamic acids possess 
antiproliferative activity. In the past few years we have combined these two biologically active classes 
of compounds into single molecules, in order to synthesize metal complexes with increased antitumor 
effects.1,2  

In this work we used four different metal ions which can be classified into two types: the para-
cymene ruthenium- and osmium aqua ions bearing the η6-bonding mode, and the Cp* rhodium- and 
iridium ions of the η5-bonding mode. The studied ligands represent both the primary- and the 
secondary monohydroxamates, allowing us to explore all details affecting these metal ion - ligand 
interactions. To determine the composition and stability 
of the species existing in solution in these systems, 
solution equilibrium studies were carried out by means of 
pH-potentiometry, ESI-MS and 1H NMR.1 For these 
experiments we have selected the acetohydroxamic acid 
and its secondary analogue, N-methyl-acetohydroxamic 
acid. In order to synthesize these hydroxamate-complexes 
extensive solid state studies with various ligands were also 
carried out (see the scheme). In addition, we tested some 
of these compounds for their anticancer activity in vitro, 
however, they didn’t show cytotoxic effect in the studied concentration range.2 

This presentation will summarize the results of this work, which will show, that interesting 
differences can occur in the complex formation, depending on the type of the ligand and also on the 
type of the metal ion.  
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Abstract 

Polyoxometalates (POMs), negatively charged metal-oxide clusters, are active against different 
biological targets including cancer cells and viruses.1 However, their clinical use is not yet feasible, 
because of their often undefined stability at physiological conditions and their high unspecific 
cytotoxicity. To investigate how the encapsulation in a biocompatible polymer influences the POMs’ 
stability and cytotoxicity, the two bioactive POMs (NH4)17Na[NaSb9W21O86]2 and K6[P2W18O62]3 were 
synthesized and used to produce nanoparticles with chitosan and its derivate carboxymethyl 
chitosan. The nanocomposites (range 100-200 nm) were characterized by dynamic light scattering 
(DLS), FT-IR, and electron microscopy. The stability of the POMs and of the nanocomposites was 
investigated at different pH values by 31P-NMR, DLS and UV-Vis spectroscopy, showing an improved 
stability of (NH4)17Na[NaSb9W21O86] when encapsulated. 

The viability of HeLa cells as monolayers and 3-dimensional spheroids was tested after 24 h of 
incubation with the nanoparticles as well as with the pristine components, revealing two opposite 
behaviours. The encapsulation, depending on the POM, either increased (in the case of 
(NH4)17Na[NaSb9W21O86]) or reduced (for K6[P2W18O62]) the toxicity of the inorganic drug. To better 
understand the underlying mechanisms, whole transcriptome RNA sequencing was performed. 
Preliminary analysis revealed an overexpression of the genes of the immune response. 

We work towards a triggered release of the encapsulated POMs, using the different stability of 
the composites at physiological pH and at slightly acidic pH to target cancer cells.  

The biological activity of (NH4)17Na[NaSb9W21O86] and K6[P2W18O62], respectively, was 
thoroughly investigated and their association with chitosan is proposed as new possibility to improve 
their stability and selectivity toward cancer cells. 
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Abstract 

Tethered ruthenium(II) arene complexes of general formula [Ru(η6:κ1-C6H5(C6H4)NH2)(XY)]n+ 
(closed tether-ring) and *Ru(η6-C6H5(C6H4)NH2)(XY)Cl](n-1)+ (open tether) bearing different chelating XY 
ligands (XY = aliphatic diamine, phenylenediamine, oxalato, bisphosphine) have been synthesized and 
characterized either as solid state or in solution. The activation of these complexes (closed-to-open 
tether-ring conversion) occurs in methanol and dimethylsulfoxide at different rates, and to different 
reaction extents at equilibrium. Most importantly, Ru complex activation (cleavage of the Ru–Ntether 
bond) occurs in acidic aqueous solution. The activation dynamics can be modulated by rational 
variation of the XY chelating ligand. The electron-donating capability and steric hindrance of XY have 
a direct impact on the Ru–N bond reactivity, with XY = NN'-dimethyl, NN'-diethyl, and NNN'N'-
tetramethylethylenediamine affording complexes more prone to activation. Such activation in acidic 
media is fully reversible, and proton concentration governs the deactivation rate, i.e. tether ring 
closure occurs slower the lower the pH. Interaction of closed-tether complex [Ru(η6:κ1-
C6H5(C6H4)NH2)(dimethylethylenediamine)]2+, and the corresponding open-tether  *Ru(η6-
C6H5(C6H4)NH2)(dimethylethylenediamine)Cl]+ with 5'-GMP indicates selectivity of the active form 
(open tether complex) towards nucleobase interaction. This work presents ruthenium tether 
complexes as exceptional pH-dependent switches with possible applications in cancer research. 
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Abstract 
 
We report the synthesis and biological properties of two Pt(IV) complexes conjugated to an 
indoleamine-2,3-dioxygenase (IDO) inhibitor 1-methyl-D-tryptophan (1-MT). In vitro, the 
compounds are reduced to cisplatin and 1-MT, inducing DNA damage and inhibiting IDO, 
respectively. 

 

 
Compounds 1 and 2 were synthesized by oxidation of cisplatin to form cis,cis,trans-

[Pt(NH3)Cl2(OH)2], followed by attachment of 1-MT either directly or through a short chemical 
linker. Both complexes were characterized by HRMS, 1H, 13C and 195Pt NMR spectroscopy, and 
by elemental analysis. Treatment of SKOV3 cells by 2 results in the overexpression of 
phosphorylated proteins ATR, ATM, Chk1, Chk2, BRCA1, H2AX and p53, indicative of DNA 
damage. The cellular distribution as well as RNAi signature studies confirm the DNA-binding 
character of 2 and demonstrate that it maintains the typical mode of action of platinum complexes. 
The ability of 2 to inhibit the function of IDO was assessed by measuring the concentrations of 
the substrate L-tryptophan (Trp) and its metabolite L-kynurenine (Kyn) in cell medium. A 
significant increase in the Trp/Kyn ratio was observed between untreated SKOV3 cells and cells 
treated with complex 2. To study the effects of 2 on T-cell proliferation in vitro, a mixed leukocyte 
reaction was performed. Co-cultures of peripheral blood mononuclear cells (PBMCs) and SKOV3 
cells treated with 2 showed a clear increase in the proliferation of CD3high T-cells, consistent with 
the inhibition of IDO and a decrease in the Kyn levels. 
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The Mixed Ligand Complexes of CoII, NiII, CuII and ZnII with Coumarilic 
Acid/1,10-Phenanthroline. Synthesis, Crystal Characterization and Biological 

Applications 
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Abstract 

The coumarilate (coum-) and 1,10-phenanthroline (phen) mixed ligand complexes of CoII (I), NiII 
(II) CuII (III) and ZnII (IV) were synthesized and structural characterizations were performed by using 
elemental analysis, magnetic susceptibility, solid state UV–Vis, FTIR spectra, thermoanalytic TG-
DTG/DTA, and single crystal X-ray diffraction methods. The I and II complexes are salt type 
compounds and they have two moles phen ligands bound as bidentate, two moles aqua ligands in 
coordination sphere and two moles anionic coum- ligand outside of the coordination unit as counter 
ion of the molecular structure. At the same time, the I and II complexes have five moles of aqua 
ligands as hydrate water outside of the molecules.  It was obtained that III and IV complex structures 
contain 1 mole of phen ligand, two moles coordinated (coum-) ligand, and one mole aqua ligand; and 
the molecules (III and IV) have five-fold structure and obey square pyramidal geometry [1]. Thermal 
decomposition of each complex started with dehydration (first removal is the dehydration of complex 
I and II as removal of hydrate-aqua molecules) and then the decomposition of organic parts was 
observed. The thermal dehydration of the complexes takes place in one (III and IV) or two (I and II) 
steps. The decomposition mechanism, thermal decomposition steps and thermal stability of the 
investigated complexes provides useful data for the interpretation of their structures [2,3]. The final 
decomposition products were found to be metal oxides. Some biological applications (total 
antioxidant activity (TAC) and anti-fungal / anti-bacterial) were performed using structurally 
characterized compounds [4]. 
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Abstract 

In recent years, mechanochemistry is attracting interest and sympathy of many scientist [1]. In 
general, it is promoted by hand grinding or ball milling [2]. Ball milling is an efficient method, 
commonly used both in organic and inorganic chemistry. Hydrazones are class of as chelating agents, 
used in coordination chemistry and their metal complexes are of a great importance. The significance 
of studying hydrazones arises from the fact that they have increased biological activity and they form 
particular materials with unique properties [3,4]. In particular are known as antioxidants, 
vasidilatators, agents again tuberculosis and tumors, ect. [5,6] Moreover, molybdenum complexes 
with hydrazone ligands have been reported to possess interesting antibacterial activities. 

The presented research considers green 
protocol and highly efficient synthesis of series 
of aromatic hydrazones. [7]. Ball milling was 
deliberated as solventless method promoting 
eco-friendly reaction conditions.  The ligands 
were prepared by the condensation of 
salicylaldehyde derivative (A1-3) and 
appropriate hydrazide (isoniaside or nicotinic 
acid hydrazide, H1-3), as shown in the Scheme 
1. Solid state preparative procedures were also 
followed by conventional synthetic procedure, 
in solution, and different forms of ligands were  
isolated (polymorphs and solvates), whose            
molecular and crystal structure was 

determined by the single crystal diffraction method. Molybdenum(VI) mononuclear and dinuclear 
complex with the obtained ligands were synthesized and characterized. The prepared compounds 
were biologically tested. With the targeted synthetic policy and recognized correlation of structure 
and activity, biologically active compounds can be evolved and expanded. 
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Scheme 1. Hydrazone starting compounds. 
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Abstract 

Platinum complexes, such as cisplatin and carboplatin, are widely used in chemotherapy due to 
its anticancer activity. It is generally accepted that DNA is the main target for platinum complexes, 
inducing structural modifications on the helix, thus promoting apoptosis. However, side effects as 
well as loss of effectiveness of the drug, which are produced due to the interactions of the platinum-
complexes with proteins, lead to drug resistance in some tumors. For that reason, the development 
of novel platinum-based-drugs with lower protein interactions and higher DNA affinity is still 
required. Photoactivatable complexes can be good candidates in order to avoid these problems, 
allowing modulating drug-reactivity, i.e., the biological activity. In the last years, many efforts have 
been devoted to the field of photoactivated chemotherapy (PACT), i.e., the use of an external 
radiation, focused on a tumour region, in order to initiate a photochemical process. This type of 
therapy is useful to have temporal and spatial control over drug activation, which supposes a less 
aggressive and more specific cancer treatment. 

In this work, different platinum(II) complexes containing a functionalized squaramide unit as 
metal-ligands have been prepared (Figure 1). Their activity, before and after irradiation, have been 
checked by different techniques and under several experimental conditions, always in aqueous 
media. The high stability (low reactivity and low citotoxicity) of the synthesized complexes in front of 
the high reactivity of the species formed after irradiation, comparable with those of other Pt-
anticancer drugs, allows to propose these Pt(II)-squaramide complexes as good photoactivatable 
candidates for the treatment of cancer. 

 
 

Figure 1. Activation of the photosensitive 
platinum moiety by the use of light. The 
deactivation depends on the solvent used. 
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Abstract 
Rapidly dividing tumor cells requires higher amounts of nutrients and energy for their 

fast proliferation, and glucose is no exception. Accordingly, 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.1 

Accordingly, we have been focusing on the design of gold(III)-dithiocarbamato 
glycoconjugates which can combine the antitumor properties and the favorable toxicological 
profile of the gold(III)-dithiocarbamato scaffold,2 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). 

In this communication, we report on a new generation of gold-dithiocarbamato-
glucose conjugates generated via an innovative synthetic approach. All compounds have 
been fully characterized by spectroscopic techniques, and some solution studies have been 
carried out in PBS by means of UV-Vis spectrophotometry. 

The cytotoxic activity of the glycoconjugates has been evaluated in vitro. Moreover, 
docking studies for some selected compounds with GLUT1 suggest that there are no sterical 
constraints within the binding pocket of the transporter. 
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Abstract 

 
Ruthenium has become a popular metal used in the pursuit of anticancer agents because of    

its special characteristics such as hexavalent coordination, easy modulation by different ligands and 
the accessible oxidation states (II and III) in physiological solutions1. The coordination of a biologically 
active ligand to a metal is an interesting method to obtain new compounds, which could improve the 
activity of the free ligand. This approach can lead to increased cellular uptake and synergistic effects, 
providing different modes of action of the complex with respect the free ligand2. In this direction 
naphthoquinones are an interesting class of natural products with a broad variety of biological 
activities. Thus, lapachol is a naphthoquinone characterized by diverse properties such as 
antimicrobial, antiparasitic, antiviral and anticancer3. Therefore, in this work we have synthesized, 
characterized and evaluated  the biological properties of new ruthenium complexes with the general 
formula [Ru(L)(dppb)(bipy)]PF6 and [Ru(L)(dppm)2]PF6, where L = lapachol, dppb = 1,4-
bis(diphenylphosphine)butane, dppm = 1,1-bis(diphenylphosphine)methane and bipy = 2,2’-
bipyridine. The IC50 of these complexes showed they are nearly eighteen time more active than 
cisplatin against the MDA-MB-231 (breast cancer) and when tested against the noncancerous MCF-
10A (breast) cell line, showed a high selectivity for cancer cells. Moreover, these complexes inhibit 
cell migration, arrest the cell cycle, and induce p53-independent cell death by caspase-3 mediated 
apoptosis. Oxidative stress is a plausible mechanism of cell death for these complexes, evidenced by 
increased reactive oxygen species, mitochondrial depolarization, and robust activation of protective 
cell signaling through HSP27 and SAPK/JNK pathways.  
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Abstract 
L’os fait partie des organes majeurs dans lesquels s’accumule l’uranium et il est vraisemblable que les 
interactions entre l’uranium et la matrice organique de l’os soient d’une importance considérable 
dans cette accumulation.1 
La forte affinité pour l’uranium de l’ostéopontine, protéine impliquée dans le turn-over osseux, a 
même été démontrée, suggérant le rôle de cette protéine dans l’accumulation de l’uranium.2 Selon 
les travaux de Safi et al., alliant spectroscopies, thermodynamique et calcul théorique,3 une structure 
du site de fixation de l’uranium dans une séquence peptidique de l’OPN a été proposée. 
L’obtention de données thermodynamiques fiables décrivant les interactions protéine-uranium fait 
actuellement l’objet de nombreuses publications. Les méthodes spectroscopiques (UV, fluorescence, 
dichroïsme circulaire) ont démontré tout leur intérêt dans ce domaine. Cependant, ces méthodes ne 
présentent pas toujours les sensibilités requises et les volumes d’échantillons nécessaires (de l’ordre 
de plusieurs dizaines de µl) limitent les études à des protéines disponibles en quantités importantes. 
Dans ce contexte, nous avons mis au point un système basé sur le couplage entre l’électrophorèse 
capillaire (CE) et la spectrométrie de masse à ionisation par plasma (ICP/MS). Son intérêt réside dans 
la possibilité d’étudier les interactions protéine/métal à partir de petits volumes d’échantillons. 
Dans ce cadre, le défi est de maintenir l’intégrité des espèces jusqu’au point de détection. Le choix 
des conditions de mise en contact et de séparation en particulier s’avère primordial si l’on veut 
refléter la répartition réelle de l’uranium. 
Nous démontrons la possibilité de déterminer la première constante de complexation de l’uranium à 
partir de 4 nmol de protéine. Nous montrons qu’il est également possible de mettre en évidence très 
rapidement la présence de plusieurs sites d’interaction et leur coopérativité (< 2h) et la formation 
d’espèces ternaires (∼ 10 min) en présence d’une protéine partenaire de l’OPN (lactoferrine). 
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Abstract 
In Ecuador, oil and gas exploitation in the northeastern Amazon and refinery along the Pacific coast 
has already caused serious environmental and social impacts. (San Sebastián and Hurtig, 2005). Both 
regions have vast extensions of cacao crops, an exportation product recognized worldwide for its 
special flavor, the fine aroma. Due to their toxicity, metals and hydrocarbons released during oil 
production not only impact ecosystems, but also represent potential health risk to the populations 
after inhalation or by ingestion of contaminated crops. 
Recent studies have shown the presence of trace metals, such as Cd, in cacao beans and byproducts 
(Bertoldi et al., 2016; Chavez et al., 2015; Gramlich et al., 2016). Nevertheless, the ways of Cd 
transfer (by foliar or root uptake) to cacao crops, its main sources and the fraction that potentially 
affects human health after ingestion are still poorly described. 
Thus, this study aims to assess trace metals uptake by cacao beans in areas impacted by oil activities 
and the potential health risks involved. Cacao (leaves and pods) and soil samples (at different depths) 
were collected in different locations in the Amazon basin (oil production) and in Esmeraldas 
(refinery). Soil physico-chemical properties (pH, CEC, organic carbon) were determined. Cacao beans 
were separated from the entire pod in order to focus on the consumed tissue. All samples were 
freeze-dried and grounded before acid digestion and metal content analysis by ICP-MS. Human 
bioaccesibility after ingestion was investigated by the BARGE ex vivo test in cacao beans.  
Results show that Cd is bioaccumulated in cacao beans (1.5 mg kg-1) reaching values higher than the 
critical level (0.8 mg kg− 1) established by Ecuador and the European Union for dark chocolate. In 
leaves and pod husks, Cd concentrations can reach values of 2.08 and 1.02 mg kg-1 respectively. Even 
its low content in soils (<0.5 mg kg-1), Cd remains phytoavailable. Between 80 and 100% of the total 
Cd content is bioaccessible after ingestion, suggesting potential risks for human health and raising 
concerns of safety in the consumption of cacao-based chocolate. However, Cd origins in soils (natural 
sources, fertilizers, irrigations or oil contamination) remain unclear.  
Further studies are in progress to assess more precisely local population’s exposure to metals-PAHs 
cocktails. The global study of socio-environmental impacts of oil activities in Ecuador takes place in 
the frame of the French ANR-MONOIL Project.  
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Abstract 
 

This study investigates simultaneously direct DNA interaction and genotoxic impact of three 
typical metals: aluminum, cadmium and nickel, whom the high concentration in soils and the 
developed industrial use result in a daily human exposure not insignificant. Their harmful effects on 
human are not to demonstrate anymore1,2,3 even if their mechanisms of action remain mostly to 
elucidate. The three of them are suspected to be involved in carcinogenesis which implies genomic 
lesions. We propose to study their genotoxic impact first in vivo on primary normal human dermal 
fibroblast (NHDF) cells with comet assay to measure DNA breaks occurrence and then, to characterize 
the interaction metal/DNA by isothermal titration calorimetry (ITC). 

Under physiological conditions (pH7 and 37°C), alkaline comet assay was performed, on NHDF 
exposed 2h at different metal concentrations. And ITC was performed for each metal with 2 mmol.L-1 

of phosphate groups (DNA) and with an ionic strength from 5 to 300 mmol.L-1 of NaCl. The binding 
between metal cations and phosphate groups of DNA were studied using McGhee von Hippel model4. 

Comet assay shows that Cd and Ni are genotoxic, they are responsible of DNA breaks starting 
from 1.10-4 mol.L-1 and 5.10-2 mol.L-1, respectively. Al has no effect on DNA at pH7. Cd and Ni present 
an electrostatic interaction with DNA phosphate groups. Interaction intensity decreases with metal 
concentration. At high Cd concentration, a DNA condensation is observed. Al has no interaction with 
DNA phosphate groups at pH 7 and 37°C, but at pH 4 the electrostatic interaction is strong and the 
same DNA condensation phenomenon is observed. Metal genotoxic effect seems linked to the 
electrostatic interaction on DNA phosphate groups. Genotoxic power evolved in parallel to DNA 
phosphate interaction strength as Cd > Ni > Al. If these study shows that metals do not directly break 
DNA, this binding could be a preferential site for damage due to reactive oxygen species.  
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Abstract 

 
Recently, the molecular design and synthesis of new fluorescent chemosensors has currently attracted 
significant interest because of their potential application in medicinal and environmental research.1 
The development of selective and sensitive chemosensors for the detection of transition- and heavy-
metal cations with a high degree of specificity even at low concentrations nowadays has received 
considerable attention,2 as these ions play important roles in living systems and have an extremely 
ecotoxicological impact on the environment and human.3 In this work, we report the synthesis, 
characterization and evaluation of two fluorescence probes (1 and 2) which contains in their structure 
thioether and amide as donor groups, and naphthalene as indicator unit. Furthermore, was evaluated 
the capacity of the ligand to recognize certain metal ions (Au3+, Zn2+, Cd2+, Ni2+, Ag+ y Hg+) by 
fluorescence spectroscopy technique. The fluorescents probes showed good selectivity and sensitivity 
to Au3+, caused complete fluorescence quenching. The detection limit of the probes was 2.94X10-8 M 
for 1 and 4.88X10-8 M for 2; the excellent linear relationship suggest that the probe 1 are potentially 
useful for quantitative detection of Au3+ in water. 
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Abstract 
Ferrocene (1) and ruthenocene (2) are aromatic, non-luminescent, organometallic compounds with a 
three-dimensional sandwich-like molecular structure. These metallocenes have shown great promise 
in medicinal chemistry. To date, bioimaging techniques that would allow for visualization of 1, 2, and 
their derivatives in living cells, have not been reported. In my talk, the first such technique for this 
visualization will be proposed. It is based on the structural similarity of metallocenes 1 and 2 to their 
metal-free [2.2]paracyclophane (3) congener. Accordingly, the syntheses of three structurally similar 
aromatic compounds 4-6 (Fig. 1) bearing a common uracil-ethynylpyrenyl substituent was achieved.1 

 
 
 

 
 
 

Fig. 1 Structures of compounds 1-6 
The pyrenyl group acts as a luminescent reporter that enables bioimaging of the [2.2]paracyclophane 
nucleobase (6) in living HeLa cells with confocal microscopy. Compound 6 localized in cell membranes 
and the cytoplasm. The distribution of 6 in the cytoplasm was not uniform, and this may originate 
from mitochondrial staining. Derivatives 4 and 5 are non-luminescent due to the presence of a 
metallocenyl quencher group. Confocal microscopy studies were further correlated with high-
resolution continuum source atomic absorption spectroscopy (HR-CS AAS) measurements of Ru-
containing derivative 5. HR-CS AAS measurements confirmed the cellular uptake of 5 into cancer cells. 
Owning to their similar structures, same logPo/w values, and the HR-CS AAS measurement results, it 
can be hypothesized that non-luminescent uracil derivatives 4 and 5 show the same cellular 
biodistribution pattern as luminescent compound 6. Therefore, 6 can be regarded as a metal-free 
luminescent probe for the indirect bioimaging of metallocene derivatives 4 and 5. 
References 
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pH-responsive amine PARACEST contrast agents
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Abstract
Over the past two decades, the ability to provide information about tissue pH has become

increasingly important as, e.g., the tumour extracellular microenvironment is often more acidic than
healthy tissue. Such information can be also obtained by magnetic resonance imaging (MRI). Several
MRI strategies (and appropriate contrast agents, CAs) to measure tissue pH have been investigated.
The CAs previously studied are mostly relaxation-based MRI CAs (Gd(III) complexes) with longitudinal
relaxivity (r1) dependent on pH (e.g. through a change in the number of inner-sphere water
molecules). Some time ago, another class of MRI CAs based on the chemical exchange saturation
transfer (CEST) has been introduced. Rate of the proton exchange between the CA and bulk water
protons generally depends on pH. If the method utilizes as CAs complexes of paramagnetic metal
ions (often lanthanide(III) ions as Pr, Nd, Eu, Yb), it is called PARACEST.

In the contribution, PARACEST concept based on slow coordination/decoordination of amine
group (which is pH-dependent) coupled with a fast proton exchange on the (temporarily) free amine
group will be introduced. The ligands (Figure) are formal DOTA analogues and basicity of their amine

pendant arm is close to the physiological pH.
The ligand complexes (with trivalent Eu or
Yb) are octa- or nonacoordinated as their
amine-containing pendant arm is, depending
on the solution pH, fully/partially metal-
bound. It gaves proton exchanging pools

which are detectable at different pH’s and, thus, it leads to a ratiometric (i.e. concentration
independent) pH probe. In addition, the lanthanide(III) complexes of the phosphonate-containing
ligand can be used as 31P-MRS pH probe (MRS = magnetic resonance spectroscopy) as the complexes
exhibit unique large differences (tens–hundred ppm, caused by different position of phosphonate
group in relation to the magnetic axis of the complexes) between 31P NMR chemical shifts of the
protonated and deprotonated forms. For practical utilization, the 31P-MRS shift difference is tuneable
by the lanthanide(III) ions. The Gd(III) complexes of the ligands can be also used as MRI pH probes as
their relaxivity is changed with solution pH due to modification of their hydration state.
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Abstract 

Advances in nanotechnology led to the production of magnetic materials for medical 
applications. Magnetic properties of iron oxides associated with the electrons in the material have 
been utilized for drug targeting, magnetic separation and magnetic hyperthermia while Gd-based 
paramagnetic materials or superparamagnetic iron oxide particles, associated with the protons can 
be utilized in powerful imaging techniques, such as magnetic resonance imaging (MRI).1 However, 
recent studies have been focused on the development of multifunctional hybrid systems to address 
the needs of simultaneous imaging and more efficient therapy.  
 

Here, we present the synthesis and characterization of iron oxide-gadolinium borate 
composites with potential applications in Boron Neutron Capture Therapy (BNCT), Gadolinium 
Neutron Capture Therapy (GdNCT) and combined application for MRI as contrast agent and as a drug 
delivery agent for GdBNCT in cancer treatment2. Accordingly, the Fe3O4-GdBO3 nanocomposites were 
prepared from biocompatible starting materials (magnetite, borax and a simple Gd salt). The XRD and 
FTIR confirmed vaterite-type GdBO3 formation over Fe3O4 support. Surface modification with 
fluorescein isocyanate doped silica (FITC-SiO2), followed by conjugation with folic acid (FA) was then 
performed. The resulting nanocomposites of ca. 50 nm size were found to possess soft ferromagnetic 
properties (s= 20.3 emu/g) with the following chemical compositions:  

1. 157Gd:10B=0.7 that is appropriate for magnetically targeted NCT, and  
2. Gd:Fe=0.5 that is suitable for MRI applications.  

Fluorescence microscopy, flow cytometry and cell viability tests with XTT assay showed that the 
particles of nanocomposite penetrated MIA PaCA-2 cells without any significant negative effect on 
the cell growth.   
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In order to improve properties of DOTA-like complexes, heptatentate ligands containing 

pyridine ring as a part of the macrocycle have been synthesized for more than thirty years. 
Lanthanide(III) complexes of such ligands show high kinetic inertness due to their rigid structure 
comparing to those of their acyclic counterparts. The most investigated member of this family is 
heptadentate H3PCTA (PCTA = pyridine-containing cyclen triacetic acid), mostly because of its 
potentiality to act as MRI contrast agent (GdIII complex). More recently, some of its derivatives were 
successfully evaluated for optical imaging (TbIII complex) or nuclear imaging (Cu64, Ga68 complex for 
TEP and In111 complex for SPECT).[1-3] 

 

 
 

 
 
 
 
 
Due to these promising results, the synthesis of functionalized H3PCTA derivatives could be 
interesting for bioconjugating applications. Currently, only two bifunctional derivatives of PCTA have 
been linked to biomolecules: the first one bearing an isothiocyanate function on the carbon 
backbone, and the second one carrying an aliphatic carboxylic acid function on the meta-position of 
the pyridine ring.[4][5]  
We report here the synthesis of two new bifunctional chelating agents H4L1

 and H4L2 and the 
relaxometric and luminescent evaluation of some of their lanthanide(III) complexes. First trials of 
coupling reactions will also be presented.  

 
References 
1) W.D. Kim et al., Inorg. Chem., 1995, 34, 2233 
2) D. J. Bornhop et al., Appl. Spectrosc., 2003, 57, 1216 
3) E. W. Price et al., Chem. Soc. Rev., 2014, 43, 260 
4) C. L. Ferreira et al., Eur. J. Nucl. Med. Mol., 2010, 37, 2117 
5) G. Bort et al., Eur. J. Med. Chem., 2014, 87, 843 



Poster session A - Thursday June 8th 179

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 34-A

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Reactivity and Properties of Pt(II) Complexes with Triazole-based C^N^N 
Ligands 

Marian Hebenbrock,a Linda Stegemann,b Nikos L. Doltsinis,c 

Jens Müllera* und Cristian A. Strassertb* 

a) Westfälische Wilhelms-Universität Münster, Germany, Fachbereich Chemie und Pharmazie, Institut für 

Anorganische und Analytische Chemie, Corrensstraße 28/30, 48149 Münster, Germany; b) Physikalisches Institut, 

Heisenbergstraße 11, 48149 Münster, Germany; c) Institut für Festkörpertheorie, Wilhelm-Klemm-Straße 10, 

48149 Münster, Germany. marian@muellerlab.org 

 
Abstract 

The square planar geometry of d8 metal complexes opens the possibility of secondary orbital 
interactions by dz

2 orbitals.[1] This leads to unique photophysical properties based on metal-pertubed 
ligand-centred triplet states (3MP-LC) as monomer up to metal-metal-to-ligand charge-transfer states 
(3MMLCT) or excimers as aggregates.[1,2] Many examples of tridentate ligands in platinum(II) 
complexes are known, in which the luminescent properties depend on the grade of 
carbometallation.[3]  
 
We report here the synthesis of a 
tridentate chelate ligand and its 
platinum(II) complexes including their 
photophysical properties.[4] Starting from 
2,6-dibromopyridine and phenylboronic 
acid the ligand was available in a four 
step synthesis with an overall yield of 
23%. The complexation with potassium 
tetrachloroplatinate yielded a yellow 
chlorido complex in which the ancillary 
ligand could be displaced by pyridine or 
in a Sonogashira-type reaction with 
phenylacetylene. All complexes showed 
phosphorescence with quantum yields up to 35% in solution. Moreover in case of the pyridine 
complex the formation of excimers was observed. For a deeper insight into the photophysical 
processes quantum chemical studies based on DFT calculations have been used. Here the simulation 
of the experimental emission spectra based on vibrationally resolved analyses including different 
solvent models was successful. Future application of this ligand motif and its platinum complexes in 
bioimaging is projected.  
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Abstract 
   Luminescent Re(I) tricarbonyl complexes have attracted particular interest for chemists as cellular imaging 
agents in recent years[1] owing to their photophysical properties and cellular uptake properties, biological 
stability and low toxicity. Additionally, in terms of luminescent sensors for bioimaging and sensing, there is an 
increasing demand for compounds that both emit in red or near-infrared area and absorb at longer wavelengths. 
Incorporation of thiolate ligands in the coordination sphere of luminescent organometallic complexes has been 
suggested to induce a bathochromic-shift of their emission spectrum.[2] 
Therefore, a series of novel Re(I) tricarbonyl complexes based on a Pyta or Tapy ligand[3] and bearing different 
arenethiolate ligands has been designed and synthesized. We will describe the synthesis of this new class of 
complexes, their photophysical properties (UV-Vis absorption and fluorescence spectroscopy) and their 
electrochemical behaviour. DFT calculations have been performed in an attempt to rationalize our observations. 
This study not only enriches the library of luminescent rhenium(I) tricarbonyl complexes but also offers some 
inspiration for the design of new rhenium(I) complexes. 
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Pyridinophane: a versatile platform for the synthesis of water soluble and 
stable lanthanide complexes 
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Abstract 

In the field of medical diagnostics, lanthanide complexes occupy a prime position as T1-type 
contrast agents for Magnetic Resonance Imaging (Gd3+ complexes) and also represent a promising 
category of luminescent probes for imaging (Eu3+, Tb3+, Yb3+, Nd3+ complexes). Each of these 
techniques requires the association of a lanthanide ion with an organic chelate whose structure must 
favor the observation of the desired magnetic or optical properties while ensuring a thermodynamic 
stability and a kinetic inertia of the complex in biological 
environment. 

In this context, we explore the relevance of a nonadentate 
system derived from a Pyridinophane platform TPP for the 
development of lanthanide complexes as luminescent bioprobes. 

The TPP platform contains three pyridine rings and three 
secondary amino groups in a highly C3-symmetrical 18-membered 
macrocyclic structure. 

We will show in this work how this structure can be easily 
functionalized with different pendant arms (R1, R2) on the amino 
group or variable substituents (X1, X2) on the pyridine ring. The 
characterization and the photophysical properties of the lanthanide 
complexes will be also discussed. 
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Potential MRI contrast agents for neuroimaging 

 Maamar Jlali, Jean-François Morfin, Célia Bonnet, Eva Tóth  
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jean-francois.morfin@cnrs-orleans.fr 

 

Neurotransmitters play a crucial role in neural activity. All imaging modalities included, methods to 
detect neurotransmitters, directly or indirectly, are still very limited and neurotransmitter-sensitive 
probes are just beginning to be developed. Concerning MRI, only a single probe able to sense 
dopamine has been reported to show the potential to track neurotransmitter concentration changes 
in vivo.1  

Recently a series of smart MRI contrast agents has been conceived, capable of giving an MRI response 
to concentration changes of zwitterionic amino acid neurotransmitters.2 Given the low sensitivity of 
MRI, such direct detection of neurotransmitters with smart MRI probes can be only applied to certain 
amino acids (glutamate, GABA, glycine) which are present at millimolar concentration, however, it is 
not adapted to other neurotransmitters such as dopamine, present at much lower concentrations. 

Here we propose a fundamentally different strategy to assess dopamine via the detection of 
enzymatic activities involved in its degradation. The detection of enzymatic activities is particularly 
interesting in MRI, as a small quantity of the enzyme can convert, in catalytic cycles, a large quantity 
of the MRI probe, thus considerably reducing the detection limit. Smart MRI probes have been 
designed to function as substrates of the enzymes that degrade dopamine, in particular monoamine 
oxidases (MAO). These probes are macrocyclic lanthanide-based complexes that provide a PARACEST 
response to the enzymatic activity of monoamine oxidase, which can be translated to a contrast 
change in MR images. 

 
Figure 1. The enzymatic reaction on the neurotransmitter moiety is expected to generate a change in 

the CEST properties, detectable on the MR images 

The structure of the contrast agents have been modulated trough several linkers and substrates. The 
CEST properties and the enzymatic recognition by MAO have been studied. This allowed us to 
understand which combinations were good compromise between the CEST effects and fast 
recognition and, to select the best candidates for enzymatic assay in CEST experiments.  

 

  
1. Shapiro M. G., Westmeyer G. G., Romero P. A., Szablowski J. O., Kuster B., Shah A., Otey C. R., Langer R., 

Arnold F. H., Jasanoff A., Nat. Biotechnol. 2010, 28, 264-270. 
2. Oukhatar F., Même S., Même W., Szemereta F., Logothetis N.K., Angelovski G., Tóth E., ACS Chem. Neurosci. 

2015, 6, 219. 
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Study of the activity and speciation, intracellular distribution and 
quantification of a manganese superoxide dismutase mimic on a cellular 

model of inflammatory bowel diseases 
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Abstract 

Inorganic complexes can be described in terms of binding affinity, geometry, outer-sphere 
ligand(s) interaction or redox potential. When designing a metallodrug, these different characteristics 
are used to build inorganic complexes with specific roles such as imaging agent, catalysts, prodrugs,…1 
In addition to the investigation of the bio-activity of a metallodrug (anticancer, antiinflammatory, 
antimicrobial,…), one should also explore the questions of its cellular uptake, location inside cells, and 
stability in intricate biological environments.2-5 

Our group has designed bio-inspired MnII-complexes superoxide dismutase mimics,6-8 and 
demonstrated the ability of one of these complexes (Mn1) to efficiently reduce superoxide 
concentration in activated macrophages.9 Following on, we have further investigated the effect of 
Mn1 on a cellular model of Inflammatory Bowel Diseases (IBD), in which oxidative stress and 
inflammation arise. Indeed, it is reported that superoxide dismutases are either over-produced in an 
inactive form or under-expressed in patients with IBD.10 The speciation of Mn1, its quantification, and 
its distribution have been investigated in detail in epithelial cells activated with lipopolysaccharide, 
and correlated with its activity. We have demonstrated that Mn1 exerts an intracellular anti-
inflammatory activity in this model, and efficiently complements MnSOD in oxidative stress condition. 
Additionally, we have investigated Mn1 activity in a DNBS-induced murine model of colitis and 
showed that it improves the health status of mice.5 
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2) B. A. Gilston, T. O’Halloran, Mechanisms controlling the metal economy. In Metals in cells; V. Culotta, R. A. 

Scott, Eds.; Wiley, London, 2013. 
3) C. S. Dam, S. A. Perez Henarejos, T. Tsolakou, C. A. Segato, B. Gammelgaard, G. S. Yellol, J. Ruiz, I. H. Lambert, 

S. Stürup, Metallomics 2015, 7, 885−895 
4) G. Gasser, Inorganic Chemical Biology: Principles, Techniques and Applications; Wiley: London, 2014 
5) E. Mathieu, A.-S. Bernard, N. Delsulc, E. Quevrain, G. Gazzah, B. Lai, F. Chain, P. Langella, M. Bachelet, J. 

Masliah, P. Seksik, C. Policar, Inorg.Chem., 2017, doi10.1021/acs.inorgchem.6b02695  
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Artificial metalloenzyme design: finding the protein-siderophore anchor 
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Abstract 
Iron is essential for growth of almost all bacteria. Many bacteria utilise iron-chelating siderophores and  a 
dedicated set of transport proteins for iron uptake.1 It was previously thought that siderophores must be 
hexadentate, however CeuE, the periplasmic ferric siderophore binding protein in C. jejuni, studied via X-ray 
crystallography, revealed the interactions with tetradentate siderophores.2 As CeuE binds ferric complexes of  
tetradentate ligands, such as 4-LICAM4- with nanomolar affinities,2, 3 these systems make good candidates as 
anchoring groups in  artificial metalloenzymes (Figure A).4  

 
Using co-crystal structures, circular dichroism and intrinsic fluorescence quenching experiments, a series of 
Fe(III) bound siderophores and siderophore mimics was screened against the periplasmic binding proteins CeuE 
(C. jejuni), FepB (E. coli) and VctP (V. cholerae). Fe(III)-n-LICAM- tetradentate siderophore mimics (Figure C) were 
found to bind to CeuE (Figure B). Linker lengths between the iron-binding catecholamide units were increased 
from four carbon atoms (4-LICAM4-) to five, six and eight (5-, 6-, 8-LICAM4-). CeuE recognises and binds all four 
mimics and selects Λ-configured complexes. Mutagenesis studies show that Y288 is fundamental to Fe(III)-
siderophore binding, and H227 provides favorable Fe(III) coordination. Interestingly, CeuE preferentially binds Λ-
configured tetradentate ligands, whereas FepB favours hexadentate ligands. VctP, with conserved His and Tyr, is 
able to bind both tetradentate and hexadentate ligands, but also binds stealth siderophore mimics, whilst CeuE 
and FepB do not. It is proposed that the preference for Λ-configuration may confer enantioselective properties 
to an attached inorganic catalyst in an artificial metalloenzyme (Figure A). 

 
1. D. J. Raines, T. J. Sanderson, E. J. Wilde and A. K. Duhme-Klair, in Reference Module in Chemistry, 

Molecular Sciences and Chemical Engineering, Elsevier, 2015, DOI: http://dx.doi.org/10.1016/B978-0-
12-409547-2.11040-6. 

2. D. J. Raines, O. V. Moroz, E. V. Blagova, J. P. Turkenburg, K. S. Wilson and A.-K. Duhme-Klair, Proc. Nat. 
Acad. Sci., 2016, 113, 5850–5855. 

3. D. J. Raines, O. V. Moroz, K. S. Wilson and A. K. Duhme‐Klair, Angew. Chem. Int. Ed., 2013, 52, 4595-
4598. 

4. M. Hoarau, C. Hureau, E. Gras and P. Faller, Coordination Chemistry Reviews, 2016, 308, 445-459. 

Figure A: Schematic diagram 
of potential artificial 
metalloenzyme. 
 Figure B: Ferric 4-,5-,6- and 
8-LICAM in the binding pocket 
of CeuE, where Tyr and His 
residues complete the 
octahedral coordination.  
Figure C: The H4-n-LICAM 
siderophore mimic series. 
Figure D: Salmochelin S1, a 
stealth siderophore. 
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Bio-inspired molybdenum catalysts  
for implantable glucose fuel cells 
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In implantable fuel cells (IFCs), endogenous substances (like glucose) and oxygen react and the 

resulting electric current can be used to supply power to medical implants like pacemakers or sensors 
inside a patient’s body. As both reactants for the IFC are replenished from the body fluids, such cells 
can operate independently over extended time periods, making implantable fuel cells an interesting 
alternative to batteries.1 On the other hand, the development of electrocatalysts for both the anode 
and the cathode reactions is challenging, as a good long-term performance in serum is required. For 
example, platinum particles show small overpotentials for glucose oxidation in the laboratory but are 
often poisoned in serum within hours of IFC operation. 

    
Figure. left: oxidation of glucose to gluconic acid; right: structure of the unsubstituted MoIV-complex [MoOPc] 

from the analysis of single-crystal X-ray diffraction data. 

Molybdenum enzymes like sulphite or aldehyde oxidase catalyse reactions in which an oxygen 
atom is transferred to substrates at mild oxidation potentials. These processes are closely related to 
the first step of glucose oxidation, the transformation of glucose to gluconic acid (Fig., left), which 
requires ~0 V vs. NHE at physiological conditions. Inspired by these metalloproteins and also an 
earlier (but today rather forgotten) report,2 we prepared oxido-phthalocyanato-complexes of 
molybdenum ([MoOPc], see Fig., right) to use these compounds as glucose-oxidation catalysts. 
Phthalocyanine metal complexes are attractive not only due to their accessibility, but also because of 
their very good thermal and chemical stabilities. 

By variation of the substituents on the phthalocyanine macrocycle, different [MoOPc]-type 
complexes could be synthesised, characterized and investigated for their spectroscopic and 
electrochemical properties in solution. By immobilization of water-insoluble compounds on 
conductive supports, we were also able to prepare [MoOPc]-impregnated electrodes which could be 
successfully used in electrolysis cells for glucose oxidation. Molybdenum phthalocyanines thus 
emerge as promising new electrocatalysts for the anodes of implantable fuel cells. 
 
References 
1 S. Kerzenmacher, J. Ducrée, R. Zengerle, F. von Stetten, J. Power Sources 2008, 182, 1–17. 
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catalytic activity of the periplasmic nitrate reductase from Rhodobacter 

sphaeroides 
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Abstract 

Molybdoenzymes are ubiquitous in living organisms and catalyze, for most of them, oxidation-
reduction reactions using a large range of substrates. These enzymes are involved in the biogeochemical 
cycles of essential elements (C, S, N) and their studies may find applications in the field of energy, 
environment or health (1).  

Periplasmic nitrate reductase (NapAB) from Rhodobacter sphaeroides catalyzes the 2-electron 
reduction of nitrate into nitrite (2). Its 
active site is a Mo bis-(pyranopterin 
guanine dinucleotide) found in all 
molybdoenzymes from the bacterial 
DMSO reductase family. A [4Fe4S] 
cluster and two c-type hemes form the 
intramolecular electron transfer chain 
(3). Lysine 56 (K56) is a highly 
conserved amino acid within this 
enzyme family which is located on the 
intramolecular electron transfer 
pathway. This residue connects, 

through hydrogen-bond network, the [4Fe-4S] center to the edge of one pyranopterin ligand of the Mo 
and is expected to be involved in the electron transfer. 
In this work, we investigated the role of the K56 amino acid by combining site-directed mutagenesis, 
activity assays measurements, redox titrations and EPR and HYSCORE spectroscopies. Our data show that 
removal of the positively charged residue at position 56 strongly decreases the redox potential of the 
[4Fe-4S] cluster at pH8 by 300 to 400 mV in the K56H and K56M mutants respectively, thus strongly 
affecting the kinetics of intramolecular electron transfer. Interestingly, this charge effect can be reversed 
by protonation of the imidazole ring of the histidine at pH 6 in the K56H mutant. Overall, our study 
demonstrates clearly the importance of Lys residue in fine tuning the [4Fe-4S] reduction potential in 
NapAB Rs and related Mo-enzymes.  
 
References 
1) Grimaldi, S.; Schoepp-Cothenet, B.; Ceccaldi, P.; Guigliarelli, B.; Magalon, A., Biochimica et Biophysica Acta (BBA) 
- Bioenergetics 2013, 1827 (8–9), 1048-1085. 
2) Arnoux, P.; Sabaty, M.; Alric, J.; Frangioni, B.; Guigliarelli, B.; Adriano, J. M.; Pignol, D., Nature Structural Biology 
2003, 10 (11), 928-934. 
3) Jacques, J. G. J.; Fourmond, V.; Arnoux, P.; Sabaty, M.; Etienne, E.; Grosse, S.; Biaso, F.; Bertrand, P.; Pignol, D.; 
Leger, C.; Guigliarelli, B.; Burlat, B., Biochimica Et Biophysica Acta-Bioenergetics 2014, 1837 (2), 277-286. 
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Crystal structures of a  native Hydroquinone 1,2-dioxygenase  and 
of substrate and inhibitor complexes.  

 
 
                                              Andrea Scozzafava 
                                
                             Department of Chemistry, University of Florence 
 
 
Abstract 

 
 
The crystal structure of hydroquinone 1,2-dioxygenase from Sphingomonas sp. strain 

TTNP3, has been solved (1) by Molecular Replacement, using the coordinates of PnpCD from 
Pseudomonas sp. strain WBC-3 (2). The enzyme ,a Fe(II) ring cleaving dioxygenase  which 
oxidizes a wide range of hydroquinones to the corresponding 4-hydroxymuconic 
semialdehydes, is a heterotetramer, constituted of two subunits α and two β of 19 and 38kDa, 
respectively. Both the two subunits fold as a cupin, but that of the small α subunit lacks a 
competent metal binding pocket. Two tetramers are present in the asymmetric unit. Each of 
the four β subunits in the asymmetric unit bind one Fe(II) ion. The iron ion in each β subunit 
is coordinated to three protein residues, His258, Glu264, and His305 and a water molecule. 
The crystal structures of the complexes with the substrate methylhydroquinone, obtained 
under anaerobic conditions, and with the inhibitors 4-hydroxybenzoate and 4-nitrophenol 
were also solved.  Significant differences where found in the structures of these derivatives with 
respect to  PnpCD, the other hydroquinone 1,2-dioxygenase of known structure, and in 
particular  a different coordination at the metal center. 
 
 
References 
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Tuning copper enzyme activity using an exogenous carbene ligand 
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Abstract 

 
Copper enzymes are efficient catalysts for electron 

transfer and dioxygen activation.1 Histidine is the common amino 
acid in the different active site types composition (Type 1, 2, 3 
and CuA), and binds copper through a well-established N-
bonding mode.2  

 
In synthetic complexes, C-bonding to different metal centers has been observed by 

tautomerization processes.3–5 We were interested in studying C-bonding over N-bonding of an 
imidazole and its effect on the activity of selected copper enzymes. For this purpose, N,N’-
dimethylimidazolium-2-carboxylate (DMI-CO2) has been used as an N-heterocyclic carbene (NHC) 
precursor.  In this presentation, NHC binding to Type 1 and Type 3 copper active sites will be 
described spectroscopically, and its effect on electron transfer and oxidation catalysis by the selected 
enzymes will be demonstrated.  
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Artificial metalloenzymes as heterogeneous catalyst 
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Abstract 
Catalytic processes are at the cutting-edge of the development of green chemistry. One solution is 
based on the combination of homogenous catalysis and biocatalysis through the design of artificial 
metalloenzymes.1 The hybrids, formed by the embedment of an inorganic complex (playing the role 
of the active site) into a protein (driving the selectivity of the reaction) should deploy new properties, 
taking advantages of the two fields. 
In this context, our original strategy relies on the design of a heterogeneous crystal/solution version 
of the already demonstrated artificial enzymes technology. Our approach is based on the setting up of 
oxidation reactions catalyzed “in cristallo” using Fe or Ru complexes mimicking the active site of non-
heme iron oxygenases, incorporated into the nickel-binding protein NikA. The Cross-linked Enzyme 
Crystals2 (CLEC) technology has been used to increase the stability of our NikA-based hybrid crystals 
in order to scan various reactions conditions (solvent, temperature, pH), that will permit infinite 
oxidation reactions. 
In a first step, NikA/Fe-N2Py2 and NikA/Fe-ox cross-linked crystals were used for sulfoxidation and 
alkene oxychlorination, respectively (See figure). The two systems efficiently oxidize a large scope of 
substrates in organic solvents with good yields (up to 90 % for sulfoxidation using NaOCl as oxidant). 
Our promising approach will be extended to new reactivities. 
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Abstract 

Tripodal ligands are powerful chelating agents used in coordination chemistry; their enhanced 
chelate effect provides exceptional stability for their transition metal complexes. Suitable 
modification of such tripods allows to implement special features in the corresponding metal 
complexes, resulting useful properties such as e.g. self-assembly, catalysis or molecular recognition.  
Our intentions are to functionalize symmetrical tripodal molecules with amino acids, resulting 
terminally free tripodal peptides. Peptides have a well described background with respect to 
coordination chemistry, and their metal complexes are targets of many enzyme mimetic studies. 
However, due to their lack of fixed three dimensional structure, the biologically relevant metal 
binding modes are often not robust enough for catalytic applications. Tripodal peptides are capable of 
enhancing metal binding in an advantageous way, and so, allowing their application as catalysts. 
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In this work, we present the catalytically active copper(II) complexes of three N-terminal 
histidine containing ligands, based on tren (tris(2-aminoethyl amine)) tripodal scaffold. Two of the 
presented ligands are capable of inducing the formation of multicopper(II) complexes. Such 
multinuclear species are advantageous in e.g. catechol oxidase mimicking; kinetic study and substrate 
binding regarding 3,5-di-tert-butyl catechol (H2DTBC) substrate will be presented. Furthermore, 
copper(II) species of all ligands were investigated as superoxide dismutase (SOD) mimics, possessing 
notable catalytic activity. 
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The	activation	of	carbon	monoxide	dehydrogenase:		
CooT	accessory	protein	for	nickel	insertion	

Marila Alfano,1 Julien Perard,1 Giulia Veronesi,1 Barbara Zambelli,2 Stefano Ciurli 2 
and Christine Cavazza 1. 

 
1Laboratoire de Chimie et Biologie des Métaux, 38054 Grenoble, France 
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The	products	of	cooCJT	genes	are	accessory	proteins	involved	in	the	in	vivo	insertion	of	nickel	into	carbon	

monoxide	dehydrogenase	(CODH).	CODH	plays	a	central	role	in	hydrogenogenic	carboxydotrophs	(such	as	

Rhodospirillum	 rubrum	 or	 Carboxydothermus	 hydrogenoformans),	 determining	 their	 ability	 to	 use	 CO	

oxidation	as	sole	carbon	and	energy	source.		In	this	case,	the	oxidization	of	CO	to	CO2	catalysed	by	CODH	

is	coupled	with	the	production	of	hydrogen,	catalysed	by	[NiFe]-hydrogenase	in	the	overall	reaction	CO	+	

H2O	�	 CO2	 +	 H2.	 The	 crystal	 structures	 of	 CODH	 from	 C.	 hydrogenoformans	 (ChCODH)	 and	R.	 rubrum	

(RrCODH)			had	been	solved,	revealing	as	enzyme	active	site	the	unique	[NiFe3S4]	cubane	coordinated	to	a	

mononuclear	 iron	site,	known	as	C-cluster.	While	 the	reaction	mechanism	of	CODH	 is	well	established1,	

very	little	is	known	about	the	activation	of	the	C-cluster.	Ni	insertion	is	essential	for	the	enzyme	activation	

and	requires	the	intervention	of	the	accessory	proteins	CooC,	CooJ	and	CooT.		

	
	
	
	
	
	
	
	
	
	
	
Here	 we	 present	 our	 recent	 structural	 and	 biochemical	 characterization	 of	 CooT,	 highlighting	 the	

existence	of	 a	novel	Ni-binding	protein	 family.	 The	 specificity	of	 this	 protein	 towards	nickel	 is	 assessed	

comparing	 the	wild	 type	 strain	with	 different	 protein’s	mutants,	 using	 different	 biophysical	 techniques	

such	as	circular	dichroism	(CD),	isothermal	titration	calorimetry	(ITC),	nuclear	magnetic	resonance	(NMR)	

and	extended	x-ray	absorption	fine	structure	(EXAFS).		These	results	move	us	a	step	forward	towards	the	

full	understanding	of	the	CODH’s	C-cluster	activation.	
	
1. M.W. Ribbe (2015), Angew. Chem. Int. Ed., 54, 8337.   
2. J. Timm, C. Cavazza, C. Brochier-Armanet, J. Perard, B. Zambelli, S. Ollagnier-de- Choudens, S. Ciurli . “ The CO 
dehydrogenase accessory protein CooT is a novel nickel-binding protein” (article currently submitted for publication)  

Figure 1 CooT 2 structure at 1.9 Å resolution (pdb: 5N76) 
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Tyrosinase  dicopper active site as a target to develop  new inhibitors  

Catherine Belle,a Elina Buitrago,a,b Ahcène Boumendjel,b Romain Haudecoeur,b Renaud 
Hardré,c Marc Maresca,c  Jalila Simaan,c Marius Réglier,c Hélène Jamet a 
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and  cAix Marseille Université, UMR-CNRS 7313, ISM2/BiosCiences, Marseille (France) 

email : catherine.belle@univ-grenoble-alpes.fr 

Abstract 
Tyrosinases (Ty) are metalloenzymes belonging to the type-3 copper protein family which 

contain two copper ions in the active site.1  They are found in various prokaryotes as well as in plants, 
fungi, arthropods and mammals and are responsible for pigmentation.  Tyrosinases perform two 
sequential enzymatic reactions: hydroxylation of monophenols and oxidn. of diphenols to form 
quinones which polymerize spontaneously to melanin.  In humans, Tyrosinases are an important class 
of targets that are relevant to depigmentation and diseases such as cutaneous hyperpigmentation or 
melanoma.2 Although numerous inhibitors of Ty have been reported, there is a lag in the discovery of 
the new functional compounds. To control the Ty activity, a strategy is to target the Ty binuclear 
copper active site by chelators, which have structural analogies to natural substrate but are not 
oxidizable. In this presentation, our efforts to understand the binding of selected chelator will be 
discussed from structural and spectroscopic studies associated with theoretical modeling, using 
functional models of the Ty active site.3                                                          

Then, with the aim to develop more effective and selective human tyrosinase inhibitors, we 
investigated derivatives whose a chelator moiety is embedded.4 This approach gives us the means to 
improve inhibition activity on isolated enzyme and confirmed by measuring the melanogenesis 
suppression ability in melanoma cells. Further investigations are being used to reveal insights into the 
influence of the protein active site on inhibitor binding. 

 

Acknowledgments: Supports from the French ANR (Program ANR-09-BLAN-0028), Labex ARCANE (ANR-11-

LABX-0003-01) and European COST Program (action CM1003).  
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Abstract 
The oxidation of methane to methanol is a process of industrial interest. Unfortunately, this reaction 
requires high temperatures, leading to undesired side reactions. Until now there is a lack of catalysts 
that sufficiently lower the activation energy of this reaction [1, 2]. However, methanotroph bacteria 
are able to perform this reaction at ambient temperature and pressure. In particular, the reaction is 
catalyzed by particulate methane monooxygenase (pMMO) [3]. The X-ray structure of pMMO 
suggested that the active feature of the enzyme could be a dicopper center and a mixed valence 
Cu(II)/Cu(III) species has been proposed as intermediate [4-6]. Our aim is to synthesize and 
characterize dinuclear complexes which are able to stabilize the Cu(II)/Cu(III) oxidation state. The 
synthesis of such systems is not trivial due to the instability of the Cu(III) oxidation state, examples in 
the literature are scarce and only partly characterized [7]. Our general synthesis rationale is to 
prepare ligands containing one arm that stabilizes the Cu(II) oxidation state and another arm 
stabilizing the Cu(III) state, linked together by a spacer (see Figure 1). Modifications on all the three 
mentioned features are possible, leading to a large variety of possible ligands. To reach our goal more 
efficiently we use DFT calculations to find complexes with a chemically accessible Cu(II)/Cu(III) redox 
potential and stable ligands. The accuracy of our calculations has been proved before with the 
calibration of the methods on some experimental data [8]. The most promising compound series to 
be synthesized is a series of complexes containing a naphthyridine spacer [9] and a phenoxo-arm, see 
Figure 1. Preliminary experimental data will be presented. 
 
 
 
 
 
 
Figure 1: Compound series in development. 
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Abstract 
The concept of the entatic state describes the influence of the surrounding protein matrix on the 
geometry of the active site of metalloproteins. The ligand sphere of the metal centre highly affects 
the electron transfer ability of enzymes and their model complexes. [1,2] 
In [Cu(GUAqu)2]+/2+ complexes, the metal centre is coordinated by two different nitrogen donors (a 
guanidine and an aromatic imine unit) of two hybrid guanidine ligands. The molecular structures of 
the complexes in both oxidation states are highly distorted from the ideal tetrahedral (Cu(I)) or square 
planar (Cu(II)) form and resemble each other strongly. Therefore, they could function as a static 
entatic state model. [3,4] 
To obtain a deeper insight into the electron 
transfer abilities of the copper guanidine 
complexes, we examined their electron self-
exchange rate k11 (the reaction rate of the redox 
reaction of a complex with itself) in different 
solvents. An electron of the reduced form of the 
complex is transferred to its oxidised form. The 
rate constant k11 of this reaction is determined 
via the Marcus cross relation based on the 
Marcus theory. [5] 
Therefore, the cross reaction rate k12 of the 
redox reaction of the copper complex with a 
suitable oxidant or reductant was determined via 
stopped flow techniques based on the increase 
or decrease of the corresponding charge transfer 
bands of the regarded copper complexes (Fig. 1). 
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2) P. Comba. Coord. Chem. Rev., 2000, 200, 217. 
3) A. Hoffmann, J. Stanek, B. Dicke, L. Peters, A. Wetzel, B. Grimm-Lebsanft, A. Jesser, M. Bauer, M. Gnida, W. 

Meyer-Klaucke, M. Rübhausen, S. Herres-Pawlis, Eur. J. Inorg. Chem., 2016, 4731. 
4) A. Hoffmann, S. Binder, A. Jesser, R. Haase, U. Flörke, M. Gnida, M. Salomone Stagni, W. Meyer-Klaucke, B. 

Lebsanft, L.E: Grünig, S. Schneider, M. Hashemi, A. Goos, A. Wetzel, M. Rübhausen, S. Herres-Pawlis, 
Angew. Chem. Int. Ed. 2014, 53, 299. 

5) R.A. Marcus, N. Sutin, Biochim. Biophys. Acta, 1985, 811, 265. 
 

Figure 1: UV/Vis spectra of the reaction of 
[Cu(TMGqu)2]2+  with [Fc(Cp*)2] with 1:5 ratio in 
propionitrile. 
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Abstract 

Protein-based radicals, reacting in a concerted way with the metal active site of 
metalloproteins, are important for biocatalysis (1). In heme enzymes, Tyr and Tyr can play crucial 
roles, both as true intermediates in their catalytic cycles and as transient radical relays, facilitating 
electron transfer between redox partners (2). Certain monofunctional peroxidases and catalases, 
including cytochrome c peroxidase, lignin peroxidase and lactoperoxidase stabilize [Fe(IV)=O Trp●+] 
and/or [Fe(IV)=O Trp●], [Fe(IV)=O Tyr●] species as catalytically-active intermediates (3,4,5,6), formed 
subsequently to the primary oxidizing intermediate, the [Fe(IV)=O Por●+]. Bifunctional peroxidases 
(KatGs) constitute a challenging family of enzymes to possibly understand putative evolutionary 
strategies in fine-tuning the oxidation reactions catalyzed by heme-Trp● intermediates and related e- 
transfer processes mediated by Trp●/Tyr● (7,8,9). The crystal structure of a cavity mutant (D141A), 
that is very disruptive of the fine-tuned H-bonding network of the heme distal side, shows that only 
in this case the pro-drug isoniazid can also to bind close to the heme (10). Our recent spectroscopy 
studies clearly show that even in this case, the natural binding site of INH (at more than 20 Å away 
from the heme) and its reaction with the [Fe(IV)=O Trp139●] is retained. Interestingly, although the 
oxidation reaction with the INH molecule bound at the engineered site proceeds via the [Fe(IV)=O 
Por●+], it does not impede the natural reaction occurring via the Trp139 radical intermediate with the 
distant natural site (11). Moreover, our recent studies on naturally-occurring mutants of M. 
tuberculosis KatG conferring resistance to the activation of the pro-drug isoniazid show that allosteric 
effects related to the long-range electron transfer pathways are crucial for the oxidation of INH (12). 
Our recent efforts using de novo design metalloproteins (13) in order to conceive mini-heme proteins 
to better understand the physicochemical properties enabling formation of the high-valent 
intermediates in bifunctional peroxidases will be discussed. 
References 
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Ivancich (manuscript in preparation). 13) Reviewed in: C.S. Mocny, V.L. Pecoraro Acc. Chem. Res. 2015, 48, 2388-
2396.  

50-A Ez



Poster session A - Thursday June 8th196

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 51-A

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Metal ions interactions with amphiphiles supramolecular assemblies 

Bruno ALIES, Mohamed Amine OUELHAZI, Angéline NOIREAU, Karen GAUDIN, Philippe 
BARTHELEMY, 

ChemBioPharm - Université de Bordeaux - Inserm U1212 - UMR CNRS 5320  

146 rue Léo Saignat 33076 Bordeaux Cedex France 

 email : bruno.alies@u-bordeaux.fr 

 
 
Abstract 
 

It has been shown using metal ions-specific DNAs, that metal ions can be incorporated 
between DNA bases to form metal ions base pairs.1,2 In this work, we have utilized a common 
fluorescence dye, Thioflavin T (ThT), combined with nano-objects formed by amphiphiles to interact 
with metal ions highlighted by fluorescence spectroscopy.  

Nano-object have been prepared by hydration of a lipid film with an aqueous solution. They 
were then sized in DLS and electron microscopy. The interaction of metal ions was investigated by 
fluorescence spectroscopy. Amphiphiles form spontaneously nano-objects in water. UV-vis and 
fluorescence measurements showed that ThT interacts with nano-objects leading to an enhancement 
of fluorescence likely due to the charged interaction in binding.3 Addition of Ag+ or Hg2+ induce a 
further increase of ThT fluorescence with nano-object form by amphiphiles. 

Even at low concentration (nM range) of metal ions (such as Ag+ and Hg2+) interaction could 
be seen in a simple and rapid fluorescence assay with a high selectivity against other metal ions.  
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Abstract 
Although arsenic induced toxic effects are well-known for many years, their biochemical mechanisms 
on molecular level are not clear. Under reductive intracellular conditions arsenic is stabilized as 
arsenous acid (H3AsO3). According to the most accepted theories, the coordination of H3AsO3 to 
various enzymes leads to the indirect induction of toxicity.1 However, only certain Cys-rich motifs can 
bind H3AsO3 efficiently. In order to identify such binding sites and to reveal the mechanistic details of 
the toxic effects of arsenic, a deeper understanding of the thiolate-arsenic interactions would be 
essential. 
H3AsO3 can form three As-S bonds via condensation reactions. If all of the three hydroxyl functional 
groups of H3AsO3 are substituted, the maximum number of the forming thioesther bonds is 
considered to be three. Accordingly, tris complexes are the dominant products of the reaction 
between H3AsO3 and monothiol ligands like reduced gluthatione. In addition, stable adducts with a 
As(III):lig = 2:3 composition may also form if the interacting ligands are dithiols.2 
In the presented work, the interaction of H3AsO3 with a hexapeptide, Ac-DCSSCY-NH2, was studied by 
various spectroscopic methods at 3 different pH values applying different H3AsO3-peptide ratios. A 
series of SRCD (synchrotron radiation circular dichroism) spectra recorded at pH = 7.5 indicates the 
increase of helicity in the average conformation of the peptide by the addition of H3AsO3. As 
complementary experiments, UV absorption and 1H-NMR spectra were also recorded with samples 
under similar conditions. The results obtained with all of the applied techniques undoubtedly suggest 
the existence of mono- and bis-complexes. Numerical evaluation of the CD and spectrophotometric 
data provided nearly the same conditional stability constants for these species. Comparison of the 
logβ values determined for certain complexes showed that the binding of the second ligand is almost 
as preferred as that of the first one, which is clearly bound via two thioesther bonds. Moreover, the 
calculated molar absorption and ellipticity spectra of the mono- and bis-complexes are also very 
similar. According to these findings, the peptide seems to adopt analogous helical-like structure in the 
two species suggesting a bidentate type binding of both ligands in the bis-complexes. Indeed, all of 
the above observations may reflect a unique trigonal bipyramidal coordination sphere around the 
arsenic atom which was also supported by molecular modelling methods. 
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Abstract 
 
        The metallothionein 2 protein from the plant Cicer arietinum (cicMT2) is a low molecular weight 
(~8kDa) protein that features two cysteine-rich regions with eight and six cysteine residues, 
respectively, which are separated by a 41 amino acids long, Cys-free linker region. It can coordinate 
five divalent metal ions in vitro. Previous results strongly suggest that the coordinated metal ions are 
arranged in a single metal-thiolate cluster resulting in a 
hairpin-like fold of the protein backbone.1,2 However, so far, 
the metalation pathway leading to the fully metal-loaded 
protein is unknown. In the presented study we focus on the 
identification of the binding region for each metal ion, an 
endeavor never performed with any plant MT so far. The 
cluster formation process upon stepwise metal ion 
reconstitution is monitored by ESI-MS aided by limited 
proteolytic digestion with Tritirachium album proteinase K, 
which cleaves the protein backbone mainly in the Cys-free 
region.  Identification of the binding region of the metal ion 
is complemented and corroborated by investigations with 
size exclusion chromatography, atomic absorption 
spectroscopy, and dynamic light scattering. 
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Figure 1. Schematic presentation 
of the hairpin-like backbone 
arrangement of Cd5cicMT2. 
(adapted from 2) 
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De novo design of metal-binding peptides for use in solar energy capture and 
storage 

P. Teare,a A.F.A. Peacocka 
a School of Chemistry, University of Birmingham, Edgbaston, B15 2TT, United Kingdom ; pxt517@bham.ac.uk 

 
Abstract 
We have developed a peptide system to bind three different metal cofactors, with the intent to mimic 
the photoinduced electron transfer that occurs in biological photosystems.1 Work within the group 
has shown peptides can be constructed to bind two different lanthanides,2 so the existing sequence 
has been modified to add a third histidyl site designed to bind copper.3 Circular dichroism shows that 
the peptide self assembles to form a trimer in the presence of lanthanide ions. Each peptide trimer 
can bind up to two lanthanide ions, where the first ion bound induces a significant folding event and 
the second a more minor change.  
 
Binding of Cu2+ to the pre-assembled peptide has been observed by UV-vis spectroscopy, and the 
sensitisation of luminescent lanthanides such as Eu3+ and Tb3+ by tryptophan enabled the 
characterisation of lanthanide binding by fluorescence spectroscopy.4 We aim to establish whether 
these systems can act as a scaffold to encourage photoinduced charge separation across the length of 
the metal triad to give a long lived charge separated state. 

Figure 1: Representation of the peptide and its three binding sites, top and middle are designed for lanthanides, 
bottom site designed to bind Cu(II). 
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Selective Lanthanide Binding Sites Engineered within a De Novo Designed 
Coiled Coil 

Louise N. Slope, a and Anna F. A. Peacocka 
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Abstract 

We present a trimeric coiled coil sequence that is designed to embed a lanthanide binding site 
within its interior.1 Translating the binding site along the coiled coil, at 1 nm intervals, generates a 
series of four peptide complexes, that although similar, behave differently and bind terbium in 
different coordination environments.2  

Using these designs we have shown, for the first time, that protein sites can now be 
engineered that are selective for different lanthanide ions based on their size, thereby achieving 
unprecedented lanthanide discrimination and selectivity. These findings have been used to generate 
a coiled coil capable of accommodating two different lanthanide ions, selected for their size and 
differing chemical properties. More importantly the binding sites are designed so as to selectively 
bind these two different lanthanide ions to the two distinct sites, with a high degree of control. This 
represents the first example of a lanthanide selective binding site utilising a protein scaffold, and the 
first dual lanthanide binding coiled coil. We have also been able to control the proximity between the 
two lanthanide ions (Figure 1), and are currently investigating the opportunities that might be 
afforded by hetero-lanthanide complexes and if it is possible to determine if the two lanthanide ions 
can communicate with each other, and whether this is distance dependent.  

 

 

Figure 1. Pymol images of the double binding site coiled coils, showing the proximity between the 
two lanthanide ions.  
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Exploring the uniqueness of histidine-rich metallothioneins 

Jelena Habjanič,Oliver Zerbe,Eva Freisinger 
Department of Chemistry, University of Zurich,Winterthurerstrasse 190, 8057 Zurich, Switzerland;  

email: jelena.habjanic@uzh.ch 
 
Abstract 
Metallothioneins (MTs) are ubiquitous metalloproteins characterized by a high amount of cysteine 
residues, a low molecular weight and the formation of unique metal clusters. As a consequence of 
their metal binding abilities and abundance of Cys residues, they are important partakers in various 
physiological processes (e.g. metal homeostasis, metal detoxification, oxidative stress). While all MTs 
share these properties, across the different kingdoms of life a high diversity in amino acid sequences, 
3D structures and functionalities has evolved. 
Although bacterial MTs (bacMTs) have resided for a long time in the shadows of their mammalian 
counterparts, they have several unique features that break withmany MT paradigms, i.e. the 
contribution of histidine residues to metal ion binding, a higher percentage of secondary structure 
elements, as well as the presence of aromatic amino acids.1 
The presence of MTs in Pseudomonas species has become more apparent after sequencing of 
numerous bacterial strains in the last decade. These MT sequences reveal unusually high amounts of 
histidine residues and a high diversity in the primary structure. At the same time they show a rather 
conserved Cys distribution pattern consisting of an N-terminal CxCxxCxC motif, a central YCC/SxxCA 
stretch, as well as an C-terminal Cxxxx(x)CxC part.  
We are investigating, how differences found in the primary structure of these novel bacterial MTs 
influence function and 3D structure, including protein fold and the metal clusters. 

 
 
Financial support by the Forschungskredit of the University of Zurich (JH) is gratefully acknowledged. 
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Hydrolysis of the amide bond in L-methionine- and L-histidine-containing 
peptides catalyzed by various dinuclear Pt(II) complexes: Dependence of the 

hydrolysis rate on the nature of the bridging ligand  
Snežana Rajkovića, Marija D. Živkovićb, Biljana Đ. Glišića, Miloš I. Djurana 
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Abstract 

Dinuclear Pt(II) complexes were shown as very effective hydrolytic reagents in the cleavage of 
the amide bond in L-methionine- and L-histidine-containing peptides.1 Recent findings showed that 
inhibition of the hydrolytic cleavage of the amide bond involving the carboxylic group of L-methionine  
or L-histidine could be achieved by structural modification of  the dinuclear platinum(II) complex.1   As 
a continuation of this investigation, in the present study, three new dinuclear complexes, 
[{Pt(en)Cl}2(-qx)]Cl2.2H2O (1), [{Pt(en)Cl}2(-qz)](ClO4)2 (2) and [{Pt(en)Cl}2(-phtz)]Cl2.4H2O (3), (qx is 
quinoxaline (1,4-benzodiazine); qz is quinazoline (1,3-benzodiazine); phtz is phthalazine (2,3-
benzodiazine); en is bidentate coordinated ethylenediamine) have been synthesized and 
characterized by elemental microanalysis, NMR (1H and 13C) spectroscopy and UV-Vis 
spectrophotometry. The square planar geometry of platinum(II) ions in these complexes has been 
predicted by DFT calculations. The chlorido Pt(II) complexes were converted into the corresponding 
aqua species, [{Pt(en)(H2O)}2(μ-L)]4+ (L is qx, qz and phtz) and their reactions with Ac-L-Met-Gly and 
Ac-L-His-Gly were studied by 1H NMR spectroscopy. All reactions were performed in 1 : 1 molar ratio, 
at 2.0 < pH < 2.5 in D2O as solvent and 37 °C. It was found that in all investigated reactions with the 
Ac-L-Met-Gly dipeptide regioselective cleavage of the Met-Gly amide bond has occurred. Complex 1 
had the best catalytic activity, while complexes 2 and 3 showed almost two and three times lower 
reactivity in these reactions. However, in the reactions with Ac-L-His-Gly dipeptide, only when 
complex 1 was used as catalyst, the hydrolysis of the amide bond involving the carboxylic group of 
histidine can be observed. In case of reactions of this dipeptide with complexes 2 and 3, as a 
consequence of the absence of Pt(II) coordination to the imidazole ring, no hydrolysis of any of the 
amide bond has occurred. Difference in the reactivity of these complexes with imidazole ring of the 
Ac-L-His-Gly strongly depends from the position of nitrogen atoms in the bridging qx, qz and phtz 
ligands of these complexes. 
 
References 
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La3+ binding to a series of de novo designed coiled coils-probed by 139La-NMR 
Sellamuthu Anbu,a Cecile Stephanie Le Duff,a Anna F. A. Peacocka 

aSchool of Chemistry, University of Birmingham, Edgbaston, B15 2TT, UK. email : SellamuA@adf.bham.ac.uk 
 
Development of de novo (from scratch) designed coiled coils offers the possibility of incorporating 
metal binding sites into miniature protein scaffolds so as to achieve new function, and reactivity, or to 
advance biological understanding.1,2 Engineering lanthanide binding sites into de novo designed 
coiled coil peptides, is the promising approach to distinct the behaviour of multiple alternate folding 
domain in natural protein architectures3 via non-biological or xeno metal—ligand bonding 
interactions.4 Herein we report the lanthanide binding capability of a small family of coiled coils by 
139La NMR and CD spectroscopy. 139La NMR is a powerful tool for the study of hydrodynamic structure 
of protein.5 This also has been used to ascertain the exchange rate of La3+ between the free and 
protein bound states6 and the spin-spin relaxation of 139La nuclide provides the information about the 
symmetry of ligand bound Lanthanum and the primary coordination sphere.7 In this context, we have 
developed a series of coiled coils (MB1-1-4) and investigated their La3+ binding capability by 139La 
NMR (see Figure) and CD spectroscopy.  The CD spectra of these four peptides reveal an increase in 
folding on addition of up to an equivalent of La3+ per trimer without substantial folding. The 139La 
NMR titration profiles clearly discriminate the symmetry and dynamic nature of MB1-1-4 coiled coils 
in solution. 
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Poly(HEMA-GMA)@Nic-Fe cryogels for pesticide removal 
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Abstract 
Pesticides are very dangerous chemicals for plant and animal life. Although, use of pesticide is 

forbidden in many countries, they are still used or they are persistent in environment even two or 
three decades. The removal of pesticides is attracted great care recently because of very deep effects 
especially in endocrine system. The study of under concern, nicotinamide modified iron chelating will 
be the solution for the removal of pesticides. The iron anchored poly (2-hydroxyethylmethacrylate-
glycidyl methacrylate)-Nictonaminde cryogelsis the adsorbent for effective removal of target 
ppesticide with positively charged cation against negatively  charged pesticides in alcoholic 
medium.To be sure abut the synthesized structure, FTIR (Fourier Transform Infrared Spectroscopy), 
SEM (ScanningElectron Microscopy), AFM (Atomic Force Microscopy), elemental analysisand 
surfacearea measurement are performed. The adsorption performanceof cryogels is estimated to be 
sure about the feasibility for removal [1]. 
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Abstract 
Surface imprinting strategy is one of the promising approaches to synthesize plastic antibodies while 
overcoming the problems in the protein imprinting research (1-2). In this study, we focused our 
attentions on developing two-step polymerization to imprint on the bare surface employing 
polyethyleneimine (PEI) assisted-coordination of template molecules, lysozyme. For this aim, we 
firstly synthesized poly(2- hydroxyethyl methacrylate-glycidyl methacrylate), poly(HEMA-GMA) 
cryogels as a bare structure. Then, we immobilized PEI onto the cryogels through the addition 
reaction between GMA and PEI molecules. After that, we determined the amount of free amine (NH2) 
groups of PEI molecules, subsequently immo-bilized methacrylate functionalities onto the half of 
them and another half was used to chelate Cu(II) ions as a mediator between template, lysozyme and 
PEI groups. After the characterization of the materials developed by Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM) and the micro-computed tomography (μCT), 
we optimized the lysozyme adsorption conditions from aqueous solution. Before performing 
lysozyme purification from chicken egg white, we evaluated the effects of pH, interaction time, the 
initial lysozyme concentration, temperature and ionic strength on the lysozyme adsorption. 
Moreover, the selectivity of surface imprinted cryogels was examined against cytochrome c and 
bovine serum albumin (BSA) as the competitors. Finally, the mathematical modeling, which was 
applied to describe the adsorption process, showed that the experimental data is very well-fitted to 
the Langmuir adsorption isotherm. 
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The effect of distant cysteinyl residues on the complex formation processes of 
peptides containing other binding sites 

Norbert Lihi, Ágnes Grenács, Katalin Várnagy and Imre Sóvágó 
Department of Inorganic and Analytical Chemistry, University of Debrecen, Debrecen, Hungary 

 email : lihi.norbert@science.unideb.hu 
 

Peptides are effective ligands to bind metal ions. However, this metal binding affinity is rather 
selective and largely depends on the characteristic of the metal ion and the quality of the donor 
group. As a consequence, the peptide sequence can significantly determine the metal binding ability. 
For studying these effects the investigation of short peptides with multiple binding sites is 
indispensable and the results may contribute for better understanding to metal – peptide interactions 
and the fine tuning effects of the side chain donor groups1. 

Based on this fact, in our lab, systematic studies have been performed to synthesize N-
terminally free peptides containing Asp, His or Cys residues at the N-terminal domain of the peptide 
and another cysteine at the C-terminal part2,3,4. These peptides were the following: AAASSC-NH2, 
ADAAAC-NH2, AADAAC-NH2, AHAAAC-NH2, AAHAAC-NH2, CSSACS-NH2 and ACSSACS-NH2. The complex 
formation processes with copper(II), nickel(II), cadmium(II), zinc(II) and palladium(II) were 
characterised using equilibrium, spectroscopic and theoretical (DFT) methods. 

Our results indicated that the contribution of the distant cysteine to the complex formation 
largely depends on the position of the other donor group of the N-terminal region. As a 
representative example, in the case of nickel(II) 
complexes of AAHAAC-NH2 the primary binding 
site is the N-terminal region to form albumin-
related structure and the non-coordinated 
thiolate is an independent metal binding site for 
other nickel(II)ion. In the case of copper(II), this 
albumin-like coordination is able to hinder the 
redox reaction between the metal ion and 
thiolate group. In contrast, the replacement of 
the His to the secondary position (AHAAAC-NH2) 
results in unsaturated coordination sphere with 
(NH2,N-,Nim) donor set that can be completed by 
macrochelation of the distant thiolate of 
cysteine.  
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Abstract 
Lead is known to mankind for thousands of years and its toxicity was recorded already by Greek and 
Arab scholars (for refs see [1]). Considering this and its wide distribution in the environment it is 
surprising to find that information about the interaction of lead(II) with bio-ligands is scarce. Martin 
applied the so-called Stability Ruler [2] to Pb(II) and he observed that in a first approximation the 
stabilities of Pb(II) complexes with N-donor ligands correspond stability-wise to those of Fe(II) [3]. 
This contrasts with O-donor ligands where the stability of Pb(II) complexes strongly moves up the 
Ruler and equals that of the corresponding Cu(II) complexes. For example, the stabilities of the 1:1 
complexes with methyl phosphate (= MPO2– = CH3OPO3

2–) are log KPb
Pb(MPO) = 2.98 ± 0.10 and log 

KCu
Cu(MPO) = 2.94 ± 0.03, and there are more such examples [1]. This provides the confidence to use 

Cu(II) complexes as mimics for Pb(II) complexes. For example, with hydroxyacetate (= HOAc– = 
HO–CH2–COO–) and Cu(II) it was shown that an intramolecular equilibrium between an "open" 
isomer with carboxylate coordination only exists, next to a "closed" or chelated species in which a 5-
membered chelate involving also the HO– group is formed [1, 4]; this chelated isomer has a formation 
degree of 84 ± 3% and it is concluded that the one for Pb(HOAc)cl

+ is similar. Moreover, the formation 
degree for Ca(HOAc)cl

+ of 83 ± 3% illustrates the relationship between Ca(II) and Pb(II) [note, 95% of 
the body burden of Pb(II) is stored in bones; note further, the absolute stabilities of the Ca(HOAc)+ 
and Pb(HOAc)+ complexes differ, but the intramolecular equilibria regarding chelate formation are the 
same] [1]. -- Furthermore, the stability constants of nucleoside 5'-monophosphates (NMP2–) with non-
coordinating nucleobase residues [and pKa values of about 6.20 for the deprotonation of the  
–P(O)2

–(OH) group] are log KPb
Pb(NMP) = 2.93 ± 0.08 and log KCu

Cu(NMP) = 2.87 ± 0.06, where NMP2– = 
cytidine 5'-monophosphate, uridine 5'-monophosphate, etc.. This equality allows to make sophisticated 
estimates [1] for the stabilities of Pb(II) complexes, e.g., with nucleoside 5'-di- and 5'-triphosphates, 
for which no stability constants have yet been measured. 
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Abstract 

For the comprehensive understanding of many diseases, especially genetic disease, the highly 
purified deoxyribonucleic acid (DNA) is needed to perform in-detail studies. There are various 
methods to obtain highly purified DNA, but low in number. In this study, Fe&Ni-mc-poly (2-
hydroxyethyl methacrylate-adenine methacrylate) [poly(HEMA-AdeM)] microparticles were 
synthesized to get high purification ratio because of natural and thus selective interaction between 
adenine on the microparticles and thymine on the DNA molecule and also high amount of DNA 
purified. For the characterization of microparticles scanning electron microscopy (SEM), Fourier 
transform infrared spectroscopy (FTIR), elemental analysis, swelling ratio and zeta size analysis 
methods were performed. All experiments were performed batch-wise for the determination of 
optimum conditions such as pH, initial DNA concentration, temperature and interaction time. At the 
end of the all study, the desorption yield was obtained as 97.7% and after 5 adsorption-desorption 
cycle, the adsorption capacity was decreased only 3%[1]. 
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Abstract 
Ti(IV) compounds have demonstrated terrific potential as anticancer drugs to attack a wide 
spectrum of tumors. It has been observed that human transferrin (hTf), a serum metal 
binder protein, is able to stabilize the hydrolysis prone Ti(IV) ion and successfully transport it 
into cells even when hTf is known to bind Fe(III) preferentially. This transporting role is 
believed to be central to Ti(IV)’s anticancer function, but efforts to synthesize Ti(IV) 
compounds targeting transferrin have not produced a drug possibly due to poor Ti(IV) 
release in cells. However, the Ti(IV) stabilizing hTf binding site offers insights to develop a 
new Ti(IV)-based drug design strategy: the structural characteristics of the hTf binding site 
moiety serves as a valuable template for designing biomimicking ligands capable of stably 
chelating Ti(IV) and facilitating the transport of the metal into cancer cells. Currently, 
peptides, proteins and smalls molecules have been used to improve the selective drug 
delivery to cancer cells over normal cells forming drug-carrier conjugates. The principal idea 
is to take advantage of this metal binding site by using ligands that mimic it to effectively 
bind Ti(IV). In addition, we will incorporate a bioactive peptide moiety on the ligand. The 
choice of peptide is governed by those that have a transport receptor overexpressed in 
cancer cells relative to healthy cells, which will permit transport of our compounds into 
cancer cells. This strategy would lead to significantly more specificity of the Ti(IV) complexes 
towards cancer cells than normal cells. We are currently working on the synthesis of the iron 
chelator deferasirox (a drug used to treat iron-overload diseases) conjugated to substance P 
(SP), a bioactive peptide whose primary receptor is the neurokinin 1 receptor. Standard 
purification and spectral characterization methods will be used to confirm successful 
synthesis of different versions of the conjugate. Ti(IV) coordination by the conjugates will 
then be performed followed by typical work up protocols to yield pure Ti(IV) compound. 
Selective delivery of our conjugates will be examined using cell lines with and without an 
overexpression of different receptors.  
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Abstract 
Due to the crucial roles played by anions in biological, environmental and industrial fields, one of the 
main topics of supramolecular chemistry nowadays is anion recognition and sensing.1–3 In particular, 
phosphates are among the most important anions in biological systems as they play a central role in 
the building of two fundamental molecules in the living systems, DNA and RNA. Phosphates are also 
involved in various processes such as energy storage, signal transduction, gene regulation and muscle 
contraction, and, in the form of phospholipids, they are essential constituents of lipid membranes.4,5 
Moreover, they are important components of medicinal drugs and fertilizers and their increasing 
presence in natural water sources is related to the eutrophication of the aquatic ecosystems.6 For 
these reasons, a great effort has been made to design receptors highly selective for phosphorylated 
species.7–9 

Four new kojic acid derivatives have been synthesized as phosphate anion receptors. Their binding 
properties towards different phosphate anions (PO4

3-, P2O7
4-, P3O10

5-, ATP, ADP and AMP) have been 
studied by means of potentiometry, 1H and 14P-NMR, UV-Vis and Fluorescence spectroscopy. 
Moreover, mixed metal-anion-ligand complexes were studied by means of 1H, 27Al and 14P-NMR, and 
single crystal X-ray diffraction.  
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Abstract 

 
Protein drug delivery and drug targeting have been proposed for medical treatments due to their 

selectivity and catalytic activity. Oral administration of exogenous β-galactosidase is one way to tread lactose 
intolerance but enzyme efficiency is limited by human body conditions such as gastric pH and enzymatic 
inhibition. Thus enzyme encapsulation in silica shell is a food grade method to preserve lactase up to the 
intestine. Porous silica materials are being studied for oral drug delivery systems (ODDS) due to their numerous 
advantages as good biocompatibility, low toxicity, generally regarded as safe (GRAS), resistant to microbial 
attack. Moreover their intrinsic properties such as high pore volume and surface area, adjustable pore size and 
facile tuneable properties afford to design bioinorganic carriers pH sensitive.  

Herein we present the formulation of nanostructured lipid carries, coated with silica, having a double 
trigger response. In fact, recently Solid Lipid Nanoparticles (SLN) showed to be good porous silica templates1 
and thus promising drug carriers2. β-Galactosidase is encapsulated in protective solid lipid carrier prepared by 
double emulsion. At low temperatures, the diffusion of enzyme from the carriers is limited, while above the 
melting point of the lipid a progressive release occurs when the lipid chains undergo a phase transition. This 
thermal responsive behaviour makes these particles interesting from the point of view of a controlled release of 
enzyme. Moreover, the possibility of selective mineralization of the solid lipid nanoparticles3 towards silica 
should insure a pH response and higher storage stability due to protective inorganic shell.  

 
 
 
 
 
 
 
 
 
 
 
The research leading to these results has received funding from the People Programme (Marie Curie Actions) of 
the European Union's Seventh Framework Programme FP7/2007-2013/ under REA grant agreement n° 606713. 
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Abstract 
 
Efforts to develop biocatalysts with new chemical reactivity and selectivity not found in nature have 
led to the construction of biohybrid catalysts, such as metalloenzymes1. Biohybrid catalysts have the 
potential to overcome limitations characteristic to both enzymes and synthetic catalysts. On the one 
hand, the use of artificial catalytic centers in biohybrid catalysts increases the range of applicable 
substrates that might not be catalyzed by enzymes due to their strict substrate-specificity. On the 
other hand though, the amino acid side chains in the protein scaffolds provide a second ligand sphere 
which enables selectivity towards substrates, e.g. enantioselectivity. These structural features are 
difficult to obtain in low-molecular synthetic catalysts2. 
A number of biohybrid catalysts have been developed capable of catalyzing non-natural C-C bond 
formation reactions, which belong to the most basic reactions in organic synthesis. These include a 
Hoveyda-Grubbs-type complex conjugated to the FhuA ∆CVFtev ß-barrel protein capable of 
performing ring-opening olefin metathesis (ROMP), and a Rh-nitrobindin (Rh-NB) hybrid that 
catalyzes the stereoselective polymerization of phenylacetylene3, 4, 5. 
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Abstract 
 
Transfer RNAs are essential components of cellular translation machinery [1]. To achieve their 
function they possess several post-transcriptional chemical modifications (MODOMICS: a 
database of RNA modification pathways). These modifications improve recognition between 
tRNA and its partners during translation and thus ensure translation fidelity and efficiency. 
Sulfur is present in several of these modified nucleosides: thiouridine and derivatives (s4U8, 
s2U34, m5s2U54), 2-thioadenosine derivatives (ms2i6A37, ms2t6A37) and 2-thiocytidine 
(s2C32)[2]. However, mechanisms of sulfur insertion into tRNAs are largely unknown and the 
enzymes responsible for these reactions incompletely characterized.  
My project consists in the structural and functional study of TtcA/TtuA enzyme family that is 
responsible for the thiolation of transfer RNAs (tRNAs). The reaction consists in the 
substitution of an oxygen atom by a sulfur on the C2 atom of a pyrimidine (cytosine or 
uridine). At first glance, the mechanism of this non-redox reaction should involve persulfides, 
as previously observed for the biosynthesis of other thiolated nucleosides [3]. However, the 
TtcA enzyme responsible for the thiolation of s2C32 was shown to contain a [4Fe-4S] center 
that is essential for its catalytic activity [4]. In fact all these enzymes belong to the same 
superfamily, whose sequence displays conserved cysteines and ATP-binding motif. 
The projects aims at determining if the two other enzyme sub-classes that target positions 54 
(TtuA) and 34 (Ncs6/Ctu1/NcsA) also use an iron-sulfur cluster cofactor and at elucidating 
their biochemical and structural mechanisms. TtuA enzymes catalyze the C2-thiolation of 
uridine 54 in the T-loop of thermophilic tRNAs, allowing stabilization of tRNAs at high 
temperature in thermophilic microorganisms [5]. We report the first detailed biochemical and 
structural characterization of TtuA enzymes that demonstrates the presence of a [4Fe-4S] 
cluster essential for activity (submitted on PNAS). The crystal structures of P. horikoshii 
TtuA show that the cluster, chelated by only three cysteines, is adjacent to the ATP-binding 
site. Electron density near the fourth iron, non-bonded to the protein, can be assigned to an 
exogenous sulfide, which likely acts as the sulfurating agent. TtuA is the first structurally 
characterized member of the nucleoside non-redox thiolation enzymes superfamily in which 
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Abstract 

Alzheimer’s disease (AD) represents the most common form of dementia. In 2015, the number 
of people suffering from AD was estimated to 46 million and this number is expected to triplicate 
within the next three decades. The existing treatments only alleviate the symptoms and the disease is 
currently incurable. Therefore, the search for novel approaches to lessen the toxicity associated to 
the prevalence of amyloid deposits in AD brains remains a scientific challenge.  

Our group is starting to develop potential drugs that are based on gold nanoparticles (AuNPs), 
with the objective to overcome the main drawbacks commonly shown by small molecules as anti-AD 
drugs. The new nanoconjugates are intended to exhibit the following properties: (i) permanent slow-
down or inhibition of beta-amyloid aggregation, (ii) scavenging and clearance of extracellular beta-
amyloid deposits and (iii) permeability through the blood-brain barrier. 

In this communication, we will describe our approach and present the first results showing the 
effect of the designed conjugates on the aggregation kinetics of beta-amyloid fragments. 
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Abstract 

The lead is serious environmental toxin, because it has accumulated in the environment much 
above the natural level due to the human activity during thousands of years. Based on the soft 
character of the metal ion, it can bind to the proteins and first of all the side chain thiol groups provide 
effective binding site for them. As a consequence, this metal ion is able to substitute the essential metal 
ions (e.g. zinc(II), nickel(II), calcium(II)) in the metalloenzymes and metalloproteins resulting drastic 
change in their biochemical functions.1 The accumulation of toxic metal ions can cause carcinogenic 
effect or physiological change in the bones, kidneys or indirectly might take part in the development of 
neurodegenerative disorders.  

The goal of our research was the designing and synthesis of peptides with high lead(II) 
binding affinity. We synthesized a series of peptides containing one or two cysteine residues. One 
group of the ligands have free N-terminal amino group and amide group on the C-termini: Ser-Ser-
Cys-Ser-Ser-Ala-Cys-Ser-NH2 (SSCSSACS-NH2), Ala-Cys-Ser-Ser-Ala-Cys-Ser-NH2 (ACSSACS-
NH2) and Cys-Ser-Ser-Ala-Cys-Ser-NH2 (CSSACS-NH2), while the other group of them are 
terminally protected peptides: Ac-Ser-Cys-Cys-Ser-NH2 (Ac-SCCS-NH2), Ac-Cys-Ser-Ser-Cys-NH2 
(Ac-CSSC-NH2) and Ac-Cys-Ser-Ser-Ala-Cys-Ser-NH2 (Ac-CSSACS-NH2). 

We studied the complex formation processes of these molecules in the presence of toxic 
lead(II) ions and compared to those of toxic cadmium(II) and essential zinc(II) ions.2 The 
stoichiometry and stability constants of the metal complexes were determined by potentiometry, while 
their structures were supported by means of UV-, MS- and NMR-spectroscopy.  

In the case of three peptides containing free terminal amino group the thiolate groups are the 
main binding site, but the coordination of terminal amino group contributes to the formation of stable 
complexes. 

For the terminally protected tri-, tetra- and hexapeptides the thiolate group is the primary 
binding site. The di-cysteine containing peptides bind metal ions through both thiolate groups resulting 
in mono- and/or bis(ligand) complexes with high stability. This coordination mode are able to prevent 
the hydrolysis of lead(II) ions and stable mixed hidroxido complexes are formed in equimolar 
solutions at high pH range. 
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Wilson’s disease is an autosomal recessive disease caused by mutations on the ATP7B gene. 

Since the corresponding ATPase is in charge of copper (Cu) distribution and excretion, its 
malfunctioning leads to Cu overload mainly in liver and brain. The current drugs used to treat this 
disease (D-Penicillamine and trientine) are based on Cu chelation. Although this drugs induces many 
side effects. 

To develop more efficient and specific treatment for Wilson’s disease, we propose to target 
the pool of intracellular Cu in hepatocytes. 

 
As the intracellular Cu pool is mainly in the +1 oxidation state, soft sulfur chelators inspired 

from binding sites in metallothioneins were developed. Their functionalization with N-
cetylgalactosamine residues, known ligands of the asialoglycoprotein receptors led to their 
hepatocyte incorporation. Here we presented the rational design, synthesis and evaluation of these 
new intrahepatocyte copper(I) chelators as drug candidates for Wilson’s disease, namely the 
influence of several structural parameters on the targeting of human hepatocytes. 
 
This research was supported by the Labex ARCANE (Grant ANR-11-LABX-0003-01) the Fondation pour 
la Recherche Médicale (grant DCM20111223043), the Agence Nationale pour la Recherche (grant 
ANR-11-EMMA-025 “COPDETOX”) 
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Abstract 
 

Alzheimer’s disease is the most common neurodegenerative disease, with no known cure. 
One of the hallmarks of the disease is the extracellular senile plaques consisting of insoluble fibrillar 
and amorphous aggregates of the amyloid-β peptide (Aβ). These aggregates also contain different 
metal ions such as Cu(II) and Zn(II).1 Aβ-Cu(II) complexes are considered to be the most toxic form 
due to their capability to produce Reactive Oxygen Species (ROS).2 
 One therapeutic strategy in tackling Alzheimer’s disease is to reduce the formation of these 
toxic species, by promoting the retrieval of Cu(II) from Aβ, through the use of Cu(II) chelators.3,4,5 The 
ideal chelator should at least be able to (i) effectively remove Cu(II) from Aβ, (ii) stop (or significantly 
reduce) the production of ROS, (iii) reduce the formation of Cu-Aβ oligomeric species and (iv) show a 
sufficiently high Cu over Zn selectivity to target Cu and not Zn.6 In the present study, three 
macrocycles from the cyclam family (Fig 1) have been tested: cyclam, Hte1pa and H2te2pa 
incorporating one or two picolinate pendant arm(s), respectively.7 The kinetic of the Cu(II) chelation 
by the macrocycle ligands has been studied (with or without the presence of Zn(II) ions) as well as the 
impact on the arrest of ROS production. The addition of such pendant moiety can be efficient from a 
thermodynamic point of view (stability and Cu over Zn selectivity) but also from a kinetic point of 
view. Such a kinetic effect of Cu(II) removal from Aβ has never been studied so far within the context 
of Alzheimer’s disease. 
 
 
 
 
 

Figure 1. cyclam and derivatives chelators. 
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Parkinson’s Disease 
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Abstract 
Neuromelanins (NMs) are dark pigments that accumulate during aging in various brain areas and are 
particularly concentrated in dopaminergic neurons of substantia nigra and in noradrenergic neurons 
of locus coeruleus, which selectively degenerate in Parkinson’s Disease [1]. NMs are characterized by 
three types of organic moieties covalently linked to each other (melanin, protein, and lipid), and bind 
iron(III) and other metals (mainly copper and zinc) [2]. 
X-ray powder analysis of NMs showed the presence of a motif possibly due to fibrillar aggregates 
with typical cross-β structure. This observation suggests that the initial step of NM formation relies 
on the presence of fibrillar protein seeds. In order to understand if this motif is due to the presence 
of fibrillar protein in NM core, we have synthesized NM models containing a fibrillated protein. 
The melanic portion of the conjugates has either eumelanic or mixed eumelanic/pheomelanic 
composition, the latter better simulating natural NMs. In addition, the conjugates contain dosable 
amounts of iron(III), mostly bound to the melanin component and associated in multinuclear clusters, 
as occurs in NMs.   
The melanin-fibrils conjugates have been characterized with different techniques (NMR, LC-MS, CD, 
ICP-MS, EPR), which showed that upon melanization conjugates maintain the amyloid cross-β protein 
core as the only structurally organized element, similarly to human NMs. 
Furthermore, the synthetic models are able to activate microglia cells in vitro through up-regulation 
of the typical pro-inflammatory genes, similarly to human NM[3]. These results suggest that melanin-
protein conjugates can be used to study NM-induced neuroinflammation [4] and to conceive new in 
vitro and in vivo models of Parkinson’s Disease. 
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 Hepatocellular carcinoma (HCC) is one of the most important cancer in terms of mortality. By 
2020, forecasts indicate a threefold increase of new HCC cases worldwide. Nowadays, the large 
majority of diagnosed cases are advanced and the only existing treatments showed some drawbacks 
(expensive costs, low efficiency…). Different alternatives have been developed, especially for 
intrahepatic metastasis (radioembolization). But when there is also an extrahepatic dissemination, as 
in many cases, very few possibilities are available. 
 
 That’s precisely these advanced cases we would like to target using the recognition properties 
of somatostatin receptors, well-known to be largely overexpressed by this kind of tumor tissues. [1] 
For it, the aim is to develop a radiopharmaceutical. This agent consists of a three-part system 
including a biomolecule, a bifunctional chelating agent (BCA) and a radioactive isotope which delivers 
γ or β- emission. To be efficient, this system must be stable in vivo in order to image and/or irradiate 
selectively the targeted tumour mass. [2] 

 
In this communication, we report our first results related to each step of the development of 

the targeting radiopharmaceutical. From the synthesis of the chelating cavity, to the first in vitro 
studies, by way of all the bioconjugation work and the radiolabelling with 99mTc and 188Re. [3] 
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[2] C.F. Ramogida, C. Orvig, Chem. Commun., 2013, 49, 4720-4739 
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Chloroplast PIB-1-ATPases. 
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Abstract 

 Copper is an essential transition metal for living organisms. In the plant model Arabidopsis 
thaliana, half of the copper content is localized in the chloroplast, and as a cofactor of plastocyanin, 
copper is essential for photosynthesis. Within the chloroplast, copper delivery to plastocyanin 
involves two transporters of the PIB-1-ATPases subfamily: HMA6 at the chloroplast envelope and 
HMA8 in the thylakoid membranes. Both proteins are high affinity copper transporters but share 
distinct enzymatic properties. In the present work, the comparison of 140 sequences of PIB-1-ATPases 
revealed a conserved region unusually rich in histidine and cysteine residues in the TMA-L1 region of 
eukaryotic chloroplast copper ATPases. To evaluate the role of these residues, we mutated them in 
HMA6 and HMA8. Mutants of interest were selected from phenotypic tests in yeast and produced in 
Lactococcus lactis for further biochemical characterizations using phosphorylation assays from ATP 
and Pi. Combining functional and structural data, we highlight the importance of the cysteine and the 
first histidine of the CX3HX2H motif in the process of copper release from HMA6 and HMA8 and 
propose a copper pathway through the membrane domain of these transporters. Finally, our work 
suggests a more general role of the histidine residue in the transport of copper by PIB-1-ATPases. 
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Abstract 

There is an urgent necessity to improve our understanding of the processes involved in the 
development of Alzheimer’s disease since the number of affected people is expected to greatly 
increase within the next years. Consequently, it will entail a huge socio-economical burden for the 
health-care system and families. 

Accumulating evidence has highlighted the interaction of extracellular copper(II) ions with 
amyloid beta (Aβ) peptide, promoting its aggregation and generating oxidative stress. 1 Therefore, we 
have tested the capacity of different fluorescent peptides to ameliorate the production of Reactive 
Oxygen Species (ROS) and prevent the copper-induced formation of toxic Aβ oligomers. 2 

The development of early diagnostic techniques is also expected to be of paramount 
importance for efficiently treating the disease. In this line, solvatochromic fluorophores are a 
promising tool for the detection of amyloid deposits, which could thus be used as biomarkers of the 
pathology. Among such probes, the fluorophores of the dimethylaminonaphthalimide family possess 
excellent photophysical properties.  3 

In this communication, we present our studies on the interaction of two peptides 
encompassing a solvatochromic fluorescent probe with fibers of the Aβ(1-40) fragment. In the 
presence of these aggregates, the peptides exhibit an enhanced blue-shifted emission. Experiments 
with metal ions, which modulate the aggregation process and the nature of the species formed, were 
also conducted. 
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Abstract 
Alzheimer’s disease (AD) is the most common neurodegenerative disease, with no known cure. 

In the brain of Alzheimer’s patients are present intracellular neurofibrillary tangles and extracellular 
senile plaques, consisting of insoluble fibrillar aggregates of the amyloid-β peptide (Aβ). The amyloid 
cascade hypothesis describes this aggregation; where monomeric Aβ aggregates first into oligomers 
and later into fibrils. In the presence of metal ions, this aggregation is modified.[1] Coordination of 
hAβ with Cu(II) generally favors the formation of oligomeric species, whereas Zn(II) generally induces 
the formation of fibrils of the peptide.  

The in vivo studies are often performed on transgenic mice or rats that produce the human Aβ 
(hAβ) peptide in addition to their own peptide (mAβ). In fact, the not transgenic mice, who produce 
only the mAβ, do not show amyloid deposition.[2] Murine Aβ peptide differs from the human Aβ 
peptide by three point mutations (R5G, Y10F and H13R). 

Figure 1. Proposed binding modes of Cu(II) to hAβ and mAβ (major component at physiological 
pH) [2] and Zn(II) [3] coordination to hAβ and mAβ.  

 
Here, after having determined the Zn(II) coordination site in the human and murine peptides, 

we want to evaluated how the different coordination sites of Zn(II) and Cu(II) in murine peptides 
versus the human Aβ impact on the amyloid-β peptide aggregation. The aggregation of the peptide is 
evaluated by ThT fluorescence and the morphology of the aggregates probes by AFM and TEM, while 
the different coordination is evaluated by XANES, 1H-NMR and determination of the affinity constant. 
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 A tunable chimera of two Cu (II) binding peptides: 
expanding the two monohistidine canonical binding motifs.  
 
Paulina Gonzalez1,2, Bertrand Vileno1, Karolina Bossak, Youssef El Khoury, Petra Hellwig, Wojciech Bal, 
Christelle Hureau2, Peter Faller1,2  
 

1 Institut de Chimie, UMR 7177, CNRS-Université de Strasbourg, 4 rue Blaise Pascal, 67000, Strasbourg, 
France.  
2 University of Strasbourg Institute for Advanced Study (USIAS), Strasbourg, France 
 
Peptides containing a multi-histidine sequence are characteristic Cu (II) chelator motifs of several proteins like 
serum albumin (DAHK), or the wound healing factor (GHK). The electronic properties of these two peptides 
differ considerably due to the histidine position. Nonetheless the properties of a consecutive dihistidine motif 
has not been fully explored. The work here presented focuses in the spectroscopic characterization and 
coordination tuning of a dihistidine motif. UV-Vis, circular dichroism, and EPR show that the chosen peptide 
sequence AHH, is able to combine the electronic properties of the two main types for Cu (II) coordination 
sphere (3N and 4N) by means of pH tuning. More over upon addition of PO4-2 or imidazole to the system one 
can force the equilibrium towards the 3N type coordination sphere. The results obtained from the different 
spectra suggest that these properties result specifically from the vicinity of the histidines in the peptide. This 
could be useful for future applications for chelation involved therapies. 
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The pseudopeptide L, derived from a nitrilotriacetic acid scaffold and functionalized with three 

histidine moieties, is reminiscent of the amino acid side chains encountered in the Alzheimer’s 
peptide (Aβ). Its synthesis and coordination properties for Cu(I) and Cu(II) are described. A 
combination of ESI-MS, potentiometry and EPR demonstrates that L efficiently complex Cu(II) in a 
square-planar geometry involving three imidazole nitrogen atoms and an amidate-Cu bond. By 
contrast, Cu(I) is coordinated in a tetrahedral environment as deduced from EXAFS. The redox 
behavior is irreversible and follows an ECEC mechanism in accordance with the very different 
environments of the two redox states of the Cu center. This is in line with the observed resistance of 
the Cu(I) complex to oxidation with oxygen and the Cu(II) complex reduction by ascorbate. The 
affinities of L for Cu(II) and Cu(I) at physiological pH are larger than that reported for the Aβ peptide. 
The removal of Cu from Aβ, whatever Cu oxidation state is directly demonstrated by EPR and XANES 
spectroscopies for Cu(II) and Cu(I), respectively. Therefore, due to its Cu coordination properties, the 
ligand L is able to target both redox states of Cu and redox silence them. This ligand thus represents a 
new strategy in the long route of finding new coordination concepts for fighting Alzheimer’s disease.  
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therapeutic proof-of-concept to fight Alzheimer’s disease   
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Abstract 
The aetiology of Alzheimer's disease is linked to the aggregation of the amyloid- (A) peptide. Cu and 
Zn ions can bind to the A peptide and modulate its aggregation. In addition, Cu can catalyze the 
production of Reactive Oxygen Species (ROS) from dioxygen and ascorbate, an highly concentrated 
physiological reductant.[1]  
 
While the role of both ions in the A aggregation process is still controversial, the higher toxicity of the 
redox competent Cu ions (compared to the redox inert Zn ions) in ROS production is acknowledged.[2,3] 
Cu ions are thus seen as the main therapeutic targets and we are currently developping several 
therapeutic strategies accordingly. In this poster communication we will detail the interference of Zn ions 
in Cu removal. Indeed because Zn ions are present in higher quantity than Cu ions in the synaptic cleft, 
they can interfere and even preclude detoxification of Cu by chelators.[4]  
 
The results of such proof-of-concept studies contribute to delineate the importance of several key 
players and of their interactions in the aetiology of the disease at a molecular level. They are benchmark 
data for the development of new therapeutics against Alzheimer.   
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Abstract 
In the last years, gold organometallic complexes have been studied for several biomedical 
applications and within them, for their applications against leishmania. Mononuclear neutral 
gold(I) complexes containing functionalized N-heterocyclic carbenes (NHCs) have been 
synthesized, fully characterized by spectroscopic methods, and evaluated in vitro towards 
Leishmania infantum.  
 
 
 
 
 
 
 
 
 
 
 

 
 

 

These complexes were tested against both, promastigote and amastigote stages of Leishmania 
infantum. Moreover, their cytotoxicity was studied on the murine macrophage cells J774A. 
All gold compounds show an important activity against Leishmania infantum and some of 
them also demonstrated a high selectivity index. 
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Abstract 
 
The pharmaceutical properties and synthetic intermediates of imidazole and benzimidazole 
derivatives have had an important relevance. The imidazole and benzimidazole motif is a 
fundamental part of the main structure of some molecules essential to life, i.e., the amino acid 
histidine and cobalamin respectively. These moieties can readily be modified by adequate 
substituents to influence their cytotoxic, antihelmintic, anti-inflammatory, antifungal and 
antibacterial activity. Otherwise, sulfone compounds may present a broad spectrum of bioactivities.[1] 
Lone pair⋯ interactions appear to be importance for the stabilization of biological macromolecules, 
as well as for the binding of inhibitors. Intra lone pair S=O⋯ interactions play an important role in 
the stabilization of biologically active complexes.[2] We have been interested in the investigation of 
coordination compounds with higher selectivity and less side effects than those anti-cancer drugs 
commercially available. Different coordination compounds were synthesized with benzimidazole and 
imidazole derivatives and metallic centers of cobalt(II), nickel(II), copper(II), zinc(II), ruthenium(II) and 
palladium(II). They were characterized by IR, UV–Vis–NIR, elemental analysis, mass spectrometry, 
magnetic susceptibility and X-ray diffraction analysis. For some compounds the cytotoxic activity was 
assessed through a human cancer cell-growth inhibitory assay, on carcinoma cell-lines HCT-15 
(colon), HeLa (cervix-uterine) and MCF-7 (breast). 
 

      
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Tetranuclear copper(II) complexes a) [Cu4(4-O)(2-Br)6(dmsbz)4] b) [Cu4(4-O)(2-Cl)6(2-mfsi)4]MeCN 
 
Acknowledgments: To CONACyT’s project CB2012-178851 
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Improving cytotoxicity in cisplatin-resistant ovarian cancer cells with new 
hydroxy- and sulfonamide-azobenzeneplatinum(II) complexes 
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Abstract 

Since the serendipitous discovery of the anticancer activity of cisplatin, platinum-
basedcomplexeshave becomesomeof the most important anticancer drugs used in the clinic. 
Although new promising complexes have been developed, they have not yet been able to match the 
efficacy ofcisplatin. However, the disadvantages of cisplatin, such as toxicside effects and drug 
resistance, require the development of novel platinum-drugs with improved tumour selectivity. 
Moreover, the interaction of platinum drugs with proteins may be related to theirtoxic sideeffects. 

Photoactivatable Chemotherapy (PACT) is a potential alternative to the conventional platinum-
drugs.The use of light to modulate biological activity of complexes is a goal that is actively being 
pursued by researchers worldwide. Although severalstudies show the different behavior of the 
activeand non-active complexes, the in situ activation by irradiation of the complex performed by the 
modification of the complexes’ structure is still under study.(1)Azobenzenesare on such photoreactive 
groups that can be switched between E and Z isomers with UV-vis light. This configurational change 
can provokea strong modification of the azobenzene-metallic complexes formed. While azobenzenes 
isomerization is widely studied, the isomerization of Pt(II)complexes with azobenzene as ligand is a 
promising research direction that has not been pursued. Tuning the functionalization of 
suchazobenzene ligandsmay be crucial to modulate the reactivity of the drug.  

Here we present three platinum-complexes bearing azobenzene-deriveds bidentate 
ligands.These complexes formsix-membered chelate ringswith theazobenzene ligands, which 
inhibitphotoisomerization. However, the anticancer activity of these complexes in wild-type (A2780) 
and cisplatin-resistant (A2780CP70) ovarian cancer cellsis reflected by IC50 values below 10 μM.They 
displaysimilar activity in both A2780 and A2780CP70 cell lines, indicating that they are not cross-
resistant with cisplatin.The interaction of these platinum-complexes with some proteins is also 
evaluated by ESI-MS, showing different behaviour for each complex.(2) 
Acknowledgments 
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It is known that Ru(II), Ir(III) and Rh(III) bis-cyclometalated complexes show good chemical stability and 
photophysical properties, and can interact with proteins and DNA in order to act as luminiscent probes with 
potential anticancer activity. One example of this is their use in photodynamic therapy1. 
In this field, one of the pharmacological targets in the fight against cancer that has aroused interest in recent 
years is telomerase, whose enzymatic function can be inhibited by the stabilization of the telomeres. These 
regions of DNA (rich in guanine) may adopt G-quadruplex structural forms. Complexes of Ru(II) or Ir(III) with 
heteroaromatic ligands with a very extended planarity could recognize and stabilize G-quadruplex form by π-
stacking interactions and may inhibit the enzymatic function of telomerases in tumor cells2. 
In this work, we present a series of cationic mono and di-nuclear Ir(III) and Rh(III) complexes with general 
formula [M(ppy)2(N^N)]X and [(ppy)2M(N^N)Ph(N^N)M(ppy)2] where N^N = ligands derived from 
phenanthrolindione to spread the planarity of phenanthroline3 (see structures). The complexes were fully 
characterised by NMR, IR, mass spectrometry and elemental analysis. Besides that, cytotoxic activity was 
evaluated by MTT assay and the interaction with DNA was studied by circular dichroism and absorbance 
spectrophotometry, differential scanning and isothermal titration calorimetry, agarose gel electrophoresis and 
viscosity measurements. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A) G-quadruplex structural form of a guanine-rich DNA region. B) Example of one Ir(III) di-nuclear 
complex that could interact with human antiparallel telomeric DNA sequences in their G-quadruplex form. 
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Synthesis and Characterization of NO-releasing Ruthenium Complexes  
for Photodaynamic Therapy Agent 

Hong-In Lee, Minyeong Kim 
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Abstract 

 
Since the discovery of Nitric Oxide (NO) as one of the major signal-transduction molecules in 

cells, there have been many attempts to devise acute NO-delivering systems for the purpose of 
developing disease therapies as well as studying cell functions.1 Metal-nitrosyl complexes are often 
releasing NO by light activation. This ability can be adapted to killing cancer cells with high specificity 
because high concentration of NO in cells induces apoptosis. Ru-NO complexes have been studied for 
the usages of these photodynamic therapy (PDT) agents for a time.2 

 
 
 
 
 
 
This research aims at developing Ru-NO complexes which absorb long wavelength visible light 

to release NO with high quantum yield. Previously, we have developed a new Ru-NO bis-
pyridyl/biscarboxamide compound, [Ru(III)(ebpp)(Cl)(NO)], where H2ebpp = N,N’-(ethylene-di-p-
phenylene)bis(pyridine-2-carboxamide), to be tested as a model NO-releasing agent. Here, we 
present the strategies to develop visible-light sensitive NO-releasing Ru complexes with higher 
quantum yield. We introduce new series of ligands, salophen and naphophen, to develop Ru-NO 
complexes. In this poster, we present UV-VIS and EPR data which can be interpreted as that the 
diamagnetic [Ru-NO]6 electronic state of the complex becomes low-spin Ru(III) (d5, S=1/2) state upon 
losing NO by photoactivation. 
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Influence of the geometry and structural conformation of tinidazole 
complexes on their biological properties.  
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Abstract 
 
Tinidazole (tnz), a 5-nitroimidazole derivative, is widely used as an anthelmintic agent due to the 
ability to generate reactive oxygen species [1]. In this work, complexes with tinidazole and transition 
metals found in biological systems, such as CoII, CuII and ZnII, are presented. X-ray structures of these 
compounds depict different geometries and novel weak interactions known as lone pair···π (Figure 1). 
These interactions appeared as a stabilizing factor in tnz complexes, allowing the assessment of their 
biological properties [2,3]. Initially, we studied how the anthelmintic activity of tnz could be modified 
by being coordinated to a metal ion. In vitro and in vivo (two different methodologies, i. e. intubation 
and bath) studies were performed to study the ability of tnz complexes to cure parasite-infected fish. 
The in vivo bath technique showed [Cu(tnz)2Br2] to be the most effective with 95% of parasites 
eliminated at 8h of treatment [3]. Through electrochemical techniques we found CuII complexes to 
effectively damage plasmid DNA. Alongside with this, cytotoxic studies of these complexes showed 
good antineoplastic activity, with [Cu(tnz)2(µ-Cl)Cl]2 being the most active and selective, as it affects 
cancerous cell more effectively. The results presented here showed how coordinating the tinidazole 
to different metal ions enhanced, modified or even allowed them to present a different biological 
activity as an antineoplastic agent. 
 

 

 

 

 

 
 

Figure 1. X-structures (50% ellipsoids) of (left) [Co(tnz)2Br2] 
and (right) dinuclear [Cu(tnz)2(µ-Cl)Cl]2 depicting intramolecular S=O contacts 
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Interaction of thiolato-bridged dinuclear arene ruthenium complexes with 
phospholipids and model membranes  
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Abstract 
Thiolato-bridged dinuclear arene ruthenium complexes are highly cytotoxic against various cancer cell 
lines with IC50 values of up to 30 nM.1 A recent in vivo study has demonstrated that these complexes 
have potential as anticancer drugs, as one complex significantly prolongs the survival of tumor-
bearing mice.2 Interestingly, these complexes are very stable under physiological conditions as well as 
acidic and basic conditions, and they are particularly inert toward substitution. Only sulfur containing 
biomolecules such as cysteine and glutathione undergo catalytic oxidation in their presence.3  
Since many aspects of cellular uptake and of the tumor-inhibiting action displayed by these 
complexes are still largely unknown, we have studied the interactions of three trithiolatho complexes 
with different degrees of lipophilicity [(ɳ6-p-MeC6H4Pri)2Ru2(R1)2(R2)]+ (R1 = SC6H4-m-Pri :1; R2 = SC6H4-
m-Pri :1; R1 = SC6H4-p-OMe :2; R2 = SC6H4-p-OH :2; R1 = SCH2C6H4-OMe :3; R2 = SC6H4-p-OH :3) and of 
one dithiolato complex [(ɳ6-p-MeC6H4Pri)2Ru2(SCH2C6H5)2Cl2] :4 with  lipid membrane models in form 
of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) vesicles, 1,2-dihexanoyl-sn-glycero-3-
phosphocholine (DHPC) micelles and sodium dodecyl sulfate (SDS) micelles by nuclear magnetic 
resonance (NMR) spectroscopy and other techniques. 1D 1H NMR spectra, 2D 1H diffusion ordered 
spectroscopy (DOSY) spectra and T2 (spin-spin) relaxation time measurements together with 
electrospray ionization mass spectrometry (ESI-MS) suggest noncovalent interaction between the 
vesicles and the three trithiolato complexes. As expected, the strength of the interaction with the 
vesicles parallels the lipophilicity of the complexes. The results with the dithiolato complex 4, on the 
other hand, suggest that none or only very weak interaction takes place. 1 was further studied with 
DOPC in presence of the lanthanide shift reagent PrCl3 for estimating if the complex remains at the 
vesicle surface, is inserted between the fatty acid chains or is localized inside the DOPC vesicle.  
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Photodynamic Therapy in Iridium(III) Complexes bearing 
Hydroxyphenylbenzazole Ligands 
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Abstract 

The O2-sensitive photoluminescence of bis-cyclometalated iridium(III) complexes is widely 
known.1–3 Molecular oxygen (3O2) is a potent quencher of phosphorescent Ir(III) complexes, which 
undergo a deactivation of their excited state through an energy transfer (ET) process. This process 
simultaneously turns molecular oxygen into singlet oxygen (1O2), an extremely reactive species, able 
to oxidize other biomolecules. Photodynamic therapy (PDT) uses the activation of singlet oxygen to 
cause cell death through oxidation of different biotargets. The aim of this new technique is to 
generate cytotoxic species in situ, such as 1O2, after irradiation of a photosensitizer with a selected 
wavelength. 

In this work, we present the synthesis and characterization of six neutral Ir(III) bis-
cyclometalated complexes bearing 2-phenylpyridinate as the cyclometalating ligand and 
hydroxyphenyl-benzazolate O^N donors as ancillary ligands. In addition, the catalytic activity of these 
derivatives was tested in the photooxidation of thioanisole with UV and blue lights. All of them 
behaved as efficient photosensitizers of 3O2 but exhibited C^N and O^N depending catalytic effects. 
The cytotoxic activity of the complexes was also tested in the SW480 cell line, and the phototoxic 
index (PI = ratio of its IC50 in the dark to its IC50 upon light irradiation) was determined. One of the 
complexes displayed a PI above 200, which highlights the complex as a promising drug for cancer 
therapy. 
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Iridium(III) complexes bearing new N-Benzyl-N,N-Dipyridylamine ligands: 
Properties and application in photodynamic therapy. 
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Abstract 

Iridium (III) complexes with phenylpyridinate and N-unsubstituted N,N-dipyridylamine ligands 
(as ancillary ligands) have been described and applied as photoredox catalysts.1 Inspired by this 
studies, a new family of N-benzyl-N,N-dipyridylamine ligands have been synthesized and 
characterized, and cationic Iridium(III) complexes with phenylpyridinate, as cyclometalated ligand, 
were prepared with the aim to be applied in photodynamic therapy (PDT) (see Fig. 1). PDT uses the 
activation of singlet oxygen to cause cell death through oxidation of different biotargets. The aim of 
this new technique is to generate cytotoxic species in situ, such as 1O2, after irradiation of a 
photosensitizer with a selected wavelength.2 

Photophysical properties of the new Ir(III) complexes have been studied, as well as the ability 
of the new derivatives as O2 photo-sensitizers; being the photooxidation of thioanisole with 
ultraviolet light the benchmark reaction for checking the catalytic activity of Ir(III) complexes. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Molecular structures of the synthesized bis-cyclometalated Ir(III) complexes. 
 
 
References 
1) Sauvageot, E.; Marion, R.; Sguerra, F.; Grimault, A.; Daniellou, R.; Hamel, M.; Gaillard, S.; Renaud, J.-L., Org. 
Chem. Front., 2014, 1, 639-644. 
2) a) You, Y.; Nam, W. Chem. Soc. Rev. 2012, 41, 7061–7084; b) Jiang, X.; Zhu, N.; Zhao, D.; Ma, Y., Sci. China 
Chem. 2016, 59, 40-52. 

19-B Dg



Poster session B - Friday June 9th 237

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Unconventional Platinum(IV) Complexes as Anticancer Agents 
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Abstract 
Clinically used platinum(II) anticancer drugs are limited in their efficacy due to acquired and intrinsic 
resistance and severe systemic toxicities.1 To overcome these issues, we have recently developed 
platinum(IV) di-hydroxo compounds with cytotoxic potential. Each was derived from the active 
platinum(II) complexes and are composed of a heterocyclic ligand (HL) and ancillary ligand (AL) in the 
form [Pt(HL)(AL)(OH)2]2+.2 Several crystal structures have been obtained during the synthesis. We have 
confirmed that the activity previously seen with the platinum(II) species is demonstrated with the 
analogous platinum(IV) complex.3 The reduction kinetics and half-lives of the platinum(IV) complexes 
were also determined.  
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HT29 – human colon 
U87 – human glioblastoma 
MCF-7 – breast 
A2780 – ovarian 
H460 – lung 
A431 – skin 
Du145 – prostate 
BE2-C – neuroblastoma 
SJ-G2 – glioblastoma 
MIA – pancreas 
SMA – murine glioblastoma 
MCF10A – breast (normal) 
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Abstract 
Rhodium complexes with N-heterocyclic carbene (NHC) ligands have been generally used in 

catalytic chemistry. Although the most extensively investigated derivatives of this class of compounds 
contain gold(I) and silver(I) metal ions, rhodium(I) NHC complexes with 1,5-cyclooctadiene (COD) and 
a halido ligand (X, Figure 1, left) have also shown a high potential as antitumor agents.[1,2] The 
complexes of the type Rh(I)(NHC)(COD)Cl trigger antiproliferative effects against MCF-7 (human 
breast adenocarcinoma) and HT-29 (colon carcinoma) cells and inhibit the enzyme thioredoxin 
reductase (TrxR)[1,2] which is overexpressed in tumor cells. For complexes with iodido ligands (X = I) 
higher biological activity in comparison to their chlorido (X = Cl) counterparts were confirmed.[2] 

Rhodium complexes were also proven to interact with DNA.[3,4] 
Figure shows the newly synthesized rhodium complexes with a benzimidazole backbone or a halogen-
containing phenylimidazole backbone. These phenylimidazole ligands in combination with gold(I) 
have demonstrated a better activity against different tumor cell lines than the benzimidazole gold(I) 
complexes.[5] 

 
  
 

Figure: new series of rhodium(I) NHC complexes. left: Rh(I)(NHC)(COD)X with benzimidazole backbone; right: 
Rh(I)(NHC)(COD)X with phenylimidazole backbone. 

Chemical and biological properties of the new complexes with variations in the X ligand and the 
backbone will provide new insights on the structure activity relationships (SARs).  

Acknowledgments 
The financial support within a Georg Christoph Lichtenberg fellowship by the State of Lower Saxony (graduate 
program µ-Props, "Processing of poorly soluble drugs at small scale") is gratefully acknowledged. 

References 
1) Oehninger, L.; Küster, L.-N.; Schmidt, C. et al., A Chemical–Biological Evaluation of Rhodium (I) N‐Heterocyclic 
Carbene Complexes as Prospective Anticancer Drugs. Chem. Eur. J. (2013), 19, 17871 – 17880. 
2) Oehninger, L.; Spreckelmeyer, S.; Holenya, P. et al., Rhodium (I) N-heterocyclic carbene bioorganometallics as 
in vitro antiproliferative agents with distinct effects on cellular signaling. J. Med. Chem. (2015), 58, 9591−9600. 
3) McConnell, J. R.; Rananaware, D. P.; Ramsey, D. M.et al., A potential rhodium cancer therapy - Studies of a 
cytotoxic organorhodium (I) complex that binds DNA. Bioorg. Med. Chem. Lett. (2013), 23, 2527–2531. 
4) Kielkopf, C. L.; Erkkila, K. E.; Hudson, B. P. et al., Structure of a photoactive rhodium complex intercalated 
into DNA. Nature Struct. Biol. (2000), 7, 117-121. 
5) Schmidt, C.; Karge, B.; Misgeld, R. et al., Gold (I) NHC Complexes - Antiproliferative Activity, Cellular Uptake, 
Inhibition of Mammalian and Bacterial Thioredoxin Reductases, and Gram‐Positive Directed Antibacterial 
Effects. Chem. Eur. J. (2017), 8, 1869–1880. 

21-B Dg



Poster session B - Friday June 9th 239

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Cationic Gold(I) bisNHC Complexes for Anticancer Application 

Chen Zhang,a,b Catherine Hemmert,*a,b Heinz Gornitzka,*a,b  

Olivier Cuvillierc,d, Raymond Wai-Yin Sune,f 
 a CNRS, Laboratoire de Chimie de Coordination, 205 Route de Narbonne, 31077 Toulouse Cedex 04, France  
b Université de Toulouse, UPS, INPT, F-31077 Toulouse Cedex 04, France 
c CNRS, Institut de Pharmacologie et de Biologie Structurale, Toulouse, France 
d Université de Toulouse, UPS, IPBS, Toulouse, France 

e Department of Chemistry and Key Laboratory for Preparation and Application of Ordered Structural Materials 
of Guangdong Province, Shantou University, 243 Da Xue Road, Shantou, Guangdong 515063, PR China 
f Guangzhou Lee & Man Technology Company Limited, Guangzhou, P. R. China 

email: chen.zhang@lcc-toulouse.fr 
 
Abstract 
Gold-N-heterocyclic carbenes (NHCs) complexes have shown interesting properties for 
biomedical applications. New cationic gold(I)-bisNHC complexes with nitrogen-containing 
side arms have been synthesized and fully characterized. These complexes have been 
investigated in vitro on a representative panel of cancer cell lines. The results show interesting 
cytotoxic activities. 
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Abstract 

Malaria is an infectious disease caused by the parasite Plasmodium and transmitted to humans 
by bite of a female mosquito. 3.2 Billion people are at risk with 214 million cases of malaria and 438 
000 deaths in 2015. Recommendations of the WHO as first-line treatment for Plasmodium falciparum 
are the use of ACTs (Artemisinin-based Combination Therapies) which combine artemisinin 
derivatives with a partner drug. However, ART resistance recently emerged in the entire Greater 
Mekong region and ACTs resistance appeared in some parts of Cambodia and Thailand. In this 
context, new drugs with alternative chemical structures are urgently needed.  

Mononuclear cationic, anionic or neutral gold(I) complexes, including N-, O- or S-functionalized 
N-heterocyclic carbene (NHC) ligands, were tested in vitro for their antimalarial potency against 
chloroquine-resistant P. falciparum strains. The pharmaco-modulation of the key substituents on the 
NHC ligands, allowed to obtain gold-based antiplasmodial agents with promising activity and 
selectivity and highlighted the interest for gold cationic compounds which can be considered as a 
good scaffold for the optimisation of a new antimalarial chemistry. 
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Abstract 

DNA-Topoisomerase II (topoII) is an enzyme that participates of several nuclear processes as 
repair and replication of DNA. Besides, their expression in tumour cells is greater than normal cells1. 
Due these facts topo II is considered to be the primary pharmacological target for some of the most 
active drugs currently available for the treatment of human malignancies2. 

Thiosemicarbazones (TSC) are compounds that have been studied for their anticancer activity3. 
Recently Huang et. all4 showed the capacity of thiosemicarbazones in inhibit the action of topo II. 
Furthermore, when the TSC is coordinated to the metal ion, in general, increases the activity or 
contributes to decrease the side effects3. Some examples in the literature showed the relationship 
between the inhibition of action of the enzyme and the cytotoxicity of square planar metal 
compounds5,6.  

  Therefore, in this work we design twelve new palladium (II) compounds bearing 
thiosemicarbazones and triphenylphosphine as ligands(Figure 1). The compounds present few 
alterations in their structures to determine which parts are important to the cytotoxicity and enzyme 
interaction. Palladium(II) complexes were fully characterized by elemental analysis, mass 
spectrometry, NMR 1H, 13C and 31P spectroscopy, IR spectroscopy and X-ray diffraction.   

Cytotoxicity of TSC ligands and the new complexes were evaluated against the cell line, MCF-7 
(human breast cancer) and their cytotoxicity were compared with cisplatin. All the compounds 
showed better results than standard drug since 2-fold to 25-fold more cytotoxics. The two most 
promising compounds (2 and 8) were evaluated against another two cell lines Cal27 (oral 
adenosquamous carcinoma) and HEK293 (Human Embryonic Kidney 293 cells) to investigated their 
selectivity. Complex 8 presented a greater value of selectivity index compared to 2 and cisplatin, 7.4, 
1,3 and 0.53, respectively. Continuing the toxicity trials the capacity of the two compounds in 
performing hemolisys was investigated, only the compound 2 demonstrated lisys of erythrocytes, 0,9, 
3,3, 7,5 and 24% in the concentrations of 3,12, 6,25, 12,5 e 25 µM. Ultimately complex 8 was tested 
against macrophages cells with IC50 value of 5.73 µM, also larger than to cancer cells. 

Parp cleavage assay was performed to understand the pathway of cell death. Compound 8 
realized the Parp cleavage in the tumor cells (CAL27) but not in the normal cells (HEK293) in the IC50 
value. All the complexes inhibit the action of topoisomerase II in the range of 3.25-25 µM, 
comparable to the standard drugs doxorubicin (5 µM) and etoposide (32 µM)7. In general, 
compounds that interact with topoisomerase II performed a cell-cycle arrest in phase S. A similar 
result was found to the complex 8, when the percentage of the cells increased 20% in the S phase to 
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Abstract 

Thiosemicarbazones (TSCs), especially α-N-pyridyl derivatives are extensively investigated as 
they exhibit significant anticancer activity [1]. Triapine is the most prominent representative of this 
type of ligands undergoing phase I/II clinical trials acting as effective inhibitor of the ribonucleotide 
reductase enzyme [1].  

N-terminally dimethylated derivatives are more cytotoxic among TSCs. Complex formation with 
transition metal ions such as Cu(II) Ni(II), Pt(II) or Pd(II) often results in compounds with even higher 
cytotoxicity than that of the metal-free ligands [2]. Characterizations of these TSC complexes are 
generally performed in solid phase, although knowledge of the actual chemical forms in the aqueous 
solutions strongly contributes to the structure-stability-activity relationship studies. 

 Herein we report the aqueous stability, isomer distribution in different solvents, fluorescence 
properties, lipophilicity and Cu(II) complexation of 2-formylpyridine TSC (FTSC) and its various 
methylated derivatives. These studies were performed using pH-potentiometry, UV-Vis 
spectrophotometry, spectrofluorometry, 1H-NMR and EPR spectroscopy. 

 
Acknowledgement: OTKA PD103905, GINOP-2.3.2-15-2016-00038, TÉT_15-1-2016-0024.  
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Abstract 

The bioisosteric replacement strategy is a widely used approach in drug design, as a possibility 
to overcome certain problems associated with an effective therapeutic application of the drug, e.g., 
metabolic instability and long-term instability in the biological medium.[1] In the medicinal chemistry 
of polyhedral boranes, namely dicarba-closo-dodecaboranes(12) and dicarba-nido- undecaborates(–
1), the carborane cluster has been successfully used as phenyl ring or cyclopentadienyl ligand 
mimetic, respectively, to create novel hybrid organic-inorganic molecules, which show, in several 
cases, modulation of the biological activity with respect to their purely organic or organometallic 
counterparts.[2] 

We are interested in the combination of ruthenium-arene fragments with the dicarbollide ligand 
C2B9H11

2– and its C- or B-substituted derivatives, and in the evaluation of the biological activity of such 
mixed-sandwich ruthenacarborane complexes.[3] Conceptually, the Cp* ligand (Cp* = 
pentamethylcyclopentadienyl) of ruthenium-arene complexes developed by Loughrey et al.[4] is 
replaced with the dicarbollide ligand, and the modulation of the anti-proliferative activity of the 
resulting complexes is investigated. 

Here, we present our results from in vitro cytotoxicity assays, flow cytometric analysis and 
binding studies of the ruthenacarborane complexes to  blood serum proteins. 
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Abstract 
Half sandwich Ru(II) arene complexes have been extensively investigated for  their anticancer 

properties 1. In this study complexes of the type [Ru(η6-p-cymene)(PPh3)(T)Cl](PF6) and [Ru(η6-p-
cymene)(PPh3)(T)](PF6)   where PPh3= triphenylphosphine, T= N-(furoyl)-N`-furoylthiourea (1; 1a); N-
(thiophenyl)-N`-thiophenylthiourea (2); N-(tiophenyl)-N`-furoylthiourea) (3); N-(furoyl)-N`-1,3-
benzodioxolylthiourea) (4); N-(thiophenyl)-N`-1,3-benzodioxolylthiourea) (5), were synthesized, 
characterized and their  cytotoxic properties were evaluated. Interactions studies were carried out 
with human serum albumin (HSA) and DNA. The cytotoxicity of the compounds was determinate in 
human lung cells, A549 and MRC-5, by MTT assay.  The IC50 values of the complexes are in the range 
0.25 - 0.63 μM, at 48 h, in lung cancer cells, indicating that the compounds show high cytotoxicity 
with values significantly lower than reference drug, cisplatin, for the same tumor cells. Complexes 1 
and 1a are able to inhibit the colony formation, to decrease the colony size and to induce morphology 
changes in A549 cells. These complexes induce apoptosis cell death and promote cell arrest at Sub-G1 
phase with decrease in S phase portion.   
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Abstract 

Ruthenium complexes have been the subject of extensive drug discovery efforts yielding NKP-
1339 and NAMI-A as the most promising Ru(III) compounds reaching clinical trials [1]. Half-sandwich 
Ru(II)(η6-arene) complexes have tunable reactivity and numerous of them show remarkable 
anticancer activity such as the RAPTA or RAED compounds [2]. Despite the large number of Ru(II)(η6-
arene) based compounds limited information is available about their solution speciation. However, 
the knowledge on the solution stability and interactions with serum proteins strongly contributes to 
the understanding and controlling of the pharmacokinetic properties and mechanism of action.   

 Careful tuning on the physico-chemical properties of the half-sandwich organoruthenium 
complexes may improve the pharmacokinetic behaviour and ultimately the anticancer activity. Our 
aim was to investigate the effect of various substituents on the reference compound, picolinic acid on 

the solution chemical and biological properties of their 
Ru(II)(η6-toluene) complexes. 
Herein, we report on the synthesis, solution stability, chloride 
ion affinity, lipophilicity, X-ray crystal structures and in vitro 
cytotoxicity of Ru(II)(η6-toluene) complexes formed with some 
derivatives of picolinic acid possessing (N,O) donor set. 
Equilibrium studies were performed by the combined use of 
pH-potentiometry, UV-Vis spectrophotometry, 1H NMR 
spectroscopy. The in vitro anticancer potency of the 

complexes was monitored in multidrug resistant/non-resistant human cancer lines. The mechanism of 
cell death was assayed by flow cytometry. Interaction of the active Ru(II)(η6-toluene)-picolinate 
complexes towards human serum albumin was also studied using fluorometry and ultrafiltration. 
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Abstract 

Among the large variety of potential anticancer organometallic complexes, titanocene 
dichloride Cp2TiCl2 reached Phase 2 clinical trial. However, its poor solubility and stability in water 
lead to an uncertainty about the biologically active species and severely hampered its development 
as anticancer agents. Besides, the mechanism of action of such complexes is still unclear since the 
usual in vivo biodistribution studies and determination of metal uptake in organs by ICP-MS cannot be 
performed due to the natural occurrence of titanium in the human body. Scintigraphy appears then 
as a promising tool to visualize metal biodistribution and clarify the mechanism of action of 
titanocene derivatives. 

 
To deal with the previously mentioned issues, Gansäuer and 

coworkers developed a synthesis of water-soluble and stable cationic 
titanium complexes1 (Fig. 1). Seeking to synthesize new radiolabeled 
titanium based drugs, we decided to use this strategy to introduce a 
bifunctionnal chelating agent on the titanocene framework. The resulting 
titanocene-DOTA compound (Fig. 2) proved to be relatively stable in water 
and serum up to 48h and could handle radiolabeling-like conditions. 
Complexation of “cold” Lu, In, and Y has been performed successfully, as well as radiolabelling with 
111In. Biological assays such as determination of antiproliferative properties in cancer cells and in vivo 
biodistribution are currently under investigation. 

 

Fig. 2 : Radiolabeled titanocene derivative 

 
References 
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Fig. 1 : structure of cationic 

titanium complexes 

29-B Dg



Poster session B - Friday June 9th 247

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017. 30-B

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

Towards applications of β-NMR in bioinorganic chemistry 

D. Szunyogh1,2, M. Stachura3, F. H. Larsen4, S. Pallada1,5, P. W. Thulstrup1,  
M. Kowalska5, L. Hemmingsen1 

 
1 University of Copenhagen, Department of Chemistry, Universitetsparken 5, 2100 Copenhagen, Denmark.  

2 MTA-SZTE Bioinorganic Chemistry Research Group, Dóm tér 7, 6720 Szeged, Hungary. 
3 TRIUMF, 4004 Wesbrook Mall, Vancouver BC, V6T 2A3, Canada. 

4 University of Copenhagen, Department of Food Science, Rolighedsvej 30, 1958 Copenhagen, Denmark. 
5CERN, Experimental Physics Department, Geneva, Switzerland. 

email : dsz@chem.ku.dk 

 
Abstract 

β-NMR spectroscopy is an ultrasensitive NMR technique, relying on the detection of β-
particles emitted from spin polarized radioactive nuclei. That is, the technique benefits from both 
hyperpolarization of the nuclear spins and from the high detection efficiency of radiotracer 
experiments, leading to a billion fold (109) or higher increase in sensitivity as compared to 
conventional NMR. The technique has been applied in nuclear and solid state physics for decades, 
and we aim to advance towards chemistry and biochemistry by investigation of samples in solution. 
Recent advances on this topic encompass measurements on Mg2+ in ionic liquid solution1, and 
assessment if adequate resolution may be achieved2. Ionic liquids are attractive solvents because 
they exhibit low vapour pressure, and may therefore be placed in the high vacuum of beam lines at 
the current production facilities for the spin polarized radioisotopes. The overarching goal is to 
conduct experiments on biomolecules in aqueous solution, and Sugihara et al. progressed towards 
this goal in an impressive endeavour implanting 12N into water3 and recording a β-NMR spectrum.  

We will present recent results on this project, including examples of β-NMR applied to 
metal ions in solution using ionic liquids as solvents.  
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Anticancer, Biocidal and DNA Binding Studies of Bis(tetrathiotungstate) 
Complexes of Pt (II), Pd (II) and Ni(II) of Bioinorganic relevance 
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India, email: vksrivastava633@gmail.com 
 
Abstract 

The chemistry of compounds containing Transition metals bound to sulfur containing ligands 
has been actively studied. Interest in these compounds arises from the identification of the biological 
importance of Iron-sulfur containing proteins as well as the unusual behaviour of several types of 
synthetic metal – sulfur complexes. Bis (tetrathiotungstate) complexes of Pt (II), Pd (II) and Ni (II) of 
Bioinorganic relevance were investigated. The complexes [M(M'S4)2]2- were prepared with high yield 
and purity as salts of the variety of organic cations. The diamagnetism and spectroscopic properties 
of these complexes confirmed that their structures are essentially equivalent with two bidentate 
ligands coordinated to the central d8 metal in a square planer geometry. The electro chemical 
properties of the [M(M'S4)2]2- dianions in CH3CN and DMF have been determined by cyclic 
voltametry. The interaction of the complexes with CT-DNA was studied by using absorption, emission, 
spectral methods, thermal denaturation and viscometry studies. Results showed that metal 
complexes increase DNA's relative viscosity and quench the fluorescence intensity of EB bound to 
DNA. In antimicrobial activities all complexes showed good antimicrobial activity higher than ligand 
against gram positive, gram negative bacteria and Fungi. The antitumor properties have been tested 
in vitro against two tumor human cell lines, Hela (derived from cervical cancer) and MCF-7 (derived 
from breast cancer) using a metabolic activity tests. Results showed that the complexes are promising 
chemotherapeutic alternatives in the search of anticancer agents. 
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Importance of the iron redox state on its stable isotope composition during 
adsorption on cyanobacteria. Application to a thermal spring from 

Kamchatka, Russia. 
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Abstract 

This study1 aimed at testing the hypothesis that, similarly to other metal cations, Fe 
adsorption on bacterial phytoplankton likely cause significant isotopic fractionation with 
preferential adsorption of heavy isotopes on the cell surface. We measured the isotopic 
fractionation during the interaction of aqueous Fe with planktonic cyanobacteria 
(Gloeocapsa sp., Synehococcus sp., and Planthothrix sp) in six independent experiments using 
two distinct Fe oxidation states (Fe(III) and Fe(II)) at pHs of 3 and 6. Isotopic analyses 
demonstrated that the Fe adsorption on bacterial planktonic biomass yields a clear 
enrichment of heavy isotopes on the cell surfaces, producing isotopically light 57Fe values in 
the final, remaining growth solutions. The adsorption experiments with Fe(II) in the initial 
solution yielded a 57Fecell-solution ranging from 2.4 to 2.9‰, whereas the adsorption 
experiments with Fe(III)  in the initial solution yielded 57Fecell–solution ranging from 0.92 to 
1.03‰. Because these data plot close to closed system equilibrium isotopic fractionation 
lines rather than Rayleigh curves, the most likely mechanism can be defined as a steady state 
isotopic fractionation, linked with short-term, reversible Fe adsorption on cells. The 
preferential enrichment of heavy Fe isotopes on the cell surfaces is attributed to the stronger 
covalent metal-ligand bonding (Fe-O-C/P) present in the Fe octahedrally coordinated with 
phosphoryl or carboxyl groups on the cell walls when compared with the Fe aquacomplexes 
(O-Fe-O) in solution. Our experimental results are used to interpret the iron isotope 
signatures measured on dissolved Fe in water and on Fe adsorbed on biofilms sampled from 
a thermal spring from Kamchatka, Russia. These findings suggest that Fe adsorption on 
cyanobacteria cell surfaces might have profound implication on Fe isotopic fractionation in 
continental river and lacustrine waters and oceans during phytoplankton blooms in the 
course of the Earth´s life evolution. 
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Hg stable isotopes as tracers for dietary methyl-Hg exposure and hepatic 
detoxification in humans 
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Abstract 

Mercury (Hg) is a natural element whose global biogeochemical cycle has been profoundly changed by human activites. 
In its methylmercury (MeHg) form, Hg bioaccumulates along aquatic food chains and affects human and wildlife health. 
MeHg is neurotoxic to the developing foetus and young children and is thought to be linked to cardiovascular disease in 
adults. Humans are thought to mainly absorb toxic MeHg through dietary exposure. There is however substantial variation in 
dose-response among different populations. A better understanding of precise dietary exposure and metabolic breakdown of 
MeHg would help optimizing  Hg risk management and environmental policy. 

Hg stable isotope signatures show large variations across Earth surface reservoirs and within biological species. These 
variations result from the gradual fractionation of heavy/light and even/odd Hg isotopes during the multiple physicochemical 
processes that shuttle Hg across the Earth’s surface. Two useful Hg isotope fingerprints, δ202Hg and Δ199Hg, characterize its 
source, or code for the transformations that Hg has undergone in its biogeochemical cycle. 

Recent work on Hg isotopes in human hair has given insight into dietary Hg exposure. Hair Δ199Hg, which has a 
photochemical origin and is not affected by Hg metabolism, appears to be a robust and conservative marker for the dietary 
source of MeHg. Amazonion river people have low Δ199Hg that are identical to that of the fresh water fish they consume; 
similarly Europeans have higher Δ199Hg corresponding to a mixed sea food diet, while North-Americans have elevated 
Δ199Hg corresponding to the consumption of open ocean predator fish such as tuna. 

In contrast, the δ202Hg signature is affected by nearly all chemical transformations of Hg. Human hair δ202Hg shows a 
systematic 2 ‰ enrichment in the heavier isotopes compared to the fish that was consumed across all three populations. We 
will show that the origin of this 2 ‰ enrichment potentially lies in the metabolic demethylation of MeHg, a detoxification 
mechanism that lowers MeHg exposure. 
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Density Functional Theory: Key to transfer the entatic state concept to 
photochemistry 
 
Alexander Hoffmann,1 Julia Stanek,1 Michael Rübhausen,2 Wolfgang Zinth3 and Sonja Herres-
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The concept “entatic state” was coined by Vallee and Williams already in 1968.1 Since then, the 
discussion about influences of a distorted coordination sphere on the function of metalloenzymes 
and their model complexes is alive. Especially, in the field of electron transfer proteins, the major 
question is if metal binding to the ligands dominates the resulting structures and electronic potentials 
or if the protein scaffold induces strain at the metal centers.2 
We investigated the structures of two types of guanidine–quinoline copper complexes (being 
copper(I) and copper(II) complexes, see Figure 1) by single-crystal X-ray crystallography, K-edge X-ray 
absorption spectroscopy (XAS), resonance Raman and UV/Vis spectroscopy, cyclic voltammetry, and 
density functional theory (DFT). Independent of the oxidation state, the two structures, which are 
virtually identical for solids and complexes in solution, resemble each other strongly and are 
connected by a reversible electron transfer at -0.37 V versus Fc/Fc+. By resonant excitation of the two 
entatic copper complexes, the transition state of the electron transfer is accessible through 
vibrational modes, which are coupled to metal–ligand charge transfer (MLCT) and ligand–metal 
charge transfer (LMCT) states.3,4 
 
 
 
 
 
 
 
 
 
Figure 1. left: Superimposed molecular structures of [Cu(DMEGqu)2]+ and [Cu(DMEGqu)2]2+; right: Comparison 
of experimental UV/vis spectra of [Cu(DMEGqu)2]+ (black) and [Cu(DMEGqu)2]2+ (blue). 
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Is “good enough” really enough? 
In search of novel chelators for Cu-64, Ga-68 and Zr-89 radiometals. 
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The development of medical diagnostics over the last several decades has resulted in an 
increase in the radionuclide significance in areas such as cardiology, oncology and neurology, 
and targeted therapy.1  

Recent advances in radiochemistry underline the importance of PET imaging, and 
subsequently the significance of optimal utilization of a growing number of β+ emitting 
radiometal ions. Among the range of available radioisotopes, three present interesting 
properties and potential for PET imaging: 68Ga, 64Cu and 89Zr.2,3 In order to apply these 
isotopes, the ‘‘free’’ radiometal ions must be sequestered from aqueous solution using suitable 
chelating ligands to obviate transchelation and hydrolysis. A large number of radionuclides 
chelators described in the literature as “good enough” imaging agents may deceptively 
discourage the development of new compounds. However, the conscientious overview of 
achievements in this field shows the enormous complexity of the relationship between the 
metal ion and the chelator needed to satisfy the specific requirements of these radiometals in 
terms of donor atoms, coordination number and geometries, in vivo behaviour and 
biodistribution.3 

The key element for the advancement of nuclear medicine is the development of novel 
chelators for non-invasive in vivo imaging agents. Moreover, this progress also requires 
complete structural, physico-chemical and thermodynamic characterization of ligands and 
their metal complexes. 
Here we will present the series of compounds based on the desferrithiocin analogue structure 
(Fig1.) as a potential radionuclide chelators.  
 
 
 

 
 
 
 

Fig.1. Structures of desferrithiocine analogue monomeric, dipodal and tripodal ligands. 
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Antioxidant Properties 
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Abstract 
 
There is a growing need in the industrial sector (i.e. health, nutrition and cosmetic) to discover new 
biomolecules with various physico-chemical and bioactive properties. Various beneficial effects of 
peptides - notably those produced from protein hydrolysis - are reported in the literature. The 
antioxidant activity involves various mechanisms among them metal chelation. Since Immobilized  
Metal ion Affinity Chromatography is used to separate protein based on the coordination bond 
between metal and some aminoacid residues notably the Porath’s triade (histidine, cysteine and 
tryptophane),in this work, we aimed to establish a link between the affinity of a peptide for a metal 
ion and its antioxidant activity based on metal chelation. First,method used for the determination of 
metal chelating ability of antioxidant peptides was set up (1). Then, an original method of screening 
metal chelating peptides in a hydrolysate was developed using Surface Plasmon Resonance (SPR) for 
their antioxidant properties. To date, the empirical approach used several cycles of hydrolysate 
fractionation and bioactivity evaluation until the isolation of the pure bioactive molecule and its 
identification. Besides, the detection of metal-chelating peptide is not sensitive enough using 
spectrophotometry. For the first time, metal chelating peptides were screened in hydrolysates using 
SPR and a correlation was established between affinity constant determined in SPR and metal 
chelation capacity determined from UV-visible spectrophotometry.Then peptide-metal ion 
interactions were further investigated in hydrolysates. Some applications of metal chelating peptides 
are currently under studies. 
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Aggregation-Induced Emission in Benzoxazole-based Rhenium Complexes 
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Fluorogenic molecules that are non-emissive when molecularly dissolved but highly emissive 

when aggregated have attracted intense research interest for applications in optics, optoelectronics 
and bioimaging. [1] This aggregation-induced emission (AIE) phenomenon has initially proposed as a 
cause of restriction of intramolecular rotation (RIR) and is generally observed in molecules with 
rotating units such as phenyl rings. Since their discovery in 2001, organic AIE-fluorogens have been 
rapidly developed and the study has been subsequently extended to a number of organometallic 
compounds. [2] However, some types of complexes like tricarbonyl Rhenium(I) complexes have hardly 
been investigated.  

Our group has been working on tricarbonyl rhenium(I) complexes for years and used them as 
potential imaging agents for luminescence in solution.[3] The [Re(CO)3]+ core possesses three facial 
positions available for substitution by various organic ligands, which allow the spectroscopic and 
biological properties to be widely varied. These Re(I) complexes usually are air- and water stable, and 
biocompatible. Consequently, it seemed interesting to associate the AIE effect with the Re(I) 
complexes to generate a new series of compounds for applications such as light-responsive 
materials, sensing and imaging.   

In the present work, we describe two isomeric tricarbonyl Re(I) complexes, ReL1 and ReL2, 
that possess respectively a 3-(pyridine-2-yl)-1,2,4-triazole and a 3-(pyridine-2-yl)-1,2,3-triazole 
fragment. They both bear the same 2-phenylbenzoxazole moiety that has been introduced on the 
triazole group to enhance the emission properties. The synthesis and crystallographic data of these 
compounds are reported, together with the spectroscopic and photophysical studies, as well as 
preliminary imaging tests. We show that these compounds display clear AIE-behavior, with 
unexpected variations due to modifications of the organic ligand. This study paves the way for a new 
generation of AIE-active Re complexes. 
 

           

Figure1. From left to right: Molecular view of ReL1 and ReL2; Picture of ReL2 in solvent (DCM) and in the solid 
state under UV light (365 nm) 
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Abstract 
Magnetic resonance imaging (MRI) is frequently used non-invasive diagnostic technique. It 

possesses a quite high potential to localize abnormalities in patient body thanks to the proton 
relaxation properties in magnetic field. However, pathological tissue is not always clearly evident in 
the MRI scan. To improve that, contrast agent (CA) which alters surrounding proton relaxation rates is 

administered during scanning. Up-to-date, the CAs based on Gd3+ are clinically used because of the 
suitable physical properties of this ion. Gd3+ is injected in the form of thermodynamically stable and 
kinetically inert complex due to the severe toxicity of the free ion (LD50(mouse, i.v.) = 0.35 mmol/kg)1. 
The CAs based on DOTA ligands (Figure) meet these conditions. To utilize more possibilities, ligands of 
CAs can be modified in a specific way so that CAs have unique properties such as specific 
biodistribution, slower excretion rate, bifunctionality etc. 

Another type of MRI is utilizing PARACEST effect 
(paramagnetic chemical exchange saturation transfer). The main 
goal of enhanced imaging is to alter relaxation rates of water 
protons and this can be done by simple chemical exchange. 

Selectively irradiated protons from protonable group (e.g. amine) 
of CA could be exchanged with water protons and this 
phenomenon leads to reduced observable water signal. For this 
reason, lanthanide complexes (e.g. Eu3+, Yb3+) are used. 

We have focused on the type of CAs based on DO3APR 
moiety with the free pendant amine and its acetyl derivative 
(Figure). The universal nature of the amino group is due to its 
strong pH-dependency, e.g. its protonation results in the different 
specie with the new properties. Moreover, amine could be easily synthetically modified and 
properties of CAs could be tuned, for instance coupling with vector or biomolecule. The presented 
work summarizes some of the findings and describing PARACEST effect in the CAs.  
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Figure: The drawings of the 
CA based on the ligand DOTA 
(up) and the investigated CAs 

(down). 
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Abstract 

Over the past decades, research and development of novel Magnetic Resonance Imaging (MRI) 
contrast agents produces structurally diverse ligands and complexes with a variety of metals. 
Although the majority of approved MRI contrast agents are still based on gadolinium complexes, 
manganese has gained certain attention due to its ability to form high spin complexes with five 
unpaired electrons. An appropriate ligand would form a redox- and thermodynamically stabile, 
kinetically inert Mn2+ complex with high relaxivity. All of these, often contradictory, requirements are 
needed for in vivo applications. Mn is an essential trace element in the human body with likely less 
toxic effect compared to the highly toxic Gd, however the knowledge collected for gadolinium based 
CAs can not be directly translated to Mn2+. Our attempt to find a suitable ligand for Mn2+ 
complexation started from equilibrium, kinetic and relaxometric characterization of Mn2+ complexes 
with known open-chain (OCh)[1] and macrocyclic (MC)[2] amino-polycarboxylates in order to collect 
data for structure – function relations, than we synthesized some new ligands. One of the key finding 
is, that the kinetic inertness of the Mn2+ complexes plays very important role. Suitable structural 
changes to increase the inertness involve the rigidifying of the ligand backbone, or the pendant arms, 
changing the protonation properties and charge of the ligands etc., exemplified on Figure 1. 
 
 
 
 
 
Figure 1. EDTA-derivatives studied and compared for complexation of Mn2+ 
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Penetration study by multimodal imaging of labelled hyaluronic acids of 
different molecular weights into the skin 
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Abstract 
Recently, we demonstrated that Single Core Multimodal Probe for Imaging (SCoMPI) could be used for the 
labelling and the study of the penetration into skin biopsies by fluorescence and infrared imaging of a cell 
penetrating peptide (CPP), which is used to deliver biological active cargoes into cells.1 

The aim of this study is to use the same correlative approach to study the penetration of a widely used 
cosmetic agent: hyaluronic acid (HA). HA is a carbohydrate naturally present in the human body that is 
commonly used as a wrinkle filler in cosmetic applications.2 Although HA is often injected into the dermis, it 
can be applied at the surface of the skin. In order to estimate the penetration after topical application, 
hyaluronic acids of different molecular weights were labelled with a SCoMPI and their penetration was studied 
into human skin using both IR microscopy and fluorescence imaging. To label HA, a Ugi reaction was chosen 
because of its efficiency.3 

 
Figure 1.  Map of a 10 µm-thick skin section after a 24-hour exposure with a 10 kDa labelled hyaluronic acid, mounted on a 
CaF2 window (a-b) SR-FTIR-SM images based on the integration of specific absorption bands: (a) A1-band (2005-2055 cm-1) 

(b) CH2 (2838-2868 cm-1), using a false color code, from blue (low) to red (high intensity), (c) Bright field image merged with 
the luminescence signal of the SCoMPI (d) Bright field image merged with nuclei staining (Hoechst, blue), scale bar = 10 µm 

After a 7-hour exposure, the low molecular weight HA was localized at some hotspots in the stratum corneum 
whereas the high molecular weight HA was not detected at the surface of the skin. After a 24-hour exposure, 
the low molecular weight HA was homogeneously distributed in the stratum corneum but was not detected in 
deeper layers of the skin (figure 1) whereas the high molecular weight HA was only located at some spots. 

This study showed that after a topical application, the effect of HA is limited to the upper layer of the skin, the 
stratum corneum, as no penetration was observed in deeper layers.    
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Ratiometric or Turn-on Responses of Pyrone-Cored Donor-Acceptor-Donor 
Fluorophores to Amyloid- Peptides 

Sonam Kim,a Hyuck Jin Lee,b Eunju Nam,b Mi Hee Lim,*b and Youngmin You*a 
aDivision of Chemical Engineering and Materials Science, Ewha Womans University, Seoul 03760, Republic of 
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Republic of Korea ; email : odds2@ewha.ac.kr  
 
Abstract 

Alzheimer’s disease (AD) is the most common form of dementia. The accumulation of amyloid- 
(A) plaques in the cortical brain is recognized as a hallmark of AD.1 However, the early detection of 
A aggregate formation remains a significant challenge. Fluorescence techniques are advantages for 
detecting A species, because they carry capacity for rapid detection, non-invasiveness, and low 
limits of detection.2 In this study, we rationally designed a series of pyrone-cored 
donoracceptordonor (DAD) triads (SN series), and evaluated their ability for fluorescence 
detection for A aggregation (from monomers to fibrils). SN molecules spontaneously formed 
nanoparticles in aqueous solutions, producing J-aggregate fluorescence emission with strong 
intramolecular charge-transfer character. Among the tested SN compounds, SN2 nanoparticles 
exhibited strong red fluorescence emission at 615 nm which shifted hypsochromically with ems = 
747 cm-1 upon interaction with A species. Control experiments with the use of a cetrimonium 
bromide (CTAB) surfactant produced fluorescence changes similar to A cases. This result suggests 
that the ratiometric, fluorescent responses of SN2 could be ascribed to hydrophobic interactions with 
A species. The fluorescence emission of SN nanoparticles was very sensitive to the identity and 
morphology of A peptides, enabling fluorescence monitoring of the progress of A aggregation. In 
addition, the fluorescence signaling was selective to A peptides, as demonstrated by the absence of 
fluorescence responses to non-amyloidogenic proteins, such as ubiquitin.  
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Visible Light-Driven Photogeneration of Hydrogen Sulfide (H2S) 

Seung Yeon Yi, Yu Kyung Moon, and Youngmin You* 
Division of Chemical Engineering and Materials Science, Ewha Womans University, Seoul 03760, Republic of 

Korea; email : odds2@ewha.ac.kr 
 
Abstract 

Hydrogen sulfide (H2S) has emerged as an important gasotransmitter because it performs a 
variety of functions in our body, including vasodilation and cytoprotection.1 For therapeutic purposes, 
a range of small-molecule H2S donors have been developed based on H2S-release strategies, such as 
hydrolysis and activation by biothiols.2 It is notable that there have been few researches of the 
development of photo-induced H2S donors,3 although the donors carry enormous advantages with 
respect to spatiotemporal resolution for H2S delivery. 

 In this research, we have developed and evaluated a photo-induced, singlet oxygen (1O2)-
mediated H2S donor. The donor system was based on polymer nanoparticles of Pluronic F-127 which 
incorporated a 1O2 photosensitizer [Ir(ppyOMe)2(phen)]+ and a 1O2-responsive H2S donor 1,7-
diphenylisobenzothiophene (DPBS). A fluorescent H2S probe SF4 was also included to detect 
photogenerated H2S. We hypothesized that, upon photoirradiation of the nanoparticles, 
[Ir(ppyOMe)2(phen)]+ converts 3O2 to 1O2 which undergoes a DielsAlder reaction with DPBS to 
produce endoperoxide. The endoperoxide is very unstable, and readily hydrolyzed into diketone with 
producing H2S. To examine this hypothesis, we prepared polymer nanoparticles of a ternary mixture 
of 10 M [Ir(ppyOMe)2(phen)]+, 500 M DPBS, and 20 M SF4. Photoirradiation at 380 nm of an 
aqueous solution (buffered to pH 7.4; 10 mM PBS, 1.0 mM CTAB) of the nanoparticles produced 
strong fluorescence turn-on of SF4 due to H2S generation, in proportion with the duration of 
photoirradiation time. A photochemical quantum yield as high as 0.2% was determined, using the 
standard ferrioxalate actinometry. The H2S generation was ascribed to photosensitization of 1O2, 
because other reactive oxygen species did not produce H2S. Finally, the validity of our approach has 
been successfully demonstrated by employing PtOEP (platinum(II) octaethylporphyrin) which can 
initiate production of H2S under green light (500 nm) photoirradiation.  

 

Figure. Schematic diagram showing the mechanism of photogeneration of H2S 
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Rhenium Carbonyl Complexes for the Labeling and Multimodal Imaging of 
Biomolecules 
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Abstract 
Fluorescence microscopy has been widely used over the past decades to study the function, 
localization and interactions of proteins in their native environment. Small-size probes have therefore 
been developed for the imaging of proteins not only by fluorescence microscopy but also by 
interesting alternative methods of imaging.1,2 For instance, IR imaging, although less sensitive than 
fluorescence methods, does not induce photo-bleaching or photo-damaging of cells due to the lower 
energies involved. The most widely used IR-probes are probably those based on metal-carbonyl 
moiety, as they show attractive properties for bio-imaging3,4 (e.g. stability in biological environment 
and strong C=O absorption at 1800-2200 cm-1 in the transparency window of the cell). Interestingly, 
when bound to specific ancillary ligand with low π* orbitals, metal-carbonyl complexes may also be 
luminescent.5 Recently, our group has thus developed bimodal probes (IR and luminescent) based on 
rhenium-carbonyl complexes and used them to label various biomolecules and image them by both 
IR and fluorescence microscopies.6 In particular, the spectroscopic properties of two luminescent 
Re(I) tricarbonyl complexes conjugated with two cell-penetrating peptides have been examined in 
details. Fluorescence experiments and IR quantification in membrane models and in cells showed 
unexpectedly strong luminescence enhancement for one of the complexes in lipid environment.7 We 
aim now at labeling proteins, using various covalent labeling methods. We labeled in vitro Engrailed 
homeodomain, a protein that can then be internalized into cells and we used the so-called traceless 
affinity labeling strategy developed in particular by Hamachi et al2,8 to label human carbonic 
anhydrase IX, a membrane protein overexpressed in some cancers. The labeling strategies and the 
imaging of these proteins will be presented. 
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Design of de novo coiled coils as ligands for catalysis 
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Abstract 

 

Transitions metals are capable of catalysing some of the most versatile chemical transformations. 

Studies have been made regarding the inclusion of these metals in peptide scaffolds to obtain the 

highly selective, reactive and sustainable catalytic system.1 One can expect that the peptide moiety 

will provide a chemo- and stereoselective environment causing the system to behave in an enzyme-

like manner. Known for their high selectivity and specificity, enzymes are highly complex systems. 

Inclusion of transition metals in proteins with well-defined folding has been achieved, this could be 

improved by designing a simpler more tuneable de novo system. 

Early attempts to develop metal-peptide hybrid catalysts for enantioselective organic transformations 

have been reported. To achieve this goal two different approaches were used. A non-covalent 

approach provided a chiral and highly functionalized environment for organometallic gold complexes, 

using a well-structured peptide as an additive in aqueous catalysis. This has been demonstrated by 

observing the influence of a trimeric coiled coil present in solution with gold(I) complexes, in the 

catalysis of the hydroxylation of alkynes.2 

The synthesis of unnatural amino acids has been explored with emphasis upon metal-coordinating 

species such as phosphites, phosphines and NHC’s. Phosphite amino acids were designed based on 

the reaction of a variety of phosphochloridites and different amino acids with a hydroxyl group side 

chain. 

Despite being in its early stages, preliminary results suggests great potential in achieving a library of 

well-folded peptide ligands enabling enzyme-like catalysis. 
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Nitrobindin: Evolution of a Protein-Host for Biohybrid Catalysts 
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Abstract 
 

 
 
 
 
 
 
 
 
 
The heme-containing protein nitrobindin was discovered in 2010.1 Two years later, the heme-

moiety was reconstituted with artificial metal cofactors to perform polymerization of 
phenylacetylene2,3 and to evolve hydrogen.4 In the polymerization reaction, the trans/cis-selectivity 
was nearly inverted by the protein sphere from 82/18 to 22/78 and with the hydrogenase model, the 
activity could be increased in comparison to the protein free catalyst. Furthermore, incorporation of a 
Grubbs-Hoveyda type complex to construct an artificial metathease resulted in an unexpected highly 
active catalyst for the ring-opening metathesis polymerization (ROMP).5 This activity shows realtion 
to the hydrophobic cavity structure, that is provided by the protein nitrobindin.  

In the recent work, we applied new strategies on the protein scaffold to generate a versatile 
platform for biohybrid catalyst design, either in solution or as diffusion-barrier free whole-cell 
systems.  
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Abstract 

Giant viruses were discovered about more than a decade ago (1). They display unexpected 
features for viruses, namely the size of the viral particle higher than 0.5 μm and complex genomes 
containing from 500 to 2500 genes, depending on the virus. Most of their genes encode proteins 
never encountered before in a virus. Four families are identified to date, Mimiviridae, Pandoraviridae, 
Pithoviridae and Molliviridae (see SEM pictures above, ©IGS), and it is believed that these viruses are 
widespread and abundant in the environment (2).   

Transcriptional analysis of Mimivirus infecting 
Acanthamoeba hosts revealed transcripts corresponding to 
unpredicted genes (3). Among them, the most transcripts encode 
a small protein of 6kDa featuring a sequence mainly made of 
glycine and cysteine. This protein is among the most abundant 
proteins in the viruses and is conserved among the Mimiviridae. 
While its function remains unknown, it is believed that this 
protein is essential in the infection process of Mimiviridae.  

In the work herein, we present a structural 
characterization of this new proteins family by combining UV-

Visible and EPR spectroscopies to elementary analysis (Fe, acid-labile sulfide) and in vitro Fe-S 
reconstitutions. Our first results suggest that this viral protein, named GG-FeS, houses a new type of 
iron-sulfur (FeS) cluster, different from those found so far in the cellular world (rubredoxin-like, [2Fe-
2S], [3Fe-4S], [4Fe-4S]) (4) and which could be the signature of the ancestral proto-cell and of specific 
function not selected by the cellular world. 
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Characterization of the CODHs from Thermococcus AM4 
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Abstract 
Carbon monoxide dehydrogenases (CODHs) are metallo-enzymes that catalyze the reversible 
interconversion of CO and CO2 according to the reaction 

CO + H2O  CO2 + 2H+ + 2e- 
 

These homodimeric enzymes harbor five clusters (D, B and C clusters) of three different types[1],[2]. 
The B and D clusters are classical FeS clusters. The C-cluster is the active site where the chemical 
reaction occurs. Different models of the structure of the C-cluster have been proposed but it is now 
accepted that its chemical composition is a [Ni-4Fe-4S]. 
The folding and the metallocluster assembly of CODHs are key steps for the production of the active 
enzyme. Several accessory genes, CooC, CooJ CooT, seem to be involved in the assembly of the C-
cluster[3]. In the CODH operons of Desulfovibrio vulgaris and Carboxydothermus hydrogenoformans 
some of the accessory genes are not present[4],[5], which raises the question of their functionality in 
the C-cluster assembly. 
Thermococcus AM4 produces two uncharacterized CODHs (CooS-582 and CooS-1067) whose 
physiological functions and catalytic properties are unknown. The operons of these two CODHs 
contain CooC but neither CooJ nor CooT and we observed that in the operon of CooS-528 there are 
several genes, with unknown function, that can be important for the maturation of the protein. 
The aim of my study is the biochemical and electrochemical characterization of these two novel 
CODHs, which I have produced and purified for the very first time, and to assess the function of CooC 
in the assembly of the C-cluster. 
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Abstract 

Complex biochemical cascades, which are essential to sustain life, rely on tightly cross-
regulated enzymatic processes. Several complementary mechanisms are used by the cell to achieve 
such exquisite regulation including (i) the control of the expression, (ii) chemical modification, (iii) 
allosteric regulation and (iv) selective proteolysis by protease.[1] The latter strategy consists in 
expressing an enzyme in an inactive state, also called zymogen, and activating it via partial proteolysis 
by a cognate protease. In recent years, artificial metalloenzymes, resulting from anchoring an 
organometallic catalyst within a macromolecular scaffold, have emerged as an attractive alternative 
to organometallic catalysts.[2,3] With the aim of developing a biocompatible strategy for the 
upregulation of an artificial metalloenzyme, we report the development and the genetic optimization 
of an artificial zymogen requiring the action of a natural protease to unleash its latent asymmetric 
transfer hydrogenase activity.[4] 
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With the increasing concerns about the environmental protection, the development of 

sustainable chemical processes has become one of the most challenging topic in chemistry. To serve 
this interest, catalysis has gained a lot of interest since it allows efficient transformations at the same 
time that reduces or eliminates the use and the generation of hazardous substance. 

In this regard, Nature has been a source of inspiration for chemists for its capability to perform 
challenging chemical transformations with high rates and high selectivity under mild conditions, in 
water. For example, copper dependent proteins can react with O2 and H2O (or H2O2) to perform 
oxidative and oxygenation reactions toward a broad range of substrates,[1,2] whose products are of 
great interest for pharmaceutical and chemical industries.  

With the idea of combining the best of homogeneous catalysis and bio-catalysis, numerous artificial 
metalloenzymes have been developed.[3,4] However, it is quite often hard to predict their reactivity 
and their stability. In recent years, small metallopeptides have emerged as a new interesting 
platform to evolve new catalysts because they are easier to synthesize, handle and fine-tune.  

Our group have been developing a family of His-containing peptides whose backbones have different 
degrees of conformational constrains.[5–7] Their copper(II) coordination properties were studied using 
pH potentiometry and different spectroscopic methods (UV-Vis, CD, EPR and NMR). The results 
indicate the formation of a similar major copper(II) species at close to neutral pH value where 
copper(II) is coordinated to the His. Nonetheless, due to the distinct flexible nature of their scaffolds 
and the presence of an Asp residue different stability constants as well as copper(II) exchange rates 
and redox potentials (Cu(II)/Cu(I)) were observed.  

In this poster, we will present our recent studies where we are investigating their catalytic activities 
for the oxidation of different substrates. Our preliminary data suggest that all the complexes are able 
to catalyze the oxidation of sulfides in aqueous solution and at room temperature. Interestingly, 
although all the copper(II) complexes are chemoselective (sulfoxide product), their catalytic 
efficiencies are different reflecting somehow their intrinsic properties.  
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Abstract 
The use of biohybrid catalysts enables highly active and selective reactions like the ring-opening 
metathesis polymerization1,2, demonstrating the effect of a protein scaffold surrounding a transition 
metal catalyst. The outer membrane protein FhuA of Escherichia coli provides a suitable second 
ligand sphere for such catalysts, as it shows high stability due to its β-barrel structure and a wide 
inner channel diameter to host large catalysts and substrates.2 
FhuA ΔCVFtev based biohybrid catalysts allow the combination of reactivity in chemical catalysis and 
selectivity in biocatalysis. Structural characteristics of this biohybrid catalysts are a single cysteine at 
position 545 for covalent coupling of a catalyst through a maleimide moiety.2 TEV-protease cleavage 
sites included in two loops enable analysis of covalently bound catalyst by MALDI-TOF-MS.  
FhuA ΔCVFtev based biohybrid catalysts constructed in previous work resulted in the artificial 
metathease FhuA-Grubbs-Hoveyda1,2, active in various metathesis reactions and the artificial Diels-
Alderase FhuA-Cu(II)-terpy3. 
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Abstract 
Metal containing enzymes inspired several bioinorganic chemists who wanted to replicate 
thermodynamically unfavourable selective reactions in mild conditions. This research work is centred 
on mimicking the structure and activity of one of those enzymes, tyrosinase. The active site of 
tyrosinase is basically represented by a dinuclear copper complex in which each copper ion is 
coordinated by three histidine residues, to give a final hexa-coordinated chiral nitrogen environment. 
Several attempts of mimicking the structure and the activity of this enzyme were done in the past few 
decades, but only few models able to catalyze stereoselective copper-mediated oxidations were 
presented.  To replicate the features of this active site, dinucleating ligands, able to host two copper 
ions, were synthesized. The dinuclear copper complexes of these ligands (Figure 1) were tested in 
their capability to promote typical tyrosinase activity, catecholase and monophenolase activity. With 
regard to catecholase activity, a set of enantiomeric couples of chiral catechols of biological interest 
were chosen as substrates (L/D-dopa, L/D-dopa methyl esters, R/S-norepinephrine) and the best 
discrimination was found, in almost all cases, with the methyl esters of dopa. Monophenolase activity 
was studied with small functionalized phenols, but in the majority of cases a radical pathway was 
preferred rather than a genuine tyrosinase-like hydroxylation. 
Tyrosinase was more recently found to catalyze enantioselective oxidation of aryl-alkyl sulphides to 
sulfoxides, in presence of L-dopa as sacrificial reducing agent, with an enantiomeric excess up to 90 % 
[1]. The synthesized model complexes were employed in an analogue reactivity, with hydroxylamine 
hydrochloride as co-reducing agent. In the majority of cases (Figure 1- a); b); c)), poor reaction yields, 
accompanied by low enantiomeric excesses were detected. An increase of enantiomeric excess (up to 
40 %) was detected with [Cu2(mXPhI)](ClO4)4 as catalyst and thioanisole as substrate. 18-O 
incorporation experiment confirmed that the inserted oxygen atom derived from the atmospheric 
oxygen. This is, so, the first example of copper-mediated asymmetric sulfoxidation, promoted by 
molecular dioxygen as oxidant. 
 
a)                                          b) 
 
 
                                                    
c)                                          d)  
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Figure 1. Synthesized dicopper 
complexes. a) [Cu2(L55Bu4*)]4+ [2]; b) 
[Cu2(EHI)]4+ [3]; c) [Cu2(mXHI)]4+; d) 
[Cu2(mXPhI)]4+ 
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Abstract 

Molybdopterin plays an essential role in nature because it forms the molybdenum cofactor, 
which serves as a catalytic center for various enzymes. While the biological synthesis of MoCo is well 
understood, a chemical synthetic pathway is very challenging and is still being studied. The aim of the 
project is the synthesis of model compounds for the molybdopterin 
depending cofactor, mimicing specific features of MoCo. The focus 
of our research is the development of ligand precursors that 
address the dithiolene function, the pyran ring and the adjacent 
pyrazine ring and their coordination with especially molybdenum, 
but also the development of novel, alternative model compounds 
which are able to catalyse oxygen atom transfer and which can be 
incorporated into the apoenzyme. 

 
For complex formation with suitable ligands, two different approaches were carried out: 
1. the formation of complexes by reaction of a triple bond with (Et4N)2[MoO(S4)2]: The cycloaddition 
of alkynes with the M-S4 moiety of (Et4N)2[MoO(S4)2] precursors results in the formation of a 
dithiolene complex ion of the structure [MoO (S2C2 (R1R2))2]2-, where the metal does not change its 
oxidation state. 
 
 
 
 
 
 
2. The reaction with the precursor complex K3Na[MoO2(CN)4]•6H2O: 
By using K3Na[MoO2(CN)4]•6H2O precursor in complex formation water-soluble model complexes are 
formed with properties being essential for applications in biological studies. 
 
Financial support of the European Research Council is gratefully acknowledged. 
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Abstract 
The isothermal titration calorimetry (ITC) is a widely used biophysical technique to study the 
formation or dissociation of molecular complexes (Falconer, 2016) through which a complete 
thermodynamic characterization of the ligand-substrate interaction (
other hand, it is well known that in general, the complexes with macrocyclic ligants may be more 
thermodynamically stable than their open chain analogous. Therefore, the objective of the present 
work was to measure the thermodynamic parameters of the formation in aqueous medium of the 
Cu2+ complexes with two EDTA-derived ligants, one with a macrocyclic structure (edtaOD) and the 
other with an open chain (EdtaBZ). The relevance of studying the behavior of the formation of these 
complexes is that both have SOD activity, and their analogous compounds (previously reported) are 
non-toxic on peripheral blood mononuclear cells. The measurements were carried out in a MicroCal 
VP-ITC microcalorimeter with 0.1mM binder solutions and 0.6mM CuCl2 solutions at pH=5.0, 7.4 and 
9.0. The behavior of the thermograms showed comparable stabilities but significant differences 
between the studied species, in some cases attributable to the coordination geometry (pH effect). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Thermodynamic parameters of cyclophane-Cu2+ complexes and its open chain analogous. 
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Abstract 
Enzymes as a biocatalyst that efficiently promote a series of vital reactions with high substrate 

specificity and/or high regio- and stereo-selectivities under mild conditions. The attractive features of 
natural enzymes are derived from the evolutionally-optimized first and second coordination spheres 
of the active site. To extend the versatility of the enzymes, incorporation of artificial transition metals 
as an active site into a protein scaffold has been attracted over decades. Combining non-native 
transition metal with a protein scaffold leads to the construction of a tailored enzyme, biohybrid 
catalyst, which exhibits non-natural reactivity and enzyme-like selectivity using engineered second 
coordination sphere.1 

Along this concept,2 we have recently constructed a new biohybrid catalyst, in which a RhCp* 
complex with a maleimide group (RhCp*-male) was covalently linked to the hydrophobic cavity of 
nitrobindin (NB) with -barrel structure. The precise conjugation of RhCp*-male with NB yielding the 
NB-RhCp* conjugate was confirmed by MALDI-TOF MS and UV-vis. We then performed the 
cycloaddition of oximes and alkynes to synthesize isoquinoline derivatives using the NB-RhCp* 
conjugate. The reactions using the biohybrid catalyst NB-RhCp* toward the synthesis of isoquinoline 
derivatives will be presented. 
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Abstract 

The Cu(II)–phenoxyl radical formed during the catalytic cycle of galactose oxidase (GO) 
attracted much attention, and the structures and properties of a number of metal–phenoxyl radical 
complexes have been studied.1 Some of functional model system of GO have been reported previously 
that the Cu complexes showed the oxidation of primary alcohols to aldehydes, and formation of the 
Cu(II)-phenoxyl radical species was revealed in the catalytic cycle. The phenoxyl radical in GO has 
carbon-sulfur covalent bond at ortho-position of the phenol ring. However, properties and detailed 
electronic structures of the methylthiophenoxyl radical coordinated metal complexes have been 
reported only a few. 
 As an extension of the studies on one-electron oxidized Cu(II)–phenolate species and a 
clarification of role of the methylthio group of phenoxyl radical in GO, we synthesized one-electron 
oxidized square-planar Cu(II) and group 10 metal(II) complexes of di(p-methylthiophenolate) Schiff 
base ligands and characterized their geometric and electronic structures and reactivity. The geometric 
and electronic structures difference dependent with the central metal ion in di(p-methylthiophenolate) 
Schiff base ligands will be mainly discussed in this presentation. 
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FeFe hydrogenases are the most efficient biological catalysts of hydrogen production. Their 

active site, the H-cluster, consists of a [Fe2(CO)3(CN)2(dithiomethylamine)] subsite covalently bound to 
a cubane [4Fe4S] subcluster. It is known that the inhibitors O2 and CO bind the vacant site on the Fe 
that is remote to the cubane, but to completely uncover their mechanisms of inactivation, we have to 
keep in mind that they also involve the diffusion of these gases from the solvent and the subsequent 
reactions at the active site.1 

 
We used protein film voltammetry (whereby the enzyme is adsorbed onto an electrode and 

electron transfer is direct) to characterize the kinetics of inhibition of the FeFe hydrogenase from the 
photosynthetic organism Chlamydomonas reinhardtii (Cr) and various mutants, obtained by 
substitution of the V296 (an amino acid present in the vicinity of the H-cluster). The binding and 
release rate constants of the competitive inhibitor CO were determined. This provides information 
about the diffusion of O2, since both gases, at least for NiFe hydrogenases, use the same pathway to 
access the active site. 2 Their Michaelis constants for H2 have been calculated and the inhibition by O2 
has also been studied. The differences in the kinetic properties found between the enzymes tested 
(such as those shown in the figure for CO inhibition) evidence the impact of the amino acid side 
chains on the diffusion rates to the active site. 

 
 

Figure: Effect of V296H substitution on the 
inhibition by CO of Cr FeFe hydrogenase 
(WT, thick line; V296H, dashed line). 
Catalytic activity, recorded as a current of H2 
oxidation, changes with the exposure to 
inhibitor (amounts injected are indicated on 
the graph). 
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Abstract 
A number of mononuclear Mn complexes of Schiff base ligands have been proven to be good 
structural mimics of MnSOD enzymes and some of them have been tested as ROS scavengers.1,2 
However, little is known about the mechanism of the redox processes.  
In this work we obtained four MnIII complexes with the tetradentate N2O2 ligands 1,3-bis(3,5-
X2salicylidenamino)propane (3,5-X2salpn), where X = H, Cl, F and NO2, evaluated their SOD activity 
and studied the reaction of O2 with the electrochemically generated Mn(II) complexes in order to 
provide new insights on the key intermediates involved in the redox reactions.  
The studied complexes have the formulas [Mn(salpn)(H2O)2]ClO4·H2O (1), [Mn(3,5-F2salpn)(H2O)2]PF6 
(2), [Mn(3,5-Cl2salpn)(H2O)2]ClO4 (3) and [Mn(3,5-(NO2)2salpn)(H2O)2] (4), and were obtained by 
monodeprotonation of the Schiff base in MeOH/EtOH with 1 equiv. of aqueous NaOH, followed by 
addition of 1 equiv. of Mn(ClO4)2. Complexes 1 - 3 contain Mn(III), while 4 is a Mn(II) complex.  
Complexes 1 - 4 react with superoxide and their SOD 
activity was determined by measuring inhibition of the NBT 
photoreduction. For these complexes, IC50 values were in the 
2.9 – 4.9 range, indicating that SOD activity is only slightly 
affected by the substituent. 
The electrochemically reduced forms of complexes 1 - 3 
showed ability to react with O2. These complexes are 
reversibly reduced to the Mn(II) form, in deoxygenated 
DMF, at -153, 31 and 145 mV vs SCE, respectively. Cyclic 
voltammetry in the presence of O2 exhibited new redox 
processes together with the loss of reversibility of the one 
electron reduction wave of the starting complex, indicating 
reaction of the reduced complex with O2. The intensity of the reduction peak of the Mn(II)-O2 adduct 
increased with [H+]. EPR and electronic spectroscopy of complex + O2 mixtures at different controlled 
potentials were used to characterize species formed in the redox processes. 
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Abstract 
Bioinformatic analysis of human proteome shows that the most common  zinc fingers (ZFs) group 
differs in the number of residues present between binding cysteines CX1-7C. Extensive research has 
shown that Zn2+ ion affinities to ZF proteins (Kd: 10-8-10-15 M) influence complex stability and might be 
essential for the controlling of cellular free Zn2+ concentration that varies from 10-9 to 10-11 M.1 In this 
work structural analysis of distorted classical ZFs and their comparison with canonical motifs have 
been studied. We examined which factor may influence on Zn2+ affinity to  zinc fingers and thus 
affects diversification. We believe that the formation of -loop in ZF is a crucial part in the initiation 
of metal ion binding process and entire domain stabilization. Reorganization in -loop has particular 
impact on both NH···O and NH···S the hydrogen bond network. Therefore, our research are focused 
on the localization and amount of hydrogen bonds in zinc fingers. To map hydrogen bonds network 
we used two complementary methods: HDX-MS and NMR. Our study shows that ZFs with various 
number of residues localized between two binding cysteines (CXnC) are very dynamic in terms of Zn2+ 
coordination and demonstrate wide range of affinities (Kd: 10-11-10-14 M).2 We believe that this is very 
important for cellular activation of ZFs under cellular fluxes of free Zn2+. The variation of Zn2+ affinity 
within the same, highly conserved class of zinc fingers shows that the stabilization effects are hidden 
both in the sequence (-linker length) and structural rearrangement (hydrogen bonds, electrostatic 
and hydrophobic interactions) of particular amino acid residues.3 We believe that our findings are 
critical factors that adjust Zn2+ affinity of ZFs to cellular fluctuations of free Zn2+ and protein 
compartmentalization. 
 
This work was supported by the National Science Centre (2012/07/E/NZ1/01894). 
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Abstract 

One of the most important micro nutrient is copper. Thanks to its ability to alternate between 
Cu(I) and Cu(II) redox states it is a usual cofactor in redox enzymes, such as Cu, Zn superoxide 
dismutase or ceruloplasmin. Available copper in cells is in Cu(I) form due to the overall intracellular 
reducing environment. Its concentration is under strict control to avoid the damages caused by 
reactive oxygen species produced in Fenton like reactions of excess Cu(I). Therefore the removal of 
excess Cu(I) is really important in Wilson’s disease when the copper trafficking malfunctions and 
copper accumulates in patient’s liver cells. 

 
In this communication we present an efficient Cu(I) binding peptide where two cysteines are 

linked by the DPro-Pro motif. This short peptide’s high affinity for Hg(II), another metal ion with high 
thiophilicity had been already demonstarted.1 The interaction between the peptide and Cu(I) was 
investigated by direct titration with Cu(I) followed by UV-Vis and CD spectroscopy. In both case, the 
evolution of the characteristic LMCT2 band was monitored and a sharp breakpoint occurred in the 
previous linear increase at the addition of 1.3 equiv. Cu(I). Already from this, a {Cu4S6} coordination 
mode could be inferred, which was confirmed by ESI-MS, where the most abundant species was 
Cu4L3

2− and by DOSY NMR spectroscopy, where the M(CuxLy) = 1645 g/mol molar mass calculated 
from the measured diffusion coefficient was in a good correlation with the M(Cu4L3) = 1631 g/mol 
molar mass calculated from the molecular formula of the species. The affinity between thiolates and 
Cu(I) is too high to determine it directly, but it could be obtained in the presence of a well 
characterised Cu(I) ligand, namely bathocuproine disulfonate.3 The apparent stability constant 
happened to be logβ = 17.4 at physiological pH. 

The DPro-Pro motif turned out to be strong enough to rigidify the peptide structure and to 
promote the formation of the water soluble, well-defined Cu4L3 cluster with high stability. 

We also would like to present how the modification of the turn affect the chelating properties. 
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Abstract 
 

Non-canonical 7-deazaguanine (7CG) and 7-deazaadenine (7CA) and canonical cytosine (C) and 
thymine (T) nucleobases are capable of forming Watson-Crick base pairs via hydrogen bonds as well 
as forming Ag(I)-mediated base pairs by coordination to central Ag(I) ions. [1] 

However, other metal ions such as Hg(II) also provide linear coordination that could substitute 
linear hydrogen bonds.[2] With this aim, we decided to explore the reactivity between Hg(II) metal 
ions and base pairs comprising 7-deazapurines nucleobases. Different duplexes, consisting in 
palindromic and non-palindromic sequences, holding 7CG-C or 7CA-T base pairs, have been synthesized 
and characterized. The incorporation of Hg(II) ions into these duplexes leads to the formation of 
Hg(II)-mediated base pairs, with a concomitant increase in the duplexes thermal stability and leading 
to noticeable conformations changes observed by circular dichroism. 

Temperature-dependent UV-spectroscopy, circular dichroism and DFT calculations have been 
employed to confirm and the formation of sequential Hg(II)-mediated base pairs and to determine 
their arrangement.  This finding launches a powerful methodology to generate customized Hg-DNA 
nanostructures with multiple potential applications. 

 
 
 
 
 

 
 
     
 
   
   
 
 
References 

1) Santamaría-Díaz N., Méndez-Arriaga J. M., Salas J. M., Galindo M. A. “Highly stable double-stranded 
DNA containing sequential silver(I)-mediated 7-deazaadenine/thymine watson-crick base pairs”, 
Angew. Chem. Int. Ed.  2016, 55, 6170–6174.  

2) Kondo J., Yamada T., Hirose C., Okamoto I., Tanaka Y., Ono A., “Crystal Structure of Metallo DNA 
Duplex Containing Consecutive Watson–Crick-like T–Hg(II)–T Base Pairs”, Angew. Chem. Int. Ed. 2014, 
53, 2385 –2388. 



Poster session B - Friday June 9th 279

14th International Conference on Applied Bioinorganic Chemistry 
ISABC14, Toulouse, France. June 7th-10th, 2017.

 

14th International Symposium on Applied Bioinorganic Chemistry – ISABC- 
ISABC14, June 7th – 10th 2017, Toulouse (France) 

 

 1 

A study on the secondary structure of the metalloregulatory protein CueR: 
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Abstract 

CueR is a fascinating example of proteins that regulates the intracellular level of a certain group 
of metal ions in several strains of bacteria. CueR provides a sensitive and selective transcriptional 
response to single-charged (CuI, AuI, AgI), but not to double-charged (ZnII, HgII) transition metal 
ions.1) Understanding the details of the metal ion response mechanisms operated by such bacterial 
proteins may forward the design of molecules for selective metal ion binding, accumulation or 
detection.  

The function of CueR is based on the conformational change of the protein upon metal ion 
coordination, influencing the structure of the protein-bound DNA. Metal ion coordination occurs in a 
metal binding loop of the protein close to the C-terminus, where the sidechains of two cysteine 
residues provide linear coordination geometry around the effector metal ion. Based on a study of CueR 
model peptides, the participation of a protonated Cys residue in metal ion binding and the operation of 
a protonation switch have been proposed as a possible element of the regulatory mechanism.2) 

To obtain further insights into the selective metal ion binding and regulatory function of the 
CueR protein, we investigated the effect of pH, the presence of mono and divalent metal ions, the 
promoter DNA sequence and combination of these on the relative proportion of secondary structure 
elements. The fractions of the secondary structure elements were calculated from the circular 
dichroism spectra of the protein, with the BeStSel3) and CDNN4) software, respectively. The CD 
spectrum of the protein in the presence of AgI ions was different from the spectra recorded with ZnII, 
HgII and CdII ions and suggested that the structure of the AgI-bound form of CueR was richer in α-
helices. Furthermore, decreasing the pH to 6.0 induced the transformation of the helix-rich structure 
into a β-sheet rich form. This secondary structure switch could be slowed down by adding AgI 
ions to the protein and fully prevented in the presence of the promoter DNA. In order to reveal 
the effect of pH on the structure of CueR, we performed Molecular Dynamic simulations, as 
well. 
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Abstract 
 
Alzheimer’s disease is the most frequent type of dementia and to this date there is no early diagnosis 

technic nor curative treatment available (1). Alzheimer along with more than 50 other diseases are 

directly linked to protein aggregation (2,3). Although, the cellular proteostasis network balances 

protein synthesis, folding and degradation, its weakening due to aging or deleterious mutations can 

challenge this delicate equilibrium giving place to disease. Molecular chaperones are key players of 

the proteostasis network and are able to modulate the aggregation of several proteins implicated in 

disease (4). In this work we look upon a small bacterial export chaperone, with an unusual robust 

antifolding activity, as a promising modulator of Alzheimer’s related Amyloid Beta (AB) peptide 

aggregation. Our data shows that this chaperone is indeed a robust inhibitor of AB aggregation. 

Furthermore, we demonstrate that this chaperone malleable binding area could be modified to 

efficiently accommodate specific clients, including AB peptide (5,6). 
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Abstract 
 Hydrogen bonds of coordinated water are much stronger than those between 
noncoordinated water molecules [1,2]. The nucleic base – coordinated water interactions are applied 
in heavy metal ion detection [3] as artificial short single-stranded DNA or RNA sequences can fold into 
specific secondary and tertiary structures on binding to certain heavy metal targets with extremely 
high specificity. Here, the hydrogen bond interactions of nucleic bases with noncoordinated and 
coordinated water molecule were studied by analysing geometry of 2403 Protein Data Bank [4] 
crystallographic structures and by MP2/def2-QZVP quantum chemical calculations implemented in 
the ORCA software [5].  

Both PDB search and calculations revealed shorter hydrogen bonds with coordinated water, 
with the acceptor-donor distance in the range of 2.6–2.8 Å independently of metal type, in contrast 
to the noncoordinated water in the range of 2.8–3.0 Å. A number of interactions found in PDB are of 
type nucleic base - hydrated metal – protein, Figure 1, which points out that hydrated metal ions can 
intermediate protein-DNA contacts.  

 
Figure 1: An example of the hydrogen bond 

between a nucleic base and a coordinated water, 

encircled in black, d(O/N)= 2.83 Å. The hydrated calcium 

ion intermediates protein-DNA contact as one of the Ca 

ligands is the protein’s amino acid lysine. DNA 

represented in purple, protein in cyan, nitrogen atoms in 

blue balls and oxygen atoms in red balls. PDB id: 2OAA. 
 

 
 
 
 
  
 

 
 The results of the calculations are in agreement with the PDB data and show that the hydrogen 
bond interactions for doubly charged [Mg(H2O)6]2+ complex (-12.94 to -49.96 kcal/mol) and for singly 
charged [Na(H2O)6]+ complex (-6.66 kcal/mol to -19.63 kcal/mol) are stronger than for noncoordinated 
water (from -4.63 to -8.93 kcal/mol). 
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Abstract	
Zinc dynamic fluxes plays an important role in signaling pathways in the nervous system, 
pancreas signaling, and in the reproductive system. Fluorescent probes able to sense the labile 
pool of zinc, are commonly used to image these dynamic processes. However, these intensity-
based probe do not allow direct quantification of local zinc concentration. On contrary to 
intensiometric probes, ratiometric probes display two distinct emissions, which can be altered 
independently upon metal binding. The ratio of their intensities is proportional to the 
complexation level, allowing easy quantification of zinc concentration. 
 
We have designed ratiometric probes for Zn2+ based on a classical bba zinc finger peptide 
decorated with two different lanthanide complexes (Tb3+ and Eu3+), as emissive moieties. f-f 
transitions are Laporte forbidden, so direct excitation of lanthanides is not efficient, but they 
can be sensitized by energy transfer from an organic chromophore, called antenna. As 
antennas for Tb3+ and Eu3+, we have chosen tryptophan and naphthylalanine, respectively.  
 
We will describe the principle of ratiometric Zn2+ detection with these systems and compare 
the behavior of four zinc finger-based probes, in which the position of the antenna and 
lanthanide chelates are different. 
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Abstract 

It has been established that zinc finger motifs are consisted of cysteine and histidine residues 
coordinated to Zn2+ ion tetrahedral geometry. These specific metal binding motifs occurred in 
proteins are able to facilitate biological processes like transcription, DNA repair, apoptosis and gene 
expression. Commonly known Cys2His2 zinc finger motif called classical or  possess strictly 
conserved sequence with amino acids responsible for Zn2+ binding and hydrophobic core formation. 
Extensive research in this area have shown that elimination of the conserved amino acid has impact 
on the Zn2+ binding and in consequence influence proteins biological function. Our bioinformatics 
analysis showed that sequence alteration within zinc finger proteins appears naturally. Therefore in 
this study, using eight diverse zinc fingers, Co2+ substitution and circular dichroism measurement 
were used to investigate metal ion geometry as well as changes in domain folding that occurred 
during metal binding. Furthermore, we examine stability constants using competition assay with 
metal chelators like 4-(2-pyridylazo)resorcinol and zincon. The obtained data proved that sequence 
alteration within conserved amino acids has impact on the zinc finger complex structure and stability. 
Thus, further investigation is essential to examine if this specific modifications can transform zinc 
finger domain from structural to catalytic one. In order to explore if structurally diverse zinc fingers 
are able to hydrolyse ester or phosphoester bonds the hydrolytic study with two substrates p-
nitrophenyl acetate and p-nitrophenyl phosphate were performed, respectively. 
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Abstract 

The systematic studies of the protected and non-protected multihistidine peptides with 
sequences mimicking metal binding sites Cu,Zn SOD on the one hand gave information about the 
metal ion and protein interaction and on the other hand made it possible to conclude general trends 
in the coordination of metal complexes of multihistidine peptides. The results clearly show that the 
stability of the metal complexes significantly depend on the metal ion and the number and position 
of histidines in the peptide [1-2]. The metal binding ability of the peptide is, however, affected by the 
amino acids which are present in the neighbourhood of the histidine amino acids, also. These 
conclusions strongly suggest that the thermodynamic and structural properties of the peptide 
complexes could be finely tuned by the change of quality and sequence of amino acids around the 
side chain donor atoms of coordinating the metal ions. This means, that the systematic planning of 
the sequence of peptides could increase the metal binding selectivity of peptides as well.  

Aims of the continuation of our metallopeptide chemistry research work were the synthesis, 
equilibrium, and structural studies of complexes of such series of multihistidine peptides, in which 
the systematic change of the amino acid sequence is carried out. The presence of positively or 
negatively charged and polar or bulky side chains of other amino acids in the neighbourhood of the 
metal binding sites, can significantly contribute to the stability of these complexes and selectivity of 
the peptides. To understand the specific effects of these side chains lysine, aspartic acid or 
phenylalanine were systematically inserted into the sequence of the multihistidine peptides: Ac-
HDAH-NH2, Ac-HADH-NH2, Ac-HXHZH-NH2 (X, Z = Ala, Phe, Asp, Lys) and Ac-HXHAHXH-NH2  (X = Asp 
or Phe). The results in studies of copper(II), nickel(II) complexes of these peptides have shown that 
the aspartic acid and phenylalanine residue in the molecule change the stability of metal complexes 
and the preference of the metal binding site, while the lysine residue does not influence the complex 
formation processes. 
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Abstract 

The substitution-inert polynuclear platinum complexes (PPCs) represent a unique class of 
antitumor agents that bind with high affinity to DNA and RNA [1]. Their binding to nucleic acids is 
mediated exclusively by noncovalent (hydrogen bonding, electrostatic) interactions. PPCs bind to DNA 
through use of ‘phosphate clamp’ - a discrete mode of DNA-ligand binding distinct from canonical 
intercalation and minor-groove binding [2]. Substitution-inert PPCs display interesting biological activities 
including in vitro cytotoxicity in a wide range of cell lines, antitumor activity that is independent of p53 
status and high cellular accumulation. The mechanism of their antitumor and cytotoxic activity is not 
fully understood, however it has been suggested [1, 3] that it may be associated with the high potency 
of these compounds to condense nucleic acids along with their sequence-specific DNA binding and 
also on the competition with naturally occurring polyamines such as spermine for intracellular 
binding sites, but with altered function. 

 
 
 
 
 
 
 
 
 
 

 
Here we present our results on a group of substitution-inert PPCs and their ability to promote 

formation of various DNA and RNA triplexes. The results are compared to those obtained with 
spermine, which is regarded as an excellent triplex stabilizer. In addition, we examined the potency of 
substitution-inert PPCs to inhibit DNA synthesis by DNA polymerase and reverse transcriptase in 
sequences that are prone to the formation of triplexes. Our data show that substitution-inert PPCs 
are capable of promoting triplexes at concentrations significantly lower than spermine. 
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Abstract 
In a German polluted spring, the aquatic fungus Heliscus lugdunensis was found to be able to survive 
in the presence of high metal ion concentrations. This fungus produces a number of different 
thiolate-containing molecules, among them the metallothionein Neclu_MT11.  
MTs are a large super-family of cysteine-rich metalloproteins; besides their small size (<10 kDa), the 
significant number of thiolate residues (in vertebrates up to 33% of the amino acids are Cys residues) 
confers them with a high binding capacity towards transition metal ions with d10 electron 
configuration. Neclu_MT1 is with only 24 amino acids one of the smallest MTs but features with 8 Cys 
residues the same high Cys content as the vertebrate forms. In addition, Neclu_MT1 contains a single 
C-terminal His residue, which is one of its most interesting features since it was shown to be a Cd(II)-
specific MT, even on the gene transcription level.2 
In order to better understand the role of the His residue, an arginine mutant was produced 
(Neclu_H24RMT1). The binding capacity of Neclu_H24RMT1 is comparable to the wild-type: both are 
able to complex three Cd(II) or Zn(II) ions. With potentiometric measurements we were able to 
calculate the pKa values of all titratable residues of wild-type and mutant Neclu_MT1. Furthermore, 
complexation studies are being carried out on the two systems with both Cd(II) and Zn(II). 
The obtained data is intended to provide information about the coordinating residues and the specific 
role of the His residue. UV-visible and circular dichroism spectroscopy as well as mass spectrometry 
experiments complement the potentiometric data. 
 
Project funding by the Swiss National Science Foundation (SNSF) to EF is gratefully acknowledged. 
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Charge transfer in DNA and its potential of applications are not only a subject in chemistry but 

also in biology and physics.[1] Its applicability in sensors, nanoelectronics as well as its proposed 
relevance in DNA damage and skin cancer makes it an interesting research area.[2] The underlying 
mechanisms are well understood both for hole transfer and excess electron transfer.[3,4] 

 
To investigate the effects of excess 

electron transfer, we describe here a 
simple method for the synthesis of a 
diaminonaphthalene-based electron 
donor that can be easily incorporated 
into DNA oligonucleotides. Based on 
earlier work by Rokita et al.,[5] these 
oligonucleotides can be paired with 
bromouracil-containing electron 
acceptor oligonucleotides. Upon 
excitation of the electron donor via 
irradiation, an electron is injected into the base pair stack. After electron transfer through the DNA 
duplex, bromouracil is reduced and cleaves off a bromide anion. We have synthesized different 
oligonucleotide strands containing natural base pairs in-between electron donor and acceptor as well 
as thymine-thymine mismatches. Metal-mediated thymine-Hg(II)-thymine base pairs are easily 
formed from these mismatches and the effect of the metal ions inside the DNA duplex on the 
electron transfer properties can be investigated. The charge transfer was evaluated after enzymatic 
digestion of the irradiated oligonucleotides by quantifying the amount of the unreacted bromouracil 
via LC-ICP/MS detection of Br. 
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Abstract 

G-quadruplexes are non-canonical secondary nucleic acids structures formed by guanine rich 
stretches. These highly polymorphic structures have become more than a mere structural curiosity 
due to the discovery of thousands of potential G4-forming sequences in biologically functional 
regions of many sequenced genomes. Over-represented in telomeres and promoters, these structures 
seem to be involved in genome stability and in a large number of biological processes1 and they are 
related to some pathologies such as cancer, neurodegenerative and infectious diseases (viral 
replication). 2  

Therefore, the search of molecules able to 
interact and stabilize these structures with therapeutic 
purposes has attracted growing attention in recent 
years. 3 Among them, terpyridine derivatives constitute 
an important family of potential G4 ligands.4 
Nevertheless, more efforts have to be made in order to 
search more selective G4 ligands. In this work, we show 
two newly synthesized Zn(II) complexes with terpyridine 
derivatives, Zn(II) mono- and bis- terpyridine, able to 
target G-quadruplexes.  FRET melting assays reveal that 
both Zn(II) complexes thermally stabilize G-quadruplex 
structures (Figure 1) but with different selectivity.  

These Zn(II) complexes are fluorescent molecules, hence their cellular uptake was studied by 
means of fluorescence microscopy. Both terpyridine derivatives are successfully internalized in the 
cells at 50 μM within 1h being localized mainly in the nucleus (Figure 2). In addition, their cytotoxicity 
towards SW480 (colon tumor cells) was also evaluated, being the Zn(II) bis-terpyridine derivative 
more cytotoxic than the Zn(II) mono-terpyridine derivative.  

 
Figure 2: Images of SW480 cells treated with 50 μM of Zn(II) mono-terpyridine derivative after 1h of incubation: 
(A) Phase Contrast, (B) Orange Fluorescence Emission and (C) Overlay. 

     A       B             C 

Figure 1. ΔTm Spider Plot of several 
oligonucleotides in the presence of 10 µM 
of Zn(II) complexes. 
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Abstract 

In nature, many proteins form various assemblies with unique functions derived from the 
sophisticated structures. Recently, artificial protein assemblies inspired by the natural protein 
assemblies have attracted attentions due to the significant potentials toward new soft materials.1  

In order to construct an artificial hemoprotein assembly, we focus on the hexameric tyrosine-
coordinated heme protein (HTHP) as a building block.2 HTHP has a ring-shaped homohexameric 
structure with C6-symmetry and each monomer possesses one heme molecule as a cofactor. For 
construction of the assembly, the chemical modification of HTHP was carried out (Fig. 1). To modify 
HTHP with maleimide–thiol coupling reaction, Cys-introduced HTHP mutant was designed and 
prepared, because native HTHP contains no Cys-residue and the site-selective modification at the Cys 
residue can be promoted in this mutant. Pyrene or poly(N-isopropylacrylamide) (PNIPAAm) as a 
functional molecule was introduced on the surface of the HTHP mutant. Pyrene is a hydrophobic 
fluorescent molecule and the pyrene-linked HTHP (pyr-HTHP) spontaneously forms the dimer of the 
hexamer structure, (pyr-HTHP)2, via pyrene–pyrene interaction. The dimer (pyr-HTHP)2 was 
characterized by size exclusion chromatography and dynamic light scattering. Another functional 
molecule, PNIPAAm is a thermo-responsive polymer. PNIPAAm-linked HTHP (PNIPAAm-HTHP) shows 
the reversible thermo-responsive assembling behavior.  PNIPAAm-HTHP exhibits a monomeric 
structure under low temperature conditions, whereas the large structure is observed under high 
temperature conditions. The diameter is estimated to be 40 nm by the dynamic light scattering. 

The chemical modification of HTHP mutant provides the formation of the artificial protein 
assemblies, and these shapes significantly depend on the artificially introduced molecule onto the 
protein surface. This diversity of the assembling behavior will contribute to the development of novel 
soft materials. 
 
 
 
 
 
 
 
 
 
 

Figure 1. Construction of protein assemblies of HTHP by chemical modifications 
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Abstract 

Peptide Nucleic Acid (PNA, Figure 1) is a synthetic 
nucleic acid analogue, possessing an electrostatically 
neutral N-(2-aminoethyl)glycine backbone instead of the 
negatively-charged sugar-phosphate backbone of DNA1. 
Due to the lack of electrostatic repulsion, PNA/DNA 
duplexes are more stable than DNA/DNA duplexes. This 
high DNA affinity makes it possible for two PNA strands to 
invade double-stranded DNA (dsDNA) and form a so-called double-duplex invasion complex (Figure 2) 
through Watson-Crick base pairing2. PNAs can directly recognize specific dsDNA sequences, and this 
invasion does not require prior denaturing of the dsDNA. Thus, PNA is a potential candidate as a 
biochemical or molecular-biological tool. 

  
Figure 2 Invasion complex formation by PNA (left) and Ru-complex-PNA conjugate (right). 

In this study, PNA was conjugated with a Ru-complex to improve its invasion efficiency. It is 
reported that Ru-complexes coordinated with bipyridine-derived ligands can interact with DNA via 
electrostatic and/or hydrophobic interactions3. The Ru-complex was prepared with phenanthroline 
ligands and introduced into the PNA through n-terminal amino group (Figure 3). This PNA is tightly 
anchored with the metal complex to DNA, and a more 
stable invasion complex can be formed. 

The invasion efficiency of the synthesized PNAs 
was evaluated by electrophoresis mobility shift assay, and 
the design of the modified PNA was optimized by 
changing the positions of the metal complex and the 
length of the linker between the Ru-complex and the 
PNA. The optimized Ru-complex-PNA conjugate shows 
the higher invasion efficiency than the corresponding 
PNA without the Ru-complex. 
References 
1)  Nielsen, P. E. et al. Science 1991, 254, 1497. 
2)  Lohse, J. et al. Proc. Natl. Acad. Sci. 1999, 96, 11804. 
3)  Metcalfe, C.; Thomas, J. a. Chem. Soc. Rev. 2003, 32, 215. 
 

 
Figure 1 PNA structure 

 
Figure 3 Ru-complex used for the PNA 
modification. 
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Abstract 
 
The importance of histidine and histamine interactions with metal ions is of great importance 
because of their biological function as the primary component of the active centers of many 
metalloproteins. 

We form the complex Yb[Cy1a] from the cyclic isomer Cy1a, obtained from 
diethylenetriaminepentaacetic (or DTPA) with the amine p-xylenediamine. This complex is soluble in 
water and is very stable at different pH values, mainly at physiological pH. 

In this work, the ability to form adducts between the Yb [Cy1a] complex in the presence of histidine 
and histamine was assessed by 1H NMR and UV-Vis titrations at pH 7.2, keeping the concentration of 
the complex constant and varying the concentration of histidine and histamine . For both histidine 
and histamine a second complexation was observed to occur. For both histidine and histamine a 
second complexation was observed to occur. In the NMR spectra there is a greater shift in the signals 
of the host's aromatic protons, which indicates that the imidazole ring is a type of interaction with 
the complex. 

 
 
 
 

 
 
 
 
 
NMR 1H spectra of the complex Yb(cy1a)H3 at 25 °C, pH 7, 18 mM in 10/90% D2O/H2O. Top without 
pulse of presaturation in the water, lower part with pulse of presaturation in the water. 
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Abstract 

 Amino acids are among the most important materials for our life. Many 
substances for food additives, medicines, and so on are produced from amino 
acids. Most of optically active non-proteogenic amino acids, for instance D-amino 
acids, are obtained from racemic amino acids through some chemical or 
biochemical methods, such as hydrolysis of protected amino acids by enzymes or 
catalysts and optical resolutions. Optical resolution is a traditional but still a 
common method for obtaining optically active amino acids. Some methods for 
optical resolutions and asymmetric syntheses using metal complexes have been 
reported. 

 (R)-N-(2-Pyridylmethyl)pipecolic acid (Hpmp), prepared from D-pipecolic acid and           
2-chloromethylpyridine, was treated with copper(II) acetate to give [Cu(pmp)(OCOCH3)(OH2)].H2O 
(1.H2O) as blue crystals, which was revealed to have a five-coordinated structure with a pmp as a 
tridentate ligand and an acetate and a water molecule as monodentate ligands by an X-ray crystal 
structure analysis.  A mixed-ligand complex obtained from N-t-butoxycarbony-DL-leucine       
(DL-BocLeu) and 1 gave [Cu(pmp)(D-BocLeu)(OH2)].H2O (2.H2O) as a soluble-less compound by 
recrystallization in aqueous acetonitrile (Scheme 1).  X-Ray structure analyses showed that 2.H2O 
has hydrogen-bond networks involving the coordinated and the crystallization water molecules. 
Recrystallization of the ternary complex of DL-BocLeu in acetone gave [Cu(pmp)(L-BocLeu)] (3) as a 
soluble-less compound, which forms a dimer connected by a coordination and a hydrogen bond 
between ligands instead of the hydrogen-bond networks of coordinated and crystal waters in 2.H2O. 

The differences in intermolecular interactions between the crystals of 2.H2O and 3 influence 
their solubilities. In aqueous acetonitrile 2 was about 3 times less soluble than 3. This is due to the 
hydrogen bond network consisting of the coordinated and crystal waters in 2.H2O. On the other 
hands, 2 was about 20 times more soluble than 3 in acetone. The difference is probably caused by 
lack of crystal waters forming the hydrogen bond network in 3, which is crystallized more favorably by 

promotion of 
dimerization by 
interligand hydrogen 
bonds in non-aqueous 
solvents. 

Complexes 2 and 
3 provided optically-pure 
D-BocLeu and 97 %ee of 
L-BocLeu, respectively, 
by treatment with 
diluted acetic acid.  

[Cu(pmp)(OAc)(OH2)] (1)

[Cu(pmp)(L-BocLeu)] (3)

[Cu(pmp)(D-BocLeu)(OH2)] (2)

aq. CH3CN

cryst.

acetone

cryst.

DL-BocLeu

Scheme 1. Mixed-ligand complexes crystallized in aqueous CH3CN and acetone 

N COO

N

pmp
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Abstract 
 
Solar power is an exceptionally abundant and reliable energy source, which is made use of 
extensively by natural systems. This work is inspired by natural proteins and uses biology to inform 
the design of novel materials. Utilising proteins as chemical scaffolds we have designed, with the aid 
of computational modelling, and analysed a series of synthetic systems. Focusing on the use of super-
helical assemblies and previous work within the group,1, 2 we have constructed a family of peptides 
that self-assemble around a lanthanide tri-cation. These peptides have been studied by circular 
dichroism (CD) and x-ray diffraction (XRD) experiments to ascertain structural features both to 
understand and improve the design.  
 
The photo-physics of energy transfer from tryptophan sensors to a Tb(III) or Eu(III) bound ion has 
been studied to understand the ability to trap energy within the system. Interestingly, the lack of 
waters around the lanthanide should allow long lifetimes with low quenching coefficients. However, 
tryptophan is a poor sensor for lanthanides so we have carried out modelling to allow rapid 
prediction of emission spectra from the molecular structure of small aromatic and conjugated 
chromophores. This tool has allowed us to start optimising the design of unnatural amino acids to 
impart enhanced absorption and energy transfer properties upon the overall structure.  
 
The synthesis of unnatural amino acids has been explored, making use of Negishi cross coupling and 
natural amino acid feedstocks to impart enantiopurity.3, 4 This work demonstrates early attempts to 
mimic the complex architecture of a natural light harvesting complex. The use of solid-phase peptide 
synthesis has allowed the structure to be altered and the effect of residue mutation studied. We hope 
to use this tailorable architecture to create new devices to harvest light energy for applications from 
electricity generation to sensor design and light activated catalysis. 
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