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Next-generation Molecules for Unconventional Targets 
Gregory L. Verdine 

Departments of Stem Cell and Regenerative Biology, 
Chemistry and Chemical Biology, 

and Molecular and Cellular Biology, 
Harvard University  

and 
Chemical Biology Initiative and Program in Cancer Chemical Biology, 

Dana-Farber Cancer Institute 
12 Oxford Street, Cambridge, MA  02138  USA 

One of the most vexing problems in life science is that of “undruggability,” the difficulty of 
targeting certain biological macromolecules in vivo using existing drug or ligand 
discovery technologies.  It has been estimated that as many as 80-90% of all potential 
targets, including many that have been extensively validated in humans and in animal 
models, are undruggable. The Verdine laboratory is developing powerful new chemistry-
based platform technologies to address these undruggable targets.  Specifically, the lab 
is developing “synthetic biologics,” molecules that, like biologics, possess the ability to 
target large flat surfaces, but that, like small molecules, are fully synthetic and hence can 
be modified at will.  Progress on the development of one class of synthetic biologics – 
hydrocarbon-stapled α-helical peptides – will be reviewed in this talk. 

 
 
Schafmeister, C. E.; Po, J.; Verdine, G. L. “An All-Hydrocarbon Cross-Linking System for 
Enhancing the Helicity and Metabolic Stability of Peptides,” J. Am Chem. Soc. 2000, 
122, 5891-5892. 
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G.; Verdine, G. L.; Korsmeyer, S. J.  “Activation of Apoptosis in Vivo by a Hydrocarbon-
Stapled BH3 Helix,” Science 2004, 305, 1466-1470. 
 
Bernal, F.; Tyler, A. F.; Korsmeyer, S. J.; Walensky, L. D.; Verdine, G. L.  “Reactivation 
of the p53 Tumor Suppressor Pathway by a Stapled p53 Peptide,” J. Am. Chem. Soc. 
2007, 129, 2456-2457. 
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Transcription Factor Complex,” Nature 2009, 462, 182-188. 
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Development of α2C-subtype Selective Antagonist for 
Treatment of Cognitive Disorders in Alzheimer’s Disease and 

Schizophrenia 
Harri Salo  

Orion Corporation Orion Pharma, R&D Research, P.O.Box 425, FI-20101 Turku, Finland 

α2-adrenoceptors are members of the G-protein coupled receptor (GPCR) superfamily. 
They belong to the adrenergic receptor family that mediates the biological functions of 
endogenous cathecolamines epinephrine and norepinephrine. In the central nervous 
system they modulate a wide variety of physiological functions such as arousal, 
attention, learning and memory.   

Historically, the adrenergic receptor family has been divided to α1-adrenoceptors, α2-
adrenoceptors and β1-adrenoceptors and each of these consist of three different 
subtypes. The three subtypes of α2-adrenoceptors expressed in mammals are α2A, 
α2B and α2C.The α2A receptor is the most widely expressed subtype, it is expressed 
both in peripheral and central tissues and it mediates most of the prominent effects of 
non-selective α2-agonists and –antagonists. The α2B-receptor is mainly expressed in 
the periphery, but also in thalamus and it has been shown to mediate α2-agonist evoked 
peripheral vasoconstriction. The α2C-adrenoceptor is expressed in CNS, especially in 
the human caudate and putamen nuclei.1 

If we compare the action of α2A- and α2C-adrenoceptors, studies have shown that the 
α2C-subtype regulates the noradrenergic, dopaminergic and serotonergic 
neurotransmissions in a more subtle manner and it is also associated with less 
prominent cardiovascular effects. Behavioral studies in mice that have altered 
expression of α2C-adrenoceptors have suggested that α2C-AR modulate cognition, 
sensory procession, and mood and stimulant-induced locomotor activity. In vivo studies 
with subtype selective α2C-antagonists has given further evidence about the role and 
significance of this receptor in neuropsychiatric disorders, such as cognitive disorders in 
Alzheimer’s disease and negative symptoms in schizophrenia.2 Therefore, selective 
antagonistic ligands towards α2C-AR have promising therapeutic potential in these 
indications. 

The lecture wilI give an overview of the latest compounds in the literature targeted for 
the modulation of α2C-adrenoceptor, especially aimed at α2C antagonism.3 It will also 
show some results of our α2C-adrenoceptor antagonist discovery program that has 
produced clinical candidate criteria fulfilling compounds. The most advanced molecule is 
currently in phase II trials for Alzheimer’s disease where the safety and efficacy of the 
drug candidate is evaluated.  

 
1. Fagerholm V, Rokka J, Nyman L, Sallinen J, Tiihonen J, Tupala E, Haaparanta M, Hietala J. Synapse 

2008, 62, 508-515. 
2. Sallinen J, Höglund I, Engström M, Lehtimäki J, Virtanen R, Sirviö J, Wurster S, Savola J-M, 

Haapalinna A. Br. J. Pharmacol. 2007, 150, 391-402. 
3. Quaglia W, Del Bello F, Giannella M, Piergentili A, Pigini M. Expert Opin. Ther. Patents 2011, 21, 455-

481. 
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Chemical Biology Studies of Neurotransmission 
Kristian Strømgaard 

Chemical Biology, Department of Medicinal Chemistry, University of Copenhagen, 
Denmark 

The brain is a unique and most complex organ, which carries out a wealth of important 
functions. This is accomplished by a cellular network of ca. hundred billion neurons, 
which have ca. seven trillion connections among them. These connections – synapses – 
are crucial for the transformation of inforation, and achieved by sending of signalling 
molecules – neurotranmitters – across syanpses. Thus, chemical neurotransmission 
underlies the basic funtion of the brain and imbalances in these systems leads 
numerous pathophysiological states 

We have focused on two key proteins in chemical neurotransmission, glutamate 
receptors and monoamine transporters, and are combining and integrating chemical and 
biological technologies to study these proteins, as well as their interaction proteins at the 
molecular level. In the area of glutamate receptors we have explored natural products 
and their derivatives as tools to study the structure and function of the ion channel 
region. Moreover, we have targeted the interaction of glutamate receptors and their 
intracellular scaffolding proteins, and developed in vivo active compounds with potential 
in ischemia and pain treatment. Finally, we have studied the molecular details of how 
antidepressants interact with the serotonin transporter and examined the molecular 
details for selectivity. 

 
Key references 
 
Bach et al.Design and synthesis of high potent and plasma-stable dimeric inhibitors of the PSD-95/NMDA receptor 
interaction. Angew. Chem. Int. Ed. 2009, 48, 9685.  
Nelson et al. Synthesis and biology of argiotoxin-636 and analogues: selective antagonists for ionotropic glutamate 
receptors, Angew. Chem. Int. Ed. 2009, 48, 308 
Andersen et al. Location of the antidepressant binding site in the serotonin transporter: Importance of Ser438 in 
recognition of citalopram and tricyclic antidepressants. J. Biol. Chem. 2009, 284, 10276. 
Thorsen et al. Identification of a small molecule inhibitor of the PICK1 PDZ domain that inhibits hippocampal LTP and 
LTD.  Proc. Natl. Acad. Sci. USA 2010, 107, 413. 
Andersen et al. Mutational mapping and modeling of the binding site for (S)-citalopram in the 
human serotonin transporter. J. Biol. Chem. 2010, 285, 2051.   
Andersen et al. Molecular determinants for seletive recognition of antidepressants in the human serotonin and 
norepinephrine transporters. Proc. Natl. Acad. Sci. USA 2011, 108, 12137.  
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Molecular Obesity, Potency and  
other addictions in Drug Discovery 

Michael M. Hann 

Computational and Structural Chemistry, Platform Technology Sciences, GSK 
Medicines Research Centre, Gunnels Wood Rd., Stevenage, SG1 2NY. UK. 

Despite the increase in global biology and chemistry knowledge the discovery of 
effective and safe new drugs seems to become harder, rather than easier. Some of this 
challenge is due to increasing demands for safety and novelty, but some of the risk 
involved in this should be controllable if we had more effectively learnt from our failures. 
This presentation reviews some of the learnings of recent years in relation to the causes 
of attrition – both scientific and cultural1,2,4. The term Molecular Obesity is introduced to 
describe our tendency to build potency into molecules by the inappropriate use of 
lipophilicity which can lead to the premature demise of drug candidates3 

 

1. M. M. Hann, A. R. Leach, G. Harper. Molecular Complexity and Its Impact on the Probability of Finding 
Leads for Drug Discovery. J. Chem. Inf. Comput. Sci. 2001, 41, 856–864 

2. M.M Hann,. T.I. Oprea, Pursuing the leadlikeness concept in pharmaceutical research. Curr. Opin. 
Chem. Biol. 8, (2004) 255. 

3. M. M. Hann. Molecular obesity, potency and other addictions in drug discovery. Med. Chem. 
Commun., 2011, 2, 349-355 

4. Leach AR, Hann MM. Molecular complexity and fragment-based drug discovery: ten years on. Curr 
Opin Chem Biol. 2011, 15(4), 489-96 
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From hydrogen bonds to hydrophobicity:  
problems and solutions? 

Antti Poso 

School of Pharmacy, University of Eastern Finland, Kuopio, Finland 

1. Introduction  
Molecular docking has been used routinely as a tool to predict drug-receptor interactions 
at the atomic level. Unfortunately, none of the scoring functions currently in use is able 
to actually predict the strength of the interactions. Quite often, lipophilicity and solubility 
are stated to be two of the main reasons for failures of scoring functions. However, 
current findings concerning untypical hydrogen bonds and the enthalpic component of 
lipophilic interactions (from DSC experiments) are challenging our understanding of how 
drug-size molecules interact with their target macromolecules.   
2. Theory 
The main question is simple: are there really cases where a lipophilic interaction is 
mainly driven by an enthalpic component and if so, how does this affect scoring function 
development? Another question concerns the role of the untypical H-bond: are those 
common in small-molecular-protein interactions and if so, are those interactions really 
contributing to binding affinity? 
3. Experimental 
All cases were retrieved using the MOAD database [1] and www.pdb.org [2]. 
4. Results and discussion 
The basic assumption that the lipophilic interaction is always entropic in origin seems to 
hold true in many cases. However, there are real cases where the enthalpic component 
seems clearly to have a more dominant role than traditionally believed. This can be 
understood by the fact that the dispersion interaction is polarizability dependent and, as 
such, dispersion may be stronger between large lipophilic structures and proteins than 
between lipophilic ligands and water. However untypical H-bonds are frequently found in 
RCSB PDB and those interactions are quite often seen in cases where, without X-ray 
information, one would predict that the lipophilic interaction would be the major driving 
force for binding.  
5. Conclusions 
Hydrogen bonds are still not understood well enough. For this reason, I believe that 
scoring functions have been unable to fulfill those expectations of researchers. 
Understanding H-bonding is not the only problem encountered, but it must be solved 
before there is any chance or creating a universal and predictive scoring function. 
 
Acknowledgements 
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Shindyalov, IN.; Bourne, PE. The Protein Data Bank Nucleic Acids Research 2000, 28, 
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Covalent Binders in Drug Discovery 
Koen Augustyns 

Laboratory of Medicinal Chemistry, Department of Pharmaceutical Sciences, Faculty of 
Pharmaceutical, Biomedical and Veterinary Sciences, University of Antwerp, 

Universiteitsplein 1, B-2610 Antwerp, Belgium 

Covalent drugs have proven to be successful therapies for various indications, but are 
usually not considered in drug discovery programs due to safety concerns. However, 
recently a resurgence of covalent drugs together with a recognition of the importance of 
drug-target residence time is observed. In this presentation, these general concepts will 
be applied to the discovery of novel serine protease inhibitors. 

Proteases are protein-degrading enzymes that are important signalling molecules 
involved in numerous vital processes. Protease signalling pathways are strictly 
regulated, and their dysregulation can lead to pathologies such as cardiovascular and 
inflammatory diseases, cancer, osteoporosis and neurological disorders. Several small-
molecule protease inhibitors are on the market and are highly successful to treat the 
above mentioned diseases and viral infections. The recent introduction of a dipeptidyl 
peptidase 4 (DPP4) inhibitor to treat type 2 diabetes shows the increasing potential of 
serine proteases as drug targets. Different types of serine protease inhibitors will be 
shortly introduced, with special emphasis on irreversible inhibitors. The advantages and 
disadvantages of irreversible enzyme inhibition will be highlighted. Diaryl phosphonates 
are known as irreversible inhibitors of serine proteases by phosphorylation of the active 
site serine alcohol. The synthesis of these molecules and their mechanism of enzyme 
inhibition will be described. Their potential as research tools and/or drugs will be 
illustrated with examples from both our own research and literature. Our research in this 
area focussed on two enzyme families: prolyl peptidases related to DPP4 and trypsin-
like serine proteases. 
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Design, Synthesis and Biological Activity of Urea Derivatives 
as Anaplastic Lymphoma Kinase Inhibitors 

Gustav Boije af Gennäs,a Luca Mologni,b Shaheen Ahmed,c Mohanathas Rajaratnam,a 
Oriano Marin,d Niko Lindholm,a Michela Viltadi,b Carlo Gambacorti-Passerini,b Leonardo 

Scapozza,c and Jari Yli-Kauhaluomaa 

a Division of Pharmaceutical Chemistry, Faculty of Pharmacy, University of Helsinki, 
Finland; b Department of Clinical Medicine and Prevention, University of Milano-Bicocca, 

Italy; c Group of Pharmaceutical Biochemistry, School of Pharmaceutical Sciences, 
University of Geneva, Switzerland; d Peptide Facility, CRIBI-Biotechnology Centre, 

University of Padova, Italy 

In anaplastic large cell lymphomas, chromosomal translocations involving the kinase 
domain of anaplastic lymphoma kinase (ALK), generally fused to the 5' part of the 
nucleophosmin gene, produce highly oncogenic ALK fusion proteins that deregulate cell 
cycle, apoptosis, and differentiation in these cells. 1-3 Other fusion oncoproteins involving 
ALK kinase, such as echinoderm microtubule-associated protein-like 4-ALK, have 
recently been found in patients with non-small cell lung cancer, breast, and colorectal 
patients. 4-5 Research has focused on developing inhibitors for targeted therapy of these 
ALK-positive tumours. Because kinase inhibitors that target the inactive conformation 
are thought to be more specific than ATP-targeted inhibitors, 6-7 we therefore 
investigated the possibility of using two known inhibitors targeting inactive kinases, 
doramapimod 8 and sorafenib, 9 to design new urea derivatives as ALK inhibitors. 10 A 
homology model of ALK in its inactive conformation complexed to doramapimod or 
sorafenib was generated and it explained why doramapimod is a weak inhibitor and why 
sorafenib is not inhibiting ALK. Virtual screening of commercially available compounds 
using the homology model of ALK yielded hit compounds, which were tested using 
biochemical assays. The preliminary results from the assays were applied in the design 
and synthesize of a novel series of urea derivatives, which were tested for inhibitory 
potency on ALK. Structure-activity relationship results showed positions on the core 
structure that were enhancing or reducing the activity both for the isolated enzyme and 
in the cellular assays. Some compounds showed inhibition of purified ALK in the high 
nanomolar range and selective antiproliferative activity on ALK-positive cells. 

1. Kristoffersson U, Heim S, Heldrup J, Åkerman M, Garwicz S, Mitelman F. Hereditas 1985, 103, 77-84. 
2. Morgan R, Hecht BK, Sandberg AA, Hecht F, Smith SD. N. Engl. J. Med. 1986, 314, 1322. 
3. Drexler HG, Gignac SM, von Wasielewski R, Werner M, Dirks WG. Leukemia 2000, 14, 1533-1559. 
4. Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y, Ishikawa S, Fujiwara S, Watanabe H, 

Kurashina K, Hatanaka H, Bando M, Ohno S, Ishikawa Y, Aburatani H, Niki T, Sohara Y, Sugiyama Y, 
Mano H. Nature 2007, 448, 561-566. 

5. Lin E, Li E, Guan Y, Soriano R, Rivers CS, Mohan S, Pandita A, Tang J, Modrusan Z. Mol. Cancer. 
Res. 2009, 7, 1466-1476. 

6. Getlik M, Grutter C, Simard JR, Kluter S, Rabiller M, Rode HB, Robubi A, Rauh D. J. Med. Chem. 
2009, 52, 3915-3926. 

7. Galkin AV, Melnick JS, Kim S, Hood TL, Li N, Li L, Xia G, Steensma R, Chopiuk G, Jiang J, Wan Y, 
Ding P, Liu Y, Sun F, Schultz PG, Gray NS, Warmuth M. Proc. Natl. Acad. Sci. U. S. A. 2007, 104, 
270-275. 

8. Pargellis C, Tong L, Churchill L, Cirillo PF, Gilmore T, Graham AG, Grob PM, Hickey ER, Moss N, Pav 
S, Regan J. Nat. Struct. Biol. 2002, 9, 268-272. 

9. Lowinger TB, Riedl B, Dumas J, Smith RA. Curr. Pharm. Des. 2002, 8, 2269-2278. 
10. Boije af Gennäs G, Mologni L, Ahmed S, Rajaratnam M, Marin O, Lindholm N, Viltadi M, Gambacorti-

Passerini C, Scapozza L, Yli-Kauhaluoma J. ChemMedChem. 2011, 6, 1680-1692. 
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Targeting butyrylcholinesterase as a therapeutic strategy 
against Alzheimer’s disease 

Adyary Fallarero,a Daniela Karlsson,a Gerda Brunhofer,a Thomas Erker,a Pia Vuorelaa 

aPharmaceutical Sciences, Department of Biosciences, Åbo Akademi University, 
Finland; bDepartment of Medicinal Chemistry, University of Vienna, Austria 

Butyrylcholinesterase (BChE) is a relatively “old” molecule (BChE) that has been 
recently suggested to play a more crucial role in the complex pathology of Alzheimer’s 
disease (AD). Until now, most drug discovery efforts have focused on 
acetylcholinesterase (AChE) inhibitors, and they represent three out of the four drugs 
currently available against AD. The new view suggests that by selectively targeting 
BChE, instead of AChE, a better anti-AD drug can be developed [1; 2]. In this 
contribution, we challenged the cholinergic theory of AD with this new twist, and 
combined biomolecular screening and medicinal chemistry efforts with the aims of 
identifying and developing new BChE inhibitors.  
 
The starting point was the screening of an in-house chemical collection consisting of 
around 900 natural and naturally-derived compounds. Two groups of BChE’s hydrolase 
inhibitors were initially found, with negligible “off-target” effects on AChE. The identified 
hits belonged to two main chemical classes: diarylimidazoles and thienothiazines. The 
diarylimidazoles were shown to be highly selective bifunctional inhibitors of BChE 
hydrolase activity and amyloid β (Aβ) fibril formation. Based on these findings, new 
derivatives were synthesized resulting in several additional hits, from which the most 
active was an uncompetitive inhibitor of BChE hydrolase activity (IC50 BChE = 0.10 μM; 
Ki = 0.073 ± 0.011 µM). As the result of the structural optimization runs, the potency was 
not dramatically improved but the activity on Aβ fibril formation was preserved and a 
better bioavailability (ADMET) prediction was attained. Another important achievement 
of the structural refinements studies was the comprehension of the structural features 
influencing BChE inhibitory activity via SAR analysis. Within the second group, six active 
thienothiazines were identified as potent inhibitors of BChE hydrolase activity, and the 
most active was shown to be a potent mixed-type inhibitor with a strong competitive 
component (IC50 BChE = 37 nM; Kic = 16.97 ± 3.99 nM). Similarly, a pharmacophore 
model was proposed.  
 
These new BChE inhibitors belong to easily accessible chemical classes with ample 
choices for additional structural modifications. The above summarized results provide 
good grounds to justify the research on them, despite the need of more studies to further 
improve the potencies. Indeed, they already represent valuable tools in basic studies of 
BChE and can turn into promising lead molecules for AD therapy. 
 
[1] N.H. Greig, T. Utsuki, D.K. Ingram, Y. Wang, G. Pepeu, C. Scali, Q.S. Yu, J. Mamczarz, H.W. 

Holloway, T. Giordano, D. Chen, K. Furukawa, K. Sambamurti, A. Brossi, and D.K. Lahiri. Proc Natl 
Acad Sci U S A 102 (2005) 17213-8. 

[2] Y. Furukawa-Hibi, T. Alkam, A. Nitta, A. Matsuyama, H. Mizoguchi, K. Suzuki, S. Moussaoui, Q.S. Yu, 
N.H. Greig, T. Nagai, and K. Yamada. Behav Brain Res 225 (2011) 222-229. 
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Structure-Based Design of Regulators for Sirtuins 
Maija Lahtela-Kakkonen 

School of Pharmacy, University of Eastern Finland, Kuopio, Finland 

By 2050, the number of people in the EU aged 65 and above is expected to grow by 
70% and the number of people aged over 80 by 170%.  As populations in Europe 
continue to grow older, the amount of persons having age-related diseases such as 
cancer, neurodegenerative disorders and type 2 diabetes will increase enormously. 
Among the most promising targets in drug development for age-related diseases is 
considered one family of anti-aging genes, the sirtuins. 

There are seven human sirtuins (SIRT1-7), which belong to the class III of histone 
deacetylases (HDACs). They participate in epigenetic regulation and regulation of 
cellular homeostasis in a NAD+-dependent manner.  The regulation of sirtuins act on 
genes that control the aging process. Overexpression of SIRT1 prevents diabetes in 
mice. Thus activating SIRT1 holds promises for treating type 2 diabetes, which is for 
90% of diabetes around the world. It has observed that SIRT2 mediates the regulation of 
cell proliferation, anti-oxidation and apoptosis and, SIRT3 plays a major role in free fatty 
acid oxidation and maintenance of cellular ATP levels. It seems that SIRT3 serves 
important factor in mitochondrial metabolism by acting as switches to facilitate energy 
production during nutrient adaptation and stress. Several SIRT2 inhibitors have been 
described and some pan-inhibitors inhibit also SIRT3. The interest towards SIRT6 is 
increasing as the crystal structure was published in the last year.  

We have developed several SIRT1 and SIRT2 inhibitors during last five years. Our first 
small molecule inhibitors for SIRT2 were identified by virtual screening, leading to the 
identification of novel inhibitor scaffolds. These small molecule inhibitors were targeting 
into the binding area of nicotinamide. We have also designed pseudopeptidic inhibitors 
which are mimicking the binding of the acetylated peptide substrate of sirtuins.  
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Sirtuins are enzymes which are highly conserved from bacteria to humans. They 
function as deacetylases of acetylated lysine residues in histones requiring NAD+ as a 
co-substrate1 and therefore are mainly involved in gene silencing. However, the seven 
mammalian sirtuins (SIRT1–SIRT7) target also non-histone substrates. This enzyme 
class is highly interesting as drug targets as they are involved in important cellular 
processes such as aging and age-related disorders, e.g. Parkinson’s, Alzheimer’s, and 
Huntington’s disease and diabetes mellitus2. SIRT2 is involved in cell cycle regulation 
and its inhibition leads to hyperacetylation of α-tubulin which relates the enzyme to 
cancer. Therefore, SIRT2 selective inhibitors would be of specific interest. 

Our group has a long-term interest in chromone and chroman-4-one derivatives. We 
have successfully developed methods for the synthesis of 2-alkyl-substituted chroman-
4-ones and tetrasubstituted chromone/chroman-4-one based scaffolds using a base-
promoted aldol condensation/intramolecular Michael addition reaction.3 In the course of 
our work we could identify a 2-pentyl-substituted chroman-4-one derivative as a 
selective SIRT2 inhibitor with an IC50 value of 4.5 �M. A set of chroman-4-ones based 
on this lead compound was synthesized to explore the structure-activity relationships. 

 

1. Imai, S.; Armstrong, C. M.; Kaeberlein, M.; Guarente, L. Nature 2000, 403, 795–800. 
2. Sinclair, D.; Michan, S. Biochem. J. 2007, 404, 1–13. 
3. Friden-Saxin, M.; Pemberton, N.; Andersson, K. D.; Dyrager, C.; Friberg, A.; Grötli, M.; Luthman, K. J. 

Org. Chem. 2009, 74, 2755–2759. 
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Leishmaniasis is a tropical disease transmitted by sandflies, and caused by protozoan 
parasites belonging to the genus Leishmania.1 Leishmania donovani and L. infantum are 
primarily responsible for visceral leishmaniasis that is fatal if untreated. Existing drugs 
suffer from poor compliance, toxicity, cost and parasite resistance. New treatments are 
urgently needed for this disease that affects millions of people mostly in developing 
countries. The intracellular bacterium Chlamydia pneumoniae causes mild upper and 
lower respiratory infection and community acquired pneumonia. C. pneumoniae infection 
has ability to turn chronic, and these infections have been linked to atherosclerosis3, 
asthma4 and Alzheimer's disease5. There is an obvious need to continue developing 
new type of antibiotics and effective new antiparasitic compounds. 

Benzimidazole derivates are known to possess a wide variety of biological activities, in 
particular antibacterial and antiviral activities, and as a privileged scaffold benzimidazole 
structure is a potential starting point to drug discovery. In our previous virtual screening 
study certain 2-arylbenzimidazole derivatives were found to have activity against C. 
pneumoniae.5 Design and synthesis of small library of 2-arylbenzimidazoles based on 
structure 1 is described. Also the activity results of these compounds against both the 
intracellular parasites, Leishmania donovani and Chlamydia pneumoniae6, and 
structure-activity relationships are reviewed. Best compounds show good inhibition 
activity at micromolar concentrations. 

 

1. Chappuis, F., Sundar, S.; Hailu, A., Chalib, H., Rijal, S., Peeling, R.W., Alvar, J., Boelaert, M. Nat. Rev. 
Microbiol. 2007, 5, 873−882.   

2. Watson, C., Alp, N.J. Science 2008, 114, 509−531. 
3. Hahn, D.L., Peeling, R.W., Dillon, E., McDonald, R., Saikku, P. Ann. Allergy. Asthma Immunol. 2000, 

84, 227−233. 
4. Gérard, H.C., Dreses-Werringloer, U., Wildt, K.S., Deka, S., Oszust, C., Balin, B.J., Frey II, W.H., 

Bordayo, E.Z., Whittum-Hudson, J.A., Hudson, A.P. FEMS Immun. & Med. Microb. 2006, 48, 355−366. 
5. Alvesalo, J.K.O., Siiskonen, A., Vainio, M.J., Tammela, P.S.M., Vuorela, P.M. J. Med. Chem. 2006, 49, 

2353−2356 
6. Keurulainen, L., Salin, O., Siiskonen, A., Kern, J.M., Alvesalo, J., Kiuru, P., Maas, M., Yli-Kauhaluoma, 

J., Vuorela, P. J. Med. Chem. 2010, 53, 7664−7674. 
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The recognition of the biogenic polyamines is defined by the positive charge they are 
carrying at physiological pH (7.4) and the localization of the charge. Polyamines interact 
with negatively charged components of the cells and are essential for their growth and 
viability. Isosteric analogue of the natural polyamine spermine, SpmTrien, has 
interesting chemical features. While the net charge of this analogue is 3 at the 
physiological pH it is still recognized by various polyamine catabolizing enzymes1, 2. 
Moreover, the intracellular concentration of the analogue is as high as the concentration 
of the natural polyamines, even though it has very low affinity to polyamine transport. 

 

Here, the novel isosteric charge deficient spermine analogue is first acetylated by 
polyamine acetylating enzyme spermidine/spermine N1-acetyltransferase (SSAT) and 
then oxidized by acetylpolyamine oxidase (APAO) into triethylenetetramine (Trien), a 
drug used to treat Wilson´s disease. Therefore SpmTrien can be considered as a 
bioactive precursor of Trien with enhanced bioavailability. 

 

1. Weisell J, Hyvönen MT, Häkkinen MR, Grigorenko NA, Pietilä M, Lampinen A, Kochetkov SN, Alhonen 
L, Vepsäläinen J, Keinanen TA, Khomutov AR. J Med Chem. 2010, 53, 5738-5748.  

2. Weisell J, Hyvönen MT, Vepsäläinen J, Alhonen L, Keinänen TA, Khomutov AR, Soininen P. Amino 
Acids 2010, 38, 501-507 
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Sciences, University of Modena and Reggio Emilia,  Italy; eDepartment of 
Pharmaceutical Sciences, University of Modena and Reggio Emilia, Italy 

Human thymidylate synthase (hTS) plays an essential role in DNA synthesis and thus, is 
an important target enzyme for chemotherapeutic agents in the treatment of several 
cancer types, including ovarian cancer. To tackle the development of cellular drug 
resistance arising from anticancer treatment with currently available hTS substrate and 
co-factor analogues, alternative approaches to inhibit the enzyme have been 
considered. Such approaches include: (i) disrupting the homodimeric structure of hTS, 
and (ii) stabilizing the inactive state of the enzyme.  

In the present work, targeted molecular dynamics (TMD) simulations were performed to 
trace the activation/inactivation path of hTS in order to get insights for designing ligands 
that could stabilize the inactive state of the enzyme.1 Our observations suggest that 
blocking the rotation of the active-site (AS) loops from the inactive to active conformation 
by ligands binding in the large cavity between the AS loops could be one way to stabilize 
inactive hTS and inhibit the enzyme. 

Peptides were designed to specifically target the hTS dimer interface.2 Experimental 
evidence showed that the peptides bind at the hTS dimer interface and stabilize its di-
inactive form. The LR peptide binds at the large cavity between the AS loops observed 
in the modeling studies. TMD simulations with the LR peptide suggest that the peptide 
can hinder the free rotation of the AS loops. It inhibits the intracellular enzyme in ovarian 
cancer cells and reduces cell growth at low micromolar concentrations in both cisplatin-
sensitive and -resistant cells without causing protein overexpression.2 This peptide 
demonstrates the potential of allosteric inhibition of hTS for overcoming platinum drug 
resistance in ovarian cancer. Future studies on peptidomimetics and on the folate 
metabolic pathway should be helpful for understanding the cellular mechanism of action 
of the LR peptide. 

Acknowledgements. This work was supported by the Heidelberg Institute of 
Theoretical Studies gGmbH, the Klaus Tschira Foundation, and the European Union 
(FP6 STREP project LIGHTS LSH-2005-2.2.0-8); the Alexander von Humboldt 
Foundation, the Finnish Cultural Foundation, the Academy of Finland, and the University 
of Kuopio (to O. M. H. Salo-Ahen). 

1. Salo-Ahen OMH, Wade RC. The Active-Inactive Transition of Human Thymidylate Synthase: Targeted 
Molecular Dynamics Simulations. Proteins 2011, (in press). 

2. Cardinale D, Guaitolia G, Tondi D, Luciani R, Henrich S, Salo-Ahen OMH, Ferrari S, Marverti G, 
Guerrieri D, Ligabue A, Frassineti C, Pozzi C, Mangani S, Fessas D, Guerrini R, Ponterini G, Wade R, 
Costi MP. Protein–protein interface-binding peptides inhibit the cancer therapy target human 
thymidylate synthase. Proc. Natl. Acad. Sci. U S A 2011, 108, E542-E549. 
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At our group, we have recently developed a computational method to identify active 
ligands for selected target(s) from the large pool of molecules. In contrast to previous 
protein structure-based methods, the advantages of this method are (1) speed, and (2) 
accuracy1. In addition, the model building allows the incorporation of (3) the protein 
flexibility1 (e.g. from molecular dynamics simulations), and (4) the effect of solvent 
molecules for ligand binding2. I will also show quick examples of our recent successes in 
e.g. (a) the discovery of small molecular protein-protein interaction modulators3-4; (b) 
chemogenomics/polypharmacology. 

1. Virtanen SI, Pentikäinen OT, J. Chem. Inf. Model. 2010, 50, 1005–1011 
2. Niinivehmas SP, Virtanen SI, Lehtonen JV, Postila PA, Pentikäinen OT. J. Chem. Inf. Model. 2011, 51, 

1353-1363. 
3. Koivunen JT, Nissinen L, Käpylä J, Jokinen J, Pihlavisto M, Marjamäki A, Heino J, Huuskonen J, 

Pentikäinen OT. J. Am. Chem. Soc. 2011, In press. 
4. Koivunen JT, Nissinen L, Juhakoski A, Pihlavisto M, Marjamäki A, Huuskonen J, Pentikäinen OT. Med. 

Chem. Comm. 2011, 2, 764-770. 
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Kallikrein-related peptidase 3 (KLK3), also known as prostate-specific antigen (PSA) is a 
serine protease belonging to the human tissue kallikrein family. It has been shown that 
enzymatically active KLK3 exerts anti-angiogenic properties in vitro and in vivo [1, 2] 
thus inhibiting the formation of blood vessels which is suggested to be important in the 
regulation of prostate cancer. The antiangiogenic properties of KLK3 and its specificity to 
prostate make KLK3 an intriguing target protein for the design of new drug therapies for 
prostate cancer. 
Cyclic peptides consisting of 10-13 amino acids that bind specifically to KLK3 and 
stimulate its enzymatic activity have been developed [3]. However, the usage of cyclic 
peptides as drugs is limited due to their poor physicochemical properties and 
susceptibility to proteolysis. Our ambition was to study whether small, non-peptidic 
compounds could mimic the binding of cyclic peptides and possess their KLK3-
stimulating properties.  
In this study, 3D pharmacophores for KLK3-stimulating compounds were generated 
based on the most potent peptide, C4. The pharmacophores were successfully applied 
in virtual screening of compound databases of which a diverse set of most potential hit 
compounds was selected for further studies on binding affinity and effect on KLK3 
activity. As a result, four small compounds binding to KLK3 (validated by differential 
scanning calorimetry) were discovered and among them, the first small molecule (5E) 
which increases the enzymatic activity of KLK3 [4] (Figure 1). Moreover, preliminary 
tests of compounds similar to 5E show also them to be able to stimulate the enzymatic 
activity of KLK3. These compounds can be further applied in the design of novel KLK3-
stimulating compounds with the potential to inhibit angiogenesis and slow down the 
progression of prostate cancer. 
 
Figure 1: The first small compound stimulating KLK3 
with 3D pharmacophore model applied in virtual 
screening. Feature spheres are colored as follows:  
Red-hydrogen bond acceptor; Purple-Aromatic 
region. 
 
1. Mattsson JM et al. Prostate, 2008, 68, 945-54. 
2. Mattsson JM et al. Scan J Clin Lab Invest, 2009, 69, 447-51. 
3. Wu P et al. J Mol Biol, 2008, 376, 1021-33. 
4. Härkönen HH et al. Accepted for publication in ChemMedChem, 2011. 
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We have synthesized novel diaza-bicyclic derived heterocycles that will be used in the development of 

novel inhibitors of the bacterial cysteine protease IdeS. IdeS inhibitors are of interest for treatment of 

diseases such as scarlatina, sepsis and necrotizing fasciitis [1, 2]. IdeS hydrolyzes the peptide bond 

between two glycine residues [1]. Thus, in this study the Gly-Gly dipeptide has been used as template for 

synthesis of rigid diaza-bicyclic analogues. (Figure 1). The analogues were synthesized using sequential 

aza-Diels-Alder reactions. It was found that the choice of protecting groups is crucial for the outcome of 

the reactions. During the synthesis we also observed interesting regioselectivities in the aza-Diels-Alder 

reaction on the piperidone moiety. The regioselectivity was found to dependent on the choice of dienophile 

[3]. The inhibitory effect obtained for the novel bicyclic peptide analogues on cysteine proteases IdeS and 

Papain will be presented.  
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Figure 1. The sequence of the antibody IgG was used as a template for the design of novel peptide analogues. The middle core of 

the analogues consists of a diaza-bicyclic  ring and the scissile amide bond has been omitted. The synthesis of  the core structure 

was performed via aza-Diels-Alder reactions. 
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Broad spectrum of naturally occurring steroidal compounds possessing various physico-
chemical properties and biological activities is an inspiring pool of building blocks for 
proper modifications of various drugs. In our research, phytostanols, phytosterols, 
cholesterol and bile acids were used in conjugation with various drugs with the intention 
to modify their bioavailability, suppress side effects, or bring an additional strength to 
bioactivity of the drug. Prepared conjugates and drugs were fully characterized by 
different spectroscopic methods in order to obtain information about their molecular and 
supramolecular structure.1 Selected conjugates were studied for their toxicity and 
potential biological activity.2 

Phytostanols and phytosterols are pharmaceutically important compounds, which are 
commercially used as their lipophilic fatty acid esters in lowering the level of blood 
cholesterol; the important factor in progression of atherosclerosis.3 Similar ester linkage 
of plant stanols/sterols with the drug succinobucol, possessing antioxidant and anti-
inflammatory activity, may lead to novel drugs in combating inflammation-initiated 
diseases such as cardiovascular diseases and type 2 diabetes. In addition, conjugate 
with cholesterol was prepared as a model compound to increase specific drug targeting 
to the liver and to improve the intestinal absorption.2 

Further, as an example of the drug-bile acid conjugates, we present conjugates of bile 
acids with 4-aminopyridine (4-AP). This combination may have beneficial effects in the 
treatment of neurological disorders compared to 4-AP itself, which is tolerated in small 
repeating doses only, otherwise being toxic. Our goals in the design of the new drug 
candidates were, particularly, to increase lipophilicity of the drug, which may lead to 
controlled release of the drug, and thus to prolonged mode of action, together with nasal 
delivery via olfactory epithelium, and thus higher bioavailability without any need to cross 
blood-brain barrier. 

Financial support from the projects 121805 (funded by Academy of Finland) (E.K., O.J., K.A., N.) and 
Rector’s Office, University of Jyväskylä (O.J.); specific university research (MSMT no. 21/2010) (O.J.); 
Finnish Ministry of Education, National Graduate School of Organic Chemistry and Chemical Biology 
(S.I.); 2B06024  (SUPRAFYT, funded by MSMT CR) (L.B.); OC10001 (COST, funded by MSMT CR) 
(Z.W.); MSM6046137305 (funded by MSMT CR) (P.D.); M200380901 (Czech-Finnish project, funded by 
AS CR) (O.J., E.K., Z.W., L.B.) are gratefully acknowledged. 
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MgcRacGAP is a GTPase-activating protein for Rho family small G-proteins. During 
mitosis it associates with MKLP1 (a microtubule bundling kinesin) and Ect2 (a Rho 
family guanine nucleotide exchange factor) to form a complex that is well established as 
an essential regulator of cytokinesis. However, when overexpressed, the complex also 
appears to contribute to human oncogenesis by driving malignancy-related events such 
as invasiveness, epithelial-to-mesenchymal transition and chromosomal segregation 
aberrations. Elevated expression levels in e.g. breast and ovary cancers directly 
correlate to a poor clinical prognosis. In both cancer and in development, MgcRacGAP 
and the other members of the complex have been linked to controlling polarity. In 
particular, MgcRacGAP and MKLP1 are involved in the polarization of epithelial cells. 
Furthermore, MgcRacGAP is reported to be essential for nuclear translocation of STAT3 
transcription factors, including STAT3, which appears to act as an oncoprotein in many 
types of cancer regulating drug resistance and stemness.  

To establish the role of MgcRacGAP in cancer, we developed and performed a novel 
type of high throughput screen to identify small molecule inhibitors of MgcRacGAP. 
From a screening campaign of 20 000 compounds, we identified two structurally 
different compounds that show highly selective inhibition of MgcRacGAP at low 
micromolar concentrations. Inhibition of MgcRacGAP expression or loss of its GAP 
activity leads to multinucleation due to failed cytokinesis. Cells treated with the inhibitors 
showed increased frequency of multinucleated cells compared to untreated cells without 
causing other apparent side effects. Therefore, the compounds appear to be active and 
MgcRacGAP selective in cells. 

In summary, we have identified two putative inhibitors of MgcRacGAP. The inhibitors are 
planned to be further chemically optimized and be used to improve our understanding of 
MgcRacGAP in oncogenic events and signals such as invasion, EMT and STAT3 
nuclear translocation. 

O-12 
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VTT is a multitechnological contract research organization providing high-end 
technology solutions and innovation services to enhance customers’ competitiveness 
and thereby creating prerequisites for society’s sustainable development, employment, 
and wellbeing. VTT Medical Biotechnology provides services for preclinical drug 
development.  

We have established several platforms and methods for cell-based High-Throughput 
Screening (HTS) applicable to functional target identification, early-stage lead discovery 
as well as compound cytotoxicity profiling. Our high-throughput robotic system allows 
testing of multiple chemicals (compounds or RNAi molecules) at selected concentrations 
in 384-well plate format. Briefly, chemicals are printed on plates, followed by cell plating, 
incubation and assaying on endpoints like cell proliferation or apoptosis with the capacity 
of approximately 32 000 cell-biological experiments performed at a time. Protein lysate 
microarray (LMA) can be integrated to 384-well cell-based HTS system allowing analysis 
of multiple endpoints from the same experiment. For LMA analyses, cells are lysed after 
chemical treatment at chosen time point and lysates are printed onto nitrocellulose 
slides. The LMA is then immunostained for specific protein markers that reflect the 
cellular status, or phenotype, inflicted by the compounds tested. The generation of 
multiple replicate array slides provides opportunity to typically process 9000 samples for 
protein expression by immunochemical analysis. The recently developed Cell Spot 
Microarray (CSMA) technology can be used for rapid and cost effective large-scale 
targeted siRNA screens e.g. for the druggable genome. 

Our in-house chemical compound libraries consist of over 70.000 small molecules, 
including e.g. most of the FDA-approved drugs as well as genome-wide siRNA and 
miRNA libraries. In addition to technology development, our core competence is cancer 
research. Therefore, we have utilized HTS to discover putative drug repositioning 
candidates (from other indications towards anti-cancer purposes) and novel small 
molecules (synthetic or natural compounds) inhibiting cancer cell growth. As an example 
of a cell-based HTS, results with 4910 drug-like molecules, including currently marketed 
drugs, in cultured prostate cells will be presented1.  

In summary, we offer our customers a full line-up of modern cancer biology technologies 
that facilitate the discovery process of cancer drugs, understanding their mechanism of 
action as well as identification of cancer genes and biomarkers with follow-up functional 
analyses. 

 

1. Iljin K, Ketola K, Vainio P, Halonen P, Kohonen P, Fey V, Grafström R, Perälä M, Kallioniemi O. 
High-throughput cell-based screening of 4910 known drugs and drug-like small molecules 
identifies disulfiram as an inhibitor of prostate cancer cell growth. Clin. Cancer Res. 2009, 
15:6070-8.  
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Despite widespread immunization, influenza still kills thousands of people and entails 
enormous costs for healthcare expenses and productivity losses. While immunization 
remains an important approach to prevent influenza, small-molecule antiviral agents 
represent a novel opportunity for effective prevention and treatment of flu. Selective 
inhibitors of neuraminidase (NA), the enzyme essential for viral replication in all three 
classes of influenza viruses, have been recently identified. Two of these inhibitors have 
entered the market, zanamivir and oseltamivir phosphate. The recent health concerns 
related to the avian and swin flu have further increased the demand for stockpiles of 
potent neuraminidase inhibitors, both as a reasonable frontline therapy against a 
possible flu pandemic and as preventive agent. However, natural sources of the natural 
starting material shikimic acid are scarce, and the increasing demand encourages the 
search for new routes that do not involve complex natural products. In addition, available 
reagents, simple and robust synthetic processes, cost cutting strategies, and green 
chemistry and sustainability issues are prime objectives when designing synthetic routes 
to new drug candidates. 
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Alzheimer’s disease (AD) is a very complex neurodegenerative disease affecting 
approximately 24 million people worldwide. Restoring the level of acetylcholine by 
inhibition of two major forms of cholinesterase, acetylcholinesterase (AChE) and 
butyrylcholinesterase (BChE), represents one of the most-prescribed treatment 
strategies for AD and, so far, three out of the four approved drugs against AD are 
cholinesterase inhibitors (ChEI). Moreover, the effectiveness of cholinesterase inhibitors 
has also been reported in other diseases like for instance myasthenia gravis, glaucoma 
and, recently, Down syndrome. These utilizations make them a high-promising drug 
class. On the other hand low bioavailability and side effects limit their use in medicine 
and thus, still remains a great need in discovering new compound classes as 
cholinesterase inhibitors. In the quest for novel compounds, nature has proven to be 
one, if not the most, successful source, since various compounds with natural origin are 
very potent ChEI that have turned into drugs. The alkaloids galantamine, huperzine A 
and physostigmine are well known ChEI and for example physostigmine has also been 
used as template for the development of the synthetic ChEI rivastigmine. 

Therefore, in this study we focused on the identification of ChEI within natural products. 
For that purpose, we screened a commercially available library (Enzo® Screen-Well® 
Natural Product Library) composed of 502 low molecular weight natural and natural 
based compounds of high structural diversity (i.e. terpenoids, flavones, coumarins, 
alkaloids, macrolides, isoflavones, etc.). The entire collection was screened using a 
kinetic assay based on Ellman’s reaction. The assay was evaluated using statistical 
parameters (S/N ratio, S/B ratio, Z’ factor and CVA) to ensure high quality from the 
screening point of view. To speed up the screening procedure and to favour high 
accuracy, compounds were added to the reaction plate by using a Biomek 3000 liquid-
handling workstation (Beckman Coulter, USA). 

A set of selective BChE and AChE inhibitors as well as compounds showing inhibitory 
activity towards both cholinesterases were identified. The potency values of the most 
promising hits were determined. In-depth characterization of the biggest group, the 
selective BChE inhibitors, was conducted including the investigation of their kinetic 
mechanism of inhibition as well as their activity against the human enzyme. Moreover, 
we also studied if the compounds are able to act as amyloid beta aggregation inhibitors 
using the thioflavin T assay. Finally, SAR studies of four interesting compound groups 
ranging from polycyclic ring systems to simple quinazoline derivatives as well as 
exploration of the chemical space of the identified inhibitors by using ChemGPS-NP are 
presented. Furthermore, this study pointed out that selective cholinesterase inhibition 
partly depended on only little structural changes of the scaffold and thus provides useful 
information for improving this promising drug class. 
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In development of new diagnosis tools based on immunoassay haptens plays a crucial role. Estradiol is 
the most abundant estrogen1 in women before menopause. It influences the development, maturation and 
function of the female reproductive tract but also plays a role in mammary cancer. Accordingly 
determinations of estradiol level in body fluids assist in the evaluation of ovarian function and diagnosis for 
malignancies. Estriol is the primary estrogen in pregnant women and secreted from the fetoplacental unit. 
The level of estriol in maternal in body fluids is an indicator of fetal health. Concentration of estrogens in 
body fluids is determined by immunoassay. Accuracy of this measurement depends on the availability of a 
specific antibody. As estrogens are not antigenic their derivatives (haptens) are coupled with protein and 
this hapten-protein conjugate is used to generate antibodies. Specificity of the generated antibody largely 
depends on the structure of hapten. Therefore the synthesis of a hapten with a right structure is crucial for 
the accurate measurement of a steroid.  

So far linking of estrogens hapten with protein is achieved by converting the steroid into a steroid 
derivative containing carboxyl group. We have prepared 7α-substituted estradiol derivatives 1 and 2 and 
estriol derivative 3. All of them contain a side chain terminating with amino group suitable for coupling with 
a protein through amide linkage. Estriol haptens with attachment site at C-7 are now reported for the first 
time. The side chain is away from the characteristic functional groups and almost equidistant from them. 
The length of the side chain is also optimal (4 and 5 spacer atom between the steroid and the amino 
functionality). Therefore these derivatives are expected to act as haptens with good specificity. 
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Betulin is a lupane series triterpene obtained by extraction from outer birch (Betula sp.) 
bark, which is a low-value waste product of forest industry. Betulin can be extracted in 
amounts up to 35% of dry weight of birch bark.1 At the moment there is no economically 
significant use for this readily isolable compound, even though betulin can easily be 
converted to semisynthetic triterpenoids having interesting pharmacological, 
physiological or biological properties. 
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Scheme 1. 

 

We have now synthesized indole and piperazine derivatives of betulin in two steps. In 
the first step hydroxyl groups of betulin were oxidized by the Jones oxidation giving 
ketone and carboxylic groups (Scheme 1). Indoles were synthesized by the Fischer 
indole synthesis with substituted phenylhydrazines in acidic conditions.2 Piperazines 
were synthesized by sulfur catalysis in morpholine.2 Activity of the products against 
Leishmania donovani has been tested, and the results were promising. 

1. C. Eckerman, R. Ekman, Pap. Puu 1985, 67, 100. Alakurtti, S.; Mäkelä, T.; Koskimies, S.; Yli-
Kauhaluoma, J. Eur. J. Pharm. Sci. 2006, 29, 1-13.  

2. J-F. Li, Y. Zhao, M-M. Cai, X-F. Li, J-X. Li, Eur. J. Med. Chem., 2009, 44, 2796-2806. 
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One of the main challenges in the implementation of nucleic acid derivatives for gene 
therapy is to find a safe and an efficient transportation vehicle for the therapeutic 
molecule. Co-polymers of PDMAEMA have been widely used for plasmid DNA 
transportation, and also recently for siRNAs.1 Using radiolabels in the nanoparticles 
more information on the drug delivery process in vivo can be obtained by using SPECT 
or PET-imaging. Our aim is to develop a SPECT-radiolabeling method for cationic 
polymer micelles based on the radionuclide 99mTc (γ, 140 keV, T1/2 = 6.0 h) and a known 
technetium coordinating group hydrazinonicotinamide2 (HYNIC). 

The polymer micelles used in this study consist of co-polymers of polystyrene (PS) or 
poly-n-butylacrylate (PnBuA) and poly dimethylaminomethacrylate (PDMAEMA). The 
synthesis of the labeling precursor is described in the figure 1. The coordinating ligand 
HYNIC was attached to the DMAEMA groups of the polymer via C6-aminolinker. Amino 
functionality was then reacted with succinimidyl activated BOC-protected HYNIC. When 
the synthesis route was tested using the linker and HYNIC in excess, the HYNIC-
polymer conjugate was detected in 1H NMR. Before proceeding to the radiolabeling 
studies, some optimization is still needed for reducing the amount of linker and HYNIC. 

 

Figure 1. The synthesis of the labelling precursor. The attachment of a linker and a coordinating group 
HYNIC to DMAEMA groups in the polymer structure. 

1. Gary DJ, Puri N, Won YY. J. Control. Release. 2007,121, 64 – 73.  
2. Abrams MJ, Juweid M, tenKate CI, Schwartz DA, Hauser MM, Gaul FE, Fuccello AJ, Rubin RH, 

Strauss HW, Fischman AJ. J. Nucl. Med. 1990, 31, 2022 – 2028. 
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Butyrylcholinesterase (BChE) show significant associations with the progression of 
Alzheimer’s disease, the most common neurodegenerative disorder causing dementia. 
The fact that selective BChE inhibitors can be of potential therapeutic advantages1-3 has 
made BChE an attractive new target.4-7 Therefore, the aim was to identify novel BChE 
inhibitors from a chemical collection of 774 compounds based on naturally present 
scaffolds. For this purpose, an optimized 96-well microplate assay based on Ellman’s 
kinetic reaction8 was utilized as screening platform and evaluated using statistical 
parameters (Z’, S/B, and S/N).9-11 Six compounds (imidazoles, thienothiazines and a 
(thio-) benzanilide) were confirmed as active (IC50 ≤ 8.6 µM) and proven to be highly 
selective towards BChE. The kinetic mechanisms of the active hits as well as the Ki 
values were established in each case. With the aim of improving the potencies and 
bioavailability of these novel inhibitors, a total of 103 derivatives were synthesized. One 
derivative in particular, a thienothiazine with mixed type inhibition, showed very 
promising results (IC50 = 37±7 nM). In summary, this has opened a new line of research 
in the characterization of new types of BChE inhibitors that may eventually evolve into 
drug leads or molecular probes for basic studies of BChE. 

1. Greig et al. Proc. Natl. Acad. Sci. U S A. 2005, 102, 17213-17218. 
2. Hartmann et al. J. Neurochem. 2007, 100, 1421-1429. 
3. Kamal et al. Neurochem. Res. 2008, 33, 745-753. 
4. Darvesh et al. Bioorg. Med. Chem. 2007, 15, 6367-6378. 
5. Decker et al. Bioorg. Med. Chem. 2008, 16, 4252-4261. 
6. Rizzo et al. J. Med. Chem. 2008, 51, 2883-2886. 
7. Carolan et al. J. Med. Chem. 2008, 51, 6400-6409. 
8. Ellman et al. Biochem. Pharmacol. 1961, 7, 88-95. 
9. Bollini et al. J. Biomol. Screen. 2001, 7, 526-530. 
10. Zhang et al. J. Biomol. Screen. 1999, 4, 67-73. 
11. Iversen et al. J. Biomol. Screen. 2006, 11, 247-252  
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 P. O. Box 56, FI-00014 University of Helsinki, Finland 

Through close co-operation between industrial and academic partners, the EU FP7 
MAREX1 project will collect, isolate and classify marine organisms, such as micro- and 
macroalgae, cyanobacteria, sea anemones, tunicates and fish from the Atlantic, Pacific 
and Indian Oceans as well as from the Mediterranean, Baltic and Arabian Seas. MAREX 
project is a joint effort of 19 academic, research institute, and industrial partners from 13 
countries (Belgium, Chile, Finland, France, India, Italy, Lebanon, Poland, Slovenia, 
Spain, Sweden, Turkey, and UK).  

Extracts of marine organisms will be studied for several therapeutically and industrially 
significant biological activities, including anticancer, anti-inflammatory, antiviral and 
anticoagulant activities by applying a wide variety of screening tools, as well as for ion 
channel/receptor modulation and plant growth regulation. Furthermore, chromatographic 
isolation of bioactive compounds will be followed by structural determination. 
Sustainable cultivation methods for promising organisms and biotechnological 
processes for selected bioactive compounds will be developed, as well as biosensors for 
monitoring the production of target compounds and food quality. The work will entail 
sustainable organic synthesis of selected active compounds and new derivatives, and 
development of selected hits to lead compounds. The project will in addition expand the 
chemical diversity of marine compound libraries.  

Attention will be paid to evaluate the overall feasibility of MAREX innovations for 
industrial product development in order to improve the sustainability and productivity of 
European marine biotechnology. Key issues of MAREX include better understanding of 
environmentally conscious sourcing of biotechnology products from the oceans, and 
increasing public awareness of marine biodiversity and potential. Finally, MAREX aims 
to offer novel marine-based lead compounds for European industry to strengthen their 
product portfolios related to pharmaceutical, nutraceutical, cosmetic, agrochemical, 
material and biosensor applications.  

1. www.marex.fi 
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Estrogen binding receptors ERα, ERβ and GPER are expressed widely in different 
tissues all over the human body. Selective estrogen receptor modulators (SERMs) are 
compounds that can mediate either agonistic or antagonistic, both genomic and non-
genomic estrogenic action depending on receptor expression profile and cofactor state 
of target tissue and cell type.1  

Our group has developed flexible structures that show ability to interact with estrogen 
receptors either by activating or inactivating estrogenic pathways. The compounds, 
which have 4,5-dihydro-isoxazole and 3-hydroxyketone core structures linked to phenyl 
or phenol groups,2 have proved to be estrogenic in neural cell activation tests inducing 
ROS production in SH-SY5Y neuroblastoma cells more efficaciously than natural 17β-
estradiol. On the other hand, same compounds have shown antagonistic transcription 
activation or inhibition property for pS2 gene promoter region in MCF-7 breast cancer 
cells. Due to observed biological activity, these compounds could be potent lead 
structures for treatment of estrogen-dependent diseases.  
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Scheme 1. Synthesis of the hydroxyl substituted diphenyl 4,5-dihydro-isoxazoles and 3-hydroxy ketones; 
m = 2 or 3, n = 0–2, R = H or Me. Reagents and conditions: (i) NaOCl, Pyridine, CH2Cl2, 0 °C, 2 h; (ii) 
BBr3, CH2Cl2, RT, overnight; (iii) H2, Raney Ni, H2O, AcOH, MeOH-THF, RT, overnight. 

 

1) (a) Grese, T. A.; Dodge, J. Curr. Pharm. Des. 1998, 4, 71-92. (b) Dahlman-Wright, K.; Cavailles, V.; 
Fuqua, S. A.; Jordan, V. C.; Katzenellenbogen, J. A.; Korach, K. S.; Maggi, A.; Muramatsu, M.; 
Parker, M. G.; Gustafsson, J.-Å. Pharmacol. Rev. 2006, 58, 773-781.  

2) (a) Pulkkinen, J. T.; Honkakoski, P.; Peräkylä, M.; Berczi, I.; Laatikainen, R. J. Med. Chem. 2008, 51, 
3562-3571. (b) Poutiainen, P. K.; Venäläinen T. A.; Peräkylä, M.; Matilainen, J. M.; Väisänen, S.; 
Honkakoski, P.; Laatikainen, R.; Pulkkinen, J. T. Bioorg. Med. Chem. 2010, 18, 3437-3447. 
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Stimulation of the enzymatic activity of kallikrein-related peptidase 3 (KLK3, also known as prostate 
specific antigen, PSA) may be beneficial for patients with prostate cancer due to the antiangiogenic 
activity of KLK3.1 So far, only a few peptides have been reported to stimulate KLK3, one of the most 
potent is peptide C-4 with 50% stimulation at a concentration of 0.57 μM (Figure 1).2 However, no small 
molecule activators have been reported.  

C V A Y C I E H H C W T C
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Figure 1. The C-4 peptide 

In this work we present the design and synthesis of a scaffold-based peptidomimetic based on the 
structure of a peptide. We also propose the possibility for further development of the mimetic for other, 
related, applications. 

Due to the problems in using peptides as drugs, we aim to develop a small molecular compound with the 
C-4 peptide as a starting point. In order to achieve this we need to identify the parts of the peptide that are 
essential for the activity and also develop a scaffold where it is possible to incorporate these features in 
the correct 3D orientation. An additional objective is to develop a methodology where the substituents on 
the scaffold can be varied easily so that it can be used for other applications as well. 

In order to determine which amino acid side chains are important for the interactions with KLK3 we started 
by closely examining a docking of the C-4 peptide on a homology model of the enzyme. From this model it 
is possible to identify three side chains of the peptide which make hydrogen bonds with the enzyme, the 
important amino acids are His9, Trp10 and Thr11. It is also possible to see what constraints the surface of 
the enzyme imposes on the structure of the small molecule in order for it to fit into the hypothesized active 
site. 

Based on the 3D-structure of the peptide it was determined that the 4-quinolinone scaffold would be 
suitable as it could place the important side chains in correct relative positions. This scaffold has the 
added advantage of offering the possibility for both varying the chosen substituents and adding additional 
ones if there is a need thereof. 

In this work we present the synthesis of a 4-quinolinone-based peptidomimetic that is based on the 3D-
structure of the C-4 peptide. Whereas 2-bromoaniline 1 is commercially available, compound 2 can be 
readily prepared from mono-ethyl malonate. After obtaining the 8-bromo-4-quinolinone 3, it can be 
substituted by successive Mitsunobu and Heck reactions. Removal of necessary protecting groups on the 
substituents gives the final product 4. 
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Figure 2. Synthesis of the peptidomimetic 
 

1. Koistinen H., Närvänen A., Pakkala M., Hekim C., Mattsson J.M., Zhu L., Laakkonen P., Stenman U.-
H. Biol. Chem. 2008, 389, 633-642. 

2. Wu P., Leinonen J., Koivunen E., Lankinen H., Stenman U.-H. Eur. J. Biochem. 2000, 267, 6212-6220. 
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The aim of this study was to optimize and validate a screening assay for antimicrobial 
drug discovery using the recombinant bioluminescent bacterial strain Escherichia Coli K-
12/pTetLux. It contains a reporter plasmid with luxCDABE genes coupled to an inducible 
promoter (tetA) bound by a tetR repressor, and the luciferase production can thus be 
induced by tetracycline. This biosensor has been used for detecting tetracycline 
contaminants in food but also suggested as a potential tool for discovering translational 
and transcriptional inhibitors.1 This work reports factors considered in the method 
optimization for drug discovery, such as inoculum and temperature optimization, as well 
as implementation of the assay in screening a set of in-house natural product extracts. 
Compared to conventional antimicrobial testing, this biosensor-based method offers 
important improvements such as simultaneous data on antimicrobial activity and mode 
of action and reduction of assay time from 24 h to 2-3 h. The results show that the assay 
is sensitive and reproducible (Z’ values constantly > 0.7), suitable for natural product 
extracts and less prone to interference by coloured samples. These features make this 
assay a good tool for antimicrobial drug discovery, and it is amenable for further 
miniaturization and automation for HTS purposes. 

1. Galluzzi G. and Karp M. Amplified detection of transcriptional and translational inhibitors in 
bioluminescent Escherichia coli K-12. J. Biomol. Screen. 2003, 8(3), 340-346. 
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Kallikrein-related peptidase 3 (KLK3, also known as prostate specific antigen, PSA) is 
widely used as a prostate cancer marker in the blood. In addition, proteolytically active 
KLK3 has been proposed to inhibit angiogenesis, since high KLK3 expression in tumors 
is associated with low microvessel density, and the expression of KLK3 decreases in 
poorly differentiated tumors. Consequently, compounds that stimulate the proteolytic 
activity of KLK3 might be beneficial in slowing down prostate cancer growth. 

In our earlier studies we have identified 11-13 amino acid long cyclic peptides which 
stimulate proteolytic activity of KLK3.1 The two most potent peptides were “B-2” and 
“C-4”, containing one and two disulfide bridges, respectively.  The most important side 
chains for both peptides were identified by an L-alanine replacement study. In order to 
increase the in vivo stability we replaced the disulfide bridge(s) of the peptides with more 
stable linkers. The first successful replacement for the terminal disulfide bridge of the B-
2 peptide consisted of a γ-amino butyric acid and aspartic acid linker 1.2 The analogue 
had an increased stability in human plasma. The second series of successful 
replacements for the terminal disulfide bridge of the B-2 peptide consisted of the alkene 
linker 2 and the alkane linker 3. Linker 2 was synthesized from two L-allylglycines using 
the cross alkene metathesis. Linker 3 was obtained from linker 2 by reducing the double 
bond. The study gave valuable information of the structure-activity relationships of the B-
2 peptide and showed that the stability of the peptide can be increased by replacing the 
disulfide bridge by other types of linkers. 

 

1. Wu P, Leinonen J, Koivunen E, Lankinen H, Stenman U-H. Eur. J. Biochem. 2000, 267, 6212-6220. 
2. Pakkala M, Weisell J, Hekim J, Vepsäläinen J, Wallén EAA, Stenman U-H, Koistinen H, Närvänen A. 

Amino acids. 2010, 39, 233-242. 
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 N-arachidonoylethanolamine, better known as anandamide (AEA), is an endogenous, 
unsaturated fatty acid derivative that activates cannabinoid as well as vanilloid 
receptors. Anandamide is synthesized from cell membrane precursors upon demand, 
and it has a short duration of action due to its rapid cellular uptake and enzymatic 
degradation. Synthetic and metabolic pathways of AEA are fairly well known, however, 
its uptake is still a matter of great controversy. Various mechanisms have been 
proposed but none has truly solved the conundrum of how this highly lipophilic 
compound can move so effectively between lipid and water environments. The answer is 
probably quite complex and no single specific mechanism may even exist. Novel 
pharmacological tools are needed to clarify the details of AEA uptake. Here we describe 
preliminary studies of a novel, fluorescent compound that has been shown to inhibit AEA 
uptake into RBL-2H3 cells (IC50 1.1 µM). Unlike other putative AEA uptake inhibitors, 
this non-fatty acid compound does not inhibit fatty acid amide hydrolase (FAAH), the 
main metabolic enzyme of anandamide. The purpose of this study is to fully characterize 
the compound and its target/targets, and finally, to use it in the development of more 
potent and selective anandamide uptake inhibitors. 
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N-arachidonoylethanolamine (AEA) and 2-arachidonoylglycerol (2-AG) are the two major 
endocannabinoid of the endocannabinoid system. They activate the cannabinoid 
receptors CB1 and CB2 inducing several biological effects such as appetite stimulation 
and relief of pain and anxiety.  However, these effects remain weak owing to their rapid 
inactivation by the hydrolytic enzymes fatty acid amide hydrolase (FAAH) and 
monoacylglycerol lipase (MGL). Hence, the inactivation of FAAH and MGL by specific 
enzyme inhibitors increases the levels of AEA and 2-AG producing aforementioned 
therapeutic effects.  

In continuation of our research for the development of potent and selective inhibitors of 
FAAH and MGL1, we describe extension of structure activity relationships (SAR) of 5-
alkoxy-1,3,4-oxadiazol-2-ones (Fig.1). The FAAH and MGL inhibitory activity of these 
compounds were measured by the procedures described previously.2-3 

 

 

 
 
 
From in vitro data it is clear that synthesized derivatives are potent inhibitors of FAAH & 
MGL. However, further structural optimization is needed in order to get selective FAAH 
and MGL inhibitors. 
 
[1] Minkkilä et al. ChemMedChem. 2009, 4, 1253 
[2] Saario et al. J. Med. Chem. 2006, 49, 4650 
[3] Saario et al. Biochem. Pharmacol. 2004, 67, 1381  
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Androgen receptor (AR) blockade is essential for treatment of prostate cancer. Mutation 
of AR result in an emasculation of AR ligand specificity, may contribute to the 
progression of prostate cancer and the failure of endocrine therapy by allowing AR 
transcriptional activation in response to antiandrogens or other endogenous hormones. 
Thus, maximal blockade of androgen receptor signaling is a cornerstone in the 
management of castration-resistant prostate cancer.1 The basic idea of the AR 
modulators is that ligand-binding induces specific conformational changes in the ligand-
binding domain, which could modulate the surface topology of the protein and the 
protein-protein interactions between the receptor and other cellular proteins.2 

Our recent efforts have focused on development of novel nonsteroidal antiandrogenic 
pharmacophore. The structures were designed and discovered using modern computer 
assisted molecular modelling, flexible molecular libraries3,4 and cell-based cotransfection 
assays with human AR.  Some of the new compounds developed on the basis of the 
original lead structures inhibit AR-mediated reporter gene activities as well as 
endogenous AR target gene expression and bind to AR as potently as or even better 
than the most widely used nonsteroidal antiandrogens bicalutamide and flutamide. Our 
compounds show receptor specificity for AR and maintain their antagonist activity on the 
AR mutants, which turn the known drugs to agonists and are commonly observed in 
prostate cancer patients. Therefore, compounds based on these lead structures have 
the potential to provide unique and effective clinical opportunities for treatment of 
prostate cancer and other androgen-dependent diseases, such as prostate hyperplasia, 
acne and hirsutism. 

1. Hsieh AC, Ryan CJ. Cancer J. 2008, 14, 11-14.  
2. Gao W, Bohl CE, Dalton JT. Chem. Rev. 2005, 105, 3352-3370.  
3. Pulkkinen JT, Honkakoski P, Peräkylä M, Berczi I, Laatikainen R. J. Med. Chem. 2008, 51, 3562-3571.  
4. Poutiainen PK, Venäläinen TA, Peräkylä M, Matilainen JM, Väisänen S, Honkakoski P, Laatikainen R, 

Pulkkinen JT. Bioorg. Med. Chem. 2010, 18, 3437-3447.  
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Bisphosphonates (BP) are chemically stable molecules which are resistant to enzymatic 
hydrolysis because of their P-C-P backbone structure.1 BPs have been used for many 
purposes during their 50 years lifetime. Originally BPs were used as water softeners by 
inhibiting the crystallization of calcium salts, but the basis for their nowadays main use is 
a high affinity for bone mineral hydroxyapatite. Recently, BPs have been used as anti-
inflammatory drugs2, growth inhibitors for parasitic diseases like malaria3, solvent 
extraction reagents for actinide ions4 and in crystal engineering studies5.  

Here we studied ten geminal bisphosphonates containing an amino group in the ω 
position of the alkyl chain (figure 1). Compounds were synthesized according to the 
method reported by Kieczykowski et al 19956 and characterized by NMR (1H, 31P, 13C) 
and solid state NMR (15N, 31P, 13C). pKa-values and the solubility of the compounds were 
determinated. Also the capability of the compounds to formate metal chelates was 
studied. This extraordinary property of insoluble alkylaminobisphosphonates to remove 
metals from solution could be used in many applications, for example in waste water 
purification. 

 

 

Figure 1. The structure of the studied bisphosphonates, n = 2-15. 

 

1. Abdou WM, Shaddy AA. ARKIVOC, 2009, ix, 143-182.  
2. Hirabayashi H, Sawamoto T, Fujisaki J, Tokunaga Y, Kimura S, Hata T. Pharm. Res. 2001, 18, 646-

651. 
3. Ghosh S, Chan JMW, Lea CR, Meints GA, Lewis JC, Tovian ZS, Flessner RM, Loftus TC, Bruchhaus 

I, Kendrick H, Croft SL, Kemp RG, Kobayashi S, Nozaki T, Oldfield E. J. Med. Chem. 2004, 24, 175-
187. 

4. Reddy GV, Jacobs HK, Gopalan AS, Barrans RE Jr, Dietz ML, Stepinski DC, Herlinger AW. Synt. 
Commun. 2004, 34, 331-344. 

5. Fu R, Hu S, Wu X. Crystal. Growth. Des. 2007, 7, 1134-1144. 
6. Kieczykowski G, Jobson R, Melillo D, Reinhold D, Grenda V, Shinkai I. J. Org. Chem. 1995, 60, 8310-

8312.   
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 University of Eastern Finland, Department of Biosciences, PL 1627, 70211 Kuopio, 
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Bisphosphonates (BPs) are synthetic molecules capable of binding to bone mineral and 
inhibiting bone resorption1. In medicine they are mainly used for treating diseases 
associated with increased bone resorption and, combined with radioactive technetium, 
as bone-scanning agents to detect abnormalities in bone. On the other hand, 
polyamines (PAs) are organic polycations essential in the regulation of cell proliferation 
and differentiation2. Polyamine-drug conjugates may be imported to cell via polyamine 
transport. Polyamines are also used in cationization to increase cellular intake of large 
negatively charged molecules3. Here, we have studied BP-PA conjugates to be used as 
novel imaging agents for calcium plague detection. 

 

Scheme 1.  

Three novel nitrogen-containing bisphosphonates (compounds 4a, 4b and 6) were 
synthesized combining different polyamines with BP 2 (Scheme 1). The compounds 
were also labeled with 99mTc and their affinity to hydroxyapatite was determined. 
Because of their polyamine part these compounds might have a different biodistribution 
compared to normal bisphosphonates and could therefore be used as imaging agents 
for cellular calcifications. 

 
1. Rogers MJ. Curr Pharm Des, 2003, 9, 2643-2658. 
2. Tomasi S; Renault J; Martin B; Duhieu S; Cerec V; Le Roch M; Uriac P; Delcros JG. J       Med 

Chem, 2010, 53, 7647-7663.  
3. Boswell CA; Tesar DB; Mukhyala K; Theil F-P; Fielder PJ; Khawli LA. Bioconjugate Chem, 2010, 

21, 2153-2163. 
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Physics, University of Turku, Finland, dDepartment of Applied Physics, University of 
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Objectives: Because of their biocompatibility and ability to accommodate a wide variety 
of payloads, porous silicon (PSi) based materials are intensely investigated for use in 
drug delivery applications. Our aim was to develop a 18F-radiolabeling method for PSi 
micro- and nanoparticles for the investigation of their biodistribution as part of their 
evaluation as drug delivery carriers in vivo. Methods: Several different PSi materials 
were studied, including thermally oxidized TOPSi, thermally hydrocarbonized THCPSi 
and thermally carbonized TCPSi. In addition, post-radiolabeling coating of THCPSi 
nanoparticles with Hydrophobin II was investigated. PSi particles were labeled with 18F-

/Kryptofix2.2.2/K+ complex in anhydrous DMF with 4% (v/v) acetic acid at +120 °C. 
Radiolabeled materials were extensively characterized using spectroscopic methods 
(FTIR, XPS), electron microscopy, dynamic light scattering and zeta potential 
measurements to verify that neither the surface chemistry nor morphology was affected 
by the radiolabeling. Radiolabel stability was investigated in vitro at pH values 2.33, 
7.41, 8.70, and in human plasma before forwarding the most promising particle types to 
biodistribution studies in rats after oral and intravenous administration. Results: Direct 
one-step 18F-labeling was achieved for all the particle types studied. Spectroscopic 
studies revealed that the 18F attachment to Si proceeds likely via substitution to surface 
Si-H, Si-O-Si or by isotopic exchange to residual Si-F from the porous silicon etching 
process, rendering the resulting Si-18F bond good to excellent hydrolytic stability. In vivo, 
intravenously administered 18F-THCPSi nanoparticles were rapidly recognized by the 
reticulo-endothelial system. After oral administration the 18F-label enabled visualization 
of nanoparticle passage in the gastrointestinal tract up to six hours. Evaluation of HFBII-
coated 18F-THCPSi particles after oral and intravenous administration is underway. 
Conclusions: In conclusion, we have demonstrated the feasibility of using 18F-
radiolabeling as a tool to study novel PSi carriers for drug delivery.  Research Support: 
Financial support from the Academy of Finland (decision numbers 127099, 123037, 
122314, 136805 and 140965), the University of Helsinki Research Funds (grant no. 
490039), the Jenny and Antti Wihuri Foundation, the Drug Discovery Graduate School 
and the University of Helsinki Research Funds is acknowledged.  

1.Bimbo LM, Sarparanta M, Santos HA, Airaksinen AJ, Mäkilä E, Laaksonen T, Peltonen L, Lehto V-P, 
Hirvonen J, Salonen J. ACS Nano, 2010 4: 3023-3032. 
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Cyclization stabilizes peptides and is often essential for biological activity. Disulfide 
bridge formation is the most common mechanism for peptide cyclization. Despite the 
stabilizing effect of disulfide bridges on many peptides, the disulfide bond may undergo 
different decomposition reactions and can also be easily reduced in vivo to the open 
chain peptide. We have been interested in replacing the disulfide bridge in peptides by 
hydrocarbon linkers. Concise routes to four orthogonally protected, enantiopure disulfide 
bridge mimetics were reported by our group recently. [1] The four reported mimetics had 
alkyne, (Z)-alkene, (E)-alkene, and alkane linkers as replacements for the disulfide 
bridge.  

Our efforts to introduce these four building blocks as disulfide bridge mimetics at a non-
terminal disulfide bridge has been challenging. The use of the building blocks directly in 
solid phase and solution phase peptide synthesis will still require more optimization, 
especially on the necessary protecting group combinations. The first peptide with an 
alkene mimetic was synthesized by a ring closing metathesis reaction directly on the 
linear peptide having two L-allylglycine residues. However, the reaction on the full length 
peptide was unsuccessful. The successful strategy included the synthesis of the peptide 
until the second L-allylglycine residue, then a ring closing metathesis reaction on the 
uncompleted peptide, and finally synthesis of the rest of the peptide followed by 
cleavage of the peptide from the resin. Unfortunately, this methodology will not give 
access to all desired linkers. 

1. Tadd AC, Meinander K, Luthman K, Wallén EAA. J. Org. Chem. 2011, 76, 673-675. 
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α2 Adrenoceptors (ARs) and are part GPCR family that bind the endogenous hormone  
adrenaline and neurotransmitter noradrenaline. In the human these receptors are 
divided in 3 homologous subtypes: α2A α2B- and α2C-adrenoceptors. These three 
receptors very similar but have a different distribution and function. α2A binds to a 
different series of antagonists with 10-100 folds lower then these same antagonist to the 
α2B- and α2C-adrenoceptors. Site directed mutagenesis information is available for these: 
chlorpromazine, rauwolscine and spiperone. 

As these receptors are not yet crystallized for each subtype A,B,C we built 10 different 
molecular models based on related β2 AR structure that was crystallized in 20071. We 
used GOLD 8v0 to dock three antagonist ligands to these ten models. We so identified 
ten binding modes where the ligands were shifting around the binding cavity. We then 
needed a criterion to evaluate the most reasonable one. Since the β2 AR has been 
crystallized with the antagonist ligand (carazolol 2RH1 and timolol 3D4S), we decided 
that we could take advantage of this: considering the most reasonable pose of the α2 as 
the one more similar to the pose of the known β2 AR ligands.  

To this purpose, we quantified the amount of similarity of the bound ligands using the 
program ShaEP2. This program compares several factors like the shape, steric effects, 
electronic factors. The position of these docking poses were then compared with the 
mutagenesis results previously obtained. The ligand that showed the highest ShaEP 
score was one pose with chlorpromazine, where the tricyclic core and a similar 
protonated tail were very well superimpose to the carazolol. 

This work was useful to redefine the binding cavity of these large antagonist ligands in 
the three subtypes and for these ShaEP was very useful. 

For more information please see: “Involvement of the first transmembrane segment of 
human α(2) -adrenoceptors in the subtype-selective binding of chlorpromazine, spipe-
rone and spiroxatrine”. Laurila J, Wissel G, Xhaard H, Ruuskanen J, Johnson M, Schei-
nin M. Br J Pharmacol. – in press. 

 
1. Cherezov V, Rosenbaum DM, Hanson MA, Rasmussen SG, Thian FS, Kobilka TS, Choi HJ, Kuhn P, 

Weis WI, Kobilka BK, Stevens RC.  Science 2007, 318, 1258-65. 
2. Vainio MJ, Puranen JS and Johnson MS. J. Chem. Inf. Model 2009 49, 492-502. 
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Influenza virus is an RNA virus that infects avian and mammalian cells with the 
assistance of two glycoproteins, hemagglutinin (HAa) and sialidase (neuraminidase, NA) 
[1].  The HA is responsible for the attachment and entry of the virus to the host cell, 
whereas NA hydrolyzes sialic acids from sialoglycoconjugates at the surface of the host 
cell [2]. Neuraminidase plays an essential role in the release of influenza virus particles, 
therefore is an attractive target for the anti-influenza drugs [3]. The most effective drugs 
for the treatment of influenza A (H1N1) virus are neuraminidase inhibitors: oseltamivir 
and zanamivir. The appearance of drug-resistant influenza viruses and the threat of 
pandemics showed a need in the search for novel antiviral leads.     

At the first stage of our work we analyzed differences and similarities of the active sites 
among available X-ray structures. Virtual screening was performed in an attempt to 
identify novel inhibitors for Neuraminidase. Molecular docking and molecular dynamics 
simulations (MD) were used to relax the system and to investigate the dynamics of the 
binding complex. Molecular Mechanics-Poission-Boltzman Surface Area (MM-PBSA) 
free energy analysis was applied to estimate the binding affinty of oseltamivir, zanamivir 
and novel compounds. 

 
[1] Chavas, G., Kato, R., Suzuki, N., Itzstein, M., Mann, M.C., Thomson, R.J., and Soichi 
Wakatsuki, J. Med. Chem. 2010, 53, 2998-3002.   
[2] Griffin, J.A., Basak, S., Compans, R. W., Virology 1983, 125, 324-334.  
[3] Du, Q.S., Wang, S.Q., Chou, K.C., Biochem. Biophys. Res. Commun., 2007, 354, 634-640.  
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In this work, we conduct a structural bioinformatics analysis of the available structures 
for serine proteases and identify 587 unique structures solved at high atomic resolution 
with a ligand bound at the active site. These structures represent, with all species 
combined, 20 families. Among these structures, 67 are bound to peptides that we 
clustered as nine structural groups displaying a broad range of folds: alpha-helical, beta 
stranded, mixed alpha- and beta-classes. In addition, coiled structures not belonging to 
these classes were found. A few key main-chain molecular interactions provide a 
common framework for binding these otherwise very different peptides. Of the non-
peptidic ligands, 358 are binding small molecules and 150 can be classified as modified 
peptides. Structurally, these ligands generally use for binding the same main-chain 
molecular interactions as peptides. We analyzed the similarity among these ligands 
using a Tanimoto similarity coefficients combined with a multi-dimensional scaling 
analysis, and we characterized our set of ligands for promiscuity, i.e. the ability of a 
given ligand to bind to several serine proteases families. The most promiscuous small 
molecules were found to occupy the S1-S1’ region of the active site, whereas the least 
promiscuous ligands were located in the S4-S1 region. Nonetheless, this latter finding 
may reflect a bias caused by a large amount of crystallization experiments for a few 
selected ligands since the relative binding affinities may vary by a thousand of folds. 
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The MDO1 protein is a potential emerging target associated with several cancers1. To 
date, there are no inhibitors for this protein, however the endogenous ligand, ADPribose, 
is found crystallized in the X-ray structure of the archaea2 and alpha-virus MDO1 
homologue3. In this work, we have (1) performed a structural analysis of the MDO1 
binding site. We compared the crystallographic structure of the Chikungunya virus 
MDO1 in complex with ADP-ribose(ADPR) (PDB code 3GPO) with the structure of 
human MDO1 (2X47) in the apo state. The superimposition of these two proteins show 
overall similar fold, with the exception of a loop (amino acids 110 to 114 in the virus) that 
interacts with ADPribose in the alpha-virus complex. (2) A structural model of human 
MDO1 with a close-loop conformation was built using Swissmodeller, since the close-
loop is responsible for forming optimal contacts with ligands. (3) We performed structure-
based virtual screening based on both the model and the PDB apo structure. The Gold 
Suite 5.0.1 was used to virtually dock a database of 20,000 molecules. The hits were 
ranked based on a combination of docking scores and poses, and ADP ribose was 
docked as a control and shown to be the first ranked hit (no other known ligand are 
available for MDO1). Sixty first-rank molecules were selected for further investigation 
and based on solubility and experience of medicinal chemist, thirty of these molecules 
were purchased and tested. (4) Experimental testing was performed using competition 
assays against labeled poly-ADPribose. As a result of biological testing, six active 
molecules with maximum 30% inhibition were found. (5) The binding modes of these 
compound is being investigated using a combination of three docking programs (Gold, 
Surflex, Autodock) in order to develop a pharmacophore that represents the functional 
groups responsible for MDO1 activity. 

 

1. Zhao P, Lu Y, Han WD. Cancer Sci. 2010, 2262-2268 
2. Karras GI, Kustatscher G, Buhecha HR, Allen MD, Pugieux C, Sait F, Bycroft M, Ladurner AG. EMBO 

J 2005, 24, 1911-1920 
3. Neuvonen M and Ahola T. J. Mol. Biol. 2009, 385, 212-215 
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