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Advanced solid cancers are often fatal because of the capacity of tumor cells to escape from the primary
tumor and form distant metastasis.Trypsin-3 is a highly active protease that has been recently identified
as a potential therapeutic target for the reduction of tumor growth and metastasis in prostate, breast and
pancreatic cancers. Current trypsin inhibitors inhibits all three isoforms of human trypsin. Thus, novel
approaches to identify trypsin-3 selective inhibitors are needed. Cyanobacteria produce a vast diversity of
natural products with complex chemical structures many of which are potent serine protease inhibitors.

We screened extracts of 236 cyanobacteria strains and discovered numerous strains showing selectivity
towards trypsin-2 and -3 inhibition. We isolated suomilide (Figure 1), a complex glycopeptide from
Nodularia sphaerocarpa HKVV, which selectively inhibited human trypsin-2 and -3 with IC50 values of 128
nM and 87nM respectively, while trypsin-1 was not significantly inhibited at such concentrations.
Importantly, we also found that 15 µM of suomilide inhibited invasion of aggressive and metastatic PC-3M
prostate cancer cells though extracellular matrix, while it did not affect the proliferation of the cells.

Our results suggest that microbial natural products may offer a viable alternative source of potent and
selective trypsin-3 inhibitors. Such inhibitors may be suitable, after further development, for targeting the
mechanisms associated with the invasion and metastatic dissemination of cancer cells and for treatment
of aggressive cancers.

Figure 1. Suomilide, a natural glycopeptide purified from Nodularia sphaerocarpa HKVV, found in Baltic
sea and maintained in the UHCC culture collection at University of Helsinki.
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A large number of semisynthetic opioid derivatives have been developed over the years and many of them
have resulted from derivatization at positions 3, 6 and 17 of the opioid core. Modifications on the 7,8-double
bond have been scarcely reported in the literature, and have mostly consisted of the double bond
reduction.1 Oxidations of opioids are generally challenging and they have focused on the production of 14-
hydroxy derivatives from thebaine and oripavine, in route to the preparation of drugs such as naloxone and
naltrexone.2-3

To study the effect of modifying the 7,8-double bond of opioids, we have developed a convenient, one-
step, heterogeneous oxidation method for conversion of Δ7,8-opioids into the corresponding 7β-hydroxy-8-
ketones with potassium permanganate supported on iron(II) sulfate heptahydrate.4 We have demonstrated
that the oxidation reaction can be performed in the presence of various protecting groups, and studied the
effect of the C6-substituent on the reaction outcome. 7β-Hydroxy-8-ketone opioids can be regarded as
versatile intermediates for the synthesis of other opioids of interest. The binding to and activation of opioid
mu, delta and kappa receptors by the synthesized opioid hydroxy ketones was evaluated. The compounds
acted as antagonists at the mu- and delta-receptors. Docking simulations and structure-activity analysis
suggest that the newly introduced 7β-hydroxy-8-ketone functionality results in gain of activity towards the
delta opioid receptor.
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Hops (Humulus lupulus L.), a constituent of beer added during brewing, contain compounds that
suppress anxiety and induce sleep. These effects are suggested to be due to increase in
GABAA receptor activity. In the present study, we characterized hops compounds that modulate GABAA

receptor activity. GABA-potentiating effects and receptor subtype selectivity were studied using
[3H]EBOB radioligand binding assays in native receptors in rat brain membranes and in recombinant
receptors expressed in HEK293 cells. Involvement of benzodiazepine binding site on the effects of the
compounds was studied with [3H]EBOB assay in the presence of flumazenil and with [3H]Ro 15-4513
binding assay.

In the presence of 2 µM GABA, the prenylflavonoids xanthohumol, isoxanthohumol and 8-
prenylnaringenin (10 µM) displaced 19%, 48% and 65% of [3H]EBOB binding to native GABAA receptors,
respectively. The sensitivity of recombinant receptors to prenyflavonoid potentiation of GABA-induced
displacement of [3H]EBOB binding followed the order α6β3d > α2β3g2 > α1β3g2. Flumazenil had no
effect on prenylflavonoid-induced displacement of [3H]EBOB binding. Displacement of [3H]Ro 15-4513
from native GABAA receptors was only detected at high micromolar prenylflavonoid concentrations (100
µM).

Our study identified potent prenylflavonoids present in hops with the ability to positively modulate GABA-
induced responses. These compounds have variable potency on binding assays, the highest observed
with 8-prenylnaringenin. The results produce novel information on the effects of hops components on
brain neurochemistry. The modulation of GABAA receptor function by beer prenylflavonoids suggests that
these compounds may potentiate the intoxicating effects of alcohol in beer.
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Dry eye syndrome (DES) is a disease that results in symptoms including eye irritation, redness, discharge,
blurred vision and when left untreated, can cause permanent scarring of the cornea.1 With annual costs in
Finland of 900 million euros and an incidence of 1 in 4 people, DES is both a significant health concern
and economic burden.2 The underlying cause of DES is thought to be an alteration in the composition of
the tear film lipid layer (TFLL), the outermost layer of the tear film found on the surface of the cornea. This
results in increased evaporation from the ocular surface and tear film breakup.3 Recent studies into the
surface activity and anti-evaporative properties of lipids within the TFLL has suggested that O-acyl-ω-
hydroxy fatty acids (OAHFAs) and diesters (DiEs) play a key role in the development of DES.4, 5

In recent research, we have constructed a library of 10 structural analogues of OAHFAs and DiEs found
within the TFLL. The literature synthetic protocols were improved upon,6 with overall yields of the OAHFAs
synthesis increased by 41%. Subsequently, the surface pressure and surface potential of the lipids at the
air-water interface were measured using a Langmuir-Blodgett trough, and Brewster angle microscopy
images of the lipids were recorded. The effect of chain length and functional group on the surface activity
was determined and, 9 of the 10 molecules were found to exhibit spreading behaviour. The results from
the biophysical studies will be presented in more detail at the conference.
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Marine organisms can be regarded as a diverse source of bioactive compounds with the possibility of
discovering novel drug lead molecules.1 To date, four compounds of marine origin have been registered
for the treatment of different kinds of cancers such as leukemia, metastatic breast cancer and ovarian
cancer.2 Earlier we have obtained promising results from bromotyrosines, a vast group of bromine-
containing marine compounds, some including spiro core e.g. purpurealidin J3. Several other marine-
originated spirocyclic isoxazolines possess activity against cancer4, including clavatadine C5 isolated from
sponge Suberea clavate. Inspired by these spiro structures and earlier results with the open chain
bromotyrosines, we have now synthesized eight clavatadine C based spirocyclohexadienylisoxazoline
derivatives (Figure 1) by replacing the butylguanidine chain with aromatic rings and tested them against
melanoma A375 cell line and studied their selectivity.

Figure 1. Clavatadine C derivatives
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Antibody-drug conjugates (ADCs) are emerging as a promising class of selective drug delivery systems in
the battle against cancer and other diseases.1 The auristatins monomethyl auristatin E (MMAE) and
monomethyl auristatin F (MMAF) appear as the cytotoxic drug in almost half of the state-of-the-art ADCs
on the market or in late stage clinical trials.2 Herein, we present the first complete NMR-spectroscopic
characterisation of these challenging molecules, and investigate their structural properties by a combined
NMR and quantum chemical modelling approach (See Figure 1). We find that in solution, half of the drug
molecules are locked in an inactive conformation, severely decreasing their efficiency and potentially
increasing the risk of side-effects. Furthermore, we identify sites susceptible to future modification, in order
to potentially improve the performance of these drugs.3

Figure 1. Chemical structures of the two dominating isomers of MMAE and key ROE-correlations
witnessed in the ROESY-spectra.
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Cyanobacteria are common producers of a variety of natural products. In this study Brazilian
cyanobacteria were screened for novel bioactive compounds. Cyanobacterium Nostoc sp. CENA543
isolated from saline-alkaline lake in Nhecolândia, Pantanal wetland, Brazil, presented properties
inhibiting bacterial growth. LC-MS analysis of the cell culture extract showed production of Nodularin-R
and novel peptide family pseudospumigins. Nodularin-R is a known hepatotoxic product of bloom-
forming cyanobacteria Nodularia spumigena and this is the first time a Nostoc strain was found to
produce toxic levels of the compound. Pseudosmigins A-F were characterized as linear tetrapeptides
structurally similar to aeruginosins and spumigins produced by N.spumigena. Pseudospumigins,
spumigins and aeruginosins differ in their third amino acid which is in pseudospumigin Ile/Leu/Val, in
spumigins Pro/mPro and in aeruginosins Choi. The whole genome of the organism was sequenced and
the pseudospumigin gene cluster was found very similar to the spumigin gene cluster in N. spumigena.
The structural difference of the produced compounds is apparent also in the genetic level, where
pseudospumigin gene cluster doesn’t have the genes necessary for mPro or Choi synthesis or
incorporation of these amino acids to the peptide. Pseudospumigin A inhibited bovine trypsin with IC50

value of 4.5 μM after 1 h, in similar manner as Spumigin E from N. spumigena, but was less effective.
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Cyanobacteria produce a variety of natural products, including lipopeptides. Glycolipopeptides hassallidins
(main variants hassallidins A to E) have a fatty acid and one to three sugar moieties attached into a peptide
ring of eight amino acids1,2,3,4. They are antifungal compounds isolated from several cyanobacterial strains
including Anabaena, Aphanizomenon, Cylindrospermopsis, Nostoc and Tolypothrix. Additionally,
structurally similar or even identical compounds have been described from other bacteria with varying
names. Hassallidins inhibit the growth of several yeasts and fungi, for instance activities against Candida,
Cryptococcus and Aspergillus species have been detected. They induce also cell death in mammalian
cells but only a few cell lines have been tested thus far. In this study, we continued the study of hassallidins
and widened the amount of different cell lines tested. Furthermore, we studied the mechanism of action of
hassallidins, which has remained unresolved. We purified hassallidin D from a Finnish cyanobacterium
strain Anabaena sp. UHCC 0258 with HPLC based purification method. Hassallidin D has an aglyconic
core of 1283 m/z and it has one to four acetyl groups attached in mannose sugar, i.e. there were four
variants of hassallidin D in Anabaena sp. UHCC 0258. All hassallidin D variants induced rapid necrosis in
mammalian cells. The main hassallidin D variant with two acetyl groups was used for further testing. The
mechanism of action was studied with cell assays and membrane models combined with molecular
modeling. Transmission electron microscopy results revealed that the cell membrane started leaking and
this lead into complete cell destruction. Notably, the nucleus and mitochondria stayed viable longer.
Membrane models indicated that the effect would be specific towards cholesterol containing membranes,
which explains the less harmed mitochondria membranes. In addition, this specificity of the hassallidin
explains the reported lack of bacterial activities. The results show that the mechanism of action of
hassallidin resembles the mechanism of another cyanobacterial natural product called anabaenolysin5,6.
Our results indicate that the bioactivity of hassallidin is based on its detergent-like activity on sterol-
containing membranes.
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Scleroderma is a chronic connective tissue disease of unknown aetiology. In early stages, vascular injury
and inflammation lead to fibrosis of tissues, resulting in irreversible damage. Inflammation is believed to
be necessary in order to activate fibroblasts to over-produce extracellular matrix components. At the
present, there is no effective standard treatment to reverse or slow down the progression of scleroderma
but one of the feasible approaches is to target key inflammatory pathways that are involved in the
pathogenesis of the disease. MKP-1 (Mitogen-Activated Protein Kinase Phosphatase-1) is a nuclear
phosphatase present in most cell types and tissues. Studies with MKP-1 deficient mice have undoubtedly
shown that MKP-1 is an important regulator of innate and adaptive immune responses and inflammation
but its role in fibrosing diseases has not been studied. In the present study we investigated the potential
role of MKP-1 in a mouse model of scleroderma.

Bleomycin-induced dermal fibrosis in the mouse was used as an experimental model of scleroderma. Wild
type (WT) and MKP-1 knockout (KO) mice were injected subcutaneously with bleomycin every other day
for 28 days. Dermal thickness and collagen accumulation were determined in bleomycin-injected skin by
histological analyses. The expression of several inflammatory and pro-fibrotic mediators were investigated
by quantitative RT-PCR.

Bleomycin-induced dermal thickness and lipodystrophy were increased in MKP-1 KO mice. Collagen
accumulation in dermis and mRNA expression of collagens Col1A1 and Col3A1 were increased in the skin
from MKP-1 KO mice as compared to skin from WT animals. Affected skin from MKP-1 deficient mice
presented an increase of IL-6, TGF-b1, YKL-40, fibronectin-1, MCP-1, MIP-1a, and MIP-2 mRNA
expression.

In conclusion, this study demonstrates, for the first time, that MKP-1 deficient mice develop more severe
bleomycin-induced dermal fibrosis than their WT counterparts, indicating that MKP-1 plays a role in the
inflammatory and fibrotic processes typical for experimentally induced scleroderma. Taken together, these
findings suggest MKP-1 as a potential new target for the stage-specific modulation of the pathogenesis of
scleroderma.
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mPGES-1 catalyzes the production of prostaglandin E2 (PGE2), the most abundant prostanoid related
to inflammation and inflammatory pain. mPGES-1 is presumed to be a more selective and therefore a
safer target for decreasing the production of PGE2 in inflammation as compared to NSAIDS (1). MAP
kinase phosphatase-1 (MKP-1) is an endogenous enzyme limiting the intensity of inflammation (2). It
also mediates the effects of some anti-inflammatory drugs, such as glucocorticoids (3). In this study,
we investigated the role of MKP-1 in the expression of mPGES-1 in chondrocytes.

Primary chondrocytes from articular cartilage of MKP-1 knock-out (KO) and corresponding wild type
(WT) mice were isolated and the expression of mPGES-1 and MKP-1 was investigated by qRT-PCR.

The expression of mPGES-1 in unstimulated chondrocytes from MKP-1 KO mice was elevated as
compared to the wild type controls. mPGES-1 levels were enhanced when the cells were stimulated
with the arthritis-related cytokine interleukin-1β (IL-1β). Dexamethasone significantly inhibited the
expression of mPGES-1 in chondrocytes from WT mice but interestingly, not in chondrocytes from
MKP-1 KO mice. Moreover, dexamethasone enhanced the expression of MKP-1 in chondrocytes from
WT mice.

The results suggest that the expression of mPGES-1 in primary chondrocytes is regulated through
MKP-1. Furthermore, the inhibitory effect of dexamethasone on the expression of mPGES-1 was
abolished in IL-1β –stimulated chondrocytes from MKP-1 KO mice indicating that this drug effect is
dependent of MKP-1. Dexamethasone also increased the expression of MKP-1, which supports our
hypothesis. In general, these results increase our knowledge of the regulatory mechanisms of
mPGES-1 expression in chondrocytes and underline the role of MKP-1 as a drug target in arthritis.

1. Korotkova, M., & Jakobsson, P. (2014). Characterization of microsomal prostaglandin E synthase 1
inhibitors. Basic & Clinical Pharmacology & Toxicology, 114(1), 64-69.

2. Korhonen, R., & Moilanen, E. (2014). Mitogen-activated protein kinase phosphatase 1 as an inflammatory
factor and drug target. Basic & Clinical Pharmacology & Toxicology, 114(1), 24-36.

3. Abraham, S. M., Lawrence, T., Kleiman, A., Warden, P., Medghalchi, M., Tuckermann, J., Saklatvala, J., &
Clark, A. R. (2006). Antiinflammatory effects of dexamethasone are partly dependent on induction of dual
specificity phosphatase 1. The Journal of Experimental Medicine, 203(8), 1883-1889.



In Vitro Cellular Interactions of Multimodal Cellulose 
Nanocrystal and Lignin Nanoparticles for Drug Delivery 

Applications 
Surachet Imlimthana, Alexandra Correiab, Vimalkumar Balasubramanianb, Kalle 
Lintinenc,  Anu J. Airaksinena, Mauri A. Kostiainenc, Hélder A. Santosb,d, Mirkka 

Sarparantaa      

aRadiochemistry Unit, Department of Chemistry, Faculty of Science, University of Helsinki; bDivision of 
Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki; cBiohybrid 

Materials Group, Department of Bioproducts and Biosystems, Aalto University; dHelsinki Institute of Life 
Science (HiLIFE), University of Helsinki 

 

Background: Nanoscale drug delivery systems (DDSs) have an important role in the development of 
targeted therapies, especially in cancer treatment[1]. Cellulose nanocrystals (CNCs), which can be 
generated from native cellulose through acid hydrolysis, have attracted attention as a renewable source of 
nanoparticles (NPs) for drug delivery applications [2]. Lignin, another main component of lignocellulosic 
materials, is composed of three cinnamyl alcohol structural units and forms spherical NPs, which are 
amenable for DDS development[3]. The reactive surface of both CNC and lignin NPs covered with 
numerous hydroxyl groups allow a wide range of chemical modifications on their surface as well as forming 
a stable well-dispersed colloidal suspension in aqueous media. We have prepared CNC and lignin NPs 
conjugated to the fluorescent dye Cy5 and the radiometal chelator DOTA for labeling with 111In, a diagnostic 
radionuclide for single-photon emission computed tomography (SPECT) for the biological evaluation of 
CNC and lignin DDS using nuclear imaging and fluorescence microscopy. Here, we report the cellular 
biocompatibility and interactions of our CNC and lignin constructs in murine RAW 264.7 macrophages as 
the first step of their evaluation for in vivo applications. 

Results: Both unmodified and modified CNC/lignin NPs revealed good biocompatibility in RAW 264.7 cells 
at low concentration range as shown in figure 1. The half maximal inhibitory concentration (IC50) of CNC 
and lignin NPs were about 1000 and 850 µg/ml at 6 h, 370 and 250 µg/ml at 24 h, and 122 and 77 µg/ml 
at 72 h, respectively. Moreover, interaction and internalization of CNC/lignin NPs to RAW 264.7 cells did 
not elicit morphological changes indicating an inflammatory response in vitro at 24 h warranting in vivo 
evaluation of the drug delivery systems in the future.  

Conclusion: The multimodal cellulose nanocrystal and lignin nanoparticles developed herein display good 
in vitro biocompatibility in the models used, prompting their use as a tool for the investigation of the 
materials as molecular imaging probes both in vitro and in vivo, a key step in advancing the biomedical 
applications of cellulose nanocrystal and lignin DDSs. 

1. Ding, H. et al. Theranostics 2012, 2, 1040-1053. 
2. Lin, N. et al. Nanoscale 2014, 6, 5384.   
3. Figueiredo, P. et al. Nanomedicine 2017, 0219. 

 



Targeting pathogenic protozoan parasites through
membrane-bound pyrophosphatases

Niklas G. Johanssona, Ainoleena Turkua, Keni Vidilaserisb, Matti Tamminena,
Alexandros Kiriazisa, Ayman Khattabc, Seppo Meric, Henri Xhaarda, Adrian Goldmanb,d,

Jari Yli-Kauhaluomaa, Gustav Boije af Gennäsa

a Drug Research Program, Division of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy,
University of Helsinki, Finland

b Department of Biosciences, Division of Biochemistry, University of Helsinki, Finland
c Department of Bacteriology and Immunology, Faculty of Medicine, University of Helsinki, Finland

d Astbury Centre for Structural Molecular Biology, University of Leeds, United Kingdom

Diseases caused by pathogenic protozoan parasites have a huge negative impact on human health
across the globe. For example malaria (Plasmodium species) and leishmaniasis (Leishmania species)
might even result in fatal consequences without proper treatment in time.1, 2 Even though there are
medicines on the market, these diseases are still together responsible for roughly 500 000 deaths
annually due to resistance and side-effects.

An interesting and mutual feature of many protozoan parasites is their unique integral membrane protein,
a membrane-bound pyrophosphatase (mPPase).3 One of the tasks of these proteins is to generate an
ion gradient across the acidocalcisomal membrane by hydrolysis of pyrophosphate (PPi). Since PPi is a
by-product from many biosynthetic pathways and too high concentrations of PPi may disturb
physiological reactions, the mPPases are essential for the parasites.4 H+-pumping pyrophosphatases,
which are participating in life maintaining functions5 in various parasites6, have been found in e.g.
Plasmodium7 and Leishmania8 species. Although mPPases can be readily found in many pathogenic
protozoan parasites they do not exist in humans, which thereby make them ideal and novel drug targets.3
We are thus working on the development of novel protozoan mPPase inhibitors capable of disrupting the
essential ion gradient of the pathogenic parasites in order to decrease their viability. By this time a
compound library has been built to aid the biological and computational studies that later on will advise
us in future synthesis work of more active compounds.

1. http://www.who.int/malaria/en/
2. http://www.who.int/leishmaniasis/en/
3. Shah, R.N.; Vidilaseris, K.; Xhaard, H.; Goldman, A. AIMS Biophysics 2016, 1, 171–194
4. Lahti, R. Microbiol. Rev. 1983, 47, 169–178
5. McIntosh, M.T. & Vaidya, A.B. Int. J. Parasitol. 2001, 32, 1–14
6. Rodrigues, C.O.; Scott, D.A.; Bailey, B.N.; De Souza, W.; Benchimol, M.; Moreno, B.; Urbina, J.A.;

Oldfield, E.; Moreno, S.N.J. Biochem. J. 2000, 349, 737–745
7. Luo, S.; Marchesini, N.; Moreno, S.N.J.; Docampo, R. FEBS Letters 1999, 460, 217–220
8. Rodrigues, C.O.; Scott, D.A.; Docampo, R. Biochem. J. 1999, 340, 759–766
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Introduction. Nostoc is a cosmopolitan genus of cyanobacteria that is commonly found in soils and

in symbiotic associations with plants and fungi and a prolific producer of bioactive natural products.

Nodularin (NOD) is a potent cyclic nonribosomal pentapeptide, hepatotoxic protein phosphatase

inhibitor and tumor promoter. Blooms containing NOD constitute a health risk for human and

domestic animals. Spumigins are small linear nonribosomal peptide protease inhibitors that

comprise three amino acids and a terminal carboxylic acid residue. Anabaenopeptins are cyclic

nonribosomal hexapeptides with differing but often protease inhibiting activities. Namalides are a

cyclic tetrapeptides which are structurally exactly as anabaenopeptins but lacks two amino acids

from the cycle. Namalide A is a carboxypeptidase A inhibitor at submicromolar level and have been

reported from a marine sponge.

Methods. LC-MS analyses were performed with an Agilent 1100 Series LC/MSD Ion Trap XCT

Plus System (Agilent Technologies, Palo Alto, CA, USA). High accuracy mass was measured by

UPLC-ESI-QTOF mass spectrometer Synapt G2 Si HDMS (Waters Corp.).

Results. In this study we analyzed non-ribosomal peptidomes with LC-MS methods from nine

Nostoc and nine other cyanobacterial genera that had been collected from Brazilian saline-alkaline

lakes of the Nhecolândia, Pantanal wetland area. Our objective was to discover novel bioactive

compounds. We found a cyanobacterium strain Nostoc sp. CENA543 which produced vast

spectrum of nonribosomal peptides. 18 different peptide variants were identified from which 13

were novel. Peptides belong to four different peptide families namely nodularins, pseudospumigins,

anabaenopeptins and namalides. Pseudospumigins constitute a novel trypsin inhibiting peptide

family. Pseudospumigin A inhibited trypsin (IC50 4.5 μM after 1 h) in a similar time dependent

manner as spumigin E from N. spumigena. Hepatotoxic nodularin was produced at exceptional high

amounts, at same levels as many Nodularia spumigena strains isolated from blooms from different



geographical locations produces nodularin. Together our results demonstrate that the nonribosomal

peptidome of Nostoc sp. CENA543 analyzed at gene and metabolite level is strikingly similar to N.

spumigena but contains also clear differences.

Conclusions. Natural products are an important source of antimicrobial, antifungal, anticancer,

immunosuppressant and other bioactive molecules. We demonstrate that Nostoc sp. CENA543

produces three protease inhibitor peptide groups pseudospumigins, anabaenopeptins and namalides

with 13 novel peptide structures.
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Background

Prolyl oligopeptidase (PREP) is a serine-protease that hydrolyses proline-containing peptides shorter than
30 amino acids. Alteration in PREP activity has been connected on neurodegenerative diseases,
schizophrenia and depression. PREP inhibitors have shown neuroprotective, anti-amnesic and cognition-
enhancing properties. PREP is widely distributed in different tissues of the mammalian body but the highest
activities have been measured in the brain. PREP localizes in GABAergic and cholinergic interneurons of
the thalamus and cortex, in short glutamatergic projection neurons between cortex and thalamus, and also
in GABAergic neurons of nigrostriatal tract but in lower extent in dopaminergic neurons. High levels of
PREP has been found in glutamatergic cortical spiny pyramidal cells and hippocampal CA1 pyramidal
neurons indicating that PREP could participate on glutamatergic neurotransmission.

Methods

Aim of the study was to study further the role of PREP in glutamatergic neurotransmission. Concentration
of glutamate, dopamine and GABA in the motor cortex and prefrontal cortex of PREP knock-out mice was
measured by tissue HPLC analysis. Metabotropic glutamate receptor 5 (mGluR5) and NMDA receptor 1
(NMDA R1) in motor cortex were investigated by Western blotting. Glutamate receptor function was
measured in mGluR5 transfected HEK-293 cells and stable PREP knock-out cells by Western blotting and
glutamate binding assay.

Results

Tissue concentration of glutamate was significantly decreased in the motor cortex and the prefrontal cortex
in PREP knock-out mice. However, dopamine and GABA were unchanged in the cortical tissue.
Metabotropic glutamate receptor mGluR5 was decreased in the cortical tissue but amount of NMDA R1
was similar in PREP knock-out mice and in wild-type littermates. Glutamate binding and mGluR5
expression were decreased in PREP knock-out cells compared to wild-type HEK-293 cells.

Conclusions

Our results suggest that PREP participates on glutamatergic neurotransmission. PREP regulates cortical
glutamate and mGluR5 receptor in the mouse brain and in the HEK-293 cells. Decreased mGluR5 in the
brain of PREP knock-out mice and in the mGluR5 transfected PREP knock-out cells is probably caused
by increased recycling of the receptors. PREP could be possible target in treatment of neurological
diseases connected on altered glutamatergic neurotransmission.
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Ischemic heart disease leads to irreversible cell loss and is characterized by unmet medical need. Cardiac
transcription factors, such as GATA4 and NKX2-5, regulate both physiological and pathophysiological
processes in the heart. For example,  a physical interaction of these two TFs leads to stretch-induced
cardiomyocyte hypertrophy.1 In our previous studies we have demonstrated that inhibition of this protein-
protein interaction (PPI) with a small molecule compound inhibits cardiomyocyte hypertrophy in vitro and
improves cardiac function in vivo in experimental models of myocardial infarction and hypertension.2,3

In this study, we continued optimization of the original isoxazole hit compound by modifying its northern,
central and southern parts. The new compounds were tested in the luciferase assay to examine the
inhibition of the transcriptional synergy of the GATA4 and NKX2-5. Additionally, the most potent
compounds were tested in luciferase assays for NKX2-5 and GATA4 separately. The generated three-
dimensional activity data was analyzed by using hierarchical clustering to identify compounds capable of
inhibiting PPI but not interfering with GATA4 or NKX2-5 DNA binding. Furthermore, toxicity of the
compounds was studied with MTT and LDH assays in the COS-1 cell line.

In summary, we have synthesized and identified a group of non-toxic compounds, which inhibit
transcriptional synergy of GATA4 and NKX2-5 without interfering with GATA4 transcriptional activity.

1. Pikkarainen, S.; Tokola, H.; Majalahti-Palviainen, T.; Kerkelä, R.; Hautala, N.; Bhalla, S. S.; Charron, F.;
Nemer, M.; Vuolteenaho, O.; Ruskoaho, H. GATA-4 Is a Nuclear Mediator of Mechanical Stretch-Activated
Hypertrophic Program. J. Biol. Chem. 2003, 278 (26), 23807–23816.

2. Kinnunen, S. M.; Tölli, M.; Välimäki, M. J.; Gao, E.; Szabo, Z.; Rysä, J.; Ferreira, M. P. A.; Ohukainen, P.;
Serpi, R.; Correia, A.; Mäkilä, E.; Salonen, J.; Hirvonen, J.; Santos, H. A.; Ruskoaho, H. Cardiac Actions of a
Small Molecule Inhibitor Targeting GATA4–NKX2-5 Interaction. Sci. Rep. 2018, 8 (1), 4611.

3. Välimäki, M. J.; Tölli, M. A.; Kinnunen, S. M.; Aro, J.; Serpi, R.; Pohjolainen, L.; Talman, V.; Poso, A.;
Ruskoaho, H. J. Discovery of Small Molecules Targeting the Synergy of Cardiac Transcription Factors
GATA4 and NKX2-5. J. Med. Chem. 2017, 60 (18), 7781–7798.
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Introduction: The peptides orexin-A and -B regulate sleep–wake patterns through orexin receptors OX1R
and OX2R.1 The 33 and 28-amino-acid peptides can be truncated down to 19-residue fragments which
retain full receptor activation.2 Further truncation results in drastic drop in maximal response. We
postulated that this would be because of degradation of the peptide helical conformation, suggested to be
important for biological activity.3

Materials and Methods: We introduced cross-linkers, or staples, into different sites at an active fragment
orexin-A15–33. These staples form covalent links between adjacent helical turns, and stabilize the helical
conformation.4 In addition, we tested helical stabilization with aminoisobuturic acid. Cross-linking was
carried out with (S)-2-(3’-butenyl / 4’-pentenyl / 5’-heptenyl)alanine. Peptides were manually synthesized
on resin, cross-linked, cleaved and purified with HPLC. A cell-based Ca2+-elevation assay was used to
determine the biological activity.

Results and Discussion: The “standard” i,i+4 staple of eight atoms at four different sites was either not
tolerated at all or resulted in marked drops in potency. As the bioactive conformation has not been
confirmed, we decided to probe one atom shorter or longer linkers at a central site, which spans a putative
bend in the helix. The linker length, however, seemed to have little effect on the potency.

To figure out which step was detrimental to biological activity, we set out to purify linear reaction
intermediates prior the cross-linking. These were a bit more potent than the stapled peptides, but still far
less potent than the unmodified parent peptide. Next, we replaced the stapling residues with
aminoisobuturic acid residues, which share the same α,α-disubstitution as the stapling residues, but
feature a methyl side chain instead of a long olefinic side chain. The resulting peptide was more potent
than the linear peptides with the bulky stapling residues but less potent than the parent peptide, so the
modification was still unfavorable.

Conclusions: All modifications were detrimental to potency and some resulted in virtually inactive
peptides. However, two modified peptides retained full receptor activation, albeit with lower potency. We
suggest that the receptor might not be spacious enough for the staple, or that the stabilized conformations
were wrong, or alternatively the modification or the helical stabilization block important peptide–receptor
interactions.

1. Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka H, et al. Cell 1998, 92, 573–585.
2. Lang M, Söll RM, Dürrenberger F, Dautzenberg FM, Beck-Sickinger AG. J. Med. Chem. 2004, 47, 1153–

1160.
3. Karhu L, Turku A, Xhaard H. BMC Struct. Biol. 2015, 15:9.
4. Schafmeister CE, Po J, Verdine GL. J. Am. Chem. Soc. 2000, 122, 5891–5892.
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Major depression is a highly disabling psychiatric condition and one of the biggest contributors to the global
disease burden1. Many patients respond poorly to standard anti-depressants, and those who do respond,
the therapeutic effects become evident with a delay of weeks to months. Electroconvulsive therapy (ECT)
remains among the most efficient antidepressants in clinical use but it seldom brings immediate remedy.
Notably, postictal emergence of slow EEG oscillations has been associated with the efficacy and onset-of-
action of ECT2. A subanaesthetic dose of NMDA-R (N-methyl-D-aspartate receptor) blocker ketamine,
however, ameliorates symptoms of depression already within hours of a single administration3.
Glutamatergic excitability and regulation of TrkB neurotrophin receptor and GSK3β (glycogen synthase
kinase 3β) signalling are considered molecular-level determinants of ketamine’s antidepressant effects4.
Notably, a recent preclinical report suggests that a metabolite of ketamine, cis-6-hydroxynorketamine
(HNK), governs these antidepressant effects5. On the other hand, clinical observations suggest that nitrous
oxide (N2O, “laughing gas”), another NMDA-R blocking dissociative anaesthetic, also produces rapid
antidepressant effects6, but the underlying mechanisms remain essentially unstudied.

In this animal study we show that ketamine activates of TrkB and GSK3β signalling accompanied by slow
EEG oscillations, while HNK produces negligible effects. In addition, 6,6-d2-ketamine – resistant to
metabolism – produces essentially similar signalling alterations, suggesting that HNK is not responsible
for these effects. Secondly, N2O with a clinically relevant dosing regimen evokes the emergence of rebound
slow EEG oscillations. Very similar rebound slow oscillations are induced by subanaesthetic ketamine and
flurothyl (a treatment analogous to ECT). These responses become best evident upon drug withdrawal,
i.e. after the peak of acute pharmacological actions, when their most prominent effects on cortical
excitability have subsided. Most importantly, TrkB and GSK3β signalling remain unchanged during N2O
administration (ongoing NMDA-R blockade) but emerge gradually upon gas withdrawal along with
increased slow EEG oscillations. Collectively these findings reveal that rapid-acting antidepressants
produce cortical excitability that triggers “a brain state” dominated by ongoing slow oscillations, sedation
and drowsiness during which TrkB and GSK3β signaling alterations are induced.

1. Olesen J, Gustavsson A, Svensson M, Wittchen H-U, Jönsson B, CDBE2010 study group et al. The
economic cost of brain disorders in Europe. Eur J Neurol 2012; 19: 155–162.

2. Nobler MS, Sackeim HA, Solomou M, Luber B, Devanand DP, Prudic J. EEG manifestations during ECT:
effects of electrode placement and stimulus intensity. Biol Psychiatry 1993; 34: 321–330.

3. Berman RM, Cappiello A, Anand A, Oren DA, Heninger GR, Charney DS et al. Antidepressant effects of
ketamine in depressed patients. Biol Psychiatry 2000; 47: 351–354.

4. Rantamäki T, Yalcin I. Antidepressant drug action – From rapid changes on network function to network
rewiring. Prog Neuropsychopharmacol Biol Psychiatry 2016; 64: 285–292.

5. Zanos P, Moaddel R, Morris PJ, Georgiou P, Fischell J, Elmer GIet al. NMDAR inhibition-independent
antidepressant actions of ketamine metabolites. Nature 2016; 533: 481–486.

6. Nagele P, Duma A, Kopec M, Gebara MA, Parsoei A, Walker M et al. Nitrous Oxide for Treatment-
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Epidemiological evidence shows that diets rich in whole grains reduce all-cause mortality by reducing the
risk of chronic life-style related diseases, including cardiovascular disorders1. Despite the wealth of
evidence in population level, the biological mechanisms responsible for the protective effect of whole grains
are mostly unknown. In a recent investigation, we identified a group of trimethylated compounds that were
associated with consumption of diets rich in whole grains2. One of these compounds, 5-aminovaleric acid
betaine (5-AVAB, 5-trimethylaminovaleric acid), accumulated in metabolically active tissues in mice
including heart, muscle and brown adipose tissue. However, 5-AVAB is rarely reported from any mammal-
based studies, and thus there is only limited information available about its biological functions.

5-AVAB has similar molecular structure with meldonium (mildronate), a drug that inhibits β-oxidation of
fatty acids and has been associated with improved cardiac mitochondrial function after ischemia3. β-
oxidation is a mitochondrial process by which co-factors for citric acid cycle and electron transport chain
are generated from fatty acids. Our hypothesis was that 5-AVAB, similar to meldonium, would inhibit
mitochondrial β-oxidation by reducing cellular levels of L-carnitine.

First we measured 5-AVAB concentrations in human and mouse heart tissue using mass spectrometry.
Then we show that 5-AVAB, at physiological concentration range, dose-dependently inhibits β-oxidation
of fatty acids, but does not influence pyruvate oxidation or otherwise compromise mitochondrial respiration
as measured with oxygen consumption rate in cultured mouse primary cardiomyocytes.  We also
demonstrate that this effect is caused by 5-AVAB induced reduction of cellular L-carnitine. Reduced L-
carnitine levels are at least partly mediated by the inhibition of cell membrane carnitine transporter (OCTN2)
as evaluated by in silico docking, and by siRNA mediated silencing of OCTN2 in cultured cardiomyocytes.

5-AVAB caused inhibition of β-oxidation of fatty acids is a novel mechanism on how diets rich in whole
grains may regulate energy metabolism in the body.  Elucidating potentially beneficial effects of 5-AVAB
e.g. on cardiac physiology will require further in vivo investigations.

1. Schwingshackl et al. (2017). Food groups and risk of all-cause mortality: a systematic review and meta-
analysis of prospective studies. Am. J. Clin. Nutr. 105, 1462-1473

2. Kärkkäinen et al. (Submitted). Diets rich in whole grains increase levels of betainized compounds
associated with glucose metabolism.

3. Dambrova et al. (2016). Pharmacological effects of meldonium: Biochemical mechanisms and biomarkers
of cardiometabolic activity. Pharmacol. Res. 113, 771-780.
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Orexin-A and orexin-B are the activating peptide ligands of G protein-coupled orexin receptors, OX1R and
OX2R.1 The orexin signaling system has a central role in sleep-wake regulation. Therefore the orexin
receptors could provide a clinical target for antagonism and agonism, to treat insomnia and narcolepsy,
respectively.2 In recent years, the orexin receptor antagonists have been successfully developed, but the
agonists have gained minor attention. Still most of the existing agonists are peptides, which are well known
to be unsuitable therapeutic molecules and only one series of effective non-peptide orexin receptor
agonists has been published to date.3

To discover novel ligands for orexin receptors, we designed a virtual library consisting of 70 000 azulene-
based compounds with substituents in the 1-, 3- and 6-position, which can be synthesized by our efficient
synthetic methods.4,5 We synthesized a series of di- and trisubstituted azulenes after docking the database
to OX2R6 and visual examination of the top-scoring compounds. We were able to identify novel orexin
receptor ligands: both antagonists with Ki values in the low micromolar range and weak agonists. In
addition, we discovered compounds that potentiated the orexin-A response to OX1 receptors two-fold at
10 µM.

1. Sakurai, T.; Amemiya,  A; Ishii, M.; Matsuzaki, I.; Chemelli, R.; Tanaka, H.; Williams, S.; Richardson, J.;
Kozlowski, G.; Wilson, S.; Arch, J.; Buckingham, R.; Haynes, A.; Carr, S.; Annan, R.; McNulty, D.; Liu, W.-
S.; Terret, J.; Elshourbagy, N.; Bergsma, D.; Yanagisawa, M. Orexins and Orexin Receptors: A Family of
Hypo-Thalamic Neuropeptides and G Protein-Coupled Receptors That Regulate Feeding Behavior. Cell
1998, 92 (92), 573–585.

2. Gotter, A. L.; Roecker, A. J.; Hargreaves, R.; Coleman, P. J.; Winrow, C. J.; Renger, J. J. Orexin Receptors
as Therapeutic Drug Targets. Prog. Brain Res. 2012, 198, 163–196.

3. Nagahara, T.; Saitoh, T.; Kutsumura, N.; Irukayama-Tomobe, Y.; Ogawa, Y.; Kuroda, D.; Gouda, H.;
Kumagai, H.; Fujii, H.; Yanagisawa, M.; Nagase, H. Design and Synthesis of Non-Peptide, Selective Orexin
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Trisubstituted Azulenes. J. Org. Chem. 2015, 80 (22), 11513–11520.

5. Leino, T. O.; Johansson, N. G.; Devisscher, L.; Sipari, N.; Yli-Kauhaluoma, J.; Wallén, E. A. A. Synthesis of
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5539–5544.
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Cyanobacteria are a growing source of natural products and novel enzymes. Muscoride is an unusual
peptide alkaloid produced by a strain of the cyanobacterium Nostoc muscorum that contains two
contiguous methyloxazoles and is uniquely prenylated on both the amino and carboxy termini. Here we
identify the 12.7 kb muscoride biosynthetic pathway that is responsible for the elaboration of muscoride
through the post-translational modification of a short precursor protein. The muscoride biosynthetic gene
cluster encodes nine cyanobactin biosynthetic genes including two paralogous copies of a putative
prenyltransferase. Expression of the muscoride gene cluster in Escherichia coli resulted in the production
of muscoride. Biochemical assays demonstrated that the MusF1 and MusF2 prenyltransferase enzymes
are responsible for the specific amino and carboxy prenylation of the peptide. This finding expands the
known chemical and genetic diversity of the cyanobactin biosynthetic pathway.
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Rheumatoid arthritis and other chronic inflammatory diseases are characterized by prolonged and
uncontrolled inflammatory response. Mitogen-activated protein (MAP) kinases are a major signaling
pathway in inflammation up-regulating the expression of inflammatory genes and immune response. MAP
kinase phosphatases (MKPs) are also activated in inflammation, and they negatively regulate MAP kinases
by dephosphorylation to suppress and limit inflammatory responses. MKP-1 is the best characterized
member of MKPs, and interestingly, its expression has been shown to be up-regulated by glucocorticoids.
In the present study, we investigated the role of MKP-1 as a mediator of the anti-inflammatory effects of
glucocorticoids.

The effect of dexamethasone on carrageenan-induced paw inflammation was studied in MKP-1 deficient
(knock-out, KO) and wild-type (WT) mice. In addition, suppression of inflammatory gene expression by
dexamethasone was investigated in peritoneal macrophages and cartilage explants from WT and MKP-1
KO mice as well as in murine H4 chondrocytes in which MKP-1 was down-regulated with siRNA.

Carrageenan-induced paw inflammation was more severe in MKP-1 KO mice than in WT mice.
Dexamethasone significantly suppressed the inflammatory response in WT mice but its effect was
considerably impaired in MKP-1 KO mice. Following stimulation with LPS, the expression of inflammatory
genes IL-6 and iNOS was higher in peritoneal macrophages from MKP-1 KO mice than in those from WT
mice. Dexamethasone inhibited the expression of IL-6 and iNOS in WT macrophages but the effect was
clearly attenuated in MKP-1 deficient macrophages. Likewise, down-regulation of MKP-1 expression by
siRNA or its genetic deletion significantly impaired the suppressive effect of dexamethasone on the
expression of inflammatory / catabolic factors IL-6 and MMP-3 in murine chondrocytes.

The results reveal the significant mediator role of MKP-1 in the anti-inflammatory effects of the
glucocorticoid dexamethasone in murine models and underline the potential of MKP-1 as a target of anti-
inflammatory drug development.



Widespread Regulation of Gene Expression by
Glucocorticoids in Chondrocytes from OA Patients as

Determined by Next Generation Sequencing-Based Genome
Wide Expression Analysis

Antti Pemmaria, Tiina Leppänena, Mari Hämäläinena, Teemu Moilanenb,
Katriina Vuolteenahoa and Eeva Moilanena

aThe Immunopharmacology Research Group, Faculty of Medicine and Life Sciences, University of
Tampere and Tampere University Hospital, Tampere, Finland; bCoxa Hospital for Joint Replacement,

Tampere, Finland

In osteoarthritis (OA), chondrocytes display changes in their gene expression profile. Glucocorticoids (GCs)
can theoretically counteract some of the harmful changes, and intra-articular GC injections are widely used
as a symptomatic treatment for OA. However, there are also concerns about their potentially harmful
effects, and their comprehensive effects on chondrocytes remain poorly understood. We studied the effects
of GCs on gene expression in OA chondrocytes with RNA-Seq.

Chondrocytes were isolated from cartilage obtained from ten OA patients undergoing knee replacement
surgery. The cells were cultured with or without the GC dexamethasone for 24 h. Total mRNA was
sequenced, and functional analysis was performed against the GO (Gene Ontology) database. We also
separately investigated the 54 genes linked to OA in recent genome-wide association (GWAS) studies1,2,
as well as 19 genes previously found to be differentially expressed in OA affected vs. preserved cartilage
in a genome wide expression analysis (the RAAK study)3.

In dexamethasone-treated chondrocytes, 896 genes were down- and 685 upregulated in a statistically
significant manner with a fold change of more than 2.0. Several genes associated with lipid and glucose
metabolism, as well as those involved in inflammation, were among those most strongly affected. In the
GO analysis, genes involved in ECM organization, cell proliferation and adhesion, and both collagen
catabolism and anabolism were enriched among the significantly affected genes. Of note was the
downregulation of several matrix-degrading enzymes and pro-inflammatory factors, but also cartilage-
specific collagens. Conversely, several anti-inflammatory and antioxidative genes were upregulated.
Notably, 11 of the 54 genes linked to OA in GWAS studies were significantly affected by dexamethasone.
Also, two of the 19 genes identified to be upregulated in OA vs. normal cartilage in the RAAK study were
downregulated by dexamethasone.

The results indicate that GCs regulate the expression of a wide range of genes in OA chondrocytes. In
addition to clear anti-inflammatory and anticatabolic effects, CGs affect lipid and glucose metabolism in
chondrocytes, an observation that might be particularly important in the metabolic phenotype of OA.
Further studies are needed to confirm the long-term net effects of these changes in chondrocyte
pathophysiology.

1. Loughlin, J. (2015). Genetic contribution to osteoarthritis development: current state of evidence. Curr Opin
Rheumatol, 27(3), 284–288. https://doi.org/10.1097/BOR.0000000000000171

2. Wang, T., Liang, Y., Li, H., Li, H., He, Q., Xue, Y. et al. (2016). Single Nucleotide Polymorphisms and
Osteoarthritis: An Overview and a Meta-analysis. Medicine, 95(7).
https://doi.org/10.1097/MD.0000000000002811

3. Ramos, Y. F. M., den Hollander, W., Bovée, J. V. M. G., Bomer, N., van, der B., Lakenberg, N. et al. (2014).
Genes Involved in the Osteoarthritis Process Identified through Genome Wide Expression Analysis in
Articular Cartilage; the RAAK Study. PLoS ONE, 9(7), e103056.
http://dx.doi.org/10.1371%2Fjournal.pone.0103056
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Protein kinase C (PKC) isoforms regulate numerous cellular functions, making them highly attractive drug
targets.1 Utilizing the crystal structure of the PKCδ C1B domain,2 we have developed hydrophobic
isophthalic acid derivatives which allosterically modulate PKC activity by targeting the C1 domain of the
enzyme.3,4 In the present study,5 we aimed to improve the drug-like properties of the isophthalic acid
derivatives by increasing their solubility and enhancing the binding affinity. We synthesized a series of
multisubstituted pyrimidines as analogs of C1 domain–targeted isophthalates and characterized their
binding affinities to the PKCα isoform. In contrast to our computational predictions, the scaffold hopping
from phenyl to pyrimidine core diminished the binding affinity. However, the present results provide useful
structure-activity relationship data for further development of ligands targeted to the C1 domain of PKC.

1. Mochly-Rosen D, Das K, Grimes KV. Protein kinase C, an elusive therapeutic target? Nat Rev Drug Discov.
2012; 11(12):937-57.

2. Zhang G, Kazanietz MG, Blumberg PM, Hurley JH. Crystal structure of the cys2 activator-binding domain of
protein kinase C delta in complex with phorbol ester. Cell. 1995; 81(6):917-24.

3. Boije af Gennäs G, Talman V, Aitio O, Ekokoski E, Finel M, Tuominen RK, et al. Design, synthesis, and
biological activity of isophthalic acid derivatives targeted to the C1 domain of protein kinase C. Journal of
Medicinal Chemistry. 2009; 52(13):3969-81.

4. Talman V, Provenzani R, Boije af Gennas G, Tuominen RK, Yli-Kauhaluoma J. C1 domain-targeted
isophthalates as protein kinase C modulators: structure-based design, structure-activity relationships and
biological activities. Biochem Soc Trans. 2014; 42(6):1543-9.

5. Provenzani R, Tarvainen I, Brandoli G, Lempinen A, Artes S, Turku A, et al. Scaffold hopping from (5-
hydroxymethyl) isophthalates to multisubstituted pyrimidines diminishes binding affinity to the C1 domain of
protein kinase C. PloS One. 2018; In press.
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In rheumatoid arthritis (RA), the cytoplasmic enzyme peptidylarginine deiminase (PAD) appears in the
synovial fluid (SF), making PAD a potential biomarker of RA. PAD enzymes catalyse a post-translational
reaction known as citrullination, whereby the substrate – an arginine residue of a protein – is converted
into neutral citrulline. This change of the single heavy atom – from nitrogen to oxygen – in the guanidinium
group, leads to a loss of the positive charge but also alters the potential for hydrogen bonding.
Consequently, where arginine plays a key role in protein-protein interactions, citrullination can affect
molecular recognition. In order to address the effects of citrullination, citrullinated peptides from SF
samples of RA patients were identified using mass spectrometry; and their sequence and 2D/3D structure
analyses indicate that the main restraint on PAD enzyme catalysis is simply having an exposed arginine
rather than due to specificity-determining features of the adjacent residues.1 Indeed, many proteins were
found modified in SF, and citrulline was found where arginine residues play important roles at the growth
factor–receptor interfaces. With e.g. transforming growth factor beta1 (TGFB1), citrullination of the latency
associated peptide interferes with the binding to the integrin receptor aVb6.2 These results illustrate how
citrullination can participate in RA, with effects on TGFB signalling as well as on other growth factors
associated with inflammatory processes. PAD enzymes have the potency to affect protein-protein
interactions that regulate immune response and remodelling in joint inflammation.

1. Sipilä KH, Ranga V, Rappu P, Mali M, Pirilä L, Heino I, Jokinen J, Käpylä J, Johnson MS, Heino J. Joint
inflammation related citrullination of functional arginines in extracellular proteins. Scientific Reports. 2017, 7:
8246.

2. Sipilä KH, Ranga V, Rappu P, Torittu A, Pirilä L, Käpylä J, Johnson MS, Larjava H, Heino J. Extracellular
citrullination inhibits the function of matrix associated TGF-β. Matrix Biology. 2016, 55:77-89.



Cartography of vertebrate G protein-coupled receptors
Maiju K. Rinne,a Zia Ur Rehman a,b, Vigneshwari Subramaniana, Henri Xhaarda

aDivision of Pharmaceutical Chemistry and Technology, Faculty of Pharmacy, University of Helsinki,
Finland; b Department of Computer and Information Sciences, Pakistan Institute of Engineering and

Applied Sciences (PIEAS), Pakistan

GPCRs are integral membrane proteins functioning as cell-surface receptors. They are involved in most
physiological processes, from control of blood pressure, anxiety, pain responses, immune system, smell,
sight, taste etc. The human GPCR family of human receptors comprises 800 members that can be divided
into 5 groups1. The largest group contains 700 receptors, the Class A (rhodopsin-like) group, among which
400 members are thought to be primarily involved in the sense olfaction. While the repertoire of human
GPCRs has been well studied, the growing genomic data from non-human species is poorly investigated.
This study provides the first cartography of GPCR subtypes and families across vertebrate species at the
genomic scale, and opens fascinating questions about the biological role of these new receptors. The aim
of this study is to identify new GPCR subtypes and orphan receptors in non-human vertebrate species.

We conducted a genome mining study and manual annotation of rhodopsin-like non-olfactory GPCRs. We
have curated and classified about 14.000 amino acid sequences predicted from genomic data for non-
olfactory class A GPCRs. These sequences belonging to 94 genomes representing nine clades were
extracted from the Ensembl database and used in a large-scale phylogenetic analysis: mammalians
(eutharian, 65 genomes, monotremes, 1, and marsupials, 3); birds (5); reptiles (2); amphibians (1); ray-fin
fish (11); lobe-fin fish (1), as well as included for comparison representatives of the protochordates (2),
lamprey (1)  and invertebrates (2).

We identified ~150 putative non-olfactory Class A GPCRs with no equivalent gene in human, and about
half of these receptors were never mentioned in the literature. Nineteen (out of ~ 150) are distant from any
group of receptors and likely orphan, and the others probable subtypes of existing receptors. Not
surprisingly, most of the new receptors are found in ray-finned fishes and only a few in placental mammals.

Better knowledge of GPCRs in non-human species is important and of high interest in many fields of
science: in pharmacology (animal models), in ecotoxicology, in neuroscience (function of the brain) and in
evolutionary biology (studying phylogeny, common ancestors and genome duplications etc.). This work
has major implications when discussing nomenclature issues for GPCRs as well as investigating
pharmacology of animal models.

1. Fredriksson R, Lagerström MC, Lundin LG, Schiöth HB. Mol Pharmacol. 2003, 63, 1256-1272.
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Due to the increasing microbial resistance to antibiotics, there is an urgent need for finding novel ways to
effectively prevent or treat bacterial infections. Characterizing the mechanisms of how bacteria cause
infections has exposed new targets for the development of novel antibiotics. Staphylococcus aureus (S.
aureus), a gram-positive bacterium causes various diseases from mild infections to life-threatening
conditions.

In this study, we have investigated the pathogenic interactions of a S. aureus toxin, super antigen-like
protein 7 (SSL7) with the human immune system proteins, immunoglobulin A (IgA) and complement
component C5, to decipher the key interactions between these proteins. This information will be essential
for our future attempt to design and develop agents that can block SSL7-host protein interactions. Such
antivirulence agents could be useful as therapeutics in severe multi-resistant S. aureus infections.1,2

We used structural bioinformatics and molecular modeling in investigating the SSL7-IgA/C5 interactions.
Moreover, we exploited species specificity of the toxin–host protein interactions to aid in understanding the
key residues in forming the interactions; SSL7 binds human IgA and C5 but not the corresponding proteins
from some other host organisms.

The observed differences in SSL7-IgA/C5 interface residues and molecular electrostatic potentials as well
as predicted glycosylation sites may explain the differential binding within species.

In sum, we studied the key interactions of S. aureus SSL7 with immune system proteins IgA and C5. The
results of the study can aid in targeting the pathogenic SSL7 interactions to combat severe S. aureus
infections.

1. Dickey, S. W., Cheung, G. Y. & Otto, M. Different drugs for bad bugs: antivirulence strategies in the age of
antibiotic resistance. Nature Rev Drug Discov. 2017, 16, 457-471.

2. Kong, C., Neoh, H. & Nathan, S. Targeting Staphylococcus aureus Toxins: A Potential form of Anti-
Virulence Therapy, Toxins 2016, 8, 72; doi:10.3390/toxins8030072
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Sirtuins are an evolutionary conserved family of enzymes consisting of seven different isoforms (SIRT1-7)
regulating the acylation state of e-N-lysine residues of proteins via the NAD+-dependent deacylation.1
SIRT2 is the most abundant isoform in the brain and its enzymatic activity can be associated with a
neurotoxic effect in the context of neurodegenerative diseases. As such, the development of potent and
selective SIRT2 inhibitors is of great interest.2 Recently, we have shown that substituted 2-alkyl-
chroman-4-one derivatives can serve as selective inhibitors of SIRT2.3 For a further development, a
detailed understanding of the binding site is important in order to make structural modifications to
overcome obstacles in potency and selectivity.

The light-induced cross-linking of a photoreactive ligand with a biological macromolecule, known as
photoaffinity labeling (PAL) is a powerful biochemical technique to study protein–ligand interactions.4 We
have applied cross-linking experiments with a diazirine-based PAL probe in combination with tandem
mass spectrometry and identified a modified tryptic peptide arising from the covalent attachment of the
probe to SIRT2. The peptide covers both the active site of SIRT2 and the proposed binding site of the
chroman-4-one based inhibitors.5

Currently, the work focuses on the development of bifunctional probes carrying the photophore and a
functional group serving as handle for post-labeling modifications with biotin for affinity enrichment of
modified peptides or fluorescent dyes for visualisation purposes.

1. Chen, B.; Zang, W.; Wang, J.; Huang, Y.; He, Y. Yan, J.; Liu, J.; Zheng, W. Chem. Soc. Rev. 2015, 44,
5246– 5264

2. Jęśko, H.; Wencel, P.; Strosznajder, R. P.; Strosznajder, J. B. Neurochem. Res. 2017, 4, 876–890.
3. Seifert, T.; Malo, M.; Kokkola, T.; Engen, K.; Friden-Saxin, M.; Wallen, E. A. A.; Lahtela-Kakkonen, M.;

Jarho, E. M.; Luthman, K. J. Med. Chem. 2014, 57, 9870–9888.
4. Smith, E.; Collins, I. Future Med. Chem. 2015, 7, 159–183.
5. Seifert, T.; Malo, M.; Lengqvist, J.; Sihlbom, C.; Jarho, E. M.; Luthman, K. J. Med. Chem. 2016, 59, 10794–

10799.
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G protein-coupled orexin receptors, OX1 and OX2, and their activating peptide ligands, orexin-A and orexin-
B1,2, regulate sleep and arousal.3 The orexin system could provide a clinical target for both receptor
activation and blockade—to treat narcolepsy and insomnia, respectively. Unlike the orexin receptor
antagonists, whose discovery has been successful over a decade, most of the existing agonists are
peptides, which are well known to be unsuitable as therapeutic molecules; to date, only one effective non-
peptide orexin receptor agonists is reported.4

To reveal novel orexin receptor activating scaffolds, we designed a virtual combinatory database of 70 000
synthesisable orexin peptide-mimicking azulene-based compounds, and docked them to OX2 crystal
structure5. The docking results guided the design of 23 compounds, which were subsequently synthetized
and tested in vitro in competition binding and Ca2+ elevation assays together with 8 previously reported
analogues. Of these compounds, 12 were identified as orexin receptor antagonists (inhibited the binding
of [125I]-orexin-A over 30%), 8 potentiated the actions of orexin-A, and two acted as weak orexin receptor
agonists.

1. Sakurai, T. et al. Orexins and orexin receptors: a family of hypo- thalamic neuropeptides and G protein-
coupled receptors that regulate feeding behavior. Cell 92, 573–585 (1998).

2. DeLecea, L. et al. The hypocretins : Hypothalamus-specific peptides with neuroexcitatory activity. 95, 322–
327 (1998).

3. Roecker, A. J., Cox, C. D. & Coleman, P. J. Orexin Receptor Antagonists: New Therapeutic Agents for the
Treatment of Insomnia. J. Med. Chem. 59, 504–530 (2016).

4. Nagahara, T. et al. Design and Synthesis of Non-Peptide, Selective Orexin Receptor 2 Agonists. J. Med.
Chem. 58, 7931–7937 (2015).

5. Yin, J., Mobarec, J. C., Kolb, P. & Rosenbaum, D. M. Crystal structure of the human OX2 orexin receptor
bound to the insomnia drug suvorexant. Nature 519, 247–250 (2015).
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Retinol binding protein 4 (RBP-4) is a retinol (vitamin A alcohol) carrier in the blood. RBP-4 binds to vitamin
A receptor (also known as stimulated by retinoic acid 6, STRA6) and acts also as an endogenous ligand
for Toll-like receptor (TLR)-4. Recently, RBP-4 has been described as an adipokine that contributes to
insulin resistance and metabolic syndrome (MetS). As obesity, MetS and adipokines are associated with
osteoarthritis (OA), we investigated if RBP-4 is related to OA.

Cartilage, synovial fluid and blood samples were collected from 100 OA patients [BMI 29.7 (8.3) kg/m2,
age 72 (14) years, median (IQR); 62/38 females/males] undergoing knee replacement surgery. Cartilage
samples were cultured ex vivo to study RBP-4 release from the cartilage into the culture medium. Genome
wide expression analysis was performed using chondrocytes from OA patients. Next generation
sequencing (NGS) was carried out with Illumina HiSeq2500. Expression of the genes of interest were
measured by qRT-PCR and immunoassay.

According to the NGS analysis, RBP-4 was shown to be the most prominently expressed adipokine in
chondrocytes from OA patients. qRT-PCR was used to confirm the synthesis and production of RBP-4
showing expression of RBP-4 mRNA. Cartilage samples from OA patients released RBP-4 protein into the
culture medium (11.9 ± 0.5 ng/10 mg cartilage, mean ± SEM) and these levels correlated positively with
the other adipokines measured: adipsin (r = 0.27; p = 0.007), leptin (r = 0.29; p = 0.004) and especially
adiponectin (r = 0.54; p < 0.0001). RBP-4 showed also a positive correlation with MMP-1 (r = 0.26; p =
0.010) and MMP-3 (r = 0.24; p = 0.017) within the culture medium.

RBP-4 levels were present in the synovial fluid samples from OA patients (20.4 ± 1.2 µg/ml) and the levels
correlated with those measured in cartilage culture medium from the same patients (r = 0.27; p = 0.025).
In plasma, RBP-4 levels (49.2 ± 1.8 µg/ml) were higher than those in synovial fluid; there was a rather
strong positive correlation between RBP-4 concentrations in plasma and synovial fluid (r = 0.45; p <
0.0001), but RBP-4 did not correlate with BMI. Plasma RBP-4 concentrations showed also a positive
correlation with adipsin (r = 0.39; p < 0.0001), but there was no associations with the other adipokines
measured. Plasma RBP-4 levels correlated positively also with a biomarker of OA, MMP-3 (r = 0.25; p =
0.012), but not with COMP.

We show here for the first time that RBP-4 is expressed in OA chondrocytes, and it is associated with
increased levels of adipokines and MMPs 1 and 3. The results suggest a role for RBP-4 in the pathogenesis
of OA and as a potential target for disease-modifying drugs for the treatment of OA.
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Objectives: Transient receptor potential ankyrin 1 (TRPA1) is a membrane-associated cation channel
which has primarily been studied in neurons, where it is involved in nociception and neurogenic
inflammation. We have recently shown that TRPA1 is also functionally expressed in human OA
chondrocytes, where it mediates inflammatory and catabolic responses1, and where its expression is
downregulated by anti-inflammatory drugs dexamethasone and aurothiomalate2. We have also shown that
in monosodium iodoacetate-induced experimental osteoarthritis TRPA1 activation mediates inflammation,
cartilage degradation and pain3. In this study we aimed to investigate in chondrocytes the role of TRPA1
in joint inflammation.

Methods: Genome wide expression analysis was performed using chondrocytes from WT and TRPA1
deficient (knock-out, KO) mice. Next generation sequencing was carried out with Illumina HiSeq2500 and
functional analysis was performed against the GO (Gene Ontology) database. Chondrocytes/cartilage from
TRPA1 KO and WT mice, as well as primary human OA chondrocytes, were cultured with IL-1β alone or
together with selective TRPA1 antagonist HC-030031. Expression of the genes of interest was measured
by qRT-PCR and immunoassay.

Results: According to the GO analysis, genes involved in the regulation of IL-6 production were enriched
among the significantly affected genes. IL-6 was shown to be one of the most prominently expressed
cytokines in WT chondrocytes, and in cells from TRPA1 KO mice the expression of IL-6 was significantly
downregulated. The results further showed that other members of the IL-6 family of cytokines: IL-11 and
leukemia inhibitory factor (Lif) were also significantly downregulated in chondrocytes from TRPA1 KO mice.
The downregulation of IL-6 was verified with qRT-PCR. Also, genetic deletion of TRPA1 in murine cartilage
explants, and pharmacological inhibition of TRPA1 in WT murine chondrocytes, as well as in primary
human OA chondrocytes, significantly downregulated the expression of IL-6.

Conclusions: The genome wide expression analysis revealed the fundamental role of TRPA1 in the
regulation of IL-6 production in chondrocytes. These results together with our recent data on TRPA1 in
cellular and animal models support the concept of TRPA1 as a potential mediator and drug target in
osteoarthritis.

1. Nummenmaa E, Hämäläinen M, Moilanen LJ, Paukkeri EL, Nieminen RM, Moilanen T, Vuolteenaho K,
Moilanen E. Transient receptor potential ankyrin 1 (TRPA1) is functionally expressed in primary human
osteoarthritic chondrocytes. Arthritis Res Ther 2016;11;18(1):185

2. Nummenmaa E, Hamalainen M, Moilanen LJ, Moilanen T, Vuolteenaho K, Moilanen E. TRPA1 expression
is downregulated by dexamethasone and aurothiomalate in human chondrocytes: TRPA1 as a novel factor
and drug target in arthritis. RMD Open 2017;3(2):000556

3. Moilanen LJ, Hämäläinen M, Nummenmaa E, Ilmarinen P, Vuolteenaho K, Nieminen RM, Lehtimäki L,
Moilanen E. Monosodium Iodoacetate-Induced Inflammation and Joint Pain are Reduced in TRPA1
Deficient mice – Potential Role of TRPA1 in Osteoarthritis. Osteoarth Cartilage 2015;23:2017-2026.
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Membrane-bound pyrophosphatases (mPPases) are large homodimeric integral membrane proteins which
hydrolyse pyrophosphate into orthophosphates, coupled with the active transport of protons or sodium ion
across membranes. They are important to the life cycle of bacteria, archaea, plants, and protist parasites,
but no homologous proteins exist in human and animals, making them promising drug targets for treating
protistal diseases1. The first structure of a mPPase was solved in the Goldman laboratory.2 To date, only
phosphorous-containing inhibitors of the mPPases have been reported, limiting their therapeutic utility.

Here, we present a small molecule inhibitor of the Thermotoga maritima PPase (IC50 of 1.7 mM) identified
through screening efforts. We also present analogues of the hit compound, some of which were designed
to help structural studies. Kinetic study demonstrated a non-competitive mode of action. The binding mode
was finally solved by X-ray crystallography2 at 3.7 Å resolution together with the substrate analogue,
imidodiphosphate. The hit compound binds to the protein monomer near the exit channel, forming a
hydrophobic clamp which inhibit the movement of b-strand 1-2 during hydrolysis and sodium pumping
activity. This region is not conserved in pathogenic proteins, limiting the translation potential of the inhibitor
to pathogenic PPases. Yet, this class of compounds should have application as chemical tools to
understand protein function, and to co-crystallization studies to obtain structures bound with inhibitors that
use different sites.

1. R. Shah N, Vidilaseris K, Xhaard H, Goldman A, 1 School of Biomedical Sciences and Astbury Centre for
Structural Molecular Biology, University of Leeds, Leeds, UK. Integral membrane pyrophosphatases: a
novel drug target for human pathogens? AIMS Biophysics 2016;3:171–94.

2. Kellosalo J, Kajander T, Kogan K, Pokharel K, Goldman A. The Structure and Catalytic Cycle of a Sodium-
Pumping Pyrophosphatase. Science 2012;337:473–6. doi:10.1126/science.1222505.


