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On behalf of the Medicinal Chemistry and Bioanalysis (MCB) program I would like to 
welcome you to the MCB2014 symposium in Groningen. The program spans topics 
ranging from analytical chemistry to medicinal chemistry and chemical biology and 
forms a link between the chemistry and biomedically oriented programs of the 
Groningen University Institute of Drug Exploration (GUIDE). I am particularly happy 
that many young scientists will present their work in the form of oral presentations 
and posters.  

I would like to take this opportunity to thank our sponsors that made it possible to 
offer participation at a very reasonable cost.  

Enjoy the program and the interactions with your colleagues. 

 

Rainer Bischoff 
Chairman (MCB2014) 
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Program 
 
August 25, 2014   
 
09:00 - 09:45 Arrival and Registration 
 
Session 1 
Chair: Alexander Dömling, Angela Casini 
09:45 – 10:00 Opening  
 
10:00 – 10:30 
 
Keynote 1 
 

Chryssostomos 
Chatgilialoglu 
(Institute of Nanoscience 
and Nanotechnology, 
National Center of 
Scientific Research 
"Demokritos", Athens, 
Greece) 

Biomimetic models of radical stress and 
related biomarkers 

10.30 - 10.50 Frank Dekker 
(University of Groningen, 
GRIP, Dept. Therapeutic 
Gene Modulation, 
Groningen, The 
Netherlands) 

Novel chemical strategies for inhibition and 
detection of lipoxygenases in inflammation 

10:50 – 11:05 Creina Slator  
(Dublin City University, 
School of Chemical 
Sciences and National 
Institute for Cellular 
Biotechnology, Glasnevin, 
Dublin, Ireland) 

Di‐nuclear copper(II) complexes as chemo-
therapeutic leads 

11:05 – 11:20 Thea van den 
Bosch  
(University of Groningen, 
GRIP, Dept. Therapeutic 
Gene Modulation, 
Groningen, The 
Netherlands)  

Proteomic analysis of changes in protein 
acetylation in inflammation 

 
11:20 – 11:40 Coffee Break 
 
11:40 – 12:10 
 
Keynote 2 

Gianni Sava  
(Callerio Foundation, 
Trieste, Italy) 

The complexity of metastasis biology must 
drive anticancer drug development 

12:10 – 12:30 Angela Casini 
(University of Groningen, 
GRIP, Dept. 
Pharmacokinetics, 
Toxicology and Targeting, 
Groningen, The 
Netherlands) 

A golden future in medicinal inorganic 
chemistry: the promise of anticancer gold‐
based compounds 

12:30 – 12:45 Andreia de Almeida 
(University of Groningen, 
GRIP, Dept. 
Pharmacokinetics, 
Toxicology and Targeting, 

In silico approaches to identify Aquaporin 
inhibitors 



Groningen, The 
Netherlands) 

12:45 – 13:00 Milon Mondal 
(University of Groningen, 
Stratingh Institute for 
Chemistry, Groningen, The 
Netherlands) 

De novo structure‐based design of novel 
inhibitors of the aspartic protease 
endothiapepsin exploiting dynamic 
combinatorial chemistry 

 
13:00 – 14:30 Lunch/Posters 
 
 
Session 2   
Chair: Sabeth Verpoorte, Frank Dekker 
14:30 – 15:00 
 
Keynote 3 

Lieven Meerpoel 
(Johnson & Johnson 
Pharmaceutical Research 
& Development, Beerse, 
Belgium) 

Innovation through external collaboration 

15:00 – 15:20 Alexander Dömling 
(University of Groningen, 
GRIP, Dept. Drug Design, 
Groningen, The 
Netherlands) 

A novel computational platform linking drug 
discovery with fast and efficient chemistry 
pathways 

15:20 – 15:35 Tryfon Zarganes‐
Tzitzikas  
(University of Groningen, 
GRIP, Dept. Drug Design, 
Groningen, The 
Netherlands) 

The first and best‐in‐class broad range 
influenza small molecules targeting the 
hemagglutinin sialic acid binding pocket 

15:35 – 15:50 André Heeres 
(Syncom, Groningen, The 
Netherlands) 

Design and synthesis of multiple ligands for 
the treatment of motor and cognitive 
symptoms of Parkinson’s disease 

 
15:50 – 16:10 Coffee Break 
 
16:10 – 16:40 
 
Keynote 4 

Alain Van 
Dorsselaer  
(Institut Pluridisciplinaire 
Hubert Curien, Strasbourg, 
France) 

Are today’s proteomic analysis 
performances good enough? 

16:40 – 17:00 Rainer Bischoff 
(University of Groningen, 
GRIP, Dept. Analytical 
Biochemistry, Groningen, 
The Netherlands) 

Biomarker discovery and validation – the 
long road to travel 

17:00 – 17:15 Alexander 
Boichenko  
(University of Groningen, 
GRIP, Dept. Analytical 
Biochemistry, Groningen, 
The Netherlands) 

iTRAQ‐based profiling and label‐free 
quantification revealed a panel of regulated 
proteins in cervical intraepithelial neoplasia 
and cervical cancer serum 

17:15 – 17:30 Karin Wolters 
(University Medical Centre 
Groningen, Dept. Medical 
Systems Biology, 
Groningen, The 
Netherlands) 

Targeted proteomics as a tool to study 
biological pathways and processes 



 
19:00   Symposium Dinner   Restaurant WEEVA ‐ sinds 1871 / Martini 

Hotel  
Gedempte Zuiderdiep 8‐10  
9711 HG Groningen 

 
 
 
 
August 26   
 
Session 3   
Chair: Gerrit Poelarends, Rainer Bischoff 
09:00 – 09:30 
 
Keynote 5 

Lennart Martens 
(Department of Medical 
Protein Research, Ghent 
University and VIB, Ghent, 
Belgium) 

Tomb raider: the fruitful exploration of 
proteomics data graveyards 

09:30 – 09:50 Péter Horvatovich  
(University of Groningen, 
GRIP, Dept. Analytical 
Biochemistry, Groningen, 
The Netherlands) 

Practical aspects of LC‐MS data 
preprocessing and statistical analysis 

09:50 –10:05 Jaap Wieling  
(QPS Netherlands BV, 
Groningen, The 
Netherlands) 

Bioanalysis by elemental mass 
spectrometry: an overview of 10 years of 
ICPMS and LC‐ICP‐MS in clinical and 
preclinical R&D 

10:05 –10:20 Laurent Rieux (Antec 
BV, Zoeterwoude, The 
Netherlands) 

Enhanced pharmaceutical stability testing 
using on‐line electrochemical reactions up‐
front MS 

 
10:20 –10:40 Coffee Break 
 
10:40 –11:10 
 
Keynote 6 

Ullrich Jahn  
(Institute of Organic 
Chemistry and 
Biochemistry ASCR, 
Prague, Czech Republic) 

New radical avenues to biologically active 
natural products and their  analogs 

11:10 – 11:30 Gerrit Poelarends 
(University of Groningen, 
GRIP, Dept. 
Pharmaceutical Biology, 
Groningen, The 
Netherlands) 

Chemo‐enzymatic synthesis of chiral 
building blocks for pharmaceuticals 

11:30 – 11:45 Edzard Geertsema  
(University of Groningen, 
GRIP, Dept. 
Pharmaceutical Biology, 
Groningen, The 
Netherlands) 

Biocatalytic Michael‐type additions yielding 
enantioenriched precursors of GABA‐
based pharmaceuticals 

11:45 – 12:00 Martin Witte 
(University of Groningen, 
Stratingh Institute for 
Chemistry,Groningen, The 
Netherlands) 

Targeted‐diazotransfer reagents to site‐
selectively introduce azides on proteins 



 
12:00 – 13:00 Lunch/Posters 
 
 
Session 4 
Chairs: Peter Horvatovich, Matthew Groves 
13:00 – 13:30 
 
Keynote 7 

Wilhelm Huck 
(Radboud University, 
Department of Physical 
Organic Chemistry, 
Nijmegen, The 
Netherlands) 

Role of mechanical cues of the 
extracellular matrix in regulating stem cell 
fate 

13:30 – 13:50 Sabeth Verpoorte 
(University of Groningen, 
GRIP, Dept. 
Pharmaceutical Analysis, 
Groningen, The 
Netherlands) 

Microfluidics in a drug development 
environment 

13:50 – 14:05 Matthew Groves  
(University of Groningen, 
GRIP, Dept. Drug Design, 
Groningen, The 
Netherlands) 

Macromolecular self-assembly in living 
organisms (MaSALO) as a unique tool in 
drug discovery 

14:05 – 14:20 Pieter Oomen  
(University of Groningen, 
GRIP, Dept. 
Pharmaceutical Analysis, 
Groningen, The 
Netherlands) 

Incorporation of sensors into microfluidic 
tissue culture systems for improved control 
of incubation conditions 

14:20 – 14:40 Loes Kistemaker  
(University of Groningen, 
GRIP, Dept. Molecular 
Pharmacology, Groningen, 
The Netherlands) 

Precision cut lung slices as a model for 
efficacy analysis 

 
14:40 – 14:50 Poster Price 
14:50 – 15:00 Closing Remarks 
 
  



 
 
 
 

ABSTRACTS LECTURES 
  



  



Biomimetic models of radical stress and related biomarkers 
 

Chryssostomos Chatgilialoglu 
 

Institute of Nonoscience and Nanotechnology, N.C.S.R. “Demokritos”,  
Athens, Greece 

E-mail: chrys@ims.demokritos.gr 
 
 
The biological consequences of free radical production are the central subject of a 
very lively scientific debate, focusing on the estimation of the type and extent of 
damage, as well as the efficiency of the protective and repair systems. When 
studying free radical based chemical mechanisms, it is very important to establish 
biomimetic models, which allow the experiments to be performed in a simplified 
environment, but suitably designed to be in strict connection with cellular conditions. 
The biomimetic modeling approach has been coupled with physical organic chemistry 
methodologies and knowledge of free radical reactivity. Molecular basis of important 
processes have been identified, building up molecular libraries of products 
concerning unsaturated lipids, sulfur-containing proteins and nucleic acids, to be 
developed as biomarkers. Ongoing projects in our group deal with lipidomics,1,2 
genomics3 and proteomics4 of free radical stress and some examples will be 
described. 
 
For recent reviews, see: 
1) Chatgilialoglu, C.; Ferreri, C.; Melchiorre, M.; Sansone, A.; Torreggiani, A. Chem. Rev. 2014, 114, 

255. 
2)  Ferreri, C.; Chatgilialoglu, C. Expert Rev. Mol. Diagn. 2012, 12, 767.  
3)  Chatgilialoglu, C.; Ferreri, C.; Terzidis, M. A. Chem. Soc. Rev. 2011, 40, 1368. 
4)  Chatgilialoglu, C.; Ferreri, C.; Torreggiani, A.; Renzone, G.; Salzano, A. M.; Scaloni, A. J. 

Proteomics 2011, 74, 2264.  
 
 
  



Novel chemical strategies for inhibition and detection of 
lipoxygenases in inflammation 

 
Frank J. Dekkera, Nikolaos Eleftheriadisa, Bert-Jan Baasb, Petra Ettemaa, Rosalina 

Wisastraa  
 

a Pharmaceutical Gene Modulation, University of Groningen, The Netherlands (f.j.dekker@rug.nl) 
b Pharmaceutical Biology, University of Groningen, The Netherlands 

 
 
Arachidonic acid metabolites are lipid signalling molecules that play a versatile role in 
inflammation and cancer. Classically arachidonic acid metabolizing enzymes such as 
lipoxygenases are considered to be drug targets for anti-inflammatory therapy. 
However, recent research indicates a more versatile role for these enzymes with also 
connections to cancer. A main bottleneck in research on both 5-lipoxygenase (5-
LOX) and 15-lipoxygenase (15-LOX) is the lack of good small molecule inhibitors or 
activators and the lack of method to study these enzymes in their cellular 
environment. Recently, we identified a novel 5-LOX activator and a 15-LOX inhibitor, 
which are both selective between both enzyme classes [1,2]. An issue that is 
complicating the analysis of 5- or 15-LOX inhibition is the relative instability of the 
enzymes and the requirement for co-factors such as ATP and Ca2+ for 5-LOX. In 
order to study these enzymes in their cellular context we are currently developing 
novel probes for activity based protein profiling of these enzymes in their cellular 
context. Initial results on this novel strategy are very promising. Ultimately, we aim to 
provide novel tools to study these enzyme in order to exploit them as drug targets for 
inflammation and cancer. 
 
1. Wisastra et al. Bioorg. Med. Chem. 2012, 20(16), 5027-5032. 
2. Wisastra et al. Bioorg. Med. Chem. 2013, 21(24), 7763-7778. 
 
 
 
 
  



Di-nuclear copper(II) complexes as chemotherapeutic leads 
 

Creina Slator, Niall Barron, and Andrew Kellett 
 

Dublin City University, School of Chemical Sciences and National Institute for Cellular Biotechnology, 
Glasnevin, Dublin, Ireland. 

andrew.kellett@dcu.ie 
 
 
Metal-based drugs contribute to the majority of single and combination anticancer 
drug treatment regimens, however, many possess undesirable toxic side-effects 
along with intrinsic or acquired resistance to many forms of human cancer1. Here we 
report the synthesis and biological application of a new class of di-nuclear copper 
complex as a potential metallodrug lead. The most promising candidates, [Cu2(μ-
terph)(phen)4](terph) and [Cu2(μ-oda)(phen)4](ClO4)2  (where terph= terphthate, oda= 
octanidioate and phen= 1,10-phenanthroline), exhibit nanomolar in vitro cytotoxicity 
toward epithelial cancer cells with activity linked to intracellular ROS generation2-4. 
These complexes have been screened by the National Cancer Institute’s (NCI) 
Developmental Therapeutics Programme (DTP) where a unique spectrum of activity 
was confirmed. On this basis, investigation into the mode of action for both 
complexes were conducted using an intrinsic cisplatin resistant ovarian 
adenocarcinoma cell line, SKOV3, through a variety of molecular biological 
techniques including flow cytometry, confocal microscopy, western blotting and 
qPRC.   
 
 
 
(1) Mangrum, J. B.; Farrell, N. P. Chem. Commun. 2010, 46, 6640. 
(2) Prisecaru, A.; Devereux, M.; Barron, N.; McCann, M.; Colleran, J.; Casey, A.; McKee, V.; 

Kellett, A. Chem. Commun. 2012, 48, 6906. 
(3) Kellett, A.; O'Connor, M.; McCann, M.; McNamara, M.; Lynch, P.; Rosair, G.; McKee, V.; 

Creaven, B.; Walsh, M.; McClean, S.; Foltyn, A.; O'Shea, D.; Howe, O.; Devereux, M. Dalton 
Trans. 2011, 40, 1024. 

(4) Kellett, A.; O'Connor, M.; McCann, M.; Howe, O.; Casey, A.; McCarron, P.; Kavanagh, K.; 
McNamara, M.; Kennedy, S.; May, D. D.; Skell, P. S.; O'Shea, D.; Devereux, M. Med. Chem. 
Commun. 2011, 2, 579. 
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Proteomic analysis of changes in protein acetylation in 
inflammation 

 
Thea van den Boscha, Alexander Boichenkob, Rainer Bischoffb, Frank Dekkera 

 
a Department of Pharmaceutical Gene Modulation, University of Groningen, Antonius Deusinglaan 1, 

9713 AV Groningen, The Netherlands 
bDepartment of Analytical Biochemistry, University of Groningen, Antonius Deusinglaan 1, 9713 AV 

Groningen, The Netherlands 
 
 
NF-κB mediated gene transcription plays a key role in chronic inflammatory 
responses, such as airway inflammation in asthma. It has been shown that NF-κB 
mediated gene transcription is for an important part regulated by protein lysine 
acetylations. We aim to analyze which protein acetylations are important in 
inflammation. Furthermore, we aim to specifically modulate these acetylations, by 
using small molecule inhibitors targeting the responsible enzymes (histone 
acetyltransferases; HATs, or histone deacetylases; HDACs), to eventually give rise to 
new therapeutic strategies for the treatment of inflammatory diseases such as 
asthma. To this end, the NF-κB pathway will be stimulated in cell cultures relevant to 
asthma. Furthermore, cells will also be treated with NFκ-B stimulators in combination 
with HAT or HDAC inhibitors (HATi or HDACi). Changes in histone acetylations will 
then be monitored as follows: histones will be extracted, derivatized with acetic 
anhydride d6, subjected to trypsin digestion, and finally, to LC-MS/MS analysis. The 
acetic anhydride d6 derivatization provides us with an internal standard for 
acetylation. This is due to the addition of heavy (deuterated) acetyl groups only to 
unmodified lysines. Furthermore, it ensures that, during the trypsin digestion, histone 
peptides of a suitable (bigger) size are generated for the analysis, as modified lysines 
are not cleaved by trypsin. So far, acetylations and other post translational 
modifications (PTMs) on histones can be detected detected using mass 
spectrometry. Ratios of different acetylations within specific histone peptides 
obtained after trypsin digestion can be calculated. Using tandem mass spectrometry, 
it will be possible to localize acetylations and other PTMs to specific amino acids of 
histones. Treatment of resting cells (no NF-κB stimulation as of yet) with HDACi 
results in increased acetylation on the tails of histones H3 and H4. Our working 
method can be viewed as a new approach to characterizing the effects of (novel) 
HATi and HDACi on histone acetylation in cells. Future aims include an investigation 
of the concentration and time dependency of HATi and HDACi on histone acetylation. 
Also, the NF-κB pathway will be stimulated after which changes in the histone 
acetylation will be investigated. The combination with HATi and HDACi will then also 
be investigated. Furthermore, it will be important to study acetylation status of NF-κB 
(in relation to its translocation). Finally, we will set up Chromatin Immunoprecipiation, 
to investigate (inflammatory) gene specific changes in histone acetylation. 
 
  



The complexity of metastasis biology must drive anticancer drug 
development 

 
Gianni Sava 

 

University of Trieste and Callerio Foundation Onlus 
e-mail: gsava@units.it 

 
 

The evolution of health care in the last 40 years has led to a significant 
improvement of cancer mortality. At the beginning of 1970 new cancers estimates 
were around 400 per 100.000 inhabitants, adjusted by age, and only 200 (50%) of 
them were curable. Today, the new cancers arising in the same population are 
estimated around 444 and the expected curable are 66%. In other words we have 
improved the capacity to cure cancer patients. However, a careful reading of this 
success tell us that such improvements are largely due to early cancer detection and 
to improved radical surgical ablations. The use of drugs is still lacking a clear 
success. In 1976 we cured testicular cancer with cisplatin and in 1997 CML 
Philadelphia positive with imatinib (Gleevec, Glivec), but these successes concern 
cancers with limited incidence and cannot account for significant changes of the 
overall survival of all cancer patients. 

Cancer chemotherapy moved from “unspecific” cytotoxicity to the “targeted 
therapy” but the main problems of cancer cure by drugs remains largely unsolved. 
Resistance of tumours due to PK aspects (poor penetration of the drug), mechanisms 
of cell detoxification and plasticity of target expression are still limiting drug 
successes. Furthermore, cancer chemotherapy is often, if not exclusively, applied to 
treat residual tumours after successful surgical ablation of the primary lesion, e.g. to 
remove metastases spread in organs (liver, lung, brain) and tissues (bones, skin) of 
the body. Cancer metastases are quite elusive to chemotherapy. Molecular and 
functional studies present metastases with a genetic setting different than that of the 
primary tumour with a general poor responsiveness to drugs and with resistance 
mechanism often overexpressed than in the primary tumour cells. Recent findings 
are suggesting a role for a number of healthy cells that co-operate with tumour cells 
to create a “metastatic niche” where cancer cells are facilitated to seed and grow. 

The search for new and more effective anticancer drugs should take into account 
the problem of the microenvironment surrounding cancer metastases and perhaps 
also the identification of targets associated to the effects of ECM on the cancer cell. It 
might be necessary to rewrite the preclinical models to test drug candidates for the 
development of hits and leads. Perhaps, the era of the cancer cell lines, even if 
engineered to over express a specific target, is finished in that a cancer cell line 
alone, without the environment in which it grows as a metastasis is not sufficient to 
account for the “real” cell behaviour and therefore it is not sufficiently suitable to drug 
development. 
 
Acknowledgements: Work done in the frame of COST Action CM1105 and of the 
Callerio Foundation Onlus projects for anticancer drug development. 
 
 
  



A golden future in medicinal inorganic chemistry: the promise of 
anticancer gold-based compounds 

 
Angela Casini 

 
Dept. of Pharmacokinetics, Toxicology and Targeting, Research Institute of Pharmacy, University of 

Groningen, Antonius Deusinglaan 1, Groningen, The Netherlands 
 

 
From wedding rings on fingers to stained glass windows, by way of Olympic 

medals, gold has been highly prized for millennia. Nowadays, gold compounds 
occupy an important place in the field of medicinal inorganic chemistry and chemical 
biology due to their unique chemical properties. In fact, several studies have proved 
that they can be used to develop highly efficient metal-based drugs with possible 
applications in the treatment of cancer, as well as chemical probes to study proteins 
function in biological systems (Bertrand and Casini, Dalton Trans 2014).  

Here, I will summarize our results obtained for different families of bioactive 
coordination and organometallic gold compounds including cyclometallated gold(III) 
complexes with C,N-donor ligands, gold(I) and gold(I/III) N-heterocyclic (NHC) 
carbene complexes with promising anticancer effects. Most importantly, we will focus 
on their reactivity with target biomolecules described at a molecular level and discuss 
the potential of this class of metal compounds in relation to their versatile chemistry 
and innovative mechanisms of action. 
  



In silico approaches to identify Aquaporin inhibitors 
 

Andreia de Almeidaa, Monserrat Barbanyb, Alfons Nonell-Canalsb, Graça Soveralc,d 
and Angela Casinia 

 
a Dept. of Pharmacokinetics, Toxicology and Targeting, Research Institute of Pharmacy, University of 

Groningen, Antonius Deusinglaan 1, Groningen, The Netherlands 
b Mind the Byte, S.L., Parc Científic de Barcelona, C/Baldiri Reixac, 4-8 08028 Barcelona 

c Instituto de Investigação do Medicamento (iMed.ULisboa), Faculdade de Farmácia, Universidade de 
Lisboa, Av. Prof Gama Pinto, 1649-003 Lisbon, Portugal 

d Dept. Bioquimica e Biologia Humana, Faculdade de Farmácia, Universidade de Lisboa, Portugal 
 
 

Aquaporins (AQPs) are membrane water and glycerol channels that since their 
discovery have always been an interesting subject of study. For the past 20 years 
they have been shown to be involved in diseases related to abnormal water 
transport, such as kidney related-diseases (Castle, 2005; Huber et al., 2012; 
Verkman, Anderson, & Papadopoulos, 2014). Nowadays, with the increase in 
diabetic and obese population, more research is directed to find the mechanistic 
patterns of these diseases. Within this frame, glycerol transport via AQPs arose as 
an important player in energy metabolism (Rodríguez et al., 2011). Another pathology 
where aquaporins may play a crucial role is cancer, as it has been found that they 
are overexpressed in cancer tissues, even if they are not expressed in the original 
tissue. In this context, glycerol may also play an important role in cancer 
development as alternative energy substrate (Nico & Ribatti, 2010). 

These important findings lead us to the development of small molecules inhibitors 
selective for the human glycerol channels, namely AQP3, AQP7, AQP9 and AQP10 
isoforms. In general, currently there is a lack of aquaporin inhibitors reported in the 
literature. However, recently our group proposed a gold(III)-based compound, 
Auphen, as a selective inhibitor for human AQP3 (Martins et al., 2012) and AQP7 
(Madeira, de Almeida et al., 2014) as well as a possible mechanism of inhibition. 

Of the above-mentioned aquaglyceroporins none has a resolved structure up to 
now. Thus, in order to assess the mechanism of action of potential inhibitors, to 
improve drug design as well as to achieve selectivity, computational tools are 
essential. Our group recently proposed homology models for both AQP3 (Martins et 
al., 2012) and AQP7 (Madeira, de Almeida et al., 2014) that allowed us to get insights 
into the mechanisms of action of our drugs, as well as to investigate the mechanisms 
of glycerol transport.  

Nowadays, different computational tools are available and are a very valuable. A 
combination of in silico methods can give us access to protein structural information, 
as well as leading to identification of possible new inhibitors for aquaglyceroporins. 
Moreover, new structure-activity-relationship (SARS) information, crucial to improve 
drug design and selectivity, can be established. 
  



De Novo structure-based design of novel inhibitors of 
the aspartic protease endothiapepsin exploiting dynamic 

combinatorial chemistry  
 
Milon Mondala, Nedyalka Radevab, Helene Kösterb, Ahyoung Parkb, Constantinos 
Potamitisc, Maria Zervouc, Gerhard Klebeb, Anna K. H. Hirscha 
 

a Stratingh Institute for Chemistry, University of Groningen, Nijenborgh 7, 9747 AG Groningen, The 
Netherlands 

b Institut für Pharmazeutische Chemie, University of Marburg, Germany, 
c Institute of Biology, Medicinal Chemistry & Biotechnology, National Hellenic Research Foundation, 

Athens, Greece 
E-mail: m.mondal@rug.nl 

 
 
Structure-based design (SBD) is a powerful strategy to design and/or optimize 
bioactive compounds. Whereas de novo SBD is rarely used, most reports on SBD 
are dealing with the optimization of an initial hit discovered by other means. Dynamic 
combinatorial chemistry (DCC) has emerged as a powerful strategy to identify ligands 
for biological targets given that it enables the target to direct the synthesis of its 
strongest binder.1 Here, we have demonstrated that the novel combination of de 
novo SBD and DCC is a highly efficient hit-identification strategy. We have designed 
a library of potential inhibitors (acylhydrazones) generated from five aldehydes and 
five hydrazides and used DCC to identify the best binder(s). Upon addition of the 
aspartic protease endothiapepsin2, the protein-bound library member(s) were 
characterized by saturation-transfer difference NMR spectroscopy (STD-NMR).3 The 
ligands identified were synthesized separately and tested for their biological activity 
using an enzyme-based fluorescence assay and shown to have IC50 values in the 
double-digit micromolar range. Subsequent co-crystallization experiments validated 
the predicted binding mode of the two most potent inhibitors, constituting a proof of 
concept that the combination of de novo SBD and DCC constitutes an efficient 
starting point for hit identification and optimization.4 
 
References: 
1) J.-M. Lehn, O. Ramström, Nat. Rev. Drug Discov. 2002, 1, 26–36. 
2) J. B. Cooper, Curr. Drug Targets 2002, 3, 155–174. 
3) J. Angulo, P.-M. Nieto, Eur. Biophys. J. 2011, 40, 1357–1369. 
4) M. Mondal, N. Radeva, H. Köster, A. Park, C. Potamitis, M. Zervou, G. Klebe, A. K. H. Hirsch, 

Angew. Chem. Int. Ed. 2014, 53, 3259 –3263. 
  



Innovation through external collaboration 
 

Lieven Meerpoel 
 

Medicinal Chemistry Oncology, Janssen R&D, a division of Janssen Pharmaceutica NV., 
Turnhoutseweg 30, 2340 Beerse, Belgium 

 
With the aim at increasing drug discovery effectiveness and innovation 
Pharmaceutical  R&D has witnessed many changes over the past two decades: 
technology introduction  in the early nineties, followed by mergers and acquisitions, 
and more recently  outsourcing and introduction of open innovation models.   
Janssen Oncology R&D is focusing on Diseases Area Strongholds (DAS): Lung, 
Prostate, Heme cancers, and more recently colon rectal cancers have been 
introduced as a fourth area of interest.  Disease Area Strongholds are groups of 
experts that are devoted to solutions to tackle specific cancers.   These teams are 
multidisciplinary by nature,  integrate early discovery, including chemistry,  biomarker 
and clinical research.  Focusing on science and medical need these teams have built 
a portfolio of high value early and clinical assets through internal and external 
collaborations such as a pan FGFR inhibitor discovered via fragment based 
screening, an androgen synthesis  (ZytegaTM) inhibitor and receptor antagonist (ARN 
509), and lastly an irreversible BTK inhibitor (ImbruvicaTM ).   
In the second part of my talk I will discuss more fundamental early stage 
collaborations.  One area of high interest in chemistry is sp3 CH-activation on cyclic 
amines. In collaboration with the team of Prof Bert Maes at the University of Antwerp 
the scope and versatility of this type of cutting edge transformations have been 
explored and implemented in library design.  
Finally I will briefly touch upon the Innovation Centers that J&J has installed in San 
Francisco, Boston, London and Shanghai. 
  



A novel computational platform linking drug discovery with fast  
and efficient chemistry pathways 

 
Alex Dömling1; Carlos Camacho2; Tad Holak3; Dave Koes2;  

Constantinos Neochoritis1; Kareem Khoury4 

 
1 Dept. Drug Design, RUG, Netherlands, 2 University of Pittsburgh, USA, 3 Jagiellonian University, 

Krakow, Poland, 4 Carmolex Inc, Pittsburgh, USA 
 

Current industrial screening paradigm is HTS: Most medicinal chemistry program 
start with hits from high throughput screening. Virtual screening of very large 
chemistry space combined with structure-based drug discovery offers a valuable 
alternative. However, until recently, most virtual screening exercises used rather 
small libraries of limited chemical diversity. And, although, identified compounds are 
often commercially available for validation, such as in ZINC, PUBCHEM or ChEMBL 
databases, follow-up SAR is often challenging and expensive. For instance, GB-11 
(what is GB11) is very large and hard to test due to the lack of efficient synthetic 
access to hit compounds for validation. 
We have introduced ANCHOR.QUERY, a web-based and google-like technology for 
the structure-based mining of billions of small molecules (anchorquery.csb.pitt.edu/).1 
The compound database is based on >20 diverse scaffolds with a defined reaction 
pathway based on efficient and rapid multicomponent reaction chemistry (MCR).2 
The virtual compound library is design for a high level of confidence in synthetic 
feasibility and speed: Every hit compound can be rapidly accessed from commercial 
starting materials in less than four chemical steps. Protocols for the synthesis are 
provided online. To increase virtual screening hit rates the compound library is biased 
towards deeply buried anchor residues which play a key role in molecular 
recognition, e.g. deeply buried amino acid side chains in PPIs.  
We have validated ANCHOR.QUERY with the discovery of more than 10 different 
compound classes able to antagonize the protein protein interaction p53-Mdm2-
Mdm4.3-6 Several of the predicted compounds could be validated by cocrystal 
structure analysis and compared with the predicted binding poses (Figure). Some 
scaffolds were optimized towards low nM compounds highly active in cancer cells 
and a xenograft. 
 

1. Koes, D. et al. Enabling large-scale design, synthesis and validation of small molecule protein-
protein antagonists. PLoS One 2012, 7: e32839. doi:10.1371/journal.pone.0032839. 

2. Dömling, A.; Wang, K.; Wang, K. Chemistry and Biology of Multicomponent Reactions Chem. 
Rev. 2012, 112, 3083-3135. 

3. Czarna, E. et al. Robust generation of lead compounds for protein protein interactions by 
computational and MCR chemistry: p53/mdm2 antagonists. Angew. Chem. Intl. Ed.  2010, 48, 
5352-5356. 

4. Bista, M. et al. Transient protein states in designing inhibitors of the mdm2-p53 interaction. 
Structure 2013, 21, 2143-2151. 

5. Huang, Y. et al. Discovery of highly potent p53-mdm2 antagonists and structural basis for anti-
acute myeloid leukemia activities. ACS Chem. Biol. 2014, doi: 10.1021/cb400728e. 
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Influenza virus infections have resulted in extremely dangerous pandemics leading to 
the death of millions of people. The ongoing massive urbanization with more than 
50% of the world’s population currently living in cities poses a threat as it provides an 
excellent feeding ground for current and future infectious diseases. Frighteningly, 
none of the current drugs appears to be effective anymore against novel /emerging 
influenza strains. Vaccination against flu has been an effective approach for the 
prevention of infection with seasonal influenza but not against pandemic viruses. In 
the event of a pandemic outbreak, vaccine production against the emerging virus 
would lag several months behind the emergence of the new virus. Thus, prevention 
or treatment strategies that can cover a broad range of viral strains and subtypes are 
urgently needed.1,2  
 
The influenza virus hemagglutinin (HA) mediates receptor binding and viral entry 
during influenza infection. Recently, several structures of broadly antagonizing 
human antibodies, bound to the highly conserved HA sialic acid binding site, have 
been described; such, for example, enabling the neutralization of the 1957 pandemic 
H2N2 influenza virus in complex with H2 HA.3 Thus, mutations at the HA sialic acid 
binding site are unlikely to lead to escape mutants. For these two reasons we believe 
HA to be an excellent influenza target. Surprisingly, all characterized antibodies use a 
recurring motif for recognition of the receptor-binding site of influenza hemagglutinin. 
Each antibody interacts with the absolutely conserved HA1 Trp153 at the cavity base 
through pi-stacking with the signature Phe54 of two VH1-69–encoded antibodies or a 
tyrosine from the HCDR3 antibody. Intriguingly, this hydrophobic binding pocket is 
also occupied by the methyl group of the Ac moiety of the sialic acid in several HA 
structures.  
 
We hypothesize that the Phe54 constitutes a formidable starting point on which to 
deploy our recently introduced ANCHOR.QUERY approach in order to pin-point 
areas for medicinal chemistry to antagonize the viral HA receptor protein- protein 
interaction.4  
 
Here, we describe successfully designed, synthesized and screened HA directed 
small molecules, in different assays, such as differential scanning fluorimetry (DSF). 
H1N1 Hemagglutinin Protein has been expressed in three different E.coli strains and 
is currently being co-crystallized with active small molecules. In cell-based 
hemagglutination assays our best compounds show GI50s in the low mM range.  
 
The herein disclosed small molecules are the first examples of a new class of potent 
and broadly acting anti-influenza drugs.  
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Parkinson's disease (PD) is a chronic neurological disorder that impacts nearly 5 
million people across the globe and 1 in 100 people over the age of 60.  It is widely 
accepted that PD is characterized by a progressive loss of the substantia nigra 
dopaminergic neurons that play a key role in orchestrating motor movement and 
coordination, disturbances of which are hallmark features of PD.  In addition to these 
classical motor disturbances, there is a growing recognition of additional symptoms 
that negatively impact the lives of PD patients including impairment in cognition, 
ranging from a mild decline in memory and cognitive performance to dementia.  PD-
associated cognitive disruption is not effectively treated, thus treatment of the motor 
and cognitive impairments associated with this disorder is a clear unmet medical 
need. 
We are currently developing an innovative treatment strategy for PD. Our aim was to 
develop small molecules that simultaneously stimulate dopamine D2 receptors (to 
compensate for the PD-related loss of dopamine levels in the CNS) and histamine H3 
receptors (to improve cognitive performance). A literature survey for D2 agonists and 
H3 antagonists in both the open and patent literature was the start of the design and 
synthesis of a small library of 20-25 compounds in which both pharmacophores were 
merged in a single molecule, a so-called multiple ligand. 
Hits obtained were optimized for efficacy on both targets, ADME properties and 
physicochemical properties, and we were able to prepare compounds having low 
nano-molar activity on both targets. Preliminary in vivo studies of one of our 
candidates (AG-0029) showed reduced striatal dopamine (microdialysis), suggesting 
agonist actions at the D2 autoreceptor and augmented PFC HA, confirming 
antagonist activity at H3 autoreceptors (microdialysis). Furthermore, AG-0029 caused 
contralateral rotation in lesioned 6-OHDA-lesioned rats, suggesting anti-Parkinson 
action, as observed for L-DOPA. AG-0029 has also demonstrated a cognitive 
enhancing effect in the rat novel object recognition test. 
Taken together these data demonstrate that AG-0029  possesses D2 receptor 
agonist and H3 receptor antagonist effects both in vitro and in vivo. Indicating that this 
novel, multiple ligand approach has potential for the treatment of motor and cognitive 
symptoms of Parkinson’s disease.  
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Proteomic analysis aims at developing methods capable of achieving a confident, 
high throughput and inter-laboratory reproducible, full characterization and 
quantification of each protein of a proteome. An exhaustive analysis of all proteins 
from a proteome should permit major progresses in the understanding of 
structure/function relationship.  
Clearly, today the description of a proteome is still very inaccurate despite enormous 
improvement during the last years. We are far from being able to compare one 
proteome to another, with a sharp quantification of each protein. There is still a huge 
gap between the needs and the dreams of biologists and what with today’s 
proteomics it can be achieved. 
Proteomic analysis is mainly based on mass spectrometry and bioinformatics which 
are both regularly improving their performances. We will summarize the mains 
progresses obtained in these two fields of research and present today’s bottlenecks. 
In particular, will be commented i) the case of proteomics of organisms with poor 
protein sequence databases and the use of “de novo” sequencing for MS/MS 
interpretation in this case, ii) the need of more powerful computers, iii) the 
possibilities of SRM for an accurate quantification of proteins in complex extracts. 
We have used proteomic analysis to explore animal functions to address Human 
Health challenges. Proteomic analysis provided insights into animal adaptive 
mechanisms to environmental conditions as a way to better understand metabolic 
disorders. These information can be used to provide new approaches for human 
”medically assisted adaptation” to a series of “extreme situations”. 
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Much effort has been put into the discovery of biomarkers for a wide range of 
human diseases. While many putative biomarkers have been discovered, notably for 
the various forms of cancer, most of them remained at the level of preclinical 
validation or even pure research findings that often could not be reproduced. This 
dire state of affairs has cast doubt on the validity of current biomarker discovery and 
validation approaches and asks for a careful re-evaluation of the field.1 

This presentation will go through the various stages of biomarker discovery using 
the example of an animal model for the acute immunological effects of multiple 
sclerosis thereby emphasizing the many challenges on the way to successful 
biomarker discovery and validation. Challenges that will be addressed relate to pre-
analytical factors such as sample stability, biological variability, the experimental 
design and variability that may be introduced during data processing and statistical 
data analysis. 2-6 

While these points can only be touched upon briefly, their discussion will provide 
the participant with a view of why so many biomarker discovery projects have not 
been followed up by the introduction of successful new clinical tests. While biomarker 
discovery is a challenging field, stringent criteria and more carefully planned, large-
scale studies are slowly changing this picture with the promise of contributing to 
individualized health care.  
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Cervical squamous cell carcinoma (cervical cancer) is one of the leading causes 
of cancer-related death among females worldwide and there is an urgent need for 
better and less invasive diagnostics. In this work we developed a discovery-validation 
mass-spectrometry based pipeline to identify a set of proteins that are regulated in 
serum of patients with cervical intraepithelial neoplasia (CIN) and squamous cell 
cervical cancer using isobaric Tags for Relative and Absolute Quantitation (iTRAQ®), 
label-free shotgun and targeted mass-spectrometric quantification. At the discovery 
stage we used a “pooling” strategy and completed the comparative analysis of the 
immunodepleted serum from patients with early-(CES) and late-stage (CLS) cervical 
cancer versus healthy controls that revealed 15 up- and 26 down-regulated proteins. 
We confirmed the observed protein regulation with label-free analysis of 30 individual 
non-depleted serum samples (the same as were used for pooling, depletion and 
iTRAQ labelling) with nanoChipLC qTOF MS/MS. The further analysis of a new set of 
non-depleted serum samples from 16 patients with CIN, 23 with CES, 20 with CLS, 
and 84 healthy controls showed statistically significant changes in abundance of 
alpha-1-acid glycoprotein 1, alpha-1-antitrypsin, serotransferrin, haptoglobin, alpha-2-
HS-glycoprotein and vitamin D-binding protein. To validate our findings we developed 
a fast UPLC/MRM method for the simultaneous targeted quantification of the 
selected 6 biomarker candidates and applied it to a new set of 48 CIN, 50 CES, 34 
CLS and 48 healthy controls as well as 49 serum samples from patients with ovarian 
cancer.  

The sensitivity/specificity for discriminating patients with CIN using an established 
biomarker for cervical cancer squamous cell carcinoma antigen (SCCA) was 46/84 % 
while it was 71/82 % when using the 6 protein panel. Combination of SCCA with the 
6-protein panel gave a sensitivity of 73 % and specificity of 87 % for discriminating 
patients with CIN from healthy controls a clear improvement over current blood-
based analyses. Despite the fact that the panel comprises members of the acute-
phase protein family limits their specificity for a given type of cancer, combination 
with the Papanicolaou test, HPV testing and more cervical cancer specific proteins 
that will be revealed after on-going comparative tissue analysis could significantly 
improve their diagnostic value even at the pre-cancerous CIN stage of cervical 
cancer due to a strong link between chronic inflammation and cancer. Our study 
shows that combining such markers into a protein panel allows discriminating cases 
and controls and significantly improves the utility of the more tumor-specific marker 
SCCA, especially for patients with CIN and CES. 
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Classical proteomics is aimed at the discovery of as many proteins as possible via 
mass spectrometric analysis of their tryptic peptides. However, this method is 
intrinsically biased towards the highest signals. Targeted proteomics avoids this bias 
by limiting detection to the targets of interest using selected reaction monitoring. In 
this way, more measurement time can be spent on the proteins of interest, increasing 
sensitivity and reproducibility of the measurements. 
 
Applications can range from quantification of single proteins, protein complexes, 
specific modifications up to studying complete pathways, as is needed for systems 
biology studies. In the presentation I would like to highlight different ways of how we 
applied this method recently to various biological questions in a range of model 
organisms.  
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High-throughput methods have become wildly popular in the life sciences, generating 
large and comprehensive data sets from many separate experiments executed all 
over the world. Yet while each such data set is useful and interesting in itself, a lot 
more remains to be discovered if all these data sets are combined and analysed 
together. 
The specific field of mass spectrometry based proteomics has followed this overall 
paradigm. The advent of high-throughput approaches in the early 21st century, 
together with the ever increasing capabilities of the mass spectrometers themselves, 
has allowed the field to generate ever more data from a single analytical run.  
Furthermore, standardisation efforts successfully combined with the creation and 
consolidation of public data repositories to enable much more convenient sharing of 
published information. 
At the same time however, having easy access to these data is not by itself sufficient 
to allow easy re-use. Several challenges, including the heterogeneity of the 
experimental context, the acquired data, and the level and reliability of meta-data 
annotation make it very hard to handle the data as a consolidated whole. Quality is a 
second issue, with different (parts of) data sets displaying very different quality levels. 
The third issue is equally universal: the much larger data sets obtained from 
integrative meta-analysis come with very specific and thorny informatics challenges, 
related to data volume, data processing, and data analysis. 
Yet despite these challenges, the quest for novel knowledge in existing data can be 
highly rewarding, allowing insight to be gleaned that contributes to improved 
analytics, that provides a priori predictions on the behaviour of analytes in a system, 
and that opens up access to a hidden layer of low-frequency events that cannot be 
reliably picked up in single experiments. 
This talk will therefore provide an overview of the current data ecosystem in mass 
spectrometry based proteomics, and will explore several ways in which the data in 
this ecosystem can be re-used.  
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Differential protein expression analysis using LC-MS/MS approach forms an 
important analytical technique in modern clinical and biological researches. The goal 
of differential protein expression analysis is to identify set of differentially expressed 
peptides and proteins from set of pre-classified samples, which can be followed-up 
using targeted large sample throughput analytical methods such as MRM1. 
Quantitative data pre-processing and following statistical analysis of large amount of 
complex data generated during an LC-MS/MS profiling study plays a crucial role in 
the accuracy and interpretation of the experiment. This talk will present the main 
steps of data-preprocessing pipelines by using Threshold Avoiding Proteomics as 
example and main structure of feature selection statistical methods. Main steps of 
Threshold Avoiding Proteomics2 pipeline consist of resampling of data to constant 
resolution grid, peak detection using slope based geometrical approach, time 
alignment with Warp2D algorithm and matching the same peak across multiple 
chromatograms using retention time and m/z coordinates. Statistical methods 
selecting discriminatory features such as Nearest Shrunken Centroids, Partial-Least 
Square – Discriminant Analysis, Principal Component Detection – Discriminant 
Analysis and Support Vector Machine are emended in resampling technique such as 
double cross-validation, with purpose to optimize algorithm parameters and estimate 
classification performance of data not used for model building3. The talk will finally 
ending with comparison and assessment of multiple LC-MS/MS data preprocessing 
such as mzMine, SuperHirn and OpenMS, and the above mentioned statistical 
analysis approaches using set of differentially spiked samples. 
 
1. Christin C, Bischoff R, Horvatovich P., Data processing pipelines for comprehensive profiling of 

proteomics samples by label-free LC-MS for biomarker discovery, Talanta, 2011, 83(4):1209-24. 
2. Suits F, Hoekman B, Rosenling T, Bischoff R, Horvatovich P., Threshold-avoiding proteomics 

pipeline, Anal Chem, 2011, 83(20):7786-94. 
3. Christin C, Hoefsloot HC, Smilde AK, Hoekman B, Suits F, Bischoff R, Horvatovich P., Mol Cell 

Proteomics, 2013, 12(1):263-76. 
4. B. Hoekman, R. Breitling, F. Suits, R. Bischoff and P. Horvatovich, Mol Cell Proteomics, 2012, 11, 

M111 015974. 
 
Acknowledgements 
The work described in this publication was supported by the University of Groningen and by funding 
from the joint Gaining Momentum Initiative of the Netherlands Bioinformatics Centre and the 
Netherlands Proteomics Center. 

mailto:p.l.horvatovich@rug.nl


Bioanalysis by elemental mass spectrometry: an overview of 10 
years of ICP-MS and LC-ICP-MS in clinical and preclinical R&D 

 
Jaap Wieling 

 
QPS Netherlands BV, Petrus Campersingel 123, 9713 AG Groningen,  

The Netherlands, jaap.wieling@qps.com 
 
 
Preclinical and clinical pharmacology studies need massive support from 
bioanalytical laboratories to determine pharmacokinetics, metabolism and 
pharmacodynamics. LC-MS/MS and immunochemical technologies are dominating 
these laboratories. However, an increasing group of compounds have molecular 
characteristics that open opportunities for the application of elemental detection by 
ICP-MS. This is not limited only to metallodrugs, but also proteins and (other) 
endogenous markers are within the reach of ICP-MS detection. These developments 
are also induced by fast development of instrumental features of ICP-MS 
instrumentation.  
ICP-MS offers orthogonal properties to molecular detection and binding properties. 
Hence this may also provide superior capabilities in specific cases. This is also true 
for bioanalytical challenges for which bioanalysts would normally chose LC-MS/MS 
based methods, e.g. protein biomarkers and proteomics; in these domains elemental 
tagging provides these molecules with excellent characteristics for ICP-MS detection.  
In our bioanalytical laboratory ICP-MS is applied for pharmacokinetics, imaging 
purposes, mass-balance studies, food-effect studies and biomarker studies. 
Hyphenated to an LC-system,  our ICP-MS systems are also used for speciation / 
metabolism studies, in some instances also by parallel MS/MS detection for 
molecular features. We have also applied ICP-MS as a final quantification step in 
ELISA using Europium-tagged antibodies. 
Here, the analytical potential, the various modes of operation and the challenges of 
the application of ICP-MS in drug development applications are given, including an 
overview of recent applications in this area from our laboratory. 
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Stability testing of active pharmaceutical ingredients (API) and finished 
pharmaceutical products (FPP) is of prime importance. It provides evidence of how 
the quality of such product varies with time under the influence of a variety of 
environmental factors such as temperature, humidity and light. Purposeful 
degradation experiments using chemical and thermal methods are widely applied to 
aid understanding the stability and degradation of API and FPP. As a result of stability 
testing a shelf-life can be established and storage. 
 
Many pharmaceutical degradation reactions occur by REDOX mechanisms. With the 
recent availability of flow-through electrochemical (EC) reaction cells by Antec, a new 
on-line Electrochemistry/Mass Spectrometry (EC/MS) method is now available, 
providing the means to identify and quantify degradation product under varied 
experimental conditions. Furthermore, EC/MS also has utility to study drug-excipient 
interactions and can be scaled up and coupled to liquid chromatography to separate 
and isolate degradation products for further study, e.g., NMR. 
 
In this lecture results will be shown using EC/MS and EC/LC/MS/MS to study the 
electrochemical degradation of active pharmaceutical compounds and excipients. 
Furthermore, data will be shown on the influence of antioxidants and their stabilizing 
capacity on the API based on direct EC/MS measurements. 
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Methodologies, which couple polar with radical reaction steps - either sequential or in 
tandem, are a straightforward tool to approach complex target molecules in an 
economic manner from very cheap commodity precursors. 
We report here oxidative reactions, which enable the synthesis of complex carbo- 
and heterocyclic compounds via very short approaches. Approaches to the total 
synthesis of natural products and analogs are discussed and antiviral activities are 
reported. 
 
P. R. Jagtap, L. Ford, E. Deister, R. Pohl, I. Císařová, J. Hodek, J. Weber, Richard 
Mackman, G. Bahador, U. Jahn Chem. Eur. J. 2014, 20, in press. 
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This lecture will describe recent work from our laboratory aimed at the structure-
based engineering of methylaspartate ammonia lyase (which in nature catalyzes the 
conversion of 3-methylaspartate to ammonia and 2-methylfumarate) to enhance its 
diastereoselectivity1 and expand its substrate scope.2 Examples will be presented 
where we used saturation mutagenesis with formation of focused mutant libraries and 
activity screening to evolve the specificity of this lyase away from its natural 
substrates and toward a wide variety of substituted amines and fumarates.2 The 
designed enzymes open new opportunities for the asymmetric synthesis and kinetic 
resolution of aspartic acid derivatives,2-5 which are highly valuable as tools for 
neurobiological research and as chiral building blocks for pharma- and 
neutraceuticals. 
 
1. Raj et al. (2009) ChemBioChem. 10:2236-2245.  
2. Raj et al. (2012) Nature Chemistry 4:478-484. 
3. de Villiers et al. (2012) ACS Chem. Biol. 7: 1618-1628. 
4. Puthan Veetil et al. (2013) ChemCatChem. 5:1325-1327. 
5. Raj et al. (2013) Chem. Eur. J. 19:11148-11152. 
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Michael(-type) additions are considered as one of the fundamental carbon-carbon 
bond-forming reactions in organic synthesis and generally proceed with 100% atom 
efficiency [1]. Many methodologies for asymmetric C-C bond-forming Michael(-type) 
additions have been developed throughout the years including phosphine-, metal-, 
and organocatalysis. However, examples of enzyme-catalyzed carbon-carbon bond-
forming Michael(-type) addition reaction are extremely rare [2]. Recently, we have 
established a biocatalytic methodology for asymmetric Michael-type additions of 
aldehydes to nitroolefins using the enzyme 4-oxalocrotonate tautomerase (4-OT). 4-
OT is a member of the tautomerase superfamily and is part of a catabolic pathway for 
aromatic hydrocarbons in Pseudomonas putida mt-2. 4-OT is a stable and small 
enzyme (62 amino acid residues per monomer) and is characterized by a catalytic N-
terminal proline (Pro-1) embedded within the active site [3].  
 
Inspired by the great success of proline-based organocatalysts in asymmetric 
enamine catalysis, we investigated whether 4-OT is an adequate biocatalyst for 
carbon-carbon bond-forming reactions. Indeed, we discovered that 4-OT 
promiscuously catalyzes the asymmetric Michael-type addition of linear aldehydes to 
a variety of nitroolefins yielding enantioenriched γ-nitroaldehydes [4,5]. These γ-
nitroaldehydes are valuable precursors for GABA-based pharmaceuticals such as 
phenibut, pregabalin, baclofen, and rolipram. Yields up to 74% and ee values up to 
98% were established demonstrating that 4-OT exerts high stereoselectivity during 
the catalytic process. The catalytic activity of 4-OT is preserved in aqueous solvent 
systems containing up to 50% DMSO (v/v), indicating that the substrate scope of our 
biocatalytic methodology is not limited to water-soluble chemicals but also allows 
poorly water-soluble nitroolefins as substrates. These findings contribute to our aim 
to develop a new class of biocatalysts that utilize the powerful proline-based enamine 
mechanism of organocatalysts, and as well take advantage of the water solubility and 
high efficiency that are available with enzymes. 
 
[1] Perlmutter, P., Conjugate Addition Reactions in Organic Synthesis, Pergamon Press: Oxford 
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[4] Miao, Y., Geertsema, E.M., Tepper, P.G., Zandvoort, E. and Poelarends, G.J., ChemBiochem 14 

(2013) 191.  
[5] Geertsema, E.M., Miao, Y., Tepper, P.G., De Haan, P., Zandvoort, E. and Poelarends, G.J., 

Chem. Eur. J. 19 (2013) 144. 
  



Targeted-diazotransfer reagents to site-selectively introduce azides 
on proteins 

 
Martin D. Witte, Jonas Lohse 

 
Email: m.d.witte@rug.nl 

Bio-organic chemistry, Stratingh Institute for Chemistry, 
University of Groningen, Groningen, The Netherlands 

 
 

The ability to site-selectively modify proteins of interest with a functional group 
facilitates studying the role of these proteins and their posttranslational modifications. 
It also led to methods that allow selectively switching on or off protein activity inside 
cells and it has become an important means to synthesize biopharmaceuticals. 
Often, a ligation handle is incorporated using, auxotrophic strains, amber suppression 
technology, enzymatic labeling or ligand-tethered labeling. This ligation handle is 
used to further modify the protein with the functionality of interest. The majority of the 
developed techniques require genetic modification and overexpression of the target 
protein, which can lead to artifacts.  
Our aim was to develop a method that allows directly equipping a target protein with 
a ligation handle inside a biologically relevant system. The introduced handle should 
not only facilitate incorporation of other functionalities, it should potentially also serve 
as chemical turn-on/turn-off switch.  
We reasoned that converting an amine to azido group using a diazotransfer reaction 
fulfills these requirements. Further modification of the azide can be achieved with one 
of the bioorthogonal reactions developed for this ligation handle, while reduction of 
the azide to the corresponding amine will afford the unmodified target protein. Van 
Hest and coworkers demonstrated the feasibility of diazotransfer reactions on purified 
recombinant proteins. Unfortunately, their method is not suitable to selectively modify 
a target protein in a complex mixture. We here present a novel method that can be 
used to site-selectively modify a target protein in a mixture of proteins as well as in 
cell-lysates. Tethering diazotransfer reagents to a ligand or inhibitor gave new 
reagents that selectively react with the protein of interest. The diazotransfer reaction 
is fast and can be performed in the absence of copper. Currently, we are 
synthesizing novel reagents that will be used to modify enzymes that play a role in 
the sulfation pathway.  
 
1. Li, J. et al. Nat. Chem. 2014, 6, 352 
2. Schoffelen, S. et al. Chem. Sci. 2011, 2, 701 
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The engineering and modelling of cell micro-environment has proven highly valuable 
for the elucidation of key cellular processes that govern both tissue development and 
self-renewal. Progress was enabled in part by the emergence of novel surface 
patterning tools based on photo- and soft-lithography. Recent studies have shown 
that the spatial distribution of extra-cellular matrix (ECM) anchoring as well as cell-
cell bridging sites is critical to cellular behaviour both in vitro and in vivo, as it 
provides a local asymmetric environment to the cell.  
One specific aspect that has received relatively little attention is the influence of 
cellular shape and matrix topology on keratinocytes responsiveness. Furthermore, 
mechanical triggers such as cell shape and the stiffness and topology of the 
underlying matrix have been proposed to be as important as soluble inducers. Much 
work has focussed on the differentiation process of mesenchymal stem cells into 
different lineages guided by matrix elasticity, however, little is yet known about other 
cell types. Human epidermal skin stem cells (keratinocytes) are attached to a 
basement membrane in vivo and are therefore ideal for studying anchorage-
dependent processes within the cell. 
To study the effect of matrix stiffness on keratinocyte differentiation, both 
polyacrylamide hydrogels as well as PDMS substrates of stiffnesses spanning three 
orders of magnitude have been prepared. Varying the monomer to crosslinker ratios 
produces substrates with identical surface chemistry, but different mechanical 
properties. All substrates have been characterised using microindentation and it is 
the aim of this work to correlate the differentiation behaviour of keratinocytes on 
surfaces of varied stiffnesses with the mechanical environment the cells sense in vivo 
In this talk, I will show results of epidermal stem cell differentiation on a range of soft 
substrates as well as on controlled cellular patterns that limit collective behaviour, 
and dissociate the different chemical, mechanical and topological parameters 
involved in dictating cell phenotype.  
 
Recent papers: 
1. Role of the extracellular matrix in regulating stem cell fate. F.M. Watt, W.T.S. Huck. Nature Rev. 

Mol. Cell. Biol. 2013, 14, 467-473 
2. Extracellular-matrix tethering regulates stem-cell fate. B. Trappmann, J.E. Gautrot, J.T. Connelly, 

D.G. Strange, Y. Li, M.L. Oyen, M.A. Cohen Stuart, H. Boehm, B. Li, V. Vogel, J.P. Spatz, F.M. 
Watt and W.T.S. Huck. Nat. Mater. 2012, 11, 642-649 

3. Actin and serum response factor transduce physical cues from the microenvironment to regulate 
epidermal stem cell fate decisions. J. T. Connelly, J. E. Gautrot, B. Trappmann, D. W. M. Tan, G. 
Donati, W. T. S. Huck, F. M. Watt. Nature Cell Biology 
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Microfluidics has come a long way since the early 1990’s, when the first capillary 
electrophoresis separations of picoliter samples containing fluorescently labelled 
amino acids were presented. These first lab-chip examples were noteworthy not only 
for the speed of the separations, but perhaps more importantly because they 
represented the first examples of the very precise definition and manipulation of 
minute amounts of liquid in microchannels. Cell and particle handling in 
microchannels followed quite quickly, and the knowledge base for microfluidic sample 
processing and control has continued to grow ever since. Early application of 
microfluidic tools in the pharmaceutical sciences involved the miniaturization of 
assays for high-throughput screening. Nowadays, there is more emphasis on 
obtaining the biological response profile of cells and tissues to new chemical entities, 
providing new impetus for engineering in vitro microfluidic devices which can more 
accurately reproduce the in vivo microenvironments of cells. The integration of 
analytical functionality into these biological lab-chip systems is now being exploited to 
actively control incubation conditions. The challenge for the analytical chemist has 
become how to probe miniscule culture volumes directly using approaches 
developed previously (or not!) based on small-volume and, ultimately, lab-chip 
techniques.  
In recent years, we have gained experience with microfluidic cell and tissue culture, 
and performed either off-line gene expression analysis or on-line analysis of 
metabolites using conventional techniques. The use of microfluidic perfusion for the 
incubation of precision-cut liver slices allows easy coupling with flow-based analytical 
techniques like chromatography. It becomes possible, for example, to monitor 
unstable drug metabolites more frequently than when liver slice incubation is 
performed in a well plate. However, the analysis still generally requires collection of 
medium at a device outlet over time, or cell lysis followed by collection of lysate from 
a microchannel. To truly enable real-time monitoring of small-volume cell cultures, 
analyses should be carried out directly in situ using sensors. Alternatively, some 
mechanism to sample cell medium in close proximity to the cells and then effect 
transport and analysis of that medium in another chip sector could be considered. 
Possible particle manipulation strategies for this purpose will be discussed in the final 
part of the talk. 
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Novel quantitative tools are needed to understand the role of specific proteins within 
biological processes. Oligomerisation (the assembly of two or more copies of a single 
protein into one object) is a prominent feature in one third of all protein structures and 
plays a key role in the generation of functional biomolecules. While oligomeric 
interfaces are highly selective, the biomechanics of self-assembly in protein function 
has not been systematically explored or exploited as a method to dissect biochemical 
pathways. Interference in the self-assembly of macromolecules represents an 
excellent opportunity in the analysis of biochemical pathways in vivo, particularly in 
cases where standard techniques (e.g. RNAi/knock in/out) have a low success rate 
[1]. 
We study oligomeric assembly using assembly mutants to dissect pathways in vivo in 
our model system Plasmodium falciparum [1, 2-5]. 
We will present: 
1. The design and production of assembly mutants using biochemistry, structural 

biology and biophysics. 
2. Characterization of the effect of these assembly mutants on the biological function 

of the oligomer in vitro. 
3. Demonstrate the highly specific, titratable and quantifiable effect of assembly 

mutants on both the phenotype and proteome in vivo (malarial blood stage 
cultures). 

We will present some preliminary findings gained from this project that demonstrate 
that oligomeric interference provides a novel method for enzymatic pathway 
dissection in life science research in general and drug discovery in particular. It also 
offers the opportunity to modulate (partially suppress or hyper-activate) enzyme 
function, providing quantitative (rather than qualitative) data on pathway modulation 
in vivo. 
 
1.  Baum J, Papenfuss AT, Mair GR, Janse CJ, Vlachou D, Waters AP, Cowman AF, Crabb BS, de  

Koning-Ward TF. (2009) Molecular genetics and comparative genomics reveal RNAi is not 
functional in malaria parasites. Nucleic Acids Res. 37:3788-98. 

2. Jain R, Jordanova R, Müller IB, Wrenger C, & Groves MR. (2010) Purification, crystallization and 
preliminary X-ray analysis of the aspartate aminotransferase of Plasmodium falciparum.  Acta 
Cryst. F66:409-12. 

3. Wrenger, C, Müller, IB, Schifferdecker, AJ, Jain, R, Jordanova, R. & Groves, MR. (2011) Specific 
inhibition of the aspartate aminotransferase of Plasmodium falciparum. J Mol Biol. 405:956-71. 

4. Wrenger C, Müller IB, Silber AM, Jordanova R, Lamzin VS & Groves MR. (2012a) Aspartate 
aminotransferase - bridging carbohydrate and energy metabolism in Plasmodium falciparum. Curr 
Drug Metabolism. 13:332-36. 

5. Wrenger C, Müller IB, Butzloff S, Jordanova R, Lunev S & Groves MR. (2012b) Crystallization and 
preliminary X-ray diffraction of malate dehydrogenase from Plasmodium falciparum” Acta Cryst. 
F68:659-62. 
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The use of microfluidic systems in cell culture and tissue engineering research has 
become increasingly common in recent years. Controlled fluid behavior and small 
sample and reagent consumption have proven to be very beneficial.1 Furthermore, 
the possibility of creating more in vivo-like environments which also facilitate efficient 
nutrient, substrate and oxygen delivery allows, in theory anyway, for good control 
over the small volumes in the system. However, the cells or tissue under 
investigation will also influence this environment. In order to maintain control, a 
thorough understanding of important parameters is needed, requiring adequate 
methods to monitor them.  
Precision-cut liver slices (PCLS) are a well-established model for the in vitro study of 
toxicology and pharmacokinetics, as they closely resemble the complete organ. A 
poly(dimethylsiloxane) (PDMS)-based microfluidic tissue perfusion system (biochip) 
was developed to introduce controlled flow to the incubation and enable the (on-line) 
analysis of drug metabolites.2 Oxygen, besides being essential in the energy 
metabolism of cells, is an important regulatory parameter in liver tissue.3 Continuous 
monitoring of oxygen concentration and consumption is an unmet need in the 
biochip. Optical measurements using fibers coated with oxygen-sensitive dyes inside 
the culture chamber of the biochip proved impossible, as fiber diameters (500 µm) 
are large compared to the 25-µL chamber. It was decided to pursue an 
electrochemical (EC) oxygen analysis method, using a needle-type microelectrode 
based on a 50-µm-diameter Pt wire. In an amperometric set-up with Pt counter and 
miniaturized Ag/AgCl pseudo-reference electrodes, the current generated in the 
PCLS culture medium, Williams Medium E (WME), equilibrated with various 
concentrations of oxygen was measured. Furthermore, the electrodes were inserted 
in the biochip for measurement during 3-hour incubation of PCLS. 
The microelectrodes showed good sensitivity (-7.6 ± 0.7 nA/%O2 ; n=10). No 
significant difference was observed in sensor sensitivity before and after integration 
and measurement in the biochip. During incubation of PCLS, WME equilibrated with 
95% oxygen/5% CO2 is used (37oC). Under these conditions, an oxygen 
concentration of 1017 µM is expected. On-going experiments are being performed to 
establish the oxygen gradient in the chamber, as well as the oxygen consumption of 
liver slices during incubation. Experiments to date indicate that this EC approach 
does not influence the viability of the PCLS. Progress in our work on this will be 
presented, as well as the development of a gas-impermeable incubation device that 
will be used for PCLS oxygen consumption measurements.  
 
Acknowledgement: Funding for this work is provided by EU Program 
HEALTH.2012.1.4-2 [Medical technology for transplantation and bioartificial organs], 
Contract:304842 
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Bioeng. 105, 184–94 (2010). 

3. Jungermann, K. & Kietzmann, T. Oxygen: modulator of metabolic zonation and disease of the liver. 
Hepatology 31, 255–60 (2000).   



Precision cut lung slices as a model for efficacy analysis 
 

Loes E.M. Kistemakera,b, Tjitske A. Oenemaa,b, Herman Meursa,b, Reinoud Gosensa,b 
 

a Department of Molecular Pharmacology, University of Groningen, Groningen 
b Groningen Research Institute for Asthma and COPD (GRIAC), UMCG, Groningen 

 
 
Chronic lung diseases are complex disorders, with differential effects along the 
bronchial tree and the involvement of multiple cell types. Although the incidence and 
mortality of lung diseases still increases, the number of new classes of drugs that 
reached the market is limited. This might in part be explained by a lack of good 
models. Although studies using cellular and molecular models have provided insight 
into the mechanisms of disease, this has not resulted in major breakthroughs for 
therapy. Lung slices can overcome part of the limitations of cellular models, since all 
cell types are present in their natural matrix and architecture. Moreover, small 
airways can be studied and visualized using this model. Therefore, we developed a 
precision cut lung slice model as an ex vivo model to be able to study efficacy of new 
compounds on various aspects of lung diseases, including bronchodilating capacity 
and effects on remodelling and inflammation of the airways. Lung slices were 
obtained from guinea pigs or mice after filling the lungs with low melting point 
agarose (1.5%). Slices of 250-500 µm were cut using a vibratome. Slices were viable 
up to three days of culture. Contraction and relaxation of (small) airways towards 
various agonists can be studied using this method. Moreover, electrical field 
stimulation can be used to induce contraction of the airways. Furthermore, 
stimulation of slices for two days with transforming growth factor (TGF)-β, a cytokine 
known to play a role in airway remodelling, resulted in increased expression of 
contractile proteins, including myosin and calponin. Using confocal microscopy, 3D 
structure of the airways could be visualized and increased contractile protein 
expression around the airways was demonstrated. Interestingly, stimulation with the 
bronchoconstricting agent methacholine also results in these features of airway 
remodelling. Finally, lung slices have been shown to be a useful model to study 
inflammatory responses in the airways. Stimulation for two days with IL-1β led to 
increased IL-8 release from lung slices. Taken together, precision cut lung slices are 
a valuable model to study the efficacy of compounds on various aspects of chronic 
lung diseases, including bronchodilating capacity and effects on  remodelling and 
inflammation of the airways. Therefore, lung slices can be used early in drug 
development as a model to screen multiple compounds for efficacy against important 
characteristics of lung diseases. 
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Over the past several years, the prevalence of biologically active macrocycles in 
medicinal chemistry literature has been increasing. Macrocycles in drug discovery 
have been defined as a ring system consisting of 12 or more atoms.[1] Tetrazole and 
its derivatives have attracted much attention because of their unique structure and 
applications. 1,2,3,4-tetrazole represent an important class of heterocyclic 
compounds. Tetrazole and their derivatives possess broad spectrum of biological 
activity in both medicinal and pharmaceutical, such as antimicrobial,[2] antibacterial,[3] 
antifungal,[4] analgesic,[5] anti-inflammatory,[6] antinociceptive,[7] antitubercular activity 
[8], and anticancer.[9] 
 
Here we reported the synthesis of isocyanide derivatives derived from di- and 
tripeptide, which used as a precursor for the synthesis of tetrazole moiety via Ugi 
multicomponent reaction. Target macrocyclic molecules were synthesized via 
cyclization of tetrazole compounds by using Ugi reaction. The structures of these 
compounds were confirmed by NMR and MS Spectroscopic analysis and will be 
tested for their biological activities. 
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The aim of this study was to isolate and characterise a new glucarpidase (former 
name: carboxypeptidase G2) producing bacteria in order to clone and overexpress 
the cognate genes for Antibody Directed Enzyme ProDrug Therapy (ADEPT) 
detoxification of methotrexate (MXT) used for cancer treatment. Over one hundred 
soil samples were collected from different fields in Qatar where folate rich fruit and 
vegetables are routinely cultivated. Screening of these samples was performed using 
folate as the sole carbon and/or nitrogen source. Several molecular techniques were 
used to characterize the isolated strains. The work led to the isolation and 
characterization of two new glucarpidase producing strains, Stenotrophomonas Sp. 
AA1, and Pseudomonas Sp AA2. The CPG2 gene from Stenotrophomonas Sp. was 
cloned and expressed to obtain the new novel CPG2 protein that can evade the 
immune system and detox MXT from the patient. Molecular studies on the novel 
glucarpidase have been carried out. The novel glucarpidase will pave the way for 
further application in the cancer drug detoxification and Antibody Directed Enzyme 
Prodrug Therapy techniques.   
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Oxadiazoles are frequently occurring pharmacophores in drug-like molecules, and 
medicinal chemists have studied oxadiazoles extensively due to the fact that new 
effective compounds can be obtained by the bioisosteric replacement of ester and 
amide groups with oxadiazole ring.1 On the other hand, thiazoles and their fused 
heterocyclic derivatives have attracted a great deal of interest due to their presence 
in the structures of biologically active molecules. In the literature, many natural and 
synthetic thiazole derivatives have been reported. Bleomycine, dasatinib, and 
tiazofurin, anticancer agents, carry thiazole ring.2 In recent years, benzothiazole 
derivatives have also been investigated for their anticancer activity. Among them, 
Phortress can be considered as the most known precursor compound.3 
In the current work, new oxadiazole derivatives were obtained via the reaction of 5-
[[(5,6,7,8-tetrahydronaphthalen-2-yl)oxy]methyl]-1,3,4-oxadiazole-2(3H)-thione with 
2-chloro-N-(thiazole/benzothiazole-2-yl)acetamide derivatives in the presence of 
potassium carbonate. MTT assay was carried out to determine anticancer effects of 
the compounds on A549 human lung adenocarcinoma and C6 rat glioma cell lines. 
Among these derivatives, the most effective compounds were evaluated for their 
DNA synthesis inhibitory activity.  
 
 
1. Boström J., Hogner A., Llinàs A., Wellner E., Plowright A.T., J. Med. Chem., 55, 1817-1830 
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3. Bradshaw T.D., Westwell A.D., Curr. Med. Chem., 11, 1241-1253 (2004). 
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The commonly used gadolinium chelator DOTA and its analogues are widely used for 
MRI contrast enhancements. Unfortunately these agents have limited permeability 
through the blood brain barrier and also are not organ/tissue specific. We have 
designed a new class of ligands which show excellent chelator properties for various 
transition metals and other ions while the PK properties can be modified over a wide 
range. The modular construction approach moreover allows for tissue/organ/cell 
specific targeting. Our new compound class has the potential to become the next 
generation of (functional) MRI and chelator agents. 
 
Aims 
Gadolinium is a lanthanide metal often used for contrast enhancement. The 
enhancement relies on the interaction with water, which in turn is observed by MRI 
imaging techniques. Because of the toxicity of the free metal, safer use of this metal 
is only possible when a very strong chelator is used. The cyclic chelator DOTA is the 
strongest known gadolinium complexing agent and currently used as the marketed 
gadolinium complex Gadoteric acid (Dotarem®). Our goal is to design and synthesize 
the novel ligands which can be easily tuned for different lipophilicities as well as for 
recognition of different pathogenic structures in tissues to become the next 
generation MRI diagnostics.  
 
Methods 
Our new MRI compound class can be conveniently synthesized in only a few steps 
using convergent multicomponent reaction (MCR) technology.[1]   
 
In vivo MRI is used to visualize the whereabouts of the complex and whether lesions 
will be highlighted as is observed with gadoteric acid itself, as well as penetration 
through the blood brain barrier. 
 
Results / Conclusions 
X-ray crystallography of different lanthanide complexes with our novel ligand class 
shows the coordination sphere including the crucial water molecules for MRI. Initial 
determination of binding constants of our compounds show good chelating 
properties, with only trace amounts of unbound gadolinium present in solution.  
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The γ- and δ-lactam moiety is an often found fragment in bioactive compounds; 
examples of compounds with a lactam fragment include the anti-Parkinson drug 
oxotremorin1 or the anti-rhinoviral and -enteroviral rupintrivir.2 Combining the lactam 
functionality with a 1,5 disubstituted tetrazolo peptidomimetic could enhance the 
affinity of this tetrazole analog, a well-known cis-amide bond mimic, which provides 
new synthetic probes for a series of biological targets.3–7 Multicomponent reactions 
(MCR) were found to be an excellent tool to rapidly access a large and versatile drug-
like chemical space to address the corresponding biological space.8  
 
Utilizing the azido-Ugi reaction, followed by a deprotection and cyclisation step a 
series of tetrazolo lactams were synthesized. Surprisingly single crystal structure 
determination of both the γ- and δ-lactams showed intermolecular hydrogen bonding 
involving the amide NH and the carbonyl CO, in which the 6 membered δ-lactam 
shows an additional hydrogen bond towards a co-crystalized water molecule.  
 
These known properties, but also the trifurcated hydrogen bonding network of the δ-
lactam were used to run a pdb query of these moieties, including only N-
unsubstituted lactam rings. The results showed indicated that the lactam-NH can 
undergo multiple and strong H-bonds. Moreover the scaffold is underused in 
medicinal chemistry and thus provides multiple chances for drug design. 
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Antiviral Res., 2013, 97, 264–269; Chem., 2006, 118, 1; Angew. Chem., Int. Ed., 2006, 45, 1. 
2. X. Zhang, et al., World J. Gastroenterol., 2010, 16, 201. 
3. J. Zabrocki, G. D. Smith, J. B. Dunbar Jr., H. Iijima and G. R. Marshall, J. Am. Chem. Soc., 1988, 

110, 5875. 
4. S. Gunawan and C. Hulme, Org. Biomol. Chem., 2013, 11, 6036. 
5. S. Y. Kang, S.-H. Lee, H. J. Seo, M. E. Jung, K. Ahn, J. Kim and J. Lee, Bioorg. Med. Chem. Lett., 

2008, 18, 2385. 
6. J. P. Alexander and B. F. Cravatt, J. Am. Chem. Soc., 2006, 128, 9699. 
7.  J. Li, S. Y. Chen, J. J. Li, H. Wang, A. S. Hernandez, S. Tao, C. M. Musial, F. Qu, S. Swartz, S. T. 

Chao, N. Flynn, B. J. Murphy, D. A. Slusarchyk, R. Seethala, M. Yan, P. Sleph, G. Grover, M. A. 
Smith, B. Beehler, L. Giupponi,K. E. Dickinson, H. Zhang, W. G. Humphreys, B. P. Patel, M. 
Schwinden, T. Stouch, P. T. W. Cheng, S. A. Biller, W. R. Ewing, D. Gordon, J. A. Robl and J. A. 
Tino, J. Med. Chem., 2007, 50, 5890. 

8.  A. Dömling, Chem. Rev., 2006, 106, 17. 
  



The role of internal standards in high-sensitivity protein 
quantifications with LC-MS/MS 

 
Kees J. Bronsema a,b, Rainer Bischoff a, Nico C. van de Merbel a,b 

 
a Analytical Biochemistry, Department of Pharmacy, University of Groningen, A. Deusinglaan 1, 9713 

AV Groningen, The Netherlands 
 

b Bioanalytical Laboratory, PRA, Early Development Services, Westerbrink 3, 9405 BJ, Assen, The 
Netherlands 

 
 
Two important aspects of peptide and protein quantification by LC-MS/MS, the 
enzymatic digestion step and the internal standardization approach, were 
systematically investigated with a small protein, salmon calcitonin, which could be 
analyzed both without and with digestion. 
Quantification of undigested salmon calcitonin, after solid-phase extraction from 
plasma, resulted in a lower limit of quantification of 10 pg/mL, while introduction of a 
tryptic digestion step, followed by quantification of a signature peptide, increased this 
to 50 pg/mL. The sensitivity was reduced by interferences in the SRM-transition of 
the signature peptide due to the increase in sample complexity caused by the 
digestion and a less selective SRM transition of the signature peptide as compared to 
undigested salmon calcitonin. 
Eight internal standardization approaches were compared with respect to accuracy 
and precision in work-flows with and without digestion. Analogue and stable-isotope 
labeled (SIL) internal standards were evaluated including an in-house created 18O-
labeled peptide, a cleavable SIL peptide and an internal standard created by 
differential derivatization of the signature peptide. 
We conclude that the best internal standard for the work-flows both with and without 
digestion was the SIL-form of the analyte, although the use of several SIL-signature 
peptides and a differentially derivatized signature peptide also resulted in methods 
with performances which meet the FDA guidelines. 
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Gymnospermium scipetarum is a new specie discovered lately in Albania. It was 
found at the altitudes  above 1000m the sea level, in the Labinot mountain in Albania. 
There are no reports in the literature on the isolation of any plant secondary    
metabolites from the aerial parts nor roots of Gymnospermium scipetarum. Different 
studies have shown significant presence of alkaloids in different plant of 
Gymnospermium family, so our study was focused on isolation and purification of 
alkaloids. 
The study was carried out in the aerial parts of plant collected. The extraction was 
performed using different methods of extraction like: extraction at RT, under reflux, 
Soxhlet and  also liquid gases like CO2. After the extraction procedure, the extract 
was acidified with H2SO4 (2%), extracted with diethyl ether, treated with ammonia 
solution (pH 9-10) and then re-extracted successively with n-hexane, ethyl acetate, 
ethyl acetate:methanol (3:1) and buthanol. The purification and separation of the 
basic organic phase was conducted via column chromatography on silica. Different 
fractions were collected  and each of them were subjected to further chromatographic 
separation in semi-preparative HPLC. The NMR spectra of the pure isolated 
compounds were recorded using AGILENT DD2 500, 500 MHz (1D and 2D). 
Biological effects were conducted with crude extracts and also with pure alkaloids. 
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Caspase-1, also known as interleukin (IL)-1-converting enzyme or ICE, is responsible 
for the proteolytic activation of IL-1β and IL-18.1 IL-1β and IL-18 are key inflammatory 
mediators in infection, injury and in numerous autoimmune and inflammatory 
disease.  Inhibition  of caspase-1 is a promising strategy within neurodegenerative 
and inflammatory diseases like Alzheimer’s disease, Huntington’s disease, 
rheumatoid arthritis, Parkinson’s disease, ischemic disorders and many more. 
 
Aims 
Caspase-1 is a major regulator of the inflammation and so is a target that allows for 
highly selective intervention in the pro-inflammatory cytokine cascade.  
To date, only three covalent small molecule caspase-1 inhibitors have entered clinical 
trials (Pralnacasan (VX-740), Emricasan (IDN-6556) and Belnacasan (VX-765)).2 
They act by covalent modification of the catalytic cysteine residue and covalent 
interactions are major impediment to successful clinical development.3 But there is no 
noncovalent small molecule caspase-1 inhibitor reported so far. 
Based on molecular design we were able to discover and synthesize a noncovalent 
small molecule for caspase-1 covering the active site. The synthesis of small 
molecules via multicomponent reaction chemistry (MCR) offers significant 
advantages over conventional linear step synthesis.4 Multicomponent reactions have 
lately emerged as an powerful tool in drug discovery. Further aims are to identify the 
molecular nature of the enzyme inhibition by crystallography.    
Methods 
We used the Babel and Moloc molecular design software to generate 3D 
confirmation, fix a molecular library to a fragment and to optimize the energy and 
overlap of the library with the protein. ChemAxon suite was used in order to make 
virtual library of compounds through MCR chemistry. PyMol was used for the 
molecular visualization. Synthesis of compounds done via MCR chemistry. The 
biochemical assay (colorimetric assay at 405 nm) was configured using caspase-1 
human, recombinant enzyme (Caspase-1 drug discovery kit, BML-AK701).  
Results / Conclusions 
Herein, we describe the first successfully designed, synthesized and screened 
noncovalent small molecule caspase-1 inhibitors. The screening of compounds by 
biochemical assay give IC50 in mM range for the first compound. Based on the 
modular chemistry the scaffold is currently optimized for affinity. Moreover the 
caspase-1 subunits (p20 and p10) have been expressed in E. coli BL21 (DE3) star 
cells and are being co-crystallized with our small molecules. 
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The lipoxygenases (LOXs) are enzymes that play key roles in the major metabolic 
pathways of poly-unsaturated fatty acids (PUFAs). These pathways convert PU- FAs 
into inflammatory mediators such as lipoxins, leukotrienes, and prostaglandins, which 
play a regulatory role in numerous inflammatory and proliferative diseases including 
asthma, arthritis and cancer. Different types of inhibitors have been discovered but 
issues like inhibitor selectivity and the precise role of specific isoenzymes in specific 
tissues remain to be addressed. Novel chemistry-based methods for modulation and 
detection of enzyme activity will give a new insight and potential approaches for 
therapy of inflammatory diseases. We focus on the development of selective and cell 
permeable probes for LOX-’s isoenzymes. A small library of probes was synthesized 
and IC50 values for 15-LOX inhibition were obtained. All the probes appeared to give 
covalent inhibition with the active site of human 15-LOX. For the labelling of the 
enzyme, the oxidative Heck reaction was used. The enzyme was visualized after 
labeling by ECL assay and the commercial available antibody for 15-LOX was 
confirmed our protein labeling. 
 
  



Targeting intrinsically disordered protein states: Novel p53-MDM2 
inhibitors  

 
Natalia Estrada-Ortiz,a Constantinos Neochoritis,a J. Atmaj,a Barbara Beck,b Carlos 

Camacho,c Angela Casini,a Tad Holak,d Alexander Dömlinga 
 

aDepartment of Pharmaceutical Sciences, University of Groningen, Groningen, The Netherlands 
bHelmholtz Haematology, Munich, Germany 

cUniversity of Pittsburgh, USA Faculty of Chemistry,   
dJagiellonian University, Cracow, Poland 

 
 
More than 50 percent of human cancer present mutation in p53 gene. These 
mutations are associated with the DNA binding domain and make p53 unable to act 
as a transcription factor. In other cases, the lack of activity of p53 is either due to its 
binding to viral proteins or to alterations in other genes that code for proteins 
interacting with or linked to the function of p53 such as MDM2 and MDMX. For this 
reason, the p53 pathway is currently a major target in oncology. 
 
While there are several p53/MDM2 antagonists in early clinical trials it was recently 
recognized that both the related proteins MDM2 and MDM4 must be efficiently 
inhibited to induce apoptosis in a multitude of cancers. Our aim was to design and 
synthesize several novel scaffold which effectively inhibit both MDM2 and MDM4 in a 
dual action mode. 
 
All these compounds target the p53 binding site in MDM2 via the classical three 
finger pharmacophore model mimicking the hot spot amino acids Phe19, Trp23 and 
Leu26. Using our recently introduced pharmacophore search software 
ANCHOR.QUERY (http://anchorquery.ccbb.pitt.edu/) we discovered several novel 
scaffold based on convergent multicomponent reaction chemistry (MCR).1,2 A novel 
class of U-5C-4CR molecules showed potent binding to MDM2.3 

 
Surprisingly the cocrystal structure in MDM2 showed two small molecules binding 
(PDB ID 4MDQ), while the second molecule exhibits a novel binding mode. By 
combining essential parts of the two molecules we redesigned a novel class of 
molecules which interestingly exhibited a novel fourth pharmacophore binding motive 
in MDM2 (PDB ID 4MDN).4 
 
Remarkably, this novel molecule ordered the otherwise intrinsically disordered N-
terminal MDM2 fragment and forms a deep binding pocket around the fourth 
pharmacophore point of the molecule. Herein we will discuss design, structure, and 
cellular activity of this novel series of potent and selective MDM2 antagonists. 
Moreover, we will discuss the use of structure based drug design to target intrinsically 
disordered protein domains. 
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Cervical carcinoma is the most frequent carcinoma in women in the developing 
countries where 83% of cases occur (1). Laser microdissection (LMD) allows to 
capture well-defined regions of tissue. We compared cancer tissue, healthy 
epithelium and stroma of the cervix from eight patients with cervical cancer by LMD 
of approximately 2500 cells. Cellular proteins were digested with trypsin and peptides 
were identified using high-resolution mass spectrometry (MALDI-FT-ICR-MS or 
nanoLC-Orbitrap-MS). From captured 1250 cells, more than 500 proteins were 
identified with a protein prophet probability greater than 99%. By comparing the 
proteomes from cancer tissue and healthy epithelium or stroma, we found a number 
of differentially expressed proteins of the heat shock protein (HSP) family. The 
expression pattern of HSP75 and HSP90α was confirmed by western blotting and 
immunohistochemistry (IHC) in tissue from a set of different cervical cancer patients 
versus healthy controls as well as on tissue microarrays (TMAs). HSP78 turned out 
not to be tumor specific. Western blot on 10,000 LMD-selected cells showed that 
HP90α was only positive in tumor cells. HSP90α appears to be promising as an early 
indicator of cervical carcinoma, since it was negative in healthy epithelium from 
prolapse patients and stained positive in morphologically normal epithelium analyzed 
on a tumor slide. To translate our findings from tissue to an accessible body fluid, 
HSP90α was measured by ELISA and LC-MS/MS in the selective reaction monitoring 
(SRM) mode in serum comparing healthy subjects towith patients with cervical 
cancer at different stages resulting in a sensitivity of ~90% for late-stage cervix 
carcinoma patients. ELISA results for HSP90α in 75 healthy controls; 20 CIN and 63 
cancer serum samples were obtained. The difference between median/average 
values for late cancer versus healthy, CIN and healthy samples was significant at the 
0.05 confidence level (Mann-Whitney U-Test and t-Test). According to the t-Test the 
difference between the average values of HSP90 for early cancer versus healthy 
serum samples (p=0.013) was also significant (in total 158 samples). The ELISA 
results correlated well to the SRM data for 2 selected peptides as demonstrated for 
30 serum samples including 10 healthy, 10 early stage and 10 late stage cancer 
samples.  
Thus tendency towards increased concentrations of HSP90α in serum from cervical 
cancer patients versus healthy subjects was demonstrated. 
 
(1) Parkin, D.M. et. al. Cancer J Clin., 2005, 55, 74–108. 
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Introduction and objectives  
Targeted proteomics experiments have traditionally been performed on triple 
quadrupole instruments, using a multiple-reaction monitoring approach. This requires 
a priori knowledge of the target precursor/product ion transitions and time-consuming 
method preparation. However, until a recent past, it was the only approach capable 
of delivering the dynamic range and sensitivity required for quantitation in complex 
biological samples. High resolution systems are now able to address these 
limitations, while providing post-analysis data mining capacities. We report here the 
characterization of a Q-TOF system for the targeted quantitation of peptides in a 
plasma tryptic digest. 
Methods  
7 plasma tryptic digests samples were spiked with 43 Stable Isotopically labelled 
Standards (SIS) peptides, spanning a 10000 fold concentration range. Samples were 
measured in quadruplicate with a 60 min nano-UHPLC separation coupled to an 
impact benchtop UHR-Q-TOF system, operated in the high resolution extracted ion 
chromatogram (HR-XIC) or Data Independent Analysis (DIA) modes. All results were 
processed in Skyline and R software.  
Results and Discussion  
Preliminary results reveal high quantification efficiency for the target peptides using 
both a pure MS-based data acquisition method (HR-XIC) and a DIA acquisition 
method, where quantification was based on specific fragment ions . The system 
setup enabled reproducible quantification with a 4.5% average coefficient of variation 
for detected peak areas. The maximum detectable linear range of the assay was 
10^4 for both approaches. A broad quantification range could be covered for natural 
plasma peptides from 180,000 ng/ml to 230 ng/ml for targeted HR-XIC and from 
210,000 ng/ml to 360 ng/ml for DIA.  
Conclusions 
Results clearly show that concentrations obtained for natural plasma peptides from 
measurements on a UHR-Q-TOF system using HR-XIC or DIA mode are comparable 
to the reference literature values. Thus results demonstrate clear capability of the 
tested discovery platform for targeted proteomics. 
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The age of proteomics and metabolomics demands high-resolution 
multidimensional separation techniques. Microfluidic systems, also termed 
“miniaturized total analysis systems (μTAS)” or “lab-on-a-chip”, are a good alternative 
for improving conventional analytical techniques. They have developed rapidly over 
the past two decades and are now widely used in analytical chemistry and biological 
applications. Advantages of these systems include reduced consumption of samples 
and reagents, shorter analysis times, greater sensitivity and portability1. However, 
working with nL volumes at the micrometer scale can involve mixing of two or more 
solutions. This can be a challenge, because flows are generally extremely well-
defined and laminar. In order to achieve homogeneous solutions with the required 
composition in reasonable times, specially designed micromixers should be used. 

The approach chosen for this work is one based on chaotic mixing, first 
described by Stroock et al. (2002)2. Mixing is achieved through the incorporation of 
an array of microgrooves into one surface of a microchannel. Mixers are fabricated in 
the silicone rubber material, poly(dimethylsiloxane), using two-step soft lithography 
and bonded with glass. Channels comprise two types of patterns, namely staggered 
herringbone-shaped grooves and grooves placed at an oblique angle with respect to 
the microchannel floor (slanted grooves). Flow over the groove array assumes a 
helical or corkscrew pattern, in which the contact area between two adjacent 
solutions is increased dramatically to facilitate mixing by diffusion. The depth of the 
channel is 40 µm, its width is 400 µm and the height of the grooves is 8-9 µm. 

In order to characterize mixing performance, fluorescence detection was used. 
The principle is based on the quenching of fluorescein fluorescence by potassium 
iodide in phosphate-buffered saline (PBS) buffer. After introducing two solutions 
through separate inlets at defined flow rates, images were captured with a CCD 
camera at different positions along the channel. These images were analyzed with 
LispixL×85P software.   

Slanted grooves provide faster mixing than staggered herringbone grooves at 
total flow rates ranging from 1 to 400 μL/min for the fluorescein/potassium iodide 
system. The channel volume is less than 1 µL and mixing is achieved in less than 1 
sec at a distance of 25 mm along a microchannel. 

Results to date on the development of solution gradients with different 
compositions and viscosities using an ACN/water system prove the possibility to use 
such mixers in multidimensional liquid chromatography. 

 
Acknowledgement: This project is supported by the Netherlands Organization for Scientific Research 
(NWO) within the Technology Area - Comprehensive Analytical Science and Technology (COAST) 
program. 

 
1. Duffy D. C., McDonald J. C., Schueller O. J. A., Whitesides G. M. Rapid prototyping of microfluidic 

systems in poly (dimethylsiloxane). Anal. Chem. 70,  4974-4984 (1998). 
2. Stroock A.D., Dertinger S.K.W., Ajdari A., et al. Chaotic mixer for microchannels. Science 295, 647-

51 (2002). 



Synthesis and antinociceptive activities of hydrazide hydrazones of 
ethyl 4-chloro-2-methylthio-5-pyrimidinecarboxylate 

 
Kadriye Akdag1,  Bedia Koçyiğit-Kaymakçıoğlu1, Ceren Şahin2, Gökhan Ünal2, Feyza 

Arıcıoğlu2 

 
1Marmara University,  Faculty of Pharmacy,  Department of Pharmaceutical Chemistry, İstanbul, 
34668,Turkey 
2 Marmara University,  Faculty of Pharmacy,  Department of Pharmacology, İstanbul, 34668,Turkey 
 
 
Hydrazone are a class of organic compounds which possess the structure 
R1R2C=NNH2 which are considered as derivatives of aldehydes and ketones in 
which the oxygen atom has been replace by the =NNH2 group. In recent years, the 
chemistry of hydrazone type Schiff-base compounds has received intense attention 
because of their unique coordination and structural properties and their various 
biological applications related to anti-inflammatory, analgesic, anticonvulsant, 
antituberculous, antitumor, anti-HIV, anticonvulsant, antidepressant, antimic-robial 
and other inhibitory activites (1-5). In addition, many effective compounds such as 
iproniazide and isocarboxazid are synthesized by the reduction of hydrazide-
hydrazones. In the light of these considerations, new hydrazone derivatives are 
synthesized by reacting the 4-chloro-2-metilthio-5-pyrimidecarbohydrazide with 
substituted aromatic aldehydes. Novel compounds are characterized by IR, 1H-NMR, 
MS and elemental analysis. Antinociceptive activities of hydrazone derivatives was 
evaluated by hot plate and tail immersion tests (51± 2°C) in Balb/c adult male mice 
weighing 25-35g (n=10 mice in each group).  
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Glycogen Phosphorylase (GP)1 is an allosteric enzyme directly involved in glycogen 
degradation and regulation of glucose levels in blood circulation. For this reason, a 
number of studies have focused on GP as a molecular target for the treatment of type 
2 diabetes, which is becoming a very serious epidemic in industrialized countries. As 
previous studies indicate, glucose and its derivatives bind at the catalytic site of GP, 
causing inhibition of its activity. This presents a challenge concerning the design and 
synthesis of new compounds, with optimal inhibition and pharmacokinetic properties. 
Recent studies from our laboratory indicate that derivatives of β-D-
glycopyranosyluracil, with arylamine substituents at C-4 carbonyl group of uracil, are 
strong inhibitors of GP, in the nM range.2 In this direction and by using all the 
available data and knowledge derived from kinetic and structural studies, a goal was 
set, i.e., to create a new family of N4-benzyl derivatives, which would carry a 
combination of desirable structural features. 
 
The synthesis of the new benzyl-derivatives proved facile under the mild conditions 
developed in our laboratory. The kinetic analysis of the new compounds showed 
significant inhibitory ability, confirming the initial hypothesis, which led to the selection 
of those specific derivatives with IC50 values ranging from low μΜ to mid nM. In 
particular, the kinetic results indicated that the connection mode of certain biphenyl-
benzylamines, affects the inhibition potency. The meta-biphenyl substituent resulted 
in a novel nM inhibitor with improved inhibitory activity (IC50 = 400 ± 30 nΜ). 
Crystallographic analysis will provide these favorable enzyme-inhibitor interactions 
that are responsible for the strong binding observed and these compounds may act 
as lead compounds for the structure-driven anti-diabetic drug-design process. 
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Protein kinases are well represented in the human genome and due to its regulatory 
function an important target in medicinal chemistry and drug discovery. Several 
compounds are approved by the FDA but these compounds commonly target the 
ATP- or substrate-binding site.1 Biondi et al. described a new allosteric site in PDK1, 
named PIF pocket, and because of its allosteric nature by targeting this site the 
crowed patent space that is occupied by the ATP-directed small molecules is 
avoided.1,2 As upstream regulator of other AGC kinases PDK1 is a key member 
within this family and dysregulation of PDK1 as well as other AGC kinases is 
associated with cancer and diabetes.3 
 
In our web-based drug designer freeware AnchorQuery 
(http://anchorquery.ccbb.pitt.edu/) a crystal structure of the target is loaded and a 
pharmacophore model is designed.4 The model is screened in an extensive library 
containing >30 x 106 compounds in >2 x 109 conformations. Several advantages for 
this approach will be discussed: 

• The compounds lie outside the chemical space which is commonly used for 
screening (e.g. ZINC). 

• All the compounds are easily accessible via convergent multicomponent 
reactions (MCR) in one chemical step and allow for a high degree of 
diversification. 

• High success rates to find active compounds based on multiple scaffolds. 
 
Two compounds were identified as potential small molecule modulators of the PIF-
pocket. Up to now a small library of compounds was synthesized and tested. The 6-
oxo-piperidine scaffold showed activation which is in agreement with previous 
reported carboxylic acids containing small molecules5, but it was remarkable to find 
that the imidazo[1,2-a]pyridine scaffold showed inhibition. Currently, we are 
expanding the compound library to completely map the potential of these two 
scaffolds and in addition more scaffolds will be designed with the AnchorQuery 
approach. 
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NF-κB mediated gene transcription plays a key role in chronic inflammatory 
responses, such as airway inflammation in asthma and COPD. It has been shown 
that NF-κB mediated gene transcription is for an important part regulated by protein 
lysine acetylations. Small molecule inhibitors targeting histone acetyltransferases 
(HATs) or histone deacetylases HDACs are attractive candidates to interfere with 
lysine acetylations, which regulate NF-κB activity (Ghizzoni et al., 2011). HAT or 
HDAC inhibitors (HATi or HDACi) are considered a potential new class of drugs for 
asthma and COPD.  
We aimed to analyze different classes of HAT and HDAC inhibitors in a cellular 
model for NF-κB mediated inflammation. We aim to unravel the effect of different 
classes of inhibitors in inflammatory signaling in connection to modulation of lysine 
acetylation on the level of the NF-kB p65 transcription factor as well as the histones 
using proteomic approaches (LC-MS/MS). 
Cell cultures that are relevant to asthma and COPD were treated with NF-κB stimuli 
and the influence of HAT inhibitors or HDAC inhibitors on pro-inflammatory gene 
transcription and lysine acetylation was investigated.  
Generally, HDAC inhibitors stimulate and HAT inhibitors inhibit pro-inflammatory 
gene transcription in RAW264.7 macrophages. Interestingly, HDAC inhibitor 
Entinostat shows a pronounced effect in the nuclear translocation, the promoter 
activity and the total proteins of the NF-kB transcription factor. Analysis of the lysine 
acetylation profile through a state-of-art mass spectrometry approach is currently in 
progress. Ultimately, this enables the matching of specific classes of inhibitors with 
aberrations in the lysine acetylation profiles. 
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Glycogen Phosphorylase (GP) is a key enzyme for the regulation of blood glucose 
levels and has been exploited as a molecular target for the treatment of type 2 
diabetes. A large number of compounds, mainly β-D-glucose derivatives, targeting 
the catalytic site of the enzyme, have been examined both for their inhibitory potency 
and their binding mode in complex with GP [1-2]. 
 
Application of the knowledge derived from a structure-driven intelligent drug-design 
process by our group has led to a novel set of 4-arylamino-β-D-glucopyranosyl-
pyrimidines. Their synthesis utilizes a novel methodology involving the substitution of 
activated triazoles by various arylamines, facilitated by microwave irradiation. Kinetic 
studies of the new ligands showed that they are potent inhibitors of GP with Ki values 
varying from mid to low nM range.  
 
Structural studies of the complexes were also performed to investigate their binding 
mode at the enzyme. The crystal structures of the complexes were determined at 
high resolution by X-ray protein crystallography using synchrotron radiation at EMBL-
Hamburg Unit. The data indicated that most of the compounds bound tightly at the 
catalytic site in support of the evidence provided by the kinetic studies. 
 
Preliminary in vivo evaluation of the new ligands activity, employing animal models 
(mice and the unicellular eukaryote Tetrahymena thermophile) showed that glucose 
levels were reduced. Further investigation is currently in progress to shed light in their 
mechanism of action. 
 
[1] Gimisis, T. (2010) Mini Rev. Med. Chem. 10, 1093-1101. 
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Acknowledgments. The research leading to these results has received partial funding from the following 
sources: EU–and Greek national funds through the Operational Program "Education and Lifelong 
Learning" of the National Strategic Reference Framework (NSRF) - Research Funding Program: Heraclitus 
II. Investing in knowledge society through the European Social Fund. FP7 Capacities coordination and 
support actions REGPOT-2009-1-No 245866 ‘ARCADE’ European Community's FP7/2007-2013 under 
BioStruct-X, grant agreement N°283570 
 



Development of inert rhodium complexes as potential drug 
candidates in cancer treatment 

 
E. K. Martina, E. Meggersa 

 
aFachbereich Chemie, Philipps-Universität Marburg, Hans-Meerwein-Straße,  

35043 Marburg, Germany 
 
 

Over the last decade our group has established highly potent and selective kinase 
inhibitors using inert metal centres as unique structural templates, thus mimicking 
and enhancing the globular shape of the non-selective inhibitor staurosporine.1 The 
use of this type of inert metal complexes as kinase inhibitors with potential anticancer 
properties has repeatedly been demonstrated in vitro.2-4 In addition, some selected 
complexes have also been proven to be successful in kinase inhibition in vivo in 
species of the chordate phylum.5-7 
We now started to focus on the drug-like abilities of this kind of kinase inhibitors to 
move forward towards an application in cancer treatment. After identifying a rhodium 
complex with promising properties concerning rat liver microsome stability, 
permeability and absorption, we are now working on the synthetic structure 
optimization of this lead structure with regard to a progress in solubility, improvement 
of permeability as well as affinity and selectivity for certain kinases. 
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Isonitrile-based multicomponent reactions (IMCRs) are one of the most widely 
explored classes of reactions in combinatorial chemistry which  is mainly attributed to 
the large chemical space they encompass from readily available starting materials.1 
We outline three IMCRs: Ugi, Passerini and Groebke reactions combining two 
synthetic steps in one pot by in situ preparation of isonitriles and their subsequent 
reactions with aldehydes/ketones, aliph./ar. amines and carboxylic acids. 
 
Aims 
Isonitriles have a long history in organic chemistry and have been used in academia 
and industry.2 It is a versatile stable divalent carbon nucleophile which interestingly 
forms multiple bonds on the terminal carbon. Despite the huge potential of the 
isonitrile chemistry, they have turned away many potential researchers due to their 
foul smell. The distressing odor makes their preparation, isolation and purification 
difficult. To address this problem, we envisaged in situ preparation of isonitriles from 
N-substituted formamides in the reaction and their subsequent use in IMCRs without 
isolation in one pot. 
 
Methods 
The method was optimized for various isonitriles both aromatic and aliphatic with 
different substituents and functional groups followed by their multicomponent reaction 
with aldehydes, amines and carboxylic acid components. Different N-substituted 
formamides upon dehydration with triphosgene and triethyl amine gave 
corresponding isonitriles followed by the addition of an aldehyde/ketone, amine and 
carboxylic acid to the same pot gave desired Ugi, Passerini and Groebke products in 
good yields. The products were well characterized by 1H & 13C NMR and LC-MS 
analysis. 
 
Conclusions 
We have described a facile protocol for three IMCR’s: Ugi, Passerini and Groebke 
reactions starting from various formamides which were efficiently converted in situ to 
isonitriles and subsequently reacted in the same pot with aldehyde/ketone, amine 
and carboxylic acid components to afford desired products in good yields. The 
highlight of the methodology is it avoids the isolation and purifications steps of foul 
smelling isonitriles. 
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Since the discovery of the first synthetic chemical nuclease, [Cu(phen)2]2+ has served 
as an important template for the construction of small molecule DNA damaging 
reagents. However, there are numerous limitations associated with its use including a 
reliance on exogenous oxidant and reductant required to generate DNA-reactive 
copper-oxo species.1 Designer metal-chelating phenazine ligands have shown 
outstanding potential within Ru2+ DNA-selective binding probes, however the 
question remains unanswered regarding their biological activity within 
Cu2+complexes.2,3 With this in mind, we report the synthesis of a series of bis-chelate 
Cu2+ phenanthroline-phenazine cationic complexes [Cu(DPQ)(Phen)]2+, 
[Cu(DPPZ)(Phen)]2+ and  [Cu(DPPN)(Phen)]2+ (where DPQ = dipyrido-quinoxaline, 
DPPZ = dipyrido-phenazine and DPPN = benzo[i]dipyrido-phenazine). The aim of this 
study was to investigate how systematic extension of the ligated phenazine ligand 
influences DNA recognition and oxidative degradation and this was examined 
through thermal melting, chemical nuclease activity, DNA binding/quenching and 
interactions with superhelical pUC19. We also describe a novel on-chip method 
designed for the Agilent 2100 Bioanalyser to quantify dsDNA degradation with high 
precision, by the complex series on pUC19 DNA (49% A-T, 51% G-C). The 
incorporation of designer phenazine ligands in the [Cu(phen)2]2+ model pronounces 
DNA recognition and intercalation with significant enhancement to the dynamic 
binding constant for [Cu(DPQ)(Phen)]2+ and [Cu(DPPZ)(Phen)]2+. To our knowledge 
these binding constants (Kapp ≈ 3 × 107 M(bp)-1) are the highest reported to-date for 
any copper(II) phenanthrene complex and surpass the [Cu(phen)2]2+ cation by ~60 
fold.  
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Hsp90 is over-expressed in tumor tissues and it is essential for growth and survival of 
cancer cells. These client proteins (i.e. ErbB2, v-Src, p53, Raf-1, Akt, survivin, Bcr-
Abl, Cdk4, telomerase, Her-2, Cdk6 and MET) play significant roles in apoptosis, 
metastasis and angiogenesis in cancer cells. Hsp90 inhibitors lead to the degradation 
of oncogenic client proteins and therefore inhibition of Hsp90 has emerged as an 
important therapeutic strategy which effects on multiple oncogenic pathways in tumor 
cells.1,2 
 
Aims 
Hsp90 inhibition is an essential therapeutic strategy and many inhibitors were 
designed as anti-cancer agent. These inhibitors inhibit ATPase function of Hsp90 and 
they aim to deregulate Hsp90 function. Hsp90 is a dimer protein and perturbing dimer 
formation inhibits Hsp90 substrate protein folding function. For this purpose, we 
designed novel coumarine derivatives compounds to block Hsp90 dimer formation. 
 
Methods 
In this study, we synthesized novel thiazolyl β-ketoesters from reaction of ethyl 4-
chloro-3-oxobutanoate and a variety of thiourea-like compounds. Then, we 
synthesized novel thiazolyl coumarine derivatives from reaction of 2-
hydroxybenzaldehyde and corresponding thiazolyl β-ketoesters. Anticancer activity of 
the compounds was evaluated on human colon (DLD-1) and liver cancer (HepG2) 
cell lines with using XTT cell proliferation assay. Docking studies were performed 
using www.dockingserver.com. ATPase function and luciferase aggregation assay 
was performed for determination of the Hsp90 function. 
 
Conclusions 
Our results demonstrated that thiazolyl coumarine compounds have great potential 
for human liver and colon cancer treatment. These compounds block Hsp90 
dimerization and inhibit Hsp90 function in cancer cells. 
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Enoyl acyl carrier protein reductase (InhA) catalyses the last step of the fatty acid 
synthesis and plays essential role in Mycobacterium tuberculosis cell survival 
Therefore, InhA is one of the most important target proteins for tuberculosis drug 
discovery.1,2 In this study, we created Mycobacterium tuberculosis InhA databases 
and demonstrated inhibitor binding features of InhA.       
 
Aims 
We focused on preparation of database about Mycobacterium tuberculosis InhA 
protein for design and synthesis of small organic molecules for inhibition of InhA for 
the treatment of tuberculosis.  
 
Methods 
We incorporated 53 crystal structures of Mycobacterium tuberculosis InhA unlıgated 
or wıth small molecule inhibitors from the protein data bank (www.rcsb.org/). All 
information about the proteins were transferred into Excel file. Binding pocket and 
hydrogen bonds of inhibitors were determined with using Pymol program. Then, all 
designed inhibitors were aligned with each other. Hyper links were generated in this 
Excel file.          
  
Conclusions 
This database contains binding characteristics between inhibitors and Inha protein. It 
provides important data for drug design against tuberculosis.   
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We describe four different novel heterocyclic scaffolds easily accessible via 
isocyanide based multicomponent reactions (IMCR). These scaffolds have in 
common – a facile Ugi tetrazole reaction which is further expanded with the use of a 
bifunctional isocyanide. 
 
Aims 
The European Lead Factory (ELF) is a European union organization for drug 
discovery supported by the Innovative Medicines Initiative (IMI) that is set to give a 
major boost to advance medical research and develop new medicines in Europe. 
ELF aiming for novel 5,00,000 compound until 2017.1 We are one of the research 
partner of ELF to develop the new scaffolds for major molecular libraries synthesis. In 
this context, we are developing diverse array of heterocyclic drug molecules though 
one-pot multicomponent reactions.   
 
Methods 
A Wide range of tetrazole scaffolds were obtained from one pot condensation of 
isocyanide, amines, aldehydes or ketones and TMSN3 in MeOH at room 
temperature.2 The resulting Ugi adducts were further explored for the synthesis of 
fused heterocyclic molecules via tandem reaction sequence.  
 
Results / Conclusions 
Depending on the target molecules various isocyanides, amines and aldehydes or 
ketones were employed for the reaction. The isocyanide derived from dimethyl acetal 
afforded 1, 2, and 3 in good to excellent yield via post condensation.3 The highly 
substituted tetrazole-fused keto-piperazines 4 were synthesized via tandem type Ugi-
tetrazole/deprotection and Ugi-4CR.4    
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A direct, simple and efficient method for the synthesis of formamides from 
carbonyl compounds is described. Formamides, also found in a few natural 
products,(1) are very useful building blocks, used in various transformations such as 
synthesis of amines (deformylation) or synthesis of isocyanides (dehydration). The 
latter are essential components of various multi-component reactions(2,3) e.g. Ugi, 
Passerini, van Leusen, Groebcke. Accessing them from carbonyl precursors instead 
of classically form amines, gives a new prospective of isocyanide and MCR 
chemistry. Commercially available carbonyl compounds (both aldehydes and 
ketones) present not only more diversity than the corresponding primary amines but 
also are mostly cheaper. 

Fragment-based lead discovery (FBLD) also known as fragment-based drug 
discovery (FBDD) is a method used for finding lead compounds as part of the drug 
discovery process.  It is based on identifying small chemical fragments, which may 
bind only weakly to the biological target, and then growing them or combining them to 
produce a lead with higher affinity.(4,5) 

Employing of an old but nevertheless very useful transformation in organic 
chemistry, the Leuckart-Wallach reaction, it has been possible to build a library of 
more than 200 different formamides. A modified and optimized new version of this 
reaction(6) allowed us to produce in a rapid and parallel way the formamides using 
diverse and relatively cheap starting materials. Thus, a series of highly substituted 
carbonyl compounds is heated at 180oC along with formamide and formic acid in a 
special in-house constructed device for parallel chemistry. The formamides could be 
easily used as fragments as they fulfil the three golden rules of the fragnomics.(7) All 
the synthesized compounds will be screened by NMR and X-ray techniques against 
various protein targets for unmet medical needs. 
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Tissue sample fixation is an important step in order to avoid proteolytic degradation, 
stabilize tissue structure, and avoid bacterial growth during tissue storage. 
Formaldehyde fixates via the formation of cross-linking methylene bridges between 
amino groups in proteins. Formalin-based fixation allows long-term stability and 
maintenance of tissue architecture [1]. However, due to formalin-induced cross-links, 
fixated tissue proteins are difficult to extract hampering the performance of proteomic 
analysis on formalin-fixed tissue. Only in the last years, the use of different 
combinations of high-temperature and suitable buffers (usually derived from antigen 
retrieval techniques) have allowed to unravel formalin-fixed paraffin-embedded tissue 
proteomes [2]. However, protocol refinement is needed in order to prove whether all 
proteins are soluble under these conditions, and to overcome the effect of different 
fixation times, storage periods, or incomplete crosslink reversal in protein extraction 
and LC-MS/MS protein identification [3, 4].The objective of the present work is to 
develop and assess new fixative reagents that would allow tissue preservation as 
well as facilitate the performance of proteomic studies on fixated tissue. To this we 
are developing fixating reagents which can be cleaved under mild conditions in order 
to improve protein extraction from fixated tissue. To this end, we have tested 
commercially available crosslinkers (disuccinimidyl tartrate, DST and 
dithiobis[succinimidylpropionate], DSP) for tissue fixation. These compounds 
crosslink proteins by reaction with amino groups leading to amide bond formation and 
can be cleaved under mild conditions (cis-diol cleavage and disulfide bond-cleavage 
respectively). Our results show that these compounds allow protein crosslinking, 
tissue fixation, and that the crosslinks can be cleaved. These results indicate that 
DST and DSP are promising reagents for tissue fixation. Currently we are 
investigating the effect on protein extraction and LC-MS/MS identification of this type 
of tissue fixation.  
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Oxadiazole derivatives have gained great importance as pharmacophores in drug-
like molecules. Many researchers have carried out various structural variations in the 
oxadiazole ring due to the fact that new effective agents can be obtained by the 
bioisosteric replacement of ester and amide groups with oxadiazole ring.1  
Thiazoles have also received great attention owing to their synthetic and biological 
importance. Many natural and synthetic thiazole derivatives have been described. 
Bleomycine, tiazofurin, and dasatinib, anticancer drugs, carry thiazole ring.2  
In the present study, we described the synthesis of a novel series of thiazole-based 
oxadiazole derivatives and focused on their potential anticancer effects on A549 
human lung adenocarcinoma and C6 rat glioma cell lines. Among these compounds, 
the most effective derivatives were investigated for their DNA synthesis inhibitory 
activity.  
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In this poster, an alternative, electrochemical (EC) method for the efficient and fast 
reduction of disulfide bonds in peptides and proteins combined online with separation 
and mass spectrometric detection is presented. The method utilizes an alternating 
potential pulse and does not require any reducing chemicals, which is an advantage 
over traditional methods. 
Insulin, a small protein of 5733 Da containing 3 disulfide bridges was used as model. 
Reduction of other peptides and proteins such as somatostatin with one disulfide 
bond (1638 Da), α-lactalbumin with four bonds (14178 Da) and lysozyme with four 
bonds (14 313 Da) will be shown to demonstrate the efficiency of electrochemical 
disulfide bond reduction The reduction efficiency is controlled by several parameters 
such as flow rate, mobile phase composition (formic acid and acetonitrile content) 
and the square-wave pulse settings (potential). The example of the controlled 
reduction of disulfide bonds will be shown. By changing of the applied potential the 
extent of disulfide bond cleavage is controlled. More negative potentials result in a 
shift of the charge state distribution indicating increased disulfide bond cleavage and 
unfolding of the protein. 
The effects of different experimental parameters are tested and the optimized 
protocol for the electrochemical reduction of disulfide bonds in online LC/EC/MS 
platform is presented.  
The electrochemical cell can be positioned pre- and post-column resulting in a fully 
automated platform for fast characterization of S-S bonds in protein/peptide based 
biopharmaceuticals. 
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For almost two decades electrochemistry (EC) has been successfully coupled to 
mass spectrometry. The electrochemical cell is used as a reactor in which a 
controlled oxidation or reduction takes place prior to MS detection. The oxidation 
products show excellent agreement with cytochrome P450 reaction products in 
nature, mimicking the enzymatic Phase I biotransformation. This purely instrumental 
approach is making the use of costly enzymes and the risk of non-specific reactions, 
obsolete. The reaction products are formed instantaneously in the EC cell allowing 
for direct coupling with MS and the measurement of short-lived compounds. 
Significant time and cost savings result using EC/MS compared to current in vitro 
(microsomes) or in vivo (rodents) approaches. 
Oxidation of target compounds in an electrochemical cell is a complementary 
approach to traditional methods and delivers the oxidative metabolic fingerprint of the 
molecule in a very short time. Additionally, electrochemistry allows tracing the 
reactive metabolite conjugates with targets (e.g. proteins, glutathione) without matrix 
interactions.  
We present oxidative metabolic profiles of different commercially available drugs into 
its major phase I metabolites will be presented, using analytical and preparative EC 
cells. Also a bulk electrolysis cell (the SynthesisCell) will be presented. Using the 
SynthesisCell any oxidation and reduction product can be generated in milligram 
quantities in a short period of time for example to synthesize reference material for 
NMR identification. 
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This work focuses on extending the possibilities of paper spray ionization (PSI), 
which is an ambient ionization technique for introduction of sample into a mass 
spectrometer (MS) [1]. Sample is spotted and dried on a piece of paper that has been 
cut into a sharp tip. When the paper is wetted with solvent and a potential is applied 
to it, ion spray is generated from the sharp tip. PSI in its original embodiment [1] can 
provide spray for approximately one minute. As the ‘ion source’ is made from paper, 
it requires some skill to properly position it in front of the entrance to the MS. 
Furthermore, its position can be influenced by wetting the paper with solvent, due to 
the tendency of this material to warp when wet.  
 

To overcome the drawbacks of PSI described above, a cartridge for PSI was 
developed. The cartridge is fabricated in polylactic acid (PLA) using filament 3D-
printing technology. This fabrication method was selected because it provides 
flexibility in designing and adapting the prototype, and significantly reduces the 
required time for the iterative design-fabricate-test-evaluate cycle (which can be 
repeated a number of times per day with this technology). 
 

The main purposes of the cartridge are (1) to provide physical support and 
protection to the otherwise fragile paper tip, (2) to facilitate interfacing with a mass 
spectrometer and (3) to integrate features to increase performance and user-
friendliness. Examples of such latter features are fast initial wetting and continuous 
solvent supply. By employing capillary action, wettability of the PLA polymer, and the 
flexibility of the 3D-printer, structures were designed that allow a temporary, volume-
defined surge of solvent to travel to the paper tip; this leads to wetting of the paper tip 
in 30-90 seconds (depending on solvent composition). It should be mentioned that in 
the absence of such structures, wetting of the paper tip through capillary action takes 
around 10 minutes. Additional structures are integrated into the cartridge to provide a 
stable, yet much slower, supply of solvent to the paper tip to sustain spray for tens of 
minutes. 
 
References: 
[1] “Development, characterization, and application of paper spray ionization,” J. Liu et al., Anal. 
Chem., vol. 82, no.6, pp. 2463-2471 (2010)  
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Thiazoles are found in many biologically active compounds including natural products 
and pharmaceutical agents. In the last few decades, the clinical efficacy of tiazofurin 
and its analogues, and bleomycins (BLMs) has pointed out the importance of thiazole 
moiety in the field of cancer.1 
In the current work, new thiazolyl hydrazone derivatives were obtained via the ring 
closure reaction of 5-arylfurfural thiosemicarbazones with 2-bromoacetophenone 
derivatives. The synthesized compounds were evaluated for their cytotoxicity on 
MCF-7 human breast adenocarcinoma and NIH/3T3 mouse embriyonic fibroblast cell 
lines. Among these derivatives, 2-[2-((5-(4-chloro-2-nitrophenyl)furan-2-yl) 
methylene)hydrazinyl]-4-(4-chlorophenyl)thiazole can be identified as the most 
promising anticancer agent against MCF-7 cancer cells due to its inhibitory effect on 
MCF-7 cell lines (IC50= 125 µg/mL) and low toxicity to NIH/3T3 cell lines (IC50 > 500 
µg/mL). 
 
 
1. Kashyap S.J., Garg V.K., Sharma P.K., Kumar N., Dudhe R., Gupta J.K., Med. Chem. Res., 21, 

2123-2132 (2012). 
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Chronic obstructive pulmonary disease (COPD) is a complex disease 
characterized by progressive lung function decline in association with emphysema, 
mucus hypersecretion, chronic inflammation and remodeling of the small airways and 
lung tissue. Symptoms like shortness of breath, wheezing and cough are treated 
symptomatically, while the underlying inflammatory and remodeling processes cannot 
be cured and the decline in lung function is still progressive. 

The WNT signaling pathway is a developmental signaling pathway that is 
involved in inflammation, remodeling, and repair processes. In man, this pathway 
consists of 19 known WNT ligands and 10 distinct Frizzled receptors. Specific WNT-
Frizzled interactions are largely unknown and often organ and cell type specific. 
Recently, we found that expression of the Frizzled-8 receptor is upregulated in 
primary lung fibroblasts of COPD patients compared to controls, implying a role for 
this receptor in COPD.  

We show that knockdown of the Frizzled-8 receptor in MRC-5 human lung 
fibroblasts inhibits transforming growth factor (TGF)-β-induced extracellular matrix 
(ECM) production and myofibroblast differentiation. These processes characterize 
airway remodeling in COPD. Further, we demonstrate that the non-canonical ligand 
WNT-5B mimics the remodeling effects of TGF-β on myofibroblast differentiation and 
ECM production. Importantly, Frizzled-8 knockdown reduced these WNT-5B-
mediated effects, suggesting that Frizzled-8 functions as a receptor for WNT-5B.  

Furthermore, we observe an association between a SNP in the Frizzled-8 gene 
region and chronic mucus hypersecretion in a large cohort of smoking individuals 
with and without COPD. Accordingly, we show that Frizzled-8 gene expression is 
increased in both parenchymal and airway fibroblasts of COPD patients with chronic 
mucus hypersecretion compared to COPD patients without chronic mucus 
hypersecretion. This suggests that the Frizzled-8 receptor has a role in the 
inflammatory process involved in mucus secretion, which is supported by the 
observation that Frizzled-8 regulates interleukin (IL)-1β- and EGF-induced cytokine 
production in MRC-5 human lung fibroblasts.  

Together, these results show an important role for the Frizzled-8 receptor in 
inflammatory and remodeling processes in COPD. Therefore, targeting the Frizzled-8 
receptor is a strategy worth pursuing in the development of a treatment for COPD. 
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The platinum anticancer agents are potent chemotherapeutics, which are standardly 
used in every second anti cancer treatment. However they have a limited spectrum of 
application, severe side effects and cause development of resistance in cancer cells. 
These major drawbacks make it absolutely necessary to develop novel targeted 
anticancer compounds. 
One reason for the described disadvantages of anticancer Pt drugs could be the 
different drug accumulation in cells and/or organs. Unfortunately, the transport 
mechanisms through the biological membrane of cells of clinically used metallodrugs 
like cisplatin, are mostly unknown and publications are rare. In spite of intense efforts 
to investigate the accumulation of platinum drugs, only a few uptake and efflux 
transporter could be characterized, including the copper uptake transporter 1 (CTR1), 
the organic cation uptake transporter 2 (OCT2), the ATP7A/B efflux transporter and 
the MATE exchanger. Based on these observations, it is important to investigate 
more for the understanding of the efficacy, toxicology and resistance mechanisms of 
the metallodrugs. 
Within this frame, organometallic gold(III)complexes are promising agents and an 
increased interest can be observed in the last ten years. Thus, we present here on 
the recent results obtained on a new series of cyclometallated gold(III) compounds, 
which have been tested for their antiproliferative properties in different human cancer 
cell lines and also in non-tumorigenic ones for assessing their selectivity. The results 
show different effects of the compounds depending on the chemical environment of 
the Au(III) centre (e.g. charge, lipophilicity etc.) and on the type of tested cell line. 
The most promising compound contains a fluorescent coumarine moiety, which 
allowed studying its uptake and biodistribution in cells by fluorescence microscopy. 
By co-incubating our gold compounds with selective inhibitors or competitive 
substrates like Cu2+ or cimetidine, we also studied the possible influence of CTR1 
and OCT transporters in the uptake of the complexes in comparison to cisplatin in 
cancer cells. In conclusion, the obtained results allowed to achieve initial insight into 
the mechanisms of biological activity of this new family of organometallic gold 
complexes. 
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Investigating the cellular heterogeneity at protein level of individual cells across a 
population is challenging. The role of heterogeneity in a cell population at both 
genomic and phenotypic level is now understood to be a major player in healthy and 
disease organism. This is particularly true for cancer disease where tumor cells gain 
peculiar phenotypic traits through a somatic evolution process which ultimately led to 
escape apoptotic death, enhanced proliferative, invasive and motility capabilities as 
well as drug resistance. Therefore, the availability of methods capable of measuring 
phenotypic heterogeneity at protein level in single cells is strongly required by the 
scientific community to investigate the diversity within a cell population.  
We present the development of an analytical microfluidic platform for the absolute 
single molecule counting of targeted proteins at single cell level. We refer to our 
system like an “all optical” platform for the cell manipulation and sorting, the cell lysis 
and the final protein detection. Single cells are isolated by means of an optical trap 
within the microfluidic chip mounted on a microscope stage and subsequently lysed 
via a single laser pulse which exerts a mechanical shock wave to disrupt the cell’s 
membrane integrity. The protein of interest that freely diffuses after cell’s lysis is 
captured and detected by a miniaturized ELISA sandwich where an immobilized 
patch of antibody accounts for the protein’s capture and a secondary fluorescence 
labelled antibody is responsible for the detection. Single molecule imaging is 
achieved within the microfluidic chip by Total Internal Reflection Fluorescence (TIRF) 
analysis.  
By our method, we were able to detect down to 50 single protein molecules for the 
p53 protein in cancer cell lines with a dynamic range up to 106 molecules per single 
cell. Results for the p53 protein measure at single cell level for drugs challenging 
experiments as well as at different phases of the cell cycle are presented.  
Future developments include the application of the platform to investigate the protein 
heterogeneity in Circulating Tumor Cells isolated from the blood of cancer patients to 
unravel the molecular phenotypic traits and offer a diagnostic tool to better address 
the therapy. 
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In recent years, quinazolinone rings have gained importance due to their 
application in pharmaceutical chemistry. Therefore several quinazolinone derivatives 
exhibited broad spectrum of biological activities such as sedative1, hypnotic1, 
anticonvulsant1, CNS depressant1, antiviral2, cytotoxic3, antifungal4, antibacterial5 and 
anti-inflammatory5 activities. In this research, quinazoline-4(3H)-ones were 
synthesized by refluxing 2-methylbenzoxazin-4(3H)-ones with sulfanilamide 
derivatives1. The structures of the synthesized compounds were confirmed by 
elemental analysis (C,H,N,S), UV, IR, 1H-NMR and mass spectroscopic methods. 
These compounds were tested for their QS inhibitory activities. In vitro quorum 
sensing inhibitor screen (QSIS) assay indicated that sulfanilamide substituted 
quinazoline-4(3H)-ones inhibit QS system in quorum sensing selector (QSIS)1 strain. 
These results suggest that these molecules may provide a starting point for the 
design and development of new antipathogenic drugs that restrict virulence of 
clinically important human pathogens6-7.  

 
 
[1] Jatav V, Mishra P, Kashaw S, Stables JP. (2008). CNS depressant and anticonvulsant activities of                         
some novel 3-[5-substitued 1,3,4-thiadiazole-2-yl]-2-styryl quinazoline-4-(3H)-ones. Eur J Med Chem,        
43: 1945-1954. 
[2] Wang Z, Wang M, Yao X, Li Y, Tan J, Wang L, Qiao W, Geng Y, Liu Y, Wang Q. (2012). Design,     
synthesis and antiviral activity of novel quinazolinones. Eur J Med Chem, 53: 275-282. 
[3] Yadav MR, Grande F, Chouhan BS, Naik PP, Giridhar R, Garofalo A, Neamati N. (2012). Cytotoxic 
potential of novel 6,7-dimethoxy-quinazolines. Eur J Med Chem, 48: 231-243.                                                                                                                                              
[4] Desai NC, Dodiya A, Shihory N. (2013). Synthesis and antimicrobial activity of novel 
quinazolinone-thiazolidine-quinoline compounds. J Saudi Chem. Soc. 17: 259-267.  
[5] Zayed MF, Hassan MH. (2014). Synthesis and biological evaluation studies of novel quinazolinone 
derivatives as antibacterial and anti-inflammatory agents. SPJ, 22: 157-162. 
[6] Hentzer M, Givskov M. Pharmacological inhibition of quorum sensing for the treatment of chronic 
bacterial infections. J Clin Invest. 2003; 112: 1300-1307. 
[7] Rasmussen TB, Givskov M. Quorum-sensing inhibitors as antipathogenic drugs. Int J Med 
Microbiol. 2006; 296: 149-161. 
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Antibody Directed Enzyme Prodrug Therapy (ADEPT) is a technique which has been 
used in cancer treatment. This therapy consists of two steps the aim of which is to 
convert a prodrug to a powerful cytotoxic drug only in the vicinity of the tumor. The 
availability of a powerful drug is essencial for the success of this treatment. 
Tubulysins are a group of tetrapeptides discovered by the Höfle group in 2000. They 
can inhibit tubulin polymerization and then induce cell apoptosis; some tubulysins are 
effective in growth inhibition of cancer cells even at picomolar concentrations. 
Therefore, tubulysins are excellent candidates for anticancer drug development, and 
much effort has been devoted to the total syntheses of natural tubulysins and their 
analogues. Structurally Tubulysins are composed of tetrapeptide units derived from 
D-N-methyl pipecolic acid (Mep), L-isoleucine (Ile), tubuvaline (Tuv), which is itself 
based on two condensed amino acids, and tubuphenylalanine (Tup). With our 
laboratory expertise in the total synthesis of various Tubulysin analogues through via 
isocyanide based multicomponent approach, herein we have developed novel 
multicomponent approach which involves the condensation of dieptide acid, β-amino 
aldehyde and isocyanide derived from Cys(Trt)/OMe. The resulting Passerini product 
affords tetrapeptide which upon cyclodehydration fallowed by acyl migration strategy 
gives tetrapeptide with desired hydroxy thiazole ring at the C-terminus. The ᵞ-amino 
acid which is present at the tubulysin derivatives was synthesized through 
nucleophilic addition of Grignard reagents towards the commercially available chiral 
building block methyl succinic acid anhydride. The resulting ketone will be 
stereoselectively reduced by employing the system ammonia and palladium on 
charcoal. This ᵞ-amino acid was then linked to the tetrapeptide unit at the C-terminus.  
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Histone acetyltransferases (HATs) are versatile enzymes that play a role in 
processes like regulation of gene transcription, cell growth and inflammation1. HATs 
acetylate histones, thereby regulating the chromatin structure of DNA and playing a 
role in gene transcription. They also acetylate non-histone proteins including NFκB, 
which is involved in inflammatory reactions and plays a role in diseases like asthma 
and COPD2. There are several families of HATs consisting of many subtypes. As of 
now, it is not known what role different subtypes have in inflammation and other 
cellular processes and there is a lack of tools to study the function of these enzymes. 
To aid in the investigation of these enzymes, inhibitors can be developed, which can 
be used as research tools.  
 
MOF is a HAT of the MYST family. Very little is known about the function of this 
enzyme and there are few inhibitors available, but they are limited in their use. 
Therefore the aim of this project is to develop potent and selective inhibitors for MOF 
which have improved properties.  
 
To develop new inhibitors, we chose to aid the design of new compounds with 
computational methods. Based on a docking of MG149, a virtual screening of a 
database of commercially available compounds was done on a crystal structure of 
MOF co-crystallized with the cofactor acetyl-CoA. Based on the screening new 
potential inhibitors have been designed. The compounds were synthesized in a 5-
step synthesis involving protection, sonogashira coupling, reduction and 
deprotection. To further support the virtual screening, a crystal structure with inhibitor 
is in preparation. An assay was set up for testing the compounds based on 
fluorescence and the recombinant MOF enzyme. Reference compounds were tested 
for IC50 and the results were consistent with literature. Michaelis-Menten kinetics 
were done to characterize the enzyme activity. Testing of the new compounds 
resulted in active inhibitors which expand the possibilities for improvement. 
 
1. Strahl BD, Allis CD. The language of covalent histone modifications. Nature. 2000;403(6765):41-

45. 
2. Ghizzoni M, Haisma HJ, Maarsingh H, Dekker FJ. Histone acetyltransferases are crucial regulators 

in NF-κB mediated inflammation. Drug Discov Today. 2011;16(11–12):504-511. 
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 Hydrazones, one of the important classes of organic molecules, are pharmaceutical 
agents comprising –CO-NH-N=CH- group in the structure thereof and exhibiting 
significant biological activity. Hydrazones are having a range of biological activities 
which is antifungal, antimicrobial, antitubercular, anticancer (1-3) depending on the 
different substituents comprised therein, with different chemical agents is possible.  In 
the present study, new hydrazone derivatives are synthesized by reacting the 5-
chloropyrazine-2-carbohydrazide with substituted aromatic aldehydes. Novel 
compounds are characterized by IR, 1H-NMR, MS and elemental analysis. Anticancer 
activity of hydrazone compounds are investigated on A549, Caco2 cancer and 
normal 3T3 fibroblast cell lines, using the MTT assay which was based upon the 
cellular reduction of the tetrazolium salt by the proliferating cells and quantification of 
the colored product. All compounds exhibited cytotoxicity against A549, Caco2 and 
3T3 cell lines. Anticancer activity screening results revealed that especially 5-kloro-
N'-[(4-hidroksifenil)metiliden]pirazin-2-karbohidrazit displayed higher cytotoxic activity 
against all of the cell lines than reference drug cisplatin with low value of IC50= 20,61- 
51,65 µM. 
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 L-Glutamate is the major excitatory neurotransmitter in the mammalian central 
nervous system and, as such, contributes to neuronal signaling through its activation 
of a variety of glutamate-gated ion channels.[1] Excitatory amino acid transporters 
(EAATs) are responsible for the uptake of glutamate from the synaptic cleft, thereby 
terminating the glutamatergic neurotransmitter signal.[1,2] Aspartate derivatives with 
large aryl or aryloxy substituents at the C3 position form an important class of 
inhibitors of EAATs.[3,4] This is exemplified by one of the first EAAT inhibitors to be 
reported, L-threo-(2S,3S)-3-benzyloxyaspartic acid (L-TBOA), which is a widely used 
non-transportable blocker for all five EAAT subtypes.[4a-c] 

Here, we report a convenient chemo-enzymatic methodology for the large scale (10 
g) synthesis of L-TBOA, which involves the use of an engineered variant (L384A) of 
methylaspartate ammonia lyase.[5] Compared to the difficult and laborious 15-step 
chemical synthesis of L-TBOA, our 3-step chemo-enzymatic synthesis of L-TBOA 
(de >98%; ee >99%) provides a simple and environmentally friendly method to 
produce this important compound.[5] 
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Asthma is a common chronic disease characterized by airway hyperresponsiveness, 
inflammation and remodeling. Recent findings in animal model demonstrated that the 
overexpression of human arginase contributes to all the aforementioned features; 
therefore, human arginase is an exciting molecular target for asthma treatment. 
 
Aims 
We focused to design and synthesize effective inhibitors of human arginase, as well 
as, study the binding activities between human arginase and inhibitors. Those 
selected potent compounds will then be investigated in animal model of asthma.  
 
Methods 
Multicomponent reactions (MCRs) are one-pot reactions employing more than two 
starting materials. Most atoms of the starting materials in MCRs are incorporated into 
the final product. The rapid and easy access to biologically relevant compounds by 
MCRs and the scaffold diversity of MCRs have been recognized by the synthetic 
community in industry and academia. It is a preferred method to design and discover 
biologically active compounds1. Recently, we reported successful production of 
several amino acid analogues by MCRs2. In this work, computer modeling was 
performed to screen potential molecules for inhibiting human arginase. Then we 
applied MCRs to obtain the library of inhibitor candidates. To gain more structure and 
activity relationship (SAR) information, their inhibiting abilities were further tested with 
human arginase I and II in-vitro. Finally we expressed Arginase I for co-crystallization 
studies.  
 
Results / Conclusions 
It is confirmed that one of the compounds inhibits the activity of human arginase I in 
an in-vitro screening system. It possesses a moderate binding activity towards 
human arginase I and is promising for further optimization. 
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