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Greetings

We are pleased to announce the 3rd Meeting of the European Research Network on Signal Transduction
(ERNEST COST Action CA18133) with the theme of Signal transduction: From the genomic to the systems
level (and everything in between) on October 12-14, 2020.

We are living in unprecedented times. When ERNEST held its first general meeting a year ago in Belfast,
none of us could have anticipated that the most disruptive pandemic in history was just a few months
away. As we planned the second ERNEST meeting for late March 2020 in Istanbul, we watched the news
worryingly as coronavirus spread quickly throughout Europe. Many ERNEST members had to cancel their
meeting registration as they were no longer allowed to travel. Eventually, on the 13th of March, COST
cancelled all in-person meetings of its Actions. ERNEST moved quickly to bring its planned meeting online
in time, March 28-30, 2020. The virtual meeting was a success with over 200 people tuned in for the
keynote address.

The theme of the 3rd ERNEST meeting relates to our main objective: to develop a comprehensive and
holistic understanding of signal transduction. By linking the different levels at which GPCR signal
transduction is modulated (i.e. at the level of genes, proteins, cells/tissues and systems), we can better
understand signal transduction as a whole.

Although we will not be meeting in person, we have worked hard to develop an engaging and interactive
online meeting program that will foster networking. ERNEST strives to support our community of GPCR
researchers in these pandemic times. This meeting will bring together scientists at different career levels
from all around Europe and the world and serve as an excellent global platform for researchers from
industry and academia to learn, interact, share ideas, network and establish collaborations. Moreover, the
meeting will showcase ECI’s, their research, and their valuable role in the research community.

Organizing Committee
Antonella Di Pizio (Munich), Chloe Peach (Nottingham/NYC), Ali Ishilir (Berlin),
Margaret Cunningham (Glasgow), Mariona Torrens Fontanals (Barcelona), Itziar Muneta (Bilbao),
Desislava Nesheva (Nottingham), Martha Sommer (Berlin), Jana Selent (Barcelona),
Luise Wagner (ICTAC Conference Management)
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Early Career Committee
Alexander Hauser (Copenhagen), Franziska Heydenreich (Germany),
Johanna Tiemann (Copenhagen), Maria Majellaro (Santiago de Compostela),
Willem Jespers (Netherlands)
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Research
Service Division

World class services from target ID
to pre-clinical candidate and beyond

Join more than 4,000 pharma, biotech, non-profit and academic collaborators
who trust our platform. Access our end-to-end solutions in small molecule,
peptide and oligonucleotide drug discovery and development.

m Medicinal Chemistry m Biophysics and Structural Biology
M Assay development & screening m Oncology discovery services
m Pharmacology m Full develop services

B Integrated discovery projects

http://rsd.wuxiapptec.com
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About WuXi DEL

DNA Encoded Library (DEL) technology is a novel affinity selection technology that integrates chemistry, biology, bioinformatics and computational
chemistry to facilitate a rapid drug discovery process, allowing access to more chemical entities with lower cost.

In contrast to high throughput screening, DEL requires a very small amount of target protein and minimum assay development. DEL selection can also
be performed on the benchtop and does not require complex instrumentation. Most importantly, it disrupts the concept of “cost-per-well” and allows
testing billions of compounds in one test tube. The rich data generated by DEL not only generates hits but also provides necessary information into
hit-to-lead and lead-optimization processes.

WuXi's DEL mission is to bring high quality DEL service to clients at affordable prices by providing flexible business models, project entry/exit points
and customized selection strategies

M More than 66 billion synthetic compounds and growing ¥ International expert team located in North America, Asia and Europe
W Proven success with nanomolar hits in various target classes B Flexible business model to accommodate different needs

W Bioinformatics system to collect, process and analyze data, and to
facilitate involvement of the client to make collective decisions

About OELopen

DELopen is a platform enabling industry and academic research institutions to connect and realize effective sharing of scientific research information
and protection of intellectual property. Through this platform, researchers and institutions engaged in the development of new drugs with DEL technolo-
gy can more quickly conduct early new drug development and push the results of early development to commercialization as soon as possible. The
blockchain technology in the DELopen platform acts as a tamper-proof digital ledger that records activity in a transparent, secure, and accessible
format. As a tool for improving security, transparency, and efficiency, it helps researchers and institutions protect their own target information.

About DELopen kit
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= 4.4 billion compound collection m Experiment first, contracts later m Double blinded screening
W Multiple solutions to unlock data W Encouraging data sharing W IP protection for everyone

Included in the Kit Included with No Additional Cost Follow-up Steps

* Number of Libraries: 30 » Sample processing at WuXi AppTec DEL platform = Pick top five hits
* Total compounds: 4.4 Billion NGS & Sequencing alignment * Resynthesis and activity test by researcher
= Conditions available: 4 Data summary report * Structure release options
© $0 Initial Commitment Data package without structure release » Data for Hits or Fee for Hits
Turn-around Time: 6 weeks

Details / Quotation available via: DEL_service@wuxiapptec.com
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l.frontiers . Impact factor
in Endocrinology

A PEER-REVIEWED
OPEN ACCESS JOURNAL

Frontiers in Endocrinology publishes rigorously peer-reviewed research from basic
molecular and cellular communication to clinical care, advancing our understanding
of the endocrine system, and leading to novel therapies for some of the most
prevalent health issues such as obesity, diabetes, reproduction and aging. Field Chief
Editor Jeff M. P. Holly at the University of Bristol is supported by an outstanding
Editorial Board of international researchers. This multidisciplinary open-access
journal is at the forefront of disseminating and communicating scientific knowledge
and impactful discoveries to researchers, academics, clinicians and the public
worldwide.

In today's world, endocrinology is becoming increasingly important as it underlies
many of the challenges societies face - from obesity and diabetes to reproduction,
population control and aging. Endocrinology covers a broad field from basic
molecular and cellular communication through to clinical care and some of the most
crucial public health issues. The journal, thus, welcomes outstanding contributions
in any domain of endocrinology.

Frontiers in Endocrinology is organized into 17 Specialty Sections that cover different
areas of research in Endocrinology.

Visit the journal: frontiersin.org/endocrinology
y  @FrontEndocrinol

B4 endocrinology@frontiersin.org
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HIGH QHALITY
FAST PEER REVIEW

83 days from submission 359 0+ 410 0+
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Value through
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Family-owned since 1885, Boehringer Ingelheim is one

of the leading pharmaceutical companies worldwide.

More than 51,000 employees create value through innovation
in the business areas Human Pharma, Animal Health and
Biopharmaceutical Contract Manufacturing. In our role

as our patients’ partner we concentrate on researching

and developing innovative medicines and therapies that

can improve and extend patients’ lives.

™~ Boehringer
I"II Ingelheim

www.boehringer-ingelheim.com
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Monday, Oct 12

9:00 - 9:30 Conference opening
(CET)
Martha Sommer and Jana Selent
9:30 - 9:45 BREAK
Session 1: Protein dynamics and the macromolecular interactions in signaling pathways
(WG1)
9:45 - 10:15. Alisa Glukhova (Monash University, Australia)
S1.1 'Structural basis for allostery and bias at the adenosine receptors'
10:15 - 10:45. Alexey Bondar (University of South Bohemia, Czech Republic)
9:45 - 11:15 S1.2 'Preassembly between G protein-coupled receptors and G proteins studied at
the single-molecule level’
10:45 - 11:00. Devrim Oz-Arslan (Acibadem Mehmet Ali Aydinlar University, Turkey)
S1.3 'Investigation of new binding partners for ATG3 protein in a hepatoma cell line'
11:00 - 11:15. Vaithish Velazhahan (MRC Laboratory of Molecular Biology, Cambridge, UK)
S1.4 'Structure of the Class D GPCR Ste2 dimer coupled to two G proteins'
11:15-11:30 | BREAK
Session 2: Session 3: Challenges and Chances of Multi-
Collaboration with Frontiers Journals disciplinarity in GPCR research
11:30 - 12:15
Marcel Bermudez (Free University, Berlin
George Thomas (Frontiers Media SA, Germany)
Switzerland)
12:15-12:30 | BREAK
Session 4: Biological roles and physiological contexts of signal transduction (WG2)
12:30 - 12:50. Meritxell Canals (University of Nottingham, UK)
S4.1 ‘Efficacy and Bias at the mu-opioid receptor’
12:50 - 13:10. Claudia Staubert (University of Leipzig, Germany)
S4.2 'Fermented food derived metabolites mediate innate immune cell function
through highly potent activation of HCA3’
12:30 - 14:00 | 13:10 - 13:30. Julien Hanson_(University of Liege, Belgium)
S4.3 ‘Functional characterization of the orphan GPCR GPR101’
13:30 - 13:45. Anemari Horvat_(University of Ljubljana, Slovenia)
S4.4 'Noradrenergic signalling and metabolism are dysregulated in astrocytes with
cytoplasmic ALS/FTD-linked TDP-43 inclusions'
13:45 - 14:00. Andreas Bock (Max-Delbriick-Center for Molecular Medicine, Berlin, Germany)
S4.5 'Optical mapping of cCAMP signaling at the nanometer scale’
14:00 - 15:00 | BREAK
Meet Today's Speakers & Networking Session 5: Dr.GPCR online platform for GPCR
Room 1: Alisa Glukhova, Alexey Bondar, researchers
) ; Devrim Oz-Arslan, Vaithish Velazhahan,
15100 - 16:00 Marcel Bermudez Yamina Berchiche (Dr.GPCR Founder, USA)
Room 2: Meritxell Canals, Claudia Staubert,
Julien Hanson, Anemari Horvat, Andreas Beyond the Lab
Bock, George Thomas
16:00 - 16:15 | BREAK
Session 6: Keynote Address, Q&A and Meet the Keynote
16:15 - 17:45 | Roshanak Irannejad (UCSF, USA) - Regulation of GPCR Signaling by Transporters
17:45 - 18:00 | BREAK
18:00 - 19:00 | Poster session 1
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Tuesday, Oct 13

Session 7: GPCRdb and GPCRmd

Session 8: Workshop HitS DEL platform by WuXi

9:00 - 10:30 Introduction, Updates & AppTec
(CET) Workshop
9:00 - 9:40. Dennis Gillingham (University of Basel,
Switzerland), S8.1 'DNA multitasking in DNA encoded
libraries'
Albert Kooistra & David Gloriam 9:40 - 10:00. Nuska Tschammer (WuXi AppTec HitS
S7.1 GPCRdb platform/Crelux, Germany), S8.2 'DELopen and DELight
Promote Early Drug Discovery by Implementing Self-
Mariona Torrens & Jana Selent service DNA-Encoded Libraries Platforms'
S7.2 GPCRmd 10:00 - 10:30. Marco Potowski (TU Dortmund University,
Germany), S8.3 'Initiating DNA encoded library synthesis
on solid phase — chemistry development, library synthesis,
and TEAD-YAP inhibitor identification’
10:30 - 10:45 | BREAK
Session 9: Design and optimization of molecular modulators of signal transduction (WG3)
10:45 - 11:15. Gyorgy Keserl (Research Center for Natural Sciences, Hungary)
S9.1 'Conservation of allosteric sites in G-protein coupled receptors'
10:45 - 12:15 11:15 - 11:45. Christofer Tautermann (Boehringer Ingelheim, Germany)
S9.2 'Drug residence time — and the role of water'
11:45 - 12:00. Enza Lacivita (University of Bari Aldo Moro, ltaly)
S9.3 'Structure-kinetic relationship studies on serotonin 5-HT7 receptor ligands: role
of the lipophilicity on residence time'
12:00 - 12:15. Margarida Fardilha (University of Aveiro, Portugal)
S9.4 'Protein phosphatase 1 disrupting peptides as a strategy to modulate sperm
motility'
12:15-12:30 | BREAK
Session 10: Workshop Session 11: Industry Innovators
12:30 - 14:00 12:30 - 13:00. Eric Trinquet (CisBio, France)
Mickey Kosloff (University of Haifa, S11.1 'No-wash technologies to investigate cell
Israel) signalling pathways in disease relevant cellular
3D Structures in GPCR Signalling - a models’
primer for non-experts 13:00 - 13:30. Frank Birke (PicoQuant, Germany)
S11.2 'Lifetime for Life Science’
13:30 - 14:00. Yaroslav Nikolaev (InterAx Biotech,
Switzerland) S11.3 'Al-meets-RI (Artificial meets
REAL intelligence) approach to GPCR drug discovery'
14:00 - 15:00 | BREAK
Meet Today's Speakers & Networking Session 12: Academia or Industry?
Room 1: Gyorgy Keseru,
Christofer Tautermann, Enza Lacivita,
15:00 - 16:00 Margarida Fardilh Christofer Tautermann (Boehringer Ingelheim,
Room 2: Dennis Gillingham, Nuska Germany)
Tschammer, Marco Potowski; Eric Meritxell Canals (University of Nottingham, UK)
Trinquet, Frank Birke, Yaroslav Willem Jespers (Uppsala University, Sweden)
Nikolaev
16:00 - 16:15 | BREAK
Session 13: Mapping Group: towards a multidimensional understanding of GPCR signal
transduction
Opening: Jana Selent
16:15 - 17:45 | Numbers & Facts: Mariona Torrens
Pilot project: Maria Marti & Ulrike Wittig
Round table: Maria Marti, Jana Selent, Maria Dost, Ulrike Wittig
17:45 - 18:00 | BREAK
18:00 - 19:00 | Poster session 2
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Wednesday, Oct 14

9:00 - 10:30
(CET)

Session 14: Advanced methods and technologies in signal transduction research (WG4)

9:00 - 9:30. Rima Budvytyte (Life Sciences Center, University of Vilnius, Lithuania)
S14.1 'Tethered Bilayer Lipid Membranes - a Platform for Studies of Protein-Lipid
Interaction and Biosensing
9:30 - 10:00. Mat Leveridge (Sosei Heptares, Cambridge, UK)
S14.2 'Alook inside the GPCR Structural Pharmacology toolbox: From hit ID, H2L, LO
to Cell Biology for GPCR SBDD'
10:00 - 10:15. Angela Stefanachi (University of Bari Aldo Moro, Italy)
S14.3 'CB2 Receptor agonists as important tools for the design of new fluorescent
probes and new multitarget directed ligands (MTDL) against multifactorial disease'
10:15 - 10:30. Yann Lanoiselée (University of Birmingham, UK)
S14.4 'Detecting transient trapping events from a single trajectory"

10:30 - 10:45

BREAK

10:45 - 12:05

Session 15: GDR3545 GPCR signaling — from cellular to systemic level (WG-GDR)

10:45 - 10:50. Erika Cecon (Université de Paris, France)
S15.1 French GPCR network GDR-3545 on G protein-coupled receptors
— from physiology to drugs'

10:50 - 11:10. Frederic Jean-Alphonse (INRAE, Tours, France)
S15.2 'Mechanisms in GPCR endosomal cAMP signaling'

11:10 - 11:30. Raphaelle Quillet (Biotechnology and Cellular Signalling, llikirch, France)
S15.3 'RFRP-3/NPFF1R is a pronociceptive system involved in long-term effects
associated with chronic opioid administration and inflammatory pain'

11:30 - 11:50. Jordi Haubrich (Neuroreceptors, dynamics and function, IGF, France)

S15.4 'Nanobody activating mGlu4 receptor discriminates between homo- and
heterodimers'

11:50 - 12:05. Clémentine Philibert (Institut de Génomique Fonctionnelle, Montpellier, France)
S15.5 'Characterization of endogenous mGlu2 receptor interactome in mouse brain’

12:05-12:30

BREAK

12:30 - 14:00

Session 16: Web-based resources and computational modelling of signal transduction (WG5)

12:30 - 12:55. Roser Vento (Sanger Institute, Hinxton, UK)
S16.1 'Human Cell Atlas: Mapping the human body one cell at a time'
12:55 - 13:20. David Gloriam (University of Copenhagen, Denmark)
S16.2 'GPCRdb G proteins, arrestins and biased signalling'
13:20 - 13:45. Ddra Kiss (Research Centre for Natural Sciences, Budapest, Hungary)
S16.3 'Controlling receptor function from the extracellular vestibule of G-protein
coupled receptors'
13:45 - 14:00. Eitan Margulis (Hebrew University of Jerusalem, Israel)
S16.4 'BitterMatch: Netflix-inspired ligand-receptor matching tool'

14:00 - 15:00

BREAK

15:00 - 16:00

Meet Today's Speakers & Networking Session 17: Round Table: Al in GPCR research
Room 1: Rima Budvytyte,

Mat Leveridge, Angela Stefanachi,
Yann Lanoiselée

Room 2: Frederic Jean-Alphonse,
Raphaelle Quillet, Jordi Haubrich,
Clementine Philibert

Room 3: Roser Vento, David Gloriam,
Dora Kiss, Eitan Margulis

Tudor Oprea (University of New Mexico, USA)
Maria Waldhoer (InterAx Biotech, Switzerland)

Thomas Sakmar (Rockefeller University, NY, USA)

16:00 - 16:15

BREAK

16:15 - 16:45

Conference Closing & Poster Prizes

Martha Sommer

16:45 - Open

Informal Networking & Socializing

Room 1: "Beer" Room 2: "Wine" Room 3: "Tea & Coffee”

17:00 - 18:30

MC Meeting
Martha Sommer and Jana Selent

COST Action
CA18133

Il "/ERNEST

European Research
Netwaork on Signal
Transduction


http://www.rimabudvytytewebpage.sitew.org/
https://www.institutcochin.fr/institute/news/price-of-the-fondation-philippe-chatrier-awarded-erika-cecon
https://www.lestudium-ias.com/fellow/dr-frederic-jean-alphonse
https://scholar.google.com/citations?user=KZpr-6AAAAAJ&hl=fr
https://www.sanger.ac.uk/person/vento-roser/
https://drug.ku.dk/disciplines/peptides-and-proteins/gloriam-group/
https://scholar.google.co.il/citations?user=3SIPMmsAAAAJ&hl=iw
https://scholar.google.com/citations?user=2O0vLx8AAAAJ&hl=en
https://orcid.org/0000-0003-3534-1959
https://www.rockefeller.edu/our-scientists/heads-of-laboratories/1205-thomas-p-sakmar/
http://koslofflab.haifa.ac.il/
https://biophysik.charite.de/en/metas/person_detail/person/address_detail/sommer-1/
http://grib.imim.es/about-us/jana-selent/

ABSTRACT BOOKLET: TABLE OF CONTENTS

GENERAL PROGRAMME (Central EUrOPEAN TIME) .. .uuuuuuiueiuieririisisieteresstsssssssrsssssssssssssssssssrsrsssrse————. 7
1Y/ o] e Fo Y2 Lo PP PRUR PO 7
LT (=S £ 20 o 8
AT Te L= E]o F= Y Lo PR UT RSP 9

............................................................................................. 10
........................................................................................................................................ 14
KBYNOTE SPEAKET ... i ——— 14
Session 1: Protein dynamics and the macromolecular interactions in signaling pathways (WG1)............... 15
S1.1 Structural basis for allostery and bias at the adenosing reCceptors ..........ccccvveeeeeeiiicciieeeee e 15
S1.2 Preassembly between G protein-coupled receptors and G proteins studied at the single-molecule
L= SRR 16
S1.3 Investigation of new binding partners for ATG3 protein in a hepatoma cell line...........ccccccvvvvvninnnns 17
S1.4 Structure of the Class D GPCR Ste2 dimer coupled to two G Proteins .........cccceveveeeeiivieeeniiieeeenenn 18
Session 2: Collaboration wWith FrONtIErs JOUIMNAUS ......ccoiiiiiiiiiiiiee et 19
Session 3: Challenges and Chances of Multidisciplinarity in GPCR ReSearch .........ccccccoviiiiiiiiiiiceiiiieeens 20
Session 4: Biological roles and physiological contexts of signal transduction (WG2) ...........uevvvvveveivvnininnnnn. 21
S4.1 Efficacy and bias at the mu-0pioid FECEPLON ........c.uiiii i 21
S4.2 Fermented food derived metabolites mediate innate immune cell functions through highly potent
ACHIVALION OF HCAS. ..ttt e e oottt e e e e e s hb ettt et e e e e e s s bbb b et e e e e e e e aannbeeeeeeeeesannnrnees 22
S4.3 Functional characterization of the orphan GPCR GPRI0L .......ccccuiiiiiiiiiiiiiiie e 23
S4.4 Noradrenergic signalling and metabolism are dysregulated in astrocytes with cytoplasmic ALS/FTD-
T C=To B I T e B Vo 11 ] T LR 24
S4.5 Optical mapping of cCAMP signaling at the nanometer SCale ...............uuvvviiviiiiiiiiieiiiiii. 25
Session 5: Dr.GPCR online platform for GPCR reSEArCNErS .........cciiiiiiiiiiiiiie it 26
TR =10 o 11 1= = o PP 26
Session 7: GPCRdb and GPCRmd Introduction, Updates & WOrkShop..........coooviiiiiiiiiiiiiiic e 27
S7.1 GPCRdb: Integrating GPCR sequence, structure and fuNCtion ................uveiviiieiiieieiiieieiiinn, 27
S7.2 GPCRmMd is growing: new tools and data COVEIage ............uuuuuuuururrimiuirinieinisisrnieiersrnrnrninnnn.. 28
Session 8: Workshop on HitS DEL platform by WUXi APPTEC ......ueiiiiiiiieiiiiieee et 29
S8.1 DNA multitasking in DNA encoded lIDrari@S. .......ooo it 29
S8.2 DELopen and DELight Promote Early Drug Discovery by Implementing Self-service DNA-Encoded
[ o] = T (=R o o {0 1 0T ERTT T UPPTPTPI 30

S8.3 Initiating DNA encoded library synthesis on solid phase — chemistry development, library synthesis,

and TEAD-YAP inhibitor identifiCation ...........c.eiii i e 31
Session 9: Design and optimization of molecular modulators of signal transduction (WG3)..........ccccvvvvvnnnes 32
S9.1 Conservation of allosteric sites in G-protein coupled reCePLOrS. ..... ..o iiiiie e 32
S9.2 Drug residence time and the role Of WALEX ... 33
S9.3 Structure-kinetic relationship studies on serotonin 5-HT7 receptor ligands: role of the lipophilicity on
(SIS0 1= g ot 1] = TP RRPPRPP 34
S9.4 Protein phosphatase 1 disrupting peptides as a strategy to modulate sperm motility ...................... 35
SESSION L0: WOTKSNOP .ttt ettt e et e e st e e e e n bt e e e anbe e e e e anbee e e e anbeeeeesnbaeeeean 36

COST Action

CA18133

Il "ERNEST
European Research
Netwaork on Signal

Transduction



S10 3D Structures in GPCR Signalling - a primer for NON-eXPerts ... 36
SeSSION 11: INAUSTIY INNOVALOIS ...ttt e ettt e e e e e st et e e e s ettt e e e e s e e nnbr e e e e eees 37

S11.1 No-wash technologies to investigate cell signalling pathways in disease-relevant cellular models 37

S11.2 Lifetime fOr LIfE SCIBNCE ......iiiiieiie ettt e e s rn e s e e nee e 38
S11.3 Al-meets-RI (Artificial meets REAL intelligence) approach to GPCR drug discovery .................... 39
SESSION 13: MAPPING GIOUP ..ttt e e ettt e e e e ettt et e e e s e s b b ettt e e e e e s s e bbbt e e e e e e s e s st bbb e et e e e e e e nnnbrnneeeeeas 40
S13 Towards a multidimensional understanding of GPCR signal transduction .............ccccoevvvveeniiieeenee 40
Session 14: Advanced methods and technologies in signal transduction research (WG4)...........ccccvvveeeeeen. 41
S14.1 Tethered Bilayer Lipid Membranes- a Platform for Studies of Protein-Lipid Interaction and
BIOSENSING ... ettt b e e bt e e b b e et oo R b e et e s R b et e e s n b e et e s bn e e e e anrees 41
S14.2 A look inside the GPCR Structural Pharmacology toolbox: From hit ID, H2L, LO to Cell Biology for
(€1 O ] =] 5 ] B PP PT PP PTTTPRPRPRPRPRTRIN 42
S14.3 CB2 Receptor agonists as important tools for the design of new fluorescent probes and new
multitarget directed ligands (MTDL) against multifactorial diSEase. .............uuvvvvrviriiiiiiiiiiiiiiieini. 43
S14.4 Detecting transient trapping events from a single trajeCtory .........ccccevveiciieeiee e 44
Session 15: GDR3545 GPCR signaling — from cellular to systemic level (WG-GDR).............uvvvvvveivinieinnnnn. 45
S15.1 French GPCR network GDR-3545 on G protein-coupled receptors — from physiology to drugs'... 45
S15.2 Mechanisms in GPCR cAMP endosomal SigNaliNg ...........uuuuuuieiuiiimimimieieieieieinieieieniren... 46
S15.3 RFRP-3/NPFF1R is a pronociceptive system involved in long-term effects associated with chronic
opioids administration and iNflamMmMatory PaIN ......cccoooiieieeie e ——— 47
S15.4 Nanobody activating mGlu4 receptor discriminates between homo- and heterodimers ................ 48
S15.5 Characterization of endogenous mGluz receptor interactome in mouse brain ...........cccccooeieeenne 49
Session 16: Web-based resources and computational modelling of signal transduction (WG5).................. 50
S16.1 Human Cell Atlas: Mapping the human body one cell at a time ..........ccccieveeeiiiicc e 50
S16.2 GPCRdb G proteins, arrestins and biased Signalling................uuuieiiiiiiiiiiiiieii .. 51
S16.3 Controlling receptor function from the extracellular vestibule of G-protein coupled receptors........ 52
S16.4 BitterMatch: Netflix-inspired ligand-receptor matching toO0l ................uvuiviiiiiiiiiiiiieiiieiei. 53
Session 17: ROUNALADIE DISCUSSION ... .uuiiiiiiiiiei ittt e e et e e e st e e e e abb e e e e st e e e e abbeeeean 54
S17 Al in GPCR research — a roundtable diSCUSSION..........ccuuiiiiiiiiieiiee et 54
................................................................................................................................... 55
Poster Session 1 — Monday, OCE 12 ......cccooiiiiii i 55
0T ] 1 0 T T PP 55
ROOM L2 ..ot e e e s e et e e e s e s e e et e e e s e s e e e et e e e s e e re s 55
ROOM L. e e et e e e e e e s e e et e e e s e e et e e e e et e e e r e e e e e e e 55
ROOM L4 e 56
ROOM L5 et e e e e e et e e e s e s e e et e e e s e s e e e e e e s e ae s 56
Poster SeSSION 2 — TUESAAY, OCE L3 ... e e e e e e e e e e e e e aeaaens 57
ROOM 2.0 et e et e e e e s et e et e e e s e e et et e e e e e r e r e e e s e re s 57
ROOIM 2.2 ettt e e oo e e e et e e e e e et e e e e e e et e e e e e e aee s 57
ROOIM 2.3 e et e e e e e e s et n e r e e e s e r e 57
ROOM 2.4 <.ttt oo et e e et e e e R et e e R et e e e e e s e e e e e e e en 58
ROOIM 2.5 et e e e e e et e e e s e s et et e e e e e e e e et e e e s e r e 58

COST Action

CA18133

Il "ERNEST
European Research
Netwaork on Signal

Transduction



P1.1.1 Different cannabidiol- and cannabigerol-type phytocannabinoids acting on cannabinoid CB1, CB2

and CBL1/CB2 NEterOMEr FECEPLOIS ..ccoiutiieeiiititeeeiitiee e ettt e e ettt e e e sttt e e e st be e e e e aabe e e e e asbe e e e e asbreeeaanbeeeeaanbreeeeanees 59
P1.1.2 Interrogating purinergic P2Y1 and P2Y12 heterodimerisation ..........ccccovvvveieiiiiiee e 60
P1.1.3 Adenosine A2A and A3 Receptors Are Able to Interact with Each Other. A Further Piece in the

Puzzle of Adenosine Receptor-Mediated SigNaling. ........ocueiiiiiiiiieiiii e 61
P1.1.4 Alterations in angiotensin AT1 and ATz receptors heteromer levels in hemilesioned rat model of

T s ToT o [T=T= ] USRI 62
P1.1.5 Dynamical Correlations Reveal Allosteric Sites in the B2 Adrenergic Receptor............ccccvevvuneeen. 63
P.1.1.6 In vivo characterization of MTR/5-HT2c heteromers in MOUSE............ueeevieriiiiiiiiieiee e 64

P1.2.1 Phosphorylation of the M1 muscarinic acetylcholine receptor protects from neurodegeneration . 65

P1.2.2 Modulators of NMDA Glutamate ReCeptor FUNCHON...........coiiiiiiiiiiiie e 66
P1.2.3 Enhanced coupling of the 5-HT2aR on Gait-protein in post-mortem frontal cortex of subjects with
L5181 ]740] o 11 (=T o1 67
P1.2.4 PP1 regenerative potential in t00th ECAY .........ciiiiiiiiiiiiiiie it 68
P.1.2.5 The Relevance of SUCNRL1 for Cancer Cell Survival and Metabolism............ccccccceeininiiiiineenenn. 69
P1.3.1 Effects of the pharmacological chaperone UM0130866 on the cell-surface expression and
signalling profile of MC4R variants associated with severe early-onset 0besity...........ccoeevvveivereeeiiicnnnnn, 70
P1.3.2 Novel Rimonabant-like peripheral selective CB1 ligands ...........ccccccvvvvviiiiiiiieeeee, 71
P1.3.3 Dual 5-HTeR/5-HT24R action as a strategy towards effective therapy of cognitive impairment in
AlZNEIMEIS’'S TISEASE. ....eeiiieiiiiitit ettt e e e e e s s bbbttt e e e e e s e bbb e e e e e e e e e sannbebeeeeaaeaeanans 72
P1.3.4 Voltage-dependent dopamine potency at Di-like dopamine reCeptors.........ocvvvevviveeeiiiienennnnenn. 73
P1.3.5 Extracellular release of microglial high molecular weight (HMW) high mobility group box 1
(HMGB1) by the serine protease thromMDIN.............uuuuueiiiiieieie e 74
P1.4.1 Discovery of new 5-HT2a receptor antagonists with a strategy of combining ligand and target-
[oF>t1=To Mo W o [o (ST o] g I o g =11 aToTe [0] (oo 1TSS 75
P1.4.2 Low basicity as a characteristic for atypical serotonin receptor ligands ............cccovvveeeiiiierennnnnn. 76
P1.4.3 Uncovering the high impact variants affecting GPCRS ...........cccccccviiiviiiii 77
P1.4.4 Exploring Allosteric Binding Cavities in the Chemokine Receptors from Computer Simulations .. 78
P1.4.5 Genetically-encoded FRET-based biosensors to monitor cAMP dynamics in hanodomains........ 79
P1.4.6 Impact of lipid polyunsaturation on dopamine D2 receptor activation and signaling ..................... 80
P1.5.1 Exploring the energetic landscape of GPCR activation using enhanced sampling methods ........ 81

P1.5.2 Cellular phenotypic drug screening using eosinophils adhesion assay — the JN-35 histamine
FECEPLOr IGANA CASE STUAY. ...eeiiiiiiiii ettt e s e e e ettt e e st e e e et b e e e s nbe e e e enbeeeeenneee 82

P1.5.3 B-Arrestin-2 BRET Biosensors Detect Different B-Arrestin-2 Conformations in Interaction with

P1.5.4 Characterization of ligand binding to Muscarinic acetylcholine M4 receptor with budded
DACUIOVIFUSES AN lIVE CEIIS ..ottt e e e e e et e e e e e e e e nnnbaees 84

................................................................................................................................................................... 85
P2.1.2 Mechanistic insights on how arrestin recognizes the GPCR “phosphorylation barcode” ............. 86
P2.1.3 Calmodulin Calcium Sensors Regulates NMDAR Function in Alzheimer Disease ............cccc...... 87
P2.1.4 Conservative mutations of key lysines in the N-domain of arrestin inhibit C-tail release and

thereby attenuate arrestin interactions With GPCRS .........ccoiiiiiiiiiiii e er e 88
P2.1.5 The Coupling Selectivity Landscape of 100 Therapeutically Relevant GPCRS............occvvieeeeeenn. 89

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction



P2.2.1 Novel, non-apoptotic functions of FasL in bone development and maintenance ...............cccc...... 90

P2.2.2 C5aR: stimulates the onset of the osteoclastogenesis ProCesS .........coovvvvieiiiiiieiiiieee e 91
P2.2.3 Myb transcription factor — investigation of novel roles related to osteogenesis............ccccevevvnneee. 92
P2.2.4 Selective Desensitization of the M3 Receptor: toward improvement of Asthma treatment............ 93
P2.2.5 Human NPY and its conservation in C. elegans challenges phylogenetic views on the FLP/NPR
YY1 L= 1 1R PSP PP RRPUUPPPPTINE 94
P2.3.1 Sweet chirality — the taste of L- and D-gluCOSE StEre0iSOMErS.........uuiiiiiieieiiiiie e 95
P2.3.2 Sweet taste of heavy water is mediated by taste GPCR reCeptor ........ccccceevvviiiiiieeee e iciineeeeenn 96
P2.3.3 Growth inhibition and apoptosis induction of fibrosarcoma cells via GPR18-dependent and
INAEPENAENT PATNWAYS ....ceeiieiie ettt et e e ettt e e ek b e e e e e b b et e e ansbe e e e an b e e e e anbeeeeenees 97
P2.3.4 Biased Agonism and the Phosphorylation Barcode at CXCR3 .........cccceeveeiiiiiciiiieece e 98
P2.3.5 The orphan GPR50 inhibits neurite outgrowth and cell migration by constitutively activating the
G12/13 -RNOA PANWAY ...ttt et e s et e e e e e e e n e e e enbe e e e e nees 99
P2.4.1 Allosteric Regulation of GPCR Rhodopsin by Soft Matter .........ccccccvvvevviiiii 100
P2.4.2 The pharmacology of CXCR2 intracellular NAMs assessed using novel TR-FRET ligand binding
and real time receptor SIGNAIIING @SSAYS .....cvieeiiii i i 101
P2.4.3 Dissecting the roles of GRK2 and GRK3 in p-opioid receptor internalization and b-arrestin2
recruitment using CRISPR/Cas9-edited HEK293 CEllS ..........oooiiiiiiiiiiiieeee e 102
P2.4.4 Ligand-Specific Allosteric Coupling Controls GProtein-Coupled Receptor Signaling.................. 103
P2.4.5 Discovery of k-opioid receptor peptide ligands in PIaNtS.........cccceiriiieiniiie e 104
P2.4.6 Novel off-target effects of anti-cancer drugs on cardiovascular gap-junctional proteins ............. 105
P.2.5.1 ATOLL: A visualization tool to compare transmembrane domains Structures.............c.cccveeenee 106
P2.5.2 New applications in GPCRmd: from pharmacophores to channels..............ccccccccc, 107
P2.5.3 TIRF microscopy based ligand binding assay with immobilized budded baculovirus particles as a
[£eToTT o] (0] g0 11 ¢ of RS PPPPTPPR 108
............................................................................................................................................. 109

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction



ABSTRACTS: TALKS

Keynote Speaker

Regulation of GPCR Signaling by
Transporters

Author: Roshanak Irannejad

Institution Address: Cardiovascular Research Institute,
University of California, San Francisco, 555 Mission Bay
Blvd South, Room 352H, San Francisco, CA 94158

Email address of the presenter:
Roshanak.lrannejad@ucsf.edu

A common feature of one-third of current drugs on market is their shared family of targets, the G
protein-coupled receptors (GPCRs). They are encoded by 700 genes in the human genome and are
responsible for sensing a wide range of outside signals such as hormones, neurotransmitters, light,
and sense of smell and taste. A long-held tenet of molecular pharmacology is that GPCRs sole site
of action is at the cell surface. Therefore, understanding of the immediate consequences of signaling
has largely been confined to events that happen at the plasma membrane. Importantly, small
molecule drugs have aimed to specifically target the plasma membrane pool of receptors. Our work
suggests that these are narrow views of how signaling receptors function. We have pioneered the
use of novel single chain cameloid antibody biosensors specific for active GPCR conformations. With
this toolkit in-hand, we were able to follow GPCR activity and subsequent G protein signaling in living
cells, revealing that 1) critical signaling events extends beyond the plasma membrane to previously
unappreciated subcellular compartments, such as the endosomes and the Golgi, 2) efficacies of
certain clinically used drugs may be driven from their capacity to cross the plasma membrane and act
on internal, spatially segregated receptor pools and 3) impermeable hormones and chemical
mediators can reach the subcellular organelles and activate the receptor there, through a mechanism
that is facilitated by their specific transporter. These findings provide a potential solution to how small
molecules that act on the very same receptor can elicit profoundly different physiological outcomes
by showing that these differences correlate with differential abilities of small molecules to access
internal sites of signaling.
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MONDAY, OCT 12

Session 1: Protein dynamics and the macromolecular
interactions in signaling pathways (WG1)

S1.1 Structural basis for allostery and bias at the adenosine receptors

Author: Alisa Glukhova

Institution Address: The Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade,
Parkville, VIC 3052 Australia

Email address of the presenter: glukhova.a@wehi.edu.au

G protein-coupled receptors (GPCRs) are membrane proteins and are an important drug target class
responsible for over one third of current therapeutics on the market. The adenosine Al receptor
(A1AR) is a particularly promising GPCR target for treatment of neuropathic pain and cardiac disease.
However, progression of subtype-selective AL1AR agonists in the clinic is hindered by both on- and
off- target side effects. New promising avenues for targeting this receptor are the use of allosteric
modulators and/or signal-pathway "biased agonists”. We have used cryo-electron microscopy to
identify the first allosteric binding site for synthetic small molecules at the adenosine Al receptor, as
well as the atypical binding pose for a biased A1AR agonist. Insights from these structures provide
the first insights into the mechanisms underlying allostery and biased agonism at this important drug
target.
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S1.2 Preassembly between G protein-coupled receptors and G proteins
studied at the single-molecule level

Author: Alexey Bondar

Institution Address: Center for Nanobiology and Structural Biology, Institute of Microbiology,
Czech Academy of Sciences, Zamek 136, 37333 Nove Hrady, Czech Republic

Email address of the presenter: bondar@nh.cas.cz

G proteins and G protein-coupled receptors (GPCRs) are the key players of cellular signal
transduction present in all eukaryotes from yeast to humans. G protein signaling cascade is
responsible for transduction of signals from numerous physical and chemical stimuli, including light,
hormones and neurotransmitters. The majority of G protein-coupled receptors (GPCRS) interact with
G proteins only upon GPCR activation. However, several GPCRs have been shown to form stable
plasma membrane-localized complexes with G proteins in the inactive state. This phenomenon is
known as preassembly. The mechanism of preassembly and its role in signaling remain unclear.
Using single-molecule imaging of the 5-hydroxytryptamine type 7 receptor (5HT7R) and the G, protein
we show a potential mechanism of interaction between GPCRs and G proteins, which form stable
preassembled complexes in the inactive state. These findings will help understanding physiological
mechanisms of GPCR signaling and regulation of interactions between receptors and their cognate
G proteins.
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Investigation of new binding partners for ATG3 proteinin a
hepatoma cell line

Authors: Devrim Oz-Arslan: (presenter), Demet ACIKGOZ:, Beki KAN: Merve OZTUG:, Emel
TIMUCIN+ and Zeynep Aslihan DURER :s

Institution Address:

‘Acibadem Mehmet Ali Aydinlar University, School of Medicine, Department of Biophysics, Istanbul,
Turkey

:Acibadem Mehmet Ali Aydinlar University, Institute of Health Sciences, Department of Medical
Biotechnology, Istanbul, Turkey

sTUBITAK UME Chemistry Group, Izmit, Turkey

sAcibadem Mehmet Ali Aydinlar University, School of Medicine, Department of Biostatistics and
Medical Informatics, Istanbul, Turkey

sAcibadem Mehmet Ali Aydinlar University, Faculty of Pharmacy, Biochemistry, Istanbul, Turkey

Email address of the presenter: (devrim.arslan@acibadem.edu.tr)

Aim: Autophagy is a cellular process for the degradation and recycling of damaged proteins, protein
complexes and organelles. Autophagosome formation is one of the major steps in autophagy and
ATG3 is one of the critical proteins playing a role in the initiation of the autophagosome. Biophysical
characterization of ATG3 indicated that it is an intrinsically disordered protein (IDP). Also, there is
growing evidence on the roles of ATG proteins in cellular processes other than autophagosome
formation. Therefore, we set out to map the binding interactions of ATG3 in ATG3-overexpressing
cells treated with and without inducers of autophagy and mitophagy.

Methods: The human hepatoma cell line Hep3B grown in culture were treated with Torin 1 and CCCP
for induction of autophagy and mitophagy, respectively. Cells were transfected with mEmerald-ATG3-
N-18 expression plasmid using Lipofectamine or Pei-Max and transfections were confirmed with flow
cytometry. ATG3-GFP and its complexes were pulled down using ChromoTek GFP-Trap® agarose
beads and analyzed with LC-MS/MS.

Results: Autophagy and mitophagy inductions resulted in dose and time dependent changes in LC3B
I/, p62, and PINK1 proteins. ATG3-GFP fusion proteins and their partners were immunoprecipitated
from transfected cells and analyzed with LC-MS/MS to make quantitative comparisons between
control, autophagy and mitophagy induced groups.

Conclusion: Proteomic and bioinformatic analyses revealed differences between known and novel
binding partners of ATG3 protein in mitophagy and autophagy-induced cells.

This work is supported by Scientific and Technological Research Council of Turkey (TUBITAK) (Grant number:217Z213) and Acibadem
University (ABAPKO Grant number:2018/03/08)
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Structure of the Class D GPCR Ste2 dimer coupled to two G
proteins

Authors: Vaithish Velazhahan (presenter), Ning Ma, Gaspar Pandy-Szekeres, Albert J. Kooistra,
Yang Lee, David E. Gloriam, Nagarajan Vaidehi, and Christopher G. Tate

Institution Address: MRC Laboratory of Molecular Biology, Cambridge, UK

Email address of the presenter: vaithish@mrc-Imb.cam.ac.uk

G protein-coupled receptors (GPCRs) are divided phylogenetically into six classes, A-F. Over 370
structures of vertebrate GPCRs (classes A, B, C and F) have been determined, leading to a
substantial understanding of their function. In contrast, there are no structures of Class D GPCRs,
which are found exclusively in fungi where they regulate survival and reproduction. We have
determined the first structure of a class D GPCR, the Saccharomyces cerevisiae pheromone receptor
Ste2, in an active state coupled to the heterotrimeric G protein Gpal-Ste4-Stel8 using electron cryo-
microscopy (cryo-EM). Ste2 was purified as a homodimer that coupled to two G proteins. The dimer
interface of Ste2 is formed by a domain-swapped N-terminus, transmembrane helices H1, H2, H7
and the first extracellular loop ECL1. The tridecapeptide pheromone a-factor binds Ste2 in an
extended conformation which is different from the peptide binding modes observed in other GPCR
structures. The structure of Ste2 bears similarities in overall topology to Class A GPCRs, but H4 is
shifted by over 20 A and the G protein binding site is a shallow groove rather than a cleft. We have
established a Class D1 generic residue numbering system (CD1) to enable comparisons with
orthologues and other GPCR classes. Overall, the high-resolution Ste2 structure sheds light on how
canonical GPCR dimers could form and provides a template for the design of novel drugs targeting
fungal GPCRs that could be utilised to treat a number of intractable fungal diseases.

References

Velazhahan, V., Ma, N., Pandy-Szekeres, G., Kooistra, A.J., Lee, Y., Gloriam, D.E., Vaidehi, N., & Tate, C.G. (2020) Structure of the class
D GPCR Ste2 dimer coupled to two G proteins. Nature In press.
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Session 2: Collaboration with Frontiers Journals

Authors: Milka Vrecl!, Marialessandra Contino?, Marcello Leopoldo?, George Thomas?®

Institution Address:!Institute of Preclinical Sciences, Veterinary Faculty, University of Ljubljana,
Slovenia; ?Department of Pharmacy-Drug Sciences, University of Bari Aldo Moro, Bari, Italy;
3 Frontiers Media SA, Lausanne, Switzerland

Email addresses of the presenters: george.thomas@frontiersin.org, marcello.leopoldo@uniba.it,
marialessandra.contino@uniba.it, milka.vrecl@vf.uni-Ij.si

The COST action European Research Network on Signal Transduction — ERNEST — has established
a 3-year collaboration with Frontiers journals to promote research topics, conferences, or
dissemination activities. Frontiers will publish an Article Collection gathering original research articles,
reviews, mini-reviews, systematic reviews, methods, hypothesis & theory dealing with the research
objectives of the ERNEST COST action (i.e. develop a multidimensional signaling map with
molecular, spatial, and temporal information detailing how different signal transduction pathways give
rise to distinct cellular responses, and how aberration in signal transduction gives rise to disease and
utilize the signaling map to create new pathway-specific chemical modulators of signal transduction).
George Thomas (Frontiers Media SA, Switzerland) will illustrate Frontiers’ mission and the
advantages of publishing in Open Access journals. The collaboration between ERNEST and Frontiers
will be focused on the following research areas:

Physiology & pathophysiology of GPCR signal transduction

Impact of Artificial Intelligence on Computational Biology

What the cryo-EM resolution revolution means for GPCR research

Advances in high-resolution imaging: understanding spatio-temporal control

of signal transduction

Molecular Modulators of Signal Transduction

Macromolecular interactions in signaling pathways: from classical approaches to virtual reality.

PN

o u

The attendees will be invited to participate in a poll to select research areas from the list above to
which they are likely to submit a contribution in the coming ten months.

"‘ frontiers
in Endocrinology

3.644

Impact factor

A PEER-REVIEWED OPEN ACCESS JOURNAL

Frontiers in Endocrinology publishes rigorously peer-reviewed research from basic
molecular and cellular communication to clinical care, advancing our understanding of
the endocrine system, and leading to novel therapies for some of the most prevalent HIGH GHALITY

health issues such as obesity, diabetes, reproduction and aging. Field Chief Editor Jeff M FAST PEER REVIEW
P. Holly at the University of Bristol is supported by an outstanding Editorial Board of
international researchers. This multidisciplinary open-access journal is at the forefront 83 days from

of disseminating and communicating scientific knowledge and impactful discoveries to submission to decision

researchers, academics, clinicians and the public worldwide

In today's world, endocrinoclogy is becoming increasingly important as it underlies many

of the challenges societies face - from obesity and diabetes to reproduction, population

control and aging. Endocrinoloegy covers a broad field from basic molecular and cellular

communication through to clinical care and some of the most crucial public health

issues. The journal, thus, welcomes outstanding contributions in any domain of

endocrinology 3590+

Editors
Frontiers in Endocrinologyis organized into 17 Specialty Sections that cover different
areas of research in Endocrinology

N
Visit the journal: frontiersin.org/endocrinology

y @FrontEndocrinol

B4 endocrinology@frontiersin.org 4100+
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Session 3: Challenges and Chances of Multidisciplinarity in
GPCR Research

Authors: Marcel Bermudez
Institution Address: Freie Universitat Berlin, Institute of Pharmacy, Berlin, Germany

Email address of the presenter: m.bermudez@fu-berlin.de

Scientists, policymakers and funding agencies consider multidisciplinary research approaches to be
essential to manage the big challenges of our time. While it is generally undoubted that multiple
perspectives on a research topic are key to solve the big questions, it also holds some challenges,
in particular for Early Career Researchers (ECR).

In the first half of this session, we will give an overview on challenges that ECRs have to face when
working in an interdisciplinary field including project timelines, funding, publication of results, getting
scientific recognition and being open-minded. Despite the challenges, it is worth to tackle research
guestions with multidisciplinary approaches and there are many possibilities and chances for ECRs
to benefit from collaborations with other fields. In many cases mutual curiosity and good
communication is key for successful interdisciplinary projects.

In the second half of the session we will have a discussion with ECRs and Pls about their own
experiences with multidisciplinarity in GPCR research and strategies for turning challenges into
chances.
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Session 4: Biological roles and physiological contexts of
signal transduction (WG2)

S4.1 Efficacy and bias at the mu-opioid receptor

Authors: Meritxell Canals

Institution Address: Centre of Membrane Proteins and Receptors, School of Life Sciences,
University of Nottingham, Nottingham, NG7 2UH, United Kingdom

Email address of the presenter: m.canals@nottingham.ac.uk

The p-opioid receptor (MOR) is the target of most commonly used analgesics and a prototypical
GPCR in which many pharmacological paradigms have been described. | will present our most recent
data investigating agonist-dependent regulation and biased agonism at this receptor.

G protein-biased ligands at the MOR have been proposed to induce less side effects than commonly
used opioids. Using cell-based assays not confounded by limited signal window, we have recently
shown a strong correlation between measures of efficacy for receptor activation, G protein coupling
and arrestin recruitment for a series of opioid ligands. By measuring the anti-nociceptive and
respiratory depressant effects of these ligands, we have shown that low intrinsic efficacy of opioid
ligands can explain an improved side effect profile in terms of a continuum of existing analgesics,
suggesting an alternative mechanism underlying the improved therapeutic windows described for
novel opioids.

Previous work from our lab demonstrated how the localization within the plasma membrane of the
MOR controlled the spatiotemporal signalling profiles of this receptor. Using fluorescence correlation
spectroscopy (FCS) and complementary imaging approaches we have recently highlighted the role
of GPCR kinases (GRKSs) in mediating such reorganization. Site-directed mutagenesis together with
real-time BRET and FRET assays have also allowed us to understand the role that the different
phosphorylation motifs play in the dynamics of receptor desensitisation and arrestin and GRK
recruitment.

These studies have revealed a complex mechanistic interplay between MOR signalling and
regulation, yielded new insights into the biological effects of existing opioid drugs and motivated new
mechanistic hypotheses for guiding future development of improved opioid-directed therapeutics.

References

1. Gillis, A., et al., Low intrinsic efficacy for G protein activation can explain the improved side effect profiles of new opioid
agonists. Sci Signal, 2020. 13(625).

2. Gondin, A.B., et al., GRK Mediates mu-Opioid Receptor Plasma Membrane Reorganization. Front Mol Neurosci, 2019. 12: p.
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Fermented food derived metabolites mediate innate immune cell
functions through highly potent activation of HCA.

Authors: Anna Peters, Petra Krumbholz, Elisabeth Jager, Anna Heintz-Buschart, Mehmet Volkan
Cakir, Sven Rothemund, Alexander Gaudl, Uta Ceglarek, Torsten Schoneberg, Claudia Staubert

Institution Address: Rudolf Schonheimer Institute of Biochemistry, Faculty of Medicine, Leipzig
University, Johannisallee 30, 04103 Leipzig, Germany

Email address of the presenter: claudia.staeubert@medizin.uni-leipzig.de

The interplay of microbiota and its human host is physiologically crucial in health and diseases. The
beneficial effects of lactic acid bacteria (LAB), permanently colonizing the human intestine or
transiently obtained from food have been extensively reported. The molecular understanding of how
LAB modulate host physiology is still limited. G protein-coupled receptors for hydroxycarboxylic acids
(HCAR) are regulators of immune functions and energy homeostasis under changing metabolic and
dietary conditions. Most mammals have two HCAR but humans and apes contain a third member
(HCA)) in their genomes. A plausible hypothesis why HCA, function was advantageous in hominid
evolution was lacking.

We used a combination of evolutionary, analytical and functional methods, including pharmacological
assays, analyses of human monocytes and pharmacokinetic measurements in human, to unravel the
role of HCA. in vitro and in vivo.

We report the discovery of D-phenyllactic acid (D-PLA), a LAB-derived metabolite, interacting with
the human host through highly potent activation of HCA.. We demonstrate that D PLA is well absorbed
from the human gut, as reflected in high plasma and urine levels following ingestion and triggers
pertussis toxin-sensitive, HCA.-dependent migration of primary human monocytes.

We provide evidence supporting the hypothesis that HCA. was consolidated in hominids as a signaling
system that modulates the human host immune system in response to LAB-derived metabolites.
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G protein coupled receptors (GPCR) are involved in nearly every physiological process and are one
of the main sources of drug target. Despite their important functions, a large number of them remain
uncharacterized or orphan for known ligands. The functional characterization of these elusive
receptors is of prime importance for the discovery of new physiological regulation and the
development of innovative medicines. GPR101 is a class A orphan receptor and the microduplication
of the locus containing its gene on the X chromosome has been recently identified as the cause of
the X-linked acrogigantism, or X-LAG, syndrome:. Carriers of the microduplication develop pituitary
adenomas at birth and elevated Growth Hormone (GH) levels that eventually lead to gigantism if left
untreated. These findings suggest that GPR101 plays a relevant role in the regulation of GH secretion.
We discovered: that GPR101 is a constitutively active receptor promiscuously coupled to the Gs,
Gg/11 and G12/13 families of G proteins. Furthermore, we uncovered that GPR101 promotes growth
hormone secretion through the activation of both Gs and Gqg/11, in a PKA and PKC-dependent
manner. Interestingly, in stark contrast with other Gs-coupled receptors, GPR101 activation did not
lead to the proliferation of somatotrophs. We validated these data with a transgenic mouse model
overexpressing GPR101 in the pituitary. We confirmed in pituitary adenomas from X-LAG patients
that the activation of PKC is a GPR101 signhature. Collectively, our results demonstrate that GPR101
promotes growth hormone secretion in the pituitary somatotrophs through an unconventional
mechanism.
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Noradrenergic signalling and metabolism are dysregulated in
astrocytes with cytoplasmic ALS/FTD-linked TDP-43 inclusions
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Cytoplasmic TDP-43 (TAR DNA-binding protein 43) inclusions are a common pathological hallmark
of neurological disorders amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD).
They are found not only in neurons, but also in glial cells, including astrocytes. Neuronal metabolism
largely depends on the activation of astroglial adrenergic receptors (ARs), the target of
noradrenaline released from the noradrenergic neurons, which in astrocytes triggers Ca=/cAMP
signalling and augments aerobic glycolysis resulting in production and release of lactate, a neuronal
fuel. Cytoplasmic TDP-43 inclusions in astrocytes alone can cause motor neuron death, however, it
is unclear whether this affects astroglial metabolism and capacity of astrocytes to metabolically
support neurons. By using fluorescent dyes and genetically encoded nanosensors we measured
changes in Ca»/cAMP signalling and glucose and lipid droplet (LD) metabolism in astrocytes
expressing inclusion-forming C-terminal fragment of TDP-43 or wild-type TDP-43. LD accumulation
was increased by 3-fold in astrocytes with TDP-43 inclusions vs. astrocytes expressing wild-type
TDP-43, indicating cellular stress. These cells also exhibited a ~30% reduction in noradrenaline-
mediated Ca> and cAMP signalling, likely due to the downregulation of B.-ARs. Although
noradrenaline-triggered increase in intracellular lactate was similar in astrocytes with and without
TDP-43 inclusions, the probability of activating aerobic glycolysis was increased by 1.6-fold in
astrocytes with TDP-43 inclusions and lactate MCT1 transporters were downregulated. These data
suggest dysregulated metabolism and lactate export in astrocytes with TDP-43 inclusions that may
affect astroglial metabolic support of neurons in ALS and FTD.
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Optical mapping of cCAMP signaling at the nanometer scale
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Cells relay signals from hundreds of different G protein-coupled receptors into specific cellular
functions by using just a handful of second messengers, most importantly Ca> and cAMP. Many
lines of evidence suggest that cell signaling, including cAMP, should be spatially organized into
signaling compartments or domains.

Whereas this is well documented experimentally for Ca=, the existence and molecular architecture
of cCAMP signaling compartments, however, has been repeatedly suggested, but neither been
directly demonstrated nor mechanistically explained. This is mainly due to two lines of conflicting
evidence: First, CAMP has been shown to diffuse freely through the cell. Second,
phosphodiesterases (PDEs), the only enzymes degrading cAMP, have very low turnover rates.
Combined, these properties of cCAMP signaling would make the existence of cAMP compartments
through targeted cAMP breakdown by PDEs theoretically impossible.

Here, using fluorescence spectroscopy of a designed fluorescent cAMP analog in intact cells, we
show that — contrary to earlier data — cCAMP at physiological concentrations is largely immobile,
because it is quantitatively bound to intracellular cAMP binding sites. This results in so-called
buffered diffusion which is an essential requirement to allow PDEs to create very small domains of
low cAMP concentrations. Using novel FRET-based nanorulers, we optically map the size of such
cAMP gradients around single molecules of PDE and G protein-coupled receptors. We demonstrate
that they have diameters of tens of nanometers. We show that these cAMP-nanometer domains
control PKA-activation in their immediate vicinity, thereby defining the molecular principles how cells
control CAMP access to PKA and downstream targets.
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Session 5: Dr.GPCR online platform for GPCR researchers

S5 Beyond the lab

Authors: Yamina A. Berchiche
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GPCRs have played a central role in my scientific career ever since | took Dr. Michel Bouvier’s class
as an undergraduate student at the University of Montreal in the early 2000. During the past 2
decades, my research mainly focused on chemokine receptor structure/function relationships. For
the purposes of this presentation, | will walk you through my various career experiences and include
the skills | learned during each experience, which ultimately led me to founding Dr.GPCR. Last, | will
give an overview about the various programs we established at DR.GPCR, present our team as well
as provide you with a sneak peak of our future podcast guests and more.
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TUESDAY, OCT 13

Session 7: GPCRdb and GPCRmd Introduction, Updates &
Workshop

S7.1 GPCRdb: Integrating GPCR sequence, structure and function
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Alibek Mamyrbekov:, Christian Munk:, Gyérgy Keser{: and David Gloriam:
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+ Department of Drug Design and Pharmacology, University of Copenhagen, Denmark
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In this segment, we will introduce the latest and greatest of the GPCR database, GPCRdb, in three
ways: 1) a presentation with an overview of the latest updates, 2) a live demonstration, and 3) a Q&A
session with the GPCRdb team in which you can ask any GPCRdb question.

The GPCRdb provides reference data, analysis tools, interactive visualization and experiment design
tools to ~4,000 users/month (https://gpcrdb.org).:

With the latest release, the GPCRdb resources have been improved in several ways that will be
further detailed in this session. Here are a few of the highlights: the GPCRdb is now providing an up-
to-date overview of all available GPCR structures with monthly updates. A new powerful receptor
selection method makes it easier to select the receptors of interest. In addition, the GPCR ligand data
has been updated and now contains almost 200K small molecules with related bioactivity data.

Join this session if you want to hear more!

More GPCRdb: On Wed 12.55-13.20, David Gloriam will present GPCRdb G proteins, arrestins and
biased signalling
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GPCRmd is growing: new tools and data coverage
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GPCRmd: (http://gpcrmd.org/) is an online resource that aims to approach the valuable information of
molecular dynamics (MD) simulations to all researchers interested in G protein-coupled receptors
(GPCRs). As such, GPCRmd provides free access to a vast number of GPCR MD simulations, being
the first open-access research resource hosting MD simulations of most GPCR crystal structures
solved to date. Moreover, GPCRmd simplifies the analysis of the simulation data. It is equipped with
a comprehensive set of intuitive online tools for the interactive visualization and analysis of the MD
simulations. Such tools allow, for example, the study of protein motions involving conserved,
pharmacologically relevant, or diseased-related residues.

Here, we present the main features of GPCRmd, focusing on recent updates, and discuss the next
steps of this project. Importantly, we will provide an update about the progress on our second
community-driven simulation round. This round will increase the data coverage of GPCRmd to > 80%
of currently solved structures. Our final aim is to provide a resource containing MD data of all GPCRs
with known structure, together with a complete set of visualization and analysis tools that covers the
needs of the community of GPCR scientists.
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Session 8: Workshop on HitS DEL platform by WuXi AppTec

S8.1 DNA multitasking in DNA encoded libraries

Author: Dennis Gillingham
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Email address of the presenter: dennis.gillingham@unibas.ch

DNA can be read, written and copied quickly and with near perfect fidelity. These features make DNA
a unique polymer in the chemical world since it enables the encoding, storage, and reading of
information on a molecular scale. One of the most useful technologies to emerge from this confluence
of properties is DNA encoded libraries (DEL). DEL technology helps us keep track of small molecule
structure by encoding it in a covalently attached DNA strand. Since each molecule is covalently
connected to a unique DNA tag defining its structure, large libraries of molecules can be pooled
without losing track of structural information. In this talk | will outline some of the ways we use DNA
to store chemical information and to report on the robustness of chemical reactions.
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S8.2 DELopen and DELight Promote Early Drug Discovery by
Implementing Self-service DNA-Encoded Libraries Platforms

Author: Nuska Tschammer
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Germany

Email address of the presenter: nuska tschammer@wuxiapptec.com

WuXi AppTec’s DNA Encoded Library (DEL) service is a cutting-edge hit identification and
optimization platform using an affinity-based selection method against DNA-encoded small molecule
libraries. For industry and biotech companies we offer a WuXi DEL Selection (> 90 billion compounds)
Service Package or a DELight (8.4 billion compounds) self-service kit. With the self-service DELight
kit, the researcher conducts the screen themselves, and does not share any target information with
WuXi. The goal of DELopen is to provide free access to the DEL library of more than 2.8 billion
compounds to academic users for hit-to-lead research in drug discovery. Through the DELopen or
DELight service package, WuXi provides a DEL kit and a user manual with all the necessary protocols
to the research organization. Upon receipt of the kit, the researcher performs affinity selection
according to the protocol and returns the sample to WuXi. WuXi then completes analysis such as
PCR amplification, gPCR determination, purification and NGS (Next Generation Sequencing). A
summary report (excluding structural and DNA sequence information) will be provided back to the
researcher, who will make an informed decision on follow up actions based on the selection results.
We work closely with researchers to enable and optimize early stage Hit ID, drug discovery and
development.
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Initiating DNA encoded library synthesis on solid phase — chemistry
development, library synthesis, and TEAD-YAP inhibitor identification
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Selection of DNA-encoded small molecule libraries (DELS) is a fast and economic alternative to brute
force screening of discrete compound collections. Nevertheless, the preparation of structurally diverse
DELs is still a formidable challenge due to the low stability of DNA under many standard reaction
conditions in organic synthesis and the requirement to work with aqueous co-solvents in solution
phase DEL synthesis.uAlternatively, DEL synthesis can be initiated by micellar catalysis= or on solid
phase-coupled DNA which allows the usage of dry organic solvents. The later approach was used to
adopt a set of four different isocyanide multicomponent reactions (MCRs) to a DNA-encoded format.=
Further, a screening campaign assessing the stability of fully protected, solid phase-bound DNA in
the presence of metal salts and organic reagents that are commonly used as catalysts in organic
synthesis, revealed that such DNA tolerated several catalysts under mild conditions.«Based on these
findings, we have selected catalysts and reaction conditions that can be used in reactions for initiating
DEL synthesis. This enabled us to expand the chemical space for DELs by diverse heterocyclic
forming reactions like the ®-(-)-BNDHP-mediated Povarov reaction= or the Yb(Otf)3-mediated
Cushman reaction= as well as the CuCl/bpy-mediated Petasis reaction= leading to a-(het)aryl glycine
conjugates.

Recently, we demonstrated that an indole-focused peptidomimetic DEL produced by the solid phase
strategy could lead to the identification of a novel class of protein-protein interaction inhibitors. The
DEL synthesis was initiated by the Ugi-multicomponent reaction on a solid phase-coupled chemically
stable thymidine adapter oligonucleotide (“tiDEL”).ntiDEL synthesis was continued with DNA barcode
ligation, and azide-alkyne cycloaddition in the combinatorial step. Selection of the tiDEL on human
TEAD4, a tumor-associated transcription factor and effector of Hippo signaling, next generation
sequencing and analysis of the sequencing data with a newly developed algorithm indicated a class
of compounds binding to the target protein. An exemplary compound disrupted the hTEAD4-YAP
interaction in vitro and reduced the expression of a gene under the control of the TEAD-YAP
transcription factor complex.
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Session 9: Design and optimization of molecular modulators
of signal transduction (WG3)

S9.1 Conservation of allosteric sites in G-protein coupled receptors
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Allosteric modulation of G protein-coupled receptors represent a promising mechanism of
pharmacological intervention. The large number of GPCR structures published during the last decade
revealed that the binding sites of allosteric modulators are widely distributed. Here we show that
protein mapping tools FTMap and FTSite identify 83% and 88% of such experimentally confirmed
allosteric sites located at intrahelical and intracellular sites and at the allosteric conformational locks
[1]. The methods were also able to find partially hidden allosteric sites that were not fully formed in X-
ray structures crystallized in the absence of allosteric ligands. Comparative analysis of the explored
allosteric sites to hotspots predicted for all available GPCR structures revealed overlapping sites that
suggests the conservation of allosteric sites in GPCRs. These results confirm that the intrahelical
sites capable of binding druglike allosteric modulators are among the strongest and probably
conserved ligand recognition sites in a large fraction of GPCRs and suggest that both FTMap and
FTSite are useful tools for identifying allosteric sites and to aid in the design of such compounds in a
range of GPCR targets.
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Drug residence time and the role of water
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Drug residence time on a GPCR has emerged as an optimization parameter in drug design. Long
residence times can counterbalance unfavorable pharmacokinetic parameters, contributing to
compound safety. Short residence times can be beneficial to avoid target related side effects. In
contrast to the prediction and interpretation of structure-activity relationships (SAR), the structure-
kinetics relationships (SKR) are much less well understood. This means that the detection and
understanding of SKR in a project is a great challenge, but also a great opportunity.

In this talk, | will present a general framework of how to identify and analyze unexpected behavior in
SKR. Experimental data on antagonists of CCR2 and M3 receptors hint to residence times of
ligands, which are much higher than to be expected from the binding affinity. The reason for these
over proportionally long residence times is investigated by MD-simulations and can eventually be
found in water networks close to the ligand binding site on the GPCR.
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Structure-kinetic relationship studies on serotonin 5-HT7 receptor
ligands: role of the lipophilicity on residence time
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The serotonin receptor 7 (5-HT7R) is a G protein-coupled receptor (GPCR) involved in many
physiological processes and in neurological and neurodevelopmental disorders characterized by
abnormal neuronal connectivity and consequent intellectual disabilities. To unveil the molecular
pathway linking 5-HT7R to these diseases, the use of adequate pharmacological tools, such as the
brain penetrant and selective 5-HT7R receptor agonist LP-211, has been important [1]. Usually, the
properties of pharmacological tools are defined by the affinity for the target receptor (K) and by the
agonist (EC.) or antagonist (IC.) potency. During the last years, there is a growing interest in the
temporal aspects of ligand-receptor interactions in determining drug pharmacodynamics in vivo and
on the exploitation of binding kinetics in drug development [2].

Previous studies on LP-211 and related analogs have suggested that the residence time of these
classes of 5-HT7R ligands might be structure-dependent. In this study, we assessed the binding
kinetic parameters of a series of 5-HT7R ligands characterized by different lipophilic properties
(ClogP). We have found that it is not the overall lipophilicity of the molecule that determines its
dissociation rate but rather the lipophilicity at a specific position of the scaffold. Next, we combined
docking and molecular dynamic (MD) simulations to explain the structure-kinetic relationships in a
subset of the studied 5-HT7R ligands. As a result of a statistical analysis of the ligand-protein
interactions occurring during MD simulations, a series of contacts correlated with the residence time
of the compounds was determined.
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Protein phosphatase 1 disrupting peptides as a strategy to
modulate sperm motility
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The mechanism by which sperm acquire motility is a vital process occurring at a late phase of post-
testicular sperm maturation (1). Protein phosphatase 1 (PP1) catalyses a considerable fraction of
phosphoserine/threonine dephosphorylation reactions in eukaryotic cells and inhibition of its
catalytic activity is essential for sperm motility acquisition and regulation (1, 2). Regulation of PP1
catalytic activity and specificity is mediated by forming holoenzymes with regulatory interactors of
protein phosphatase one (RIPPOSs) (2-4). The aim of this study was to design PP1-disrupting
peptides as a strategy to modulate sperm motility. PP1-disrupting peptides were designed based on
the sequences from (i) a sperm-specific PP1 interactor (A kinase anchor protein 4, AKAP4) and (ii)
a PP1 inhibitor (protein phosphatase inhibitor 2, PPP1R2). Those sequences were covalently
coupled to inert cell penetrating peptides (CPPs) as bioportide constructs, which were successfully
delivered to the flagellum of sperm cells to induce a marked impact upon PP1g2 activity and sperm
motility. Molecular modelling studies further facilitated the identification of an optimized PP1 binding
sequence and enabled the development of a Modified Stop Sperm (MSS1) bioportide with reduced
size and increased potency of action. Additionally, a bioportide mimetic of the unique 22-amino acid
C-terminus of PP1g2, a testis- and sperm-specific isoform, accumulated within spermatozoa to
significantly reduce sperm motility and further define the PP1g2-specific interactome. These
investigations demonstrate the utility of CPPs to deliver peptide sequences that target unique
protein-protein interactions in spermatozoa to achieve a significant impact upon spermatozoa
motility, a key prognostic indicator of male fertility.

References

1. Freitas MJ, Vijayaraghavan S, Fardilha M (2017) Signaling mechanisms in mammalian sperm motility. Biol Reprod 96:2-12

2. Silva JV, Yoon S, De Bock P-J, Goltsev A V., Gevaert K, Mendes JFF and Fardilha M (2017) Construction and analysis of a human
testis/sperm-enriched interaction network: Unraveling the PPP1CC2 interactome. Biochim Biophys Acta - Gen Subj 1861:375-85

3. Wu D, De Wever V, Derua R, Winkler C, Beullens M, Van Eynde A, Bollen M (2018) A substrate-trapping strategy for protein
phosphatase PP1 holoenzymes using hypoactive subunit fusions. J Biol Chem 293:15152-62

4. Kéhn M (2020) Turn and face the strange: A new view on phosphatases. ACS Cent Sci. 6:467-477

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction


mailto:mfardilha@ua.pt

Session 10: Workshop

S10 3D Structures in GPCR Signalling - a primer for non-experts

Author: Mickey Kosloff

Institution Address: University of Haifa, Department of Human Biology, 199 Aba Khoushy Ave.,
Mt. Carmel, Haifa, 3498838, Israel.

Email address of the presenter: kosloff@sci.haifa.ac.il

The 3D structure of signaling proteins have always been central to understanding how they interact
and function in signaling cascades. Indeed, over the recent decades structures of individual proteins
or complexes involved in G protein coupled signaling cascades have repeatedly transformed sub-
fields of research related to these cascades. In this primer to 3D Structures in GPCR Signaling, we
will briefly cover the methodological basis for experimentally determining the 3D structure of proteins.
We will then delve into selected structures that provided the field with insights into how these proteins
look like, how they function, and how they interact. Lastly, we will briefly examine how computational
methods can further inform us of how 3D structure relates to function.
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Session 11: Industry Innovators

S11.1 No-wash technologies to investigate cell signalling pathways in
disease-relevant cellular models

Author: Eric Trinquet

Institution Address: Cishio Bioassays, part of Perkin Elmer, Codolet, France

Email address of the presenter: etrinqguet@cisbio.com

Historically, G protein coupled receptors (GPCR) have been one of the most druggable classes of
cellular proteins. The primary effectors of GPCR are G proteins, which initiate signal propagation into
the cells. In recent years, other GPCR effectors, in particular arrestin proteins have been found to
induce cell signaling in the absence of G protein interactions. This key observation led to a new
paradigm in GPCR research and drug discovery that relies on multidimensionality of GPCR signaling.
In addition, some GPCR ligands were found to selectively activate one pathway over another, and
this phenomenon has been referred to as biased agonism or functional selectivity.

All the new paradigms will have a profound influence on the future of the GPCR drug discovery. To
address them, Cisbio Bioassays / Perkin Elmer has developed a unique set of cell-based assays to
investigate signaling events. These assays are based on no-wash assay platforms called HTRF® and
AlphaLISA®.

This talk will highlight how these platforms are superior solutions to accurately determine the
pharmacological profile of GPCR ligands. It will also illustrate how the combination of HTRF® and/or
AlphaLISA® assays allows the investigation of the multidimensionality of GPCR signaling in disease-
relevant cellular models.
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Lifetime for Life Science

Author: Frank Birke (presenter)
Institution Address:

PicoQuant GmbH, Unternehmen fiir optoelektronische Forschung und EntwicklungRudower
Chaussee 29 (1GZ), 12489 Berlin, Germany

Telephone: +49 / (0)30 / 1208820 - 0
Fax: +49/(0)30/ 1208820 — 90
e-mail: info@picoquant.com

www:_http://www.picoguant.com

Email address of the presenter: info@picoquant.com

With more than 20 years, PicoQuant has high experiences in time-resolved emission
measurements. Based on the technique of TCSPC (Time Correlated Single Photon Counting),
PicoQuant offers a broad range of different solutions starting from stand-alone devices, e.g.
different laser, counting electronics and detectors, up to full automated systems for microscopy and
spectroscopy. With this setups additional information are accessible for samples in biology and life
science applications.

In the talk, PicoQuant will present a brief overview about these techniques and applications for

characterization of biological and similar samples like protein interactions in the field of life science
research.
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Al-meets-RI (Artificial meets REAL intelligence) approach to GPCR
drug discovery

Authors: Georgi Kanev, Tomasz Stepniewski, Alessandro Potenza, Agne Tilunaite, Susanne Roth,
Mirjam Zimmermann, Nadine Dobberstein, Maria Waldhoer, Aurelien Rizk, Yaroslav Nikolaev

Institution Address: InterAx Biotech AG, PARK innovAARE, Villigen, Switzerland

Email address of the presenter: nikolaev@interaxbiotech.com

GPCRs stand out in their ability to activate a range of intracellular signaling pathways from the same
receptor (via G-proteins, beta-arrestins, etc). This poses a challenge in GPCR drug discovery — drug
molecule can trigger a range of cellular responses, including both therapeutically beneficial responses
and those with undesirable effects. Designing GPCR drugs which generate desired cellular responses
requires quantitative mechanistic understanding of the types of responses a given receptor can
generate in presence of drugs. InterAx uses in vitro experiments and mathematical modeling (systems
biology) to re-create and quantify a part of the in vivo GPCR activation complexity upon perturbation
by endogenous ligands and drug molecules. This allows to cluster and rank drug molecules based on
in vivo-like signaling profiles and thereby speed-up the design of drugs with desired signaling
properties.

A holy grail on this path would be to further connect the chemistry and structural biology of drug-
GPCR complexes to the drug in vivo signaling profiles and phenotypes. l.e. being able to
computationally predict not just the affinity of a drug candidate, but its efficacy and signaling
parameters by analyzing the structure of drug-GPCR complex. Using beta-2 adrenergic (B2A) GPCR
as an example, we will show preliminary results on connecting human intelligence with machine-
learning-based Al to predict the systems biology / signaling parameters from the structural data of the
drug-receptor complex.
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Session 13: Mapping Group

S13 Towards a multidimensional understanding of GPCR signal
transduction

Authors: Maria Marti!, Mariona Torrens-Fontanals?, Maria Krantz®, Ulrike Wittig#, Jana Selent?
Institution Address:

1MRC Laboratory of Molecular Biology, Cambridge, UK

2Research Programme on Biomedical Informatics, Hospital del Mar Medical Research Institute — Universitat
Pompeu Fabra, Dr. Aiguader 88, 08003, Barcelona, Spain

3 Humboldt-Universitat Berlin, Berlin, 10115, Germany

4Heidelberg Institute for Theoretical Studies, Schloss-Wolfsbrunnenweg 35, 69118 Heidelberg,

Germany

An important goal of ERNEST and the Mapping Group is to establish the framework for a holistic
understanding of GPCR signal transduction by uniting the diverse data and perspectives of the
research community into a single multidimensional map (see Figure 1). Such global insights hold
great promise for improved drug design and therapeutic targeting.

ERNEST) ¢ .
Phase 1 dataand EEEp | Integration » = vﬁ_
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Multipl roach
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Signalling Map(s) Accessible for visualization
B 8 \ap Predictions for testing

Figure 1. Schematic overview of how ERNEST will develop a holistic multidimensional map of GPCR-
mediated signal transduction? .

In this session, we will provide an update about the progress and activities of the mapping group. We
will present a first pilot study which lays out a framework on how to create a comprehensive model to
address complex GPCR signaling linking the genomic to the systems level. Finally, in a roundtable
discussion we will open up for questions and discussion about ideas, alternative approaches and
future steps.
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Session 14: Advanced methods and technologies in signal
transduction research (WG4)

S14.1 Tethered Bilayer Lipid Membranes- a Platform for Studies of
Protein-Lipid Interaction and Biosensing

Authors: Rima Budvytyte:, Marija Jankunec:, Tadas Penkauskas:, David J. Vanderah:+, Frank
Heinrich,z» Mathias Lésche cand Gintaras Valincius:

Institution Address:

tInstitute of Biochemistry, Life Sciences Center, University of Vilnius, Vilnius, Lithuania

:Material Measurement Laboratory and Center for Neutron Research, National Institute of Standards
and Technology, Gaithersburg, MD, USA.

sPhysics Department and Department of Biomedical Engineering, Carnegie Mellon University,
Pittsburgh, PA, USA.

{nstitute for Bioscience and Biotechnology Research, Rockville, MD, USA

Email address of the presenter: rima.budvytyte@gmc.vu.lt

Tethered bilayer membranes (tBLMs) constitute a class of biomimetic self- assembled structures that
provide a generic platform for a broad spectrum of biophysical experiments such as
peptide(protein)/membrane interactions, reconstitution of functioning proteins, antibody/antigene
interactions and other applications. We have developed tethered bilayer lipid membranes (tBLMs) as
a long-term stable and versatile experimental model in which thiolated anchor lipids span a hydrated
layer that separates the membrane from its solid support [1,2].

Owing to their completeness, insulating properties and high in-plane fluidity, tBLMs are attractive
matrices for the functional incorporation of membrane proteins as we demonstrate in the reconstitution
of pore forming toxins and proteins [3, 4].

The loss of the structural integrity and accompanying decrease or total removal of the dielectric barrier
of tBLM may be monitored by electrochemical impedance spectroscopy (EIS). Neutron reflectometry
provides high-resolution structural information on the interaction between the protein and the
disordered membrane. The robust nature of the membrane enabled the precise localization of the
protein within 1.1 A [5]. The results suggest that these techniques could be used to elucidate
molecular details of the association of other proteins with membranes and may provide structural
information on domain organization and stimuli-responsive reorganization for transmembrane
proteins in membrane mimics.
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S14.2 A look inside the GPCR Structural Pharmacology toolbox:
From hit ID, H2L, LO to Cell Biology for GPCR SBDD

Author: Mat Leveridge

Institution Address: Sosei Heptares
Steinmetz Building, Granta Park, Great Abington, Cambridge, CB21 6DG, UK
Mat.Leveridge@SoseiHeptares.com

G protein-coupled receptors (GPCRs) are an important and long-standing family of drug targets.
Despite many historical success stories, today there are still a significant number of GPCRs with
compelling pre-clinical validation that remain highly challenging for drug discovery.

Over the last 10 years there has been great progress in the structural biology of GPCRs facilitating
Structure-Based Drug Design (SBDD) approaches. Sosei Heptares uses its proprietary StaR®
technology to thermostabilise GPCRs by mutagenesis into a chosen conformational state. These
purified proteins can then be used for biophysical screening techniques and crystallisation to yield X-
ray structures with multiple ligands.

This presentation will illustrate how at Sosei Heptares we use our StaR® approach for GPCR structure
and hit identification. Case studies will demonstrate how we have used the structural identification of
orthosteric and allosteric binding sites for SBDD and highlight how this approach has provided
differentiated series over empirical methods.
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CB2 Receptor agonists as important tools for the design of new
fluorescent probes and new multitarget directed ligands (MTDL) against
multifactorial disease.
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Maria |. Loza, « and Marialessandra Contino.-
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The Cannabinoid subtype 2 receptor, CB2R, belongs to the endocannabinoid system, and it is
involved in the onset of neurodegeneration and cancer evolution and progression; thus, its modulation
may have a great impact both on the therapeutic and diagnostic fields. Several studies, focused on
different types of tumours, report a promising anticancer activity induced by CB2R agonists due to
their ability to reduce inflammation and cell proliferation. Moreover, in neuroinflammation, the
stimulation of CB2R, overexpressed in microglial cells, exerts beneficial effects in neurodegenerative
disorders. However, CB2Rs distribution and their signalling pathways in physiological and
pathological conditions are still controversial mainly because of the lack of reliable diagnostic tools.
Our aims are 1) to develop ligands to reliably image CB2R and 2) identify new strategies to overcome
the limitations of the current treatment of multifactorial disease. In accordance with the first aim to
allow a green and safe strategy to image CB2R, we designed a series of fluorescent ligands linking
to the N-adamantyl-1-pentyl-4-oxo-1,4-dihydroquinoline-3-carboxamide core (responsible for the
CB2R affinity), three different green emitting fluorescent tags (4-dimethylaminophthalimide, 4-DMAP,
7-nitro-4-yl-aminobenzoxadiazole, NBD, and Fluorescein-thiourea, FTU) through polymethylene
linkers at the N1-position of the core. We identified and studied compound SM15 [1] endowed with
good pharmacodynamic and fluorescent properties. Our second aim prompted us to develop new
Multitarget Directed Ligands (MTDL) targeting CB2R. We propose new promising targets association
involving CB2R with the histone deacetylases (HDACs) and sigma receptors by the aid of modern
approaches as molecular hybridization, computational polypharmacology and artificial intelligence.
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Detecting transient trapping events from a single trajectory

Authors: Yann Lanoiselée, Zsombor Koszegi, Jak Grimes, Davide Calebiro
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Centre of Membrane Proteins and Receptors

Email address of the presenter: y.lanoiselee@bham.ac.uk

Single-molecule microscopy experiments have the potential to provide a detailed description of the
dynamics and interaction kinetics of G protein-coupled receptors [1]. These methods give access to
large datasets containing the trajectories of thousands of individual receptors diffusing on the cell
membrane. Given the complexity of the obtain datasets, powerful automated analysis tools are
needed to extract biologically relevant information from these trajectories.

We introduce a new method [2] to detect transient trapping events within single molecule trajectories.
This offers a highly temporally resolved description of molecular motion and allows one to explicitly
guantify dynamic changes in the diffusion of individual molecules over time. Such method is
suitable for investigating both intracellular and membrane compartmentalisation at the single
molecule level.

Our method can account for different trapping region sizes and relies on a Monte-Carlo approach to
provide a statistical assessment of the trapping regions. To do so, we introduce a novel measure on
a recurrence matrix that takes in account both the spatial and temporal dynamics of each trajectory.
Thus, our method avoids several common pitfalls in trapping detection. First, the trapping assessment
is independent of the diffusion coefficient of the molecule. Second, it is robust to the presence of
potential errors introduced by tracking algorithms. Finally, it is able to account for complex binding
kinetics, for instance due to a molecule revisiting a previous trapping site.

Finally, we applied the new method to single particle trajectory data of B.-adrenergic receptors. Our
study reveals that under basal condition receptors spend 30% of their time confined on the plasma
membrane, increasing up to 45% after agonist stimulation. The increase is explained by 4/3-fold
longer confinement duration and increased proportion of receptors undergoing hop diffusion.
Detected size of confinement domains is in average 0.1 uym and is found to be independent of
stimulation time.
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Session 15: GDR3545 GPCR signaling — from cellular to
systemic level (WG-GDR)

S15.1 French GPCR network GDR-3545 on G protein-coupled receptors —
from physiology to drugs'

Authors: Erika Cecon (presenter)

Institution Address: Université de Paris, Institut Cochin, INSERM, CNRS, F-75014 PARIS,
France.

Email address of the presenter: erika.cecon@inserm.fr

The GDR3545 on “G Protein-coupled Receptors: from physiology to drugs (RCPG-Physio-Med)” was
created in 2012 by the CNRS, a world-leading French research organization. The GDR3545 is
composed of approximately 600-700 members working in 65 French and associated research teams
from around the world, all working in GPCR-relevant fields as diverse as chemistry, cell biology,
physiology, immunology, infectious diseases, structural biology, molecular modeling, systems biology
and pharmacology.

The GDR3545 has 4 main objectives:

-to structure and organize the GPCR community in France;

-to promote exchange between academia and industry;

-to coordinate research on GPCRs between different organisms (CNRS, Inserm, CEA, INRA,
university);

-to support young scientists in the field.

The GDR3545 is currently directed by Ralf Jockers (Institut Cochin, Paris).
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Mechanisms in GPCR cAMP endosomal signaling
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For a growing number of GPCRs, second messenger production is regulated in a temporal and
spatial manner. Indeed, in the case of the PTHI1R, following an initial phase of CAMP signaling from
the plasma membrane, internalization allows a second phase of G protein activation and signaling
from early endosomes. PTH1R assembles with b-arrestin and Gbg in endosome to form a
multimeric functional complex which regulates the Gs-dependent endosomal cAMP production.
However, our knowledge of the molecular mechanisms underlying this endosomal activity remains
incomplete. Because PTH1R also couples to Gg/11, we investigated the role of Gg/11 activation in
mediating endosomal cAMP responses. Interestingly, the pharmacological inhibition of Gg/11
activity or its depletion in cells markedly reduced endosomal cAMP signaling. We determined that
modulation of cAMP generation by Gg/11 occurs at the level of the heterotrimeric G protein via cell
surface GBy subunits released, which, in turn, act in a phosphoinositide-3 kinase-dependent
manner to promote the assembly of PTHR-Barrestin-GBy functional complexes that mediate
endosomal cCAMP responses.
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S15.3 RFRP-3/NPFF1R is a pronociceptive system involved in long-term
effects associated with chronic opioids administration and inflammatory
pain
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Meziane, Benoit Petit-Demouliere, Valerie Simonneaux Brigitte llien, Frederic Bihel, Frederic Simonin
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Email address of the presenter: rquillet@protonmail.com

RF-amide-related peptide-3 (RFRP-3) is involved in the modulation of several functions including
nociception. It targets two different G protein coupled receptor subtypes called Neuropeptide FF1
receptor (NPFF1R) and Neuropeptide FF2 receptor (NPFF2R). However, the study of their functions
in vivo is severely limited by the lack of highly specific tools. In this work, we describe the identification
of a highly selective antagonist for NPFF1R. We demonstrate that RFRP-3/NPFF1R system is
involved in the development of pain hypersensitivity and analgesic tolerance induced by chronic
administration of morphine. For the first time, we observed the expression of NPFF1R and RFRP-3
transcripts in the dorsal horn of spinal cord. Finally, we demonstrate that NPFF1R was involved in the
development of inflammatory hyperalgesia. Altogether, our data show that NPFF1R/RFRP-3 is a
pronociceptive and anti-opioid system and further suggest that antagonists of this receptor might
represent interesting therapeutic tools.
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Nanobody activating mGlu4 receptor discriminates between homo-
and heterodimers
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Metabotropic glutamate receptors (mGIuRs) are glutamate-activated G protein-coupled receptors that
control the activity of many synapses in the brain. These eight receptor subtypes are promising targets
for the treatment of many brain diseases including neurodegenerative diseases such as Parkinson’s
disease. Although mainly considered as homodimers, heterodimeric mGIluRs received much attention
in the recent years. Here we describe DN45, a single chain antibody (nanobody) specifically activating
human mGlu. receptor. Mutagenesis and modelling studies revealed that the binding epitope covered
residues from both lobes of the venus flytrap domain (VFT), leading to full receptor activation of the
mGlu4 homodimer. DN45 did not activate the heterodimeric mGlu2-4 and acted as a pure allosteric
modulator, largely potentiating the effect of an mGlu2 agonist or glutamate. As DN45 discriminates
between homodimers and heterodimers, it possesses unique pharmacological properties. These
unique properties could be used in uncovering the specific functional roles of the recently discovered
heterodimer mGIuRs.
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Characterization of endogenous mGlu. receptor interactome in
mouse brain
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The metabotropic glutamate mGlu. receptor keeps on attracting particular attention given its
implication in psychosis associated with schizophrenia. If this G protein-coupled receptor (GPCR) is
the main target of a new generation of antipsychotics currently under clinical trial [1], its signaling in
the brain and its pathological disturbances remain poorly characterized. Specific characterization of
mGlu. receptor signaling in the brain was previously challenging due to a high homology with the
metabotropic glutamate mGlu, receptor [2], which makes problematic the production of specific
ligands or antibodies. Thanks to a new technology, our collaborators developed lama single chain
antibodies (nhanobodies) specifically targeting mGlu. receptor [3]. | have therefore taken advantage of
these nanobodies to purify the endogenous receptor and its interacting proteins from mouse prefrontal
cortex, a brain region disturbed in schizophrenia. This interactome was characterized by high
resolution mass spectrometry. Bioinformatics annotations of candidate protein partners revealed high
relevance to mGlu. receptor functions. Currently, the importance of several candidate partners in the
response to mGlu, receptor stimulation is currently being tested.
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Session 16: Web-based resources and computational
modelling of signal transduction (WG5)

S16.1 Human Cell Atlas: Mapping the human body one cell at atime

Mapping the temporal and spatial dynamics of the human endometrium
in vivo and in vitro

Authors: Roser Vento
Institution Address: Sanger Wellcome Institute (WSI), Cambridge, UK

Email address of the presenter: rv4@sanger.ac.uk

The endometrium, the mucosal lining of the uterus, undergoes dynamic changes throughout the
menstrual cycle in response to ovarian hormones. We have generated a single-cell and spatial
reference map of the human uterus and 3D endometrial organoid cultures. We dissect the signalling
pathways that determine cell fate of the epithelial lineages in the lumenal and glandular
microenvironments. We show in vitro that downregulation of specific pathways increases the
differentiation efficiency along the secretory and ciliated lineages, respectively. In addition, some of
the ligands that are expressed by distinct fibroblast populations are revealed to be linked genetically
with endometrial disorders. Taken together, these mechanistic insights provide a platform for the
future development of treatments for a range of common endometrial disorders including
endometriosis and carcinoma.
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GPCRdb G proteins, arrestins and biased signalling

Albert Kooistra, Alibek Mamyrbekov, Sahar Gardizi, Gaspar P.-Szekeres, Mauricio Esguerra,
Kasper Harpsge, Alexander Hauser, Stefan Mordalski, David Gloriam

Institution Address: Department of Drug Design and Pharmacology, University of Copenhagen,
Denmark

Email addresses of a presenter: david.gloriam@sund.ku.dk

The GPCR database, GPCRdb, provides reference data, analysis tools, interactive visualisation and
experiment design tools to ~4,000 users/month. (www.gpcrdb.org):.

This talk will cover new pages in the signalling sections:

1) G proteins: G protein sequence alignments, snake-like residue topology diagrams, intersection or
dissection of receptors based on their coupling to the four main G protein families and in vitro GPCR
and G protein mutations/chimeras with effect on signalling. GPCR couplings and structure interactions
& models. This will expand the resource from a previous study on GPCR-G protein selectivity-.

2) Arrestins: Arrestin pages, alignments, structures and resources coming soon.

3) Biased signalling: Biased ligands: ligand counts and properties (analysis of annotated literature
ligands), pathway-function atlas and resources coming soon.

Contribute: GPCRdb seeks user feedback and annotation help (for joint publication).

More: On Tues 13 Oct at 9:00, Albert Kooistra will present new GPCRdb resources part of the next
database issue of Nucleic Acids Research.

References
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Controlling receptor function from the extracellular vestibule of G-
protein coupled receptors

Authors: Attila Egyed,» Katalin Domany-Kovacs,» Bence Kovanyi,» Ferenc Horti,» Dalma Kurké,
Déra Judit Kiss,» Gaspar Pandy-Szekeres,- Istvan Greiner » and Gyérgy M. Keserd -

Institution Address: - Medicinal Chemistry Research Group, Research Centre for Natural
Sciences, Magyar tudésok krt 2, Budapest, H-1117, Hungary, » Gedeon Richter plc, Gyémrdi ut 19-
21, Budapest, H-1103, Hungary

Email address of the presenter: kiss.dora.judit@ttk.hu

Receptor function is traditionally controlled from the orthosteric binding site of G-protein coupled
receptors.

Here, we systematically demonstrate how introducing interactions in the extracellular secondary
binding pocket (SBP) located far from the signalling interface can fine-tune the functional activity and
signalling of human dopamine hD2 and hD3 receptor. Functional assays following the Gol and
arrestin pathways proved that with only small modifications in the SBP head group we can fine-tune
the functional activity. Furthermore, we provide a plausible structural explanation for the observed
effects based on molecular dynamics simulations, which revealed that the SBP interactions do not
directly modulate the G-protein signalling in these ligands; rather they influence the positioning of the
orthosteric binding motif.

These findings suggest optimization of the SBP binding part of bitopic ligands might be a useful
strategy to develop GPCR ligands with designed functional and signalling profile.
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BitterMatch: Netflix-inspired ligand-receptor matching tool
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Email address of the presenter: eitan.margulis@mail.huji.ac.il

Bitter taste receptors (T2Rs), are a subfamily of class A GPCRs,:capable of recognizing over 1000
chemically diverse ligands.z2While some T2Rs are broadly tuned with more than 100 ligands, others
are very selective with very few known ligands.:lt is not easy to predict which T2R will recognize a
particular ligand, and assignment of orthologs in other species is not straightforward.

Here we present BitterMatch, a novel algorithm that is capable of matching ligands with their
putative human and mouse T2Rs. The algorithm uses chemical and structural features of the
ligands and the receptors. In addition, it uses the already known ligand receptor (“customer-
product”) associations, similarly to recommendation systems used in Netflix, YouTube and more.

Despite the challenges in training the model on unbalanced and sparse data, BitterMatch achieves
an excellent AUC of 0.984 compared to random assignment, with precision of 80% and recall of 48%.
For some of the T2Rs i.e. T2R14 and T2R46 precision and recall are over 90% and 70% accordingly.
Furthermore, BitterMatch outperformed the prior benchmark, which emphasises the significance of
our algorithm. Analysis of the contributing features revealed that the recommendation part of the
algorithm is an important contribution to the prediction, as well as structural features of the receptor
and it's binding site (exposed surface area, hydrophobicity and more) and ligand features (heavy
atoms, number of rings, etc).

BitterMatch enables the discovery of new ligands for T2Rs and will be used to shed light on possible
evolutionary roles of T2Rs, connections between T2Rs and other GPCRs and other aspects of
polypharmacology.
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Session 17: Roundtable Discussion

Al in GPCR research — a roundtable discussion
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Hausers
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*University of New Mexico, New Mexico, USA

sLaboratory of Chemical Biology and Signal Transduction, The Rockefeller University, 1230 York
Ave., New York, NY, USA
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sakmar@mail.rockefeller.edu; alexander.hauser@sund.ku.dk

The explosion of biomedical data such as in genomics, structural biology and pharmacology can
provide new opportunities to improve our understanding of human physiology and disease. In recent
years, machine learning (ML) and artificial intelligence (Al) methods have received a significant boost
of attention. ML/AI can be powerful for identifying abstract patterns within large data where traditional
methods would be oblivious to. This comes without the need for manual feature engineering as
systems can learn through implicit rules from the data provided [1]. G protein-coupled receptors
(GPCRs) mediate a vast variety of critical biological processes and provide an ideal case study for
guantitative, and multi-scale integration of these amounts of data to gain novel insights into receptor
biology. How can we best leverage these exciting new techniques in areas such as protein structure
prediction, bioactive ligand discovery, in vivo translationability or in our understanding of signalling
determinants? Here, we would like discuss opportunities, weaknesses and advantages of these new
technologies, which may contribute to probe our favourite targets at all scales.
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ABSTRACTS: POSTERS

P1.1.1 Different cannabidiol- and cannabigerol-type phytocannabinoids
acting on cannabinoid CB1, CB2 and CB1/CB2 heteromer receptors

Authors: lu Raiche<, Alejandro Lillo=*«Gemma Navarro-, Katia Varanic , Fabrizio Vincenzi- , Rafael
Rivas-Santisteban: , Irene Reyes-Resin»«, Carlos Ferreiro-Vera- , Pier Andrea Borea', Veronica
Sanchez de Medina: , Xavier Nadal:, Rafael Francors,*
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Universitat de Barcelona, Spain
b. Centro de Investigacion Biomedica en Red sobre Enfermedades Neurodegenerativas
(CiberNed), Spain
c. Department of Morphology, Surgery and Experimental Medicine, Ferrara University, Ferrara,
Italy
d. Department of Biochemistry and Molecular Biomedicine. Universitat de Barcelona, Spain
e. Phytoplant Research S.L., Cordoba, Spain
f. Ferrara University, Ferrara, Italy
g. Independent Researcher, Cordoba, Spain

Work group section: Macromolecular Interactions in Signalling Pathways

Email address of the presenter: iuraichipanisello@gmail.com

Recent approved medicines whose active principles are A9 Tetrahidrocannabinol (A9 - THC) and/or
cannabidiol (CBD) open novel perspectives for other phytocannabinoids also present in Cannabis
sativa L. varieties. Furthermore, solid data on the potential benefits of acidic and varinic
phytocannabinoids in a variety of diseases are already available. Mode of action of cannabigerol
(CBG), cannabidiolic acid (CBDA), cannabigerolic acid (CBGA), cannabidivarin (CBDV) and
cannabigerivarin (CBGV) is, to the very least, partial. Cannabinoid CB1 or CB2 receptors, which
belong to the G protein-coupled receptor (GPCR) family, are important mediators of the action of
those cannabinoids. Pure CBG, CBDA, CBGA, CBDV and CBGV from Cannabis sativa L. are
differentially acting on CB1 or CB2 cannabinoid receptors. To determine the affinity of
phytocannabinoids for cannabinoid receptors and functional assessment of effects promoted by
these compounds when interacting with cannabinoid receptors, we performed four different
functional outputs were assayed: determination of CAMP levels and of extracellular-signal-related-
kinase phosphorylation, label-free dynamic mass redistribution (DMR) and 3-arrestin recruitment.
Results: Affinity of cannabinoids depend on the ligand of reference and may be different in
membranes and in living cells. All tested phytocannabinoids have agonist-like behavior but behaved
as inverse agonists in the presence of selective receptor agonists. CBGV displayed enhanced
potency in many of the functional outputs. However, the most interesting result was a biased
signaling that correlated with differential affinity, i.e. the overall results suggest that the binding
mode of each ligand leads to specific receptor conformations underlying biased signaling outputs.
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P1.1.2 Interrogating purinergic P2Y: and P2Y12 heterodimerisation
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:Department of Physics, University of Strathclyde, 161 Cathedral St, Glasgow, UK
Work group section: Macromolecular Interactions in Signalling Pathways

Email address of the presenter: Mohammed.safar@strath.ac.uk

ADP is an endogenous agonist for some G protein-coupled receptors (GPCRs) such as P2Y, and
P2Y.. purinoceptors. Previous studies demonstrated that AR-C69931MX, which is a P2Y.. antagonist,
inhibits ADP-induced intracellular Ca= in recombinant P2Y. and P2Y.. receptors. In this study, we
examined the effect of AR-C69931MX on native P2Y, receptor signalling. Also, test the physical
interaction between both receptors in the recombinant and native system. In the recombinant system
(tSA201 cells), the physical interaction between the receptors was determined using co-
immunoprecipitation (co-IP), proximity ligation assay (PLA) and the combination of lifetime and FRET
(FLIM-FRET) technique that was developed and optimised with the cooperation with the physics
department at the University of Strathclyde:. While in the native system (BV-2 microglial cells), PLA
was used to determine the physical interaction. To investigate the influence of this dimer on receptors
function, we measured the intracellular Ca> influx using Cal-520 dye in FlexStation Microplate Reader.
We found that P2Y, and P2Y.. can form a heterodimer that locates on the cell membrane in the
recombinant system while it locates intracellularly in the native system. Native P2Y. receptor signalling
was inhibited using P2Y.. antagonist, which is a similar finding from the Kennedy lab that used a
recombinant system. Further work is underway to investigate the interaction between both receptors
in disease models, and investigate the signalling relevance for the formed dimer.
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P1.1.3 Adenosine A2A and A3 Receptors Are Able to Interact with Each
Other. A Further Piece in the Puzzle of Adenosine Receptor-Mediated
Signaling.
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The aim of this study was to check the possible interaction of two of the four purinergic P1 receptors,
the A2A and the A3. Discovery of the A2A-A3 receptor complex was achieved by means of
immunocytochemistry and of bioluminescence resonance energy transfer (BRET). The functional
properties and heteromer print identification were addressed by combining binding and signaling
assays in an heterologous expression system (HEK-293T transfected cells). The physiological role of
the novel heteromer, which is also expressed in primary cultures of neurons, is to provide a differential
signaling depending on the pre-coupling to signal transduction components and/or on the
concentration of the endogenous agonist. The main feature was that the heteromeric context led to a
marked decrease of the signaling originating at A3 receptors. Interestingly from a therapeutic point of
view, A2A receptor antagonists overrode the blockade, thus allowing robust A3 receptor-mediated
signaling. These and previous results suggest that all four adenosine receptors may interact with each
other leading to heteromers with unique properties. Heteromer functionality expands the signaling
outputs derived from the binding of adenosine to its cognate receptors.

Keywords: BRET, adenosine, heteromer print, purinergic P1 receptors, G-protein coupled
receptors.

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction



P1.1.4 Alterations in angiotensin AT: and ATz receptors heteromer levels
in hemilesioned rat model of Parkinson’s disease
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Angiotensin Il and angiotensin AT, and AT. receptors are mainly known for their role in regulating
water homeostasis and blood pressure. However, receptors are present in the central nervous
system, where the renin-angiotensin system (RAS) plays a relevant role. RAS is dysbalanced in
Parkinson’s disease (PD), a disease due to substantia nigra neurodegeneration and whose
dopamine-replacement therapy, using the precursor levodopa, leads to dyskinesias as the main side
effect. We here confirm that AT, and AT. receptors form heterodimers (AT..Hets) that are expressed
in cells of the central nervous system. AT..Hets are novel functional units with particular signaling
properties. Importantly the coactivation of the two receptors in the heteromer reduces the signaling
output of angiotensin. Remarkably, AT..Hets, which are expressed in both striatal heurons and
microglia, show a tight cross-modulation. In fact, candesartan, the antagonist of AT,, increases the
effect of AT, receptor agonists. In addition, using the unilateral 6-OH-dopamine lesion rat PD model
we observed increases in AT..Het expression upon disease progression and is maximal in dyskinetic
animals. The results indicate that, boosting the action of neuroprotective AT. receptors using an AT,
receptor antagonist, constitutes a promising therapeutic strategy in PD.
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P1.1.5 Dynamical Correlations Reveal Allosteric Sites in the 3
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Email address of the presenter: pedro.renault@uab.cat

G Protein-Coupled Receptors (GPCRs) play a central role in many physiological processes and,
consequently, constitute very important drug targets. Conformational changes underlie the biological
function of GPCRs and drug design efforts should take into account the dynamical character of these
proteins. In particular, the search for allosteric drugs has recently drawn attention, since they could
be more selective, provide a finer control over the dynamical equilibrium of the receptor and lead to
fewer side effects [1]. Accordingly, computational tools have been used to estimate the druggability
of allosteric sites in GPCRs [2]. Although successful in many cases, these estimations are less
effective in the case of hydrophobic sites in the interface between the protein and the membrane,
suggesting the usefulness of complementary approaches to search for allosteric sites in these
receptors. In this work, we investigated the coupling of binding sites in a GPCR to the collective motion
of activation of the receptor, and verified if these couplings could reveal allosteric sites. In an
ensemble of experimental structures of the (. adrenergic receptor (B.AR), a prototypical class A
GPCR, known allosteric sites were correctly identified on the basis of dynamical correlations. Our
results indicate that this dynamics-based approach can be a complementary tool to characterize
allosteric sites in GPCRs.
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P.1.1.6 In vivo characterization of MTR/5-HT2c heteromers in mouse
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Association of G protein-coupled receptors into heterodimeric complexes has been reported for over
50 receptor pairs in vitro but functional in vivo validation remains a challenge. Our recent in vitro
studies (1) defined the functional fingerprint of heteromers composed of Gi-coupled melatonin MT2
receptors and Gg-coupled serotonin 5-HT2C receptors, in which melatonin transactivates
phospholipase C (PLC) through 5-HT2C. Here, we identified this functional fingerprint in the mouse
brain. For that purpose, we determined the activation of Gi and Gq proteins in mouse brain by
measuring [35S]GTPyS incorporation into immunoprecipitated Ga subunits. Melatonin induced the
activation of both proteins in cerebellum and hypothalamus. Whereas S20928, a MTRs antagonist,
inhibited both, Gi and Gq activation ; SB243213, a specific 5-HT2C inverse agonist, only inhibited
Gq activation, suggesting that melatonin receptor signaling through Gq is dependent on 5-HT2C
transactivation. When using MT1 and MT2 knock-out mice melatonin-induced Gq activation was
only seen in MT1 KO mice.These data indicate that MT2, and not MT1, functionally interacts with
the Gg-

coupled 5-HT2C in mouse cerebellum and hypothalamus. Activation of the Gg/PLC pathway was
further studied by measuring inositol-1 phosphate (IP1) levels by HTRF® in brain structures of
melatonin-treated mice. Melatonin, increased IP1 levels in mouse cerebellum and hypothalamus
unlike in mouse hippocampus and cortex. These effects were inhibited by the SB243,213, and were
absent in MT2 and 5-HT2C knockout mice,.Taken together, our study provides for the first time in
vivo evidence for the existence of functional MT2/5-HT2C heteromers in different mouse brain
structures.

References

1. Kamal et al. (2015) Convergence of melatonin and serotonin (5-HT) signaling at MT2/5-HT2C receptor heteromers. J Biol
Chem, 290(18):11537-46

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction



P1.2.1 Phosphorylation of the M1 muscarinic acetylcholine receptor
protects from neurodegeneration

Authors: Miriam Scarpa (presenter), Colin Molloy, Lisa Finlayson, Andrew B. Tobin, Sophie J.
Bradley

Institution Address: The Centre for Translational Pharmacology, Institute of Molecular, Cell and
Systems Biology, University of Glasgow, UK

Work group section: Biological Roles of Signal Transduction

Email address of the presenter: m.scarpa.l@research.gla.ac.uk

Aims: Pharmacological activation of the M1 muscarinic acetylcholine receptor (MAChR) can
improve cognitive deficits and exert disease-modifying effects in models of neurodegeneration and
Alzheimer’s disease [1]. This study provides evidence that the M1 mAChR-mediated
phosphorylation-dependent pathway protects from prion neurodegeneration.

Methods: Knock-in mouse strains were generated whereby the WT M1 mAChR gene (Chrm1) is
replaced by HA-tagged WT or phosphorylation-deficient (PD) mutant of the M1 mAChR [2]. Mice
were inoculated with 1% control or prion (RML)-infected brain homogenates. Hippocampal function
was assessed using burrowing test. Western blots and RT-gPCR were performed on dissected,
frozen hippocampus and cortex. Immunohistochemistry was performed on slices of paraffin waxed,
perfused brains.

Results: M1-PD mice with prion show earlier symptom onset (WT:22 w.p.i.; M1-PD:20 w.p.i.), faster
decline in hippocampal function (p<0.05), and shorter lifespan compared with WT with prion (WT:25
w.p.i.; M1-PD:21 w.p.i.). Prion-infected M1-PD mice show higher levels of misfolded PrP compared
to WT with prion, and higher expression of disease markers compared to WT (APO-E, Clusterin,
SerpinA3N, Galectin-1), and significantly increased neuroinflammation.

Conclusion(s): Phosphorylation-dependent signalling of the M1 mAChR is protective in prion-
induced neurodegeneration. This suggests that M1-activating ligands with a signalling bias towards
the phosphorylation-dependent signalling pathway of the M1 mAChR are more likely to exert
disease-modification of neurodegenerative diseases
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N-methyl d-aspartate (NMDA) ionotropic glutamate receptor (NMDAR), which is one of the main
targets to combat Alzheimer’s disease (AD), is expressed in both neurons and glial cells. The aim of
this paper was to assess whether the adenosine A2A receptor (A2AR), which is a target in
neurodegeneration, may affect NMDAR functionality.

On the one hand, NMDA and A2A receptors were able to physically interact forming complexes,
mainly in microglia. Furthermore, the amount of complexes was markedly enhanced in activated
microglia. On the other hand, the interaction resulted in a novel functional entity that displayed a
cross-antagonism, that could be useful to prevent the exacerbation of NMDAR function by using A2AR
antagonists. Interestingly, the amount of complexes was markedly higher in the hippocampal cells
from the APPSw,Ind than from the control mice. In neurons, the number of complexes was lesser,
probably due to NMDAR not interacting with the A2AR. However, the activation of the A2AR receptors
resulted in higher NMDAR functionality in neurons, probably by indirect mechanisms. To sum up, it
can be concluded that A2AR antagonists such as istradefylline, which is already approved for
Parkinson’s disease (Nouriast® in Japan and Nourianz® in the US), have potential to afford
neuroprotection in AD in a synergistic-like fashion, via both neurons and microglia.
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In animal and cellular models, activation of Ga.-proteins by serotonin 5-HT.. receptor (5-HT..R) agonist
drugs represents a molecular fingerprint of hallucinogenic properties. On the other hand,
supersensitive 5-HT..Rs signalling through Ga.-, but not Ga..—proteins, has been observed in
schizophrenia.

The aim of the present study was to test whether such 5-HT.R supersensitivity represents the
existence of enhanced constitutive activity of 5-HT..R on Ga.-proteins in post-mortem human frontal
cortex of schizophrenic subjects. Pimavanserin (10+-10<M) was used as a 5-HT..R inverse agonist to
promote uncoupling between receptor and G-protein. Finally, the selectivity of pimavanserin effect on
the 5-HT..R was measured by using the selective 5-HT..R antagonist MDL-11,939 (10 uM).
Scintillation Proximity Assay (SPA) was used as methodological approach.

Pimavanserin induced a higher inhibitory effect on 5-HT..R coupling to Ga.-protein in schizophrenic
subjects (l..=17+2%, n=23) than in controls (l..=11+1%, n=23). In contrast, pimavanserin did not
induce effects on 5-HT..R coupling to Ga..-protein (I.=0£1%, n=23 and I..=-1£1%, n=23,
respectively). In all the cases, co-incubation of pimavanserin with MDL-11,939 abolished the inhibitory
effect on the Ga.-protein and no changes were found for Ga...-protein.

These findings demonstrate an enhanced constitutive activity of 5-HT..R through the pro-

hallucinogenic pathway in prefrontal cortex of schizophrenic subjects. The constitutive 5-HT..R
hyperactivity could contribute to predispose to psychotic symptoms in schizophrenia.
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Tooth decay, or dental caries, is the most common infectious disease worldwide. It results from a
complex interplay between host-related factors, acid-producing bacteria and fermentable sugars,
resulting in the destruction of susceptible dental hard tissues, further affecting pulp and periapical
tissues if untreated(1). Following damage, the dental pulp initiates a regenerative/reparative
response, through odontoblastic activation, triggered to combat the injuries present in the tooth and
dental pulp itself(2). Serine/threonine phosphatase 1 (PP1)(3,4) seems to play a role in
odontoblastic differentiation and angiogenesis(3). Furthermore, the regenerative properties of PP1
have been shown in the cardiac and nervous systems, with PP1 found to be expressed in oral
tissues (tongue and dental pulp)(3). It is well known that PP1 specific functions rely on PP1
complexes with different interactors known as RIPPOs(5). Taking this into consideration we
investigated the involvement of PP1 in regenerative pathways of dental pulp-derived cells by
characterizing PP1 isoforms’ expression and interactome. We were able to show that PP1a, PP1j3
and PP1y isoforms are expressed in pulp cells, but no PP1y2 expression was observed, as
expected. Also, the expression of RIPPOs involved in the signalling pathways that lead to the
activation of regenerative and repair processes like AKT, p38 MAPK and MAPK1, was confirmed in
dental pulp cells. Our preliminary results suggest that PP1y is important in regulating the signalling
pathways involved in tooth regeneration, which will be essential to ensure survivance, proliferation
and differentiation of dental pulp cells, with potential modulatory capabilities in regenerative
therapeutic strategies for tooth decay.
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Cancer cells often display metabolic alterations because of an increased energy demand due to high
proliferation rates [1]. That is why main pathways of cellular metabolism like glycolysis and
tricarboxylic acid (TCA) cycle are perturbed. Some metabolites of these pathways, like e.g. succinate,
a central TCA cycle metabolite, also act as signaling molecules specifically activating G protein-
coupled receptors (GPCRs). Since the altered metabolism is crucial for cancer cells, these GPCRs
might also play an important role for cancer cell survival and proliferation.

Here, we analyzed the role of the Gi/Gg-coupled succinate receptor (SUCNR1) for cancer cell
metabolism and survival as well as its signaling using a broad spectrum of signal transduction,
imaging and biochemical methods. We found SUCNR1 mRNA expression in different cancer cell lines
originating from various tissues. SUCNRL1 signaling in these cell lines was confirmed using classical
second messenger assays and the dynamic mass distribution technology. Using adherent 2D and
spheroid 3D cell culture models, we found that the siRNA-induced knockdown of SUCNR1
differentially affected the viability of the analyzed cancer cell lines. Metabolic analyses of oxygen
consumption rate and extracellular acidification rate revealed a higher basal and maximal respiration
in cells with SUCNR1 knockdown suggesting a role in TCA cycle regulation.

In summary, our findings provide evidence that SUCNRL is involved in the regulation of the metabolic
activity in cancer cells, thus being crucial for their survival and proliferation.
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Melanocortin type 4 receptor (MC4R) is a G-protein coupled receptor which central activation
increases energy expenditure and decreases appetite. Individuals bearing a MC4R loss-of-function
mutation can develop severe early-onset obesity. Many of those mutated receptors are misfolded and
retained in the cell by its quality control system, unable to reach their site of action. Pharmacological
chaperones (PC) are membrane-permeable selective chemicals that can promote proper folding and
subsequent targeting of a protein of interest, thus having the potential to rescue the function of
mutants. Our goal is to develop MC4R PC that would promote agonist-induced activation toward
signaling pathways important for weight loss in order to improve treatment efficiency and to reduce
adverse effects. Here, we report that stimulation of the wild-type MC4R can strongly activate Gas,
Ga15 and Gaz, and weakly activate Ga14, GaoB and both B-arrestins signaling pathways, whereas
no activation of Gag/11 or Ga12/13 was detectable. Dose-response curves with endogenous agonists
aMSH and BMSH, and synthetic super agonists NDP-aMSH and melanotan-1l showed (1) that both
endogenous agonists induce similar signaling profiles, (2) that Gas and Ga15 pathways have similar
potencies of activation and (3) that Gaz and Barr2 pathways have lower potencies of activation. The
MC4R PC UM0130866 can strongly restore defective expression of the intracellularly retained R165W
MCA4R variant, as well as Gas and Ga15 signaling pathways, whereas rescue of 3-arr2 and Gaz
signaling pathways were respectively weaker or not observed. Interestingly, UM0130866 also
seemed to have a partial agonist effect on the rescued pathways.
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Rimonabant is a CB. inverse agonist approved for the treatment of obesity that was removed from the
market in 2008 due to serious psychiatric side effects.: It was reported that Rimonabant's
neuropsychiatric liabilities are consequence of its binding to central CB. receptors. Blocking
exclusively the peripheral CB. receptor it is possible to achieve a similar appetite suppression and
weight loss effect,: therefore the search for novel peripheral selective CB. ligands have emerged as a
promising approach for obesity control.: In the frame of a project aimed to identify new lead
compounds by using MCR-based approaches, we herein document the discovery and optimization of
novel series of brain non-penetrant Rimonabant analogues, which were assembled by Ugi or Ugi-split
reactions. Some of the new ligands exhibit high CB1 affinity and selectivity profiles which is
accompanied by high polar surface area, low Log P and micromolar activity toward PGP (MDR1). The
most promising ammonium derivative and its non ionic precursor were tested in obese rats. One of
these compounds showed a body weight loss effect as well as a reduction in circulating
glucose, triglycerides, cholesterol, HDL and LDL levels comparable to rimonabant at the same doses.
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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder with complex etiology still
being under investigation by many research groups in the world. Despite the huge number of
molecules with promising preclinical activity only four compounds are currently authorized for treating
cognitive impairment of AD with the last compound approved by FDA in 2003:. As the available
therapies are not sufficiently effective, there is an urgent need to search for novel strategy. During
last years, serotonin 5-HT. receptor was a promising target in this subject, due to many preclinical
studies which indicated that both 5-HT.R agonists and antagonists are able to improve cognitive
impairment in animal models. On the other hand, none of the selective 5-HT,R agents which reached
clinical trials, showed enough efficacy to be approved by FDA, thus suggesting that such complex
disorder requires not selective but multitargeted therapy which influence on more than one signaling
pathway-.

Our previous studies led to characterization of the original triazine-based selective 5-HT.R
antagonists:. Herein, we present our success in enhancement the pharmacological profile into dual
action. As a second protein target, we selected serotonin 5-HT..receptor, of which ligands are also
known to play important role in cognition processes:.

The interdisciplinary approach enabled us to define the structural requirements which are responsible
for balancing between selective 5-HT.R and dual 5-HT.R/5-HT..R action. The most potent dual
antagonist (5-HT. K. = 11 nM; 5-HT.. K = 39 nM) was selected for in vivo pharmacological evaluation
which confirmed its procognitive potency in Novel Objection Recognition test.

The project is financed by the National Science Center grant No. UMO-2018/31/ B/NZ7/02160.
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In recent years, transmembrane voltage has been found to modify agonist potencies at several G
protein-coupled receptors (GPCRs)=:«. Whereas the voltage sensitivities of the Gai.-coupled
dopamine D.-like receptors (D.R, D:R, D.R) have previously been investigated, the putative impact of
transmembrane voltage on agonist potency at the mainly Ga..-coupled dopamine D.-like receptors
(D:R, D.R) has hitherto not been reported.

Here, we assayed the potency of dopamine in activating G protein-coupled inward rectifier potassium
(GIRK) channels co-expressed with D.R and D.R in Xenopus oocytes, at -80 mV and at 0 mV.
Furthermore, GIRK response deactivation rates upon dopamine washout were measured to estimate
dopamine dissociation rate (k.) constants.

Depolarization from -80 to 0 mV was found to reduce dopamine potency by about 7-fold at both D.R
and D:R. This potency reduction was accompanied by an increase in estimated dopamine k.s at both
receptors. While the GIRK response elicited via D.R was insensitive to pertussis toxin (PTX), the
response evoked via D;R was reduced by 64% (-80 mV) and 71% (0 mV) in the presence of PTX.
Injection of oocytes with Ga, antisense oligonucleotide inhibited the D.R-mediated response by 62%
(-80 mV) and 76% (0 mV) and abolished the DR response when combined with PTX.

Our results suggest that depolarization decreases dopamine affinity at D.R and D.R. The voltage-
dependent affinities of dopamine at D.R and D.R may be relevant to the functions of these receptors
in learning and memorys.
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High mobility group box 1 (HMGB1) is a key clinical biomarker in acute and chronic inflammatory
conditions, cancer and autoimmune diseases [1] and is considered an attractive therapeutic target.
HMGBL1 is a nuclear protein that can translocate to the cytoplasm and be passively or actively
released from the cell. Interestingly, despite lacking a nucleus, platelets are a rich source of
HMGBL1, where upon its release contributes to the development of thrombotic diseases [2-4]. While
the mechanism of platelet HMGB1 activity has been primarily focused upon the role of Toll-like
receptors (TLRs), evidence has emerged in other cellular contexts to suggest that HMGBL1 release
can also be induced by thrombin through proteinase-activated receptor (PAR) [5]. PARs are key
platelet G-protein-coupled receptors well known for their role in thrombosis through activation via
thrombin. Interestingly, thrombin has also been implicated in the proteolytic cleavage of HMGB1 [6],
with new data demonstrating the extracellular release of a novel form of high molecular weight
HMGB1 (HMW-HMGB1) (Cunningham, in preparation). This work has identified a distinct
mechanism of extracellular release of HMGB1, which may be integral to the inflammatory role this
protein plays in the coagulation context.
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Serotonin 5-HT.. receptors (5-HT..R) are highly expressed in human prefrontal cortex, essential for
learning and cognition [1]. Consequently, antagonists of these receptors are effective in treatment of
various neuropsychiatric disorders, such as depression, insomnia, schizophrenia, anxiety, and
Parkinson’s disease [2]. Recent progress in molecular modelling studies has led to significant success
in drug discovery using ligand and target-based methods. To design novel potent 5-HT..R antagonists,
we report a strategy of combining three-dimensional quantitative structure-activity relationship (3D-
QSAR) modelling with molecular docking and molecular dynamic (MD) simulation. Based on the
common structural features, data set of 75 compounds was divided into three clusters. Firstly, MD
simulations were carried out for each cluster representative in complex with 5-HT..R, providing
important molecular level insight into their structure and dynamics. Afterward, to provide more
accurate information about binding modes in the active site of the receptor, obtained conformations
were used for docking studies and generation of the virtually bioactive conformations of all studied
ligands. In addition, 3D-QSAR study, utilizing selected conformers, was carried out to gain further
insights into the structural requirements that affect their antagonistic activity. Besides, some
commercially available 5-HT..R antagonists were examined through in vitro PAMPA essay, as well as
in silico computational methods not only to improve BBB permeability of new designed compounds,
but also to establish promising tool to study their membrane permeability in detail. Overall, these and
future results will provide new methodologies that could be used as guidelines for rational drug design
of novel 5-HT..R antagonists.
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Serotonin receptors are extensively examined by academic and industrial researchers, due to their
vital roles, which they play in the organism and constituting therefore important drug targets. Up to
very recent times, it was assumed that the basic nitrogen in compound structure is a necessary
component to make it active within this receptor system. Such nitrogen was supposed to interact in
its protonated form with the aspartic acid from the third transmembrane helix (D 3x32) forming a
hydrogen bond tightly fitting the ligand in the protein binding site. However, there are several recent
studies that report strong serotonin receptor affinity also for compounds without a basic moiety in their
structures. In the study, we carried out a comprehensive in silico analysis of the low-basicity
phenomenon of serotonin receptor ligands. We focused on the crystallized representatives of the
proteins of 5-HT1g, 5-HT2a, 5-HT2gs, and 5-HT.c receptors, and examined the problem both from the
ligand- and structure-based perspectives. The study was performed for the native proteins, and for
D3x32A mutants. The investigation resulted in the determination of non-standard structural
requirements for activity towards serotonin receptors, which can be used in the design of new non-
basic ligands.
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Although some G protein-coupled receptors (GPCRs) are known to be very polymorphic due to
natural genetic variation, the development of drugs is typically based on the most frequent form of
these receptors. Hence, variants affecting GPCRs may impact on the response to certain drugs,
leading to important consequences such as adverse effects or overdose. In fact, ineffective
prescriptions due to GPCR variants generate an economic burden of ~30 million British Pounds per
year only in the UK [1]. In this study, we try to uncover some of the variants that are responsible for
ineffective prescriptions which decrease the quality of life of the patients and generate unnecessary
economic costs.

With this objective, we first selected a set of potentially ‘high-impact’ variants by studying the variants
located in ‘sensitive’ regions, such as the binding sites, conserved motifs, or the intracellular binding
sites. Secondly, this original set is reduced filtering only the variants present more frequently in the
population and predicted to have functional impact, this is achieved using impact scores. Finally, the
reduced set of selected variants, which are more likely to generate differences in drug response
compared to the wild-type, are analyzed with molecular simulations. This last step will be the one
used to confirm the different behaviour produced by the high-impact variant in the GPCR receptor
when bound to a certain drug.
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Chemokine receptors are drug targets against immune and autoimmune diseases, as well as cancer
(). In recent years, several X-ray structures of chemokine receptors (CCR2, CCR5, CCR7, CCR9)
in complex with allosteric ligands have been solved revealing the different location of allosteric sites
(2-5). These structures provide new opportunities to explore the properties and behaviour of allosteric
binding cavities in the chemokine receptor family and predict allosteric sites for the receptors for which
structural knowledge is unknown (CCR4 and CXCR4). To do this, we conduct molecular dynamics
simulations of the CCR7, CCR5, CCR4 and CXCR4 receptors in a water-lipid bilayer. The receptors
are simulated in an empty form and the presence of allosteric ligands and probe molecules. The
results of simulations highlight key conserved and non-conserved amino acid residues holding a
ligand in allosteric sites at extracellular and intracellular sides of the receptors. Analysis of druggability
and physicochemical properties of allosteric cavities; and topology and functional groups of structures
of allosteric ligands indicate unique features of allosteric binding. The location and amino acid
residues of allosteric binding sites at the CCR4 and CXCR4 receptors are predicted for experimental
tests. Subtype selectivity of allosteric binding sites is discussed. The characterization of allosteric
binding sites may provide new structure-based strategies in identifying a novel type of chemokine
receptor modulators.
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The ubiquitous second messenger cCAMP regulates a vast range of physiological processes such as
cardiac function by relaying extracellular stimuli (by many different G protein-coupled receptors) to
specific cellular functions. To achieve such specificity, we have recently shown that cAMP signaling
is confined into nanometer-sized compartments in intact cells. The very small size of these
compartments suggests that nanodomain signaling is controlled by only a few molecules of cAMP. In
order to precisely monitor these single-molecule events in real time and in intact cells, we set out to
develop genetically-encoded cAMP-biosensors with high dynamic ranges and fast kinetics. Based on
a universally-taggable, positive cAMP switch, comprising a split CAMP-binding domain (CNBD), i.e.
CUTie [1], we here report cloning and characterization of a family of FRET-based cAMP-biosensors.
We found that using different combinations of several cyan and yellow fluorescent proteins within the
same scaffold results in sensors with varying dynamic ranges, kinetics and affinities for cCAMP. From
our small library, we selected two sensors with dynamic ranges that exceed existing sensors by 2-3
fold, allowing to detect even subtle changes in cellular cAMP levels. We demonstrate that targeting
these sensors to several nanodomains facilitates monitoring spatiotemporal cAMP signaling of the
entire GPCR/cAMP/PKA signaling axis. Moreover, we show that the sensor design can be extended
to green/red fluorescent protein pairs and that the split- CNBD design is applicable to other cAMP
switches. In conclusion, we present a state-of-the-art toolbox to monitor cellular cAMP signaling in
nanodomains.
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The dopamine D2 receptor (D2R) has been implicated in the etiology of several psychiatric disorders
and is a main target of most antipsychotics. Interestingly, a “whole-body” decrease in long-chain
polyunsaturated fatty acids (PUFA) levels — n-3 PUFAs such as docosahexaenoic acid (DHA) in
particular - has been consistently described in these psychiatric disorders [1]. However, the
mechanisms by which alteration in PUFA levels may contribute to pathogeneses and could alter the
functionality and pharmacology of the D2R are unknown. Our project aims at unraveling the impact
of membrane PUFAs on D2R pharmacological properties and conformation through biochemical,
biophysical and modeling studies in both PUFA enriched cells and membrane model systems of
controlled lipid composition. To this aim, we have investigated the impact of membrane PUFAs in the
first stages of receptor activation, that is in the receptor/ligand interaction using fluorescence
anisotropy and plasmon waveguide resonance (PWR) [2]. Moreover, PUFAs impact on the
recruitment and activity of D2R signaling effectors was investigated by BRET approaches. Overall the
data indicate that membrane PUFA composition impacts both agonist and antagonist affinity for D2R.
This effect could be related to a preferential interaction of PUFA-containing phospholipids with the
D2R leading to the formation of microdomains around the receptor as revealed by molecular
modeling. Regarding the signaling cascades, preliminary data indicates an absence of influence of
PUFAs on cAMP production but an impact on B-arrestin recruitment. The results could have a
significant impact in the development of adjuvant therapeutic strategies for psychiatric disorders
implicating the D2R.
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Although G protein-coupled receptors (GPCRSs) are involved in many physiological processes and
diseases, the underlying mechanism responsible for their functionality and activation still remains
poorly understood due to its complexity. Molecular dynamics (MD) is a promising approach for
understanding atomistically the functionality of GPCRs. However, events such as GPCR activation
are beyond the time scale of classical unbiased MD.

In this scenario, we take advantage of metadynamics, an enhanced sampling technique which allows
us to overcome the time scale barrier. Here, we present an efficient metadynamics approach based
on Path Collective Variables, which is able to define the . adrenergic receptor activation mechanism
in its apo form. We provide insights about the behaviour of the highly conserved motifs of the receptor
along the transition between active and inactive states.
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Human eosinophils adhesion assay was developed as a new method used to evaluate the activity of
histamine receptor ligands, that could be used as potential drugs in the treatment of many
inflammatory and immunomodulatory diseases, including allergic rhinitis, asthma, atopic dermatitis,
colitis, or pruritus [1]. This assay, in line with reemerging phenotypic-based drug discovery, allows
studying the effects of GPCR ligands on native, non-modified human cells.

In this study, the triazine derivative JN-35 affinity and functional activity were studied at classical
recombinant cell-based tests, including radioligand displacement, and cellular aequorin-based
functional assays. Obtained data were confronted with the JN-35 activity in human eosinophils
adhesion assay. Additionally, this compound was tested against its permeability, cytotoxicity, and
metabolic stability. Finally, the JN-35 activity was confirmed during the in vivo studies.

Eosinophils adhesion assay detected robust anti-inflammatory activity of the JN-35 compound,
although this ligand showed low affinity at histamine receptor subtypes and exhibited only mediocre
receptor-mediated potency when examining during classical recombinant cell-based assays.
Interestingly, the JN-35 mediated reduction of eosinophils adhesion was independent of the presence
of histamine. JN-35 was also active during the in vivo examination, during which it inhibited both the
croton oil-induced ear edema and pruritus in CD-1 mice.

In conclusion, eosinophils adhesion assay uncovered the pharmacological activity of JN-35 ligand,
which was later confirmed in vivo, underscoring the value of a well-suited cell-based phenotypic
screening approach in drug discovery.
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B-Arrestins are critical regulators of G protein-coupled receptors (GPCRS) that desensitize G protein
signaling, promote receptor internalization, and initiate signaling on their own. Recent structural
findings indicate that B-arrestins adopt different conformations upon interaction with agonist-activated
GPCRs. Here, we established a B-arrestin-2 conformational bioluminescence resonance energy
transfer (BRET) sensor composed of the bright Nanoluc BRET donor and the red-shifted CyOFP1
BRET acceptor. The sensor monitors early intramolecular conformational changes of B-arrestin-2 in
complex with a wide panel of different class A and class B GPCRs upon agonist activation and with
orphan GPCRs known to spontaneously recruit B-arrestin-2. The introduction of the R170E mutant in
the B-arrestin-2 sensor allowed the detection of a partially active B-arrestin-2 conformation, which is
not dependent on receptor phosphorylation, while the deletion of the B-arrestin-2 finger-loop region
detected the "tail-conformation" corresponding to the interaction of B-arrestin with the carboxyl-
terminal domain of GPCRs. The new sensors combine the advantages of the BRET technique in
terms of sensitivity, robustness, and suitability for real-time measurements with a high responsiveness
toward early conformational changes to help to elucidate the different conformational states of [3-
arrestins associated with GPCR activation in living cells.
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Muscarinic acetylcholine receptors (MAChR) have 5 subtypes (M.:), that are linked to several severe
diseases, making them an attractive drug target. The characterization of ligand binding to GPCR by
the fluorescence methods have become quite popular. However, untlil now only a limited number of
fluorescence ligands are available. Recently, several novel low molecular weight fluorescently
labelled ligands targeting mMAChRs were developed [1]. While M, and M, subtypes have received more
attention, the M,subtype has not been so widely studied. Therefore, new fluorescent ligands could be
beneficial for studying M.R subtype. We developed two novel fluorescence methods to study the
binding of UR-CGO072, one of the new fluorescently labelled ligands, to M.R. Firstly, we implemented
fluorescence anisotropy assay using M. displaying budded baculovirus particles [2] and secondly a
combination of epifluorescence and bright-filed microscopy with live M.R expressing CHO cells [3].
Both methods allow to monitor the binding kinetics of UR-CG072 and measure the affinities of
unlabelled ligands. Ligand binding parameters acquired with both assays were in an agreement with
previously published data. Both assays complement each other as fluorescence anisotropy assay
allows higher throughput, while the live-cell assay provides a more native system for gaining additional
information.
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The B2-adrenoceptor (B2AR) is a well-established target in asthma and a prototypical GPCR for
biophysical studies. Solubilisation of membrane proteins has classically used detergents; however,
detergents often destabilise membrane proteins. Here we show the isolation of the B2AR in the
polymer Diisobutylene maleic acid (DIBMA). We demonstrate that B2AR remains functional inside the
DIBMALP and shows improved stability compared to n-Dodecyl- B-D-Maltopyranoside (DDM)
detergent solubilised B2AR and previous use of thermostabilising mutations to improve B2AR stability.
This provides an improved method for 2AR extraction for biophysical studies.

DIBMALP- B2AR functionality was assed using TR-FRET ligand binding assays and fluorescent
propranolol. These studies showed comparable pK. values for binding B2AR in membranes
(pK,=7.5£0.08), DDM-32AR (pK.=7.2+0.03) and DIBMALP-B2AR (pK.=7.0+£0.07), n=3. Moreover,
competition binding studies showed comparable pK: values for propranolol, isoprenaline and ICI
118551 binding DIBMALP-32AR, DDM-B2AR and membrane -B2AR (n=3). TR-FRET thermostability
assays gave a melting temperature (Tm) of 46.5-C £2.1 for DIBMALP B2AR compared to conventional
DDM B2AR (Tm=35.9:C +2.4), n=3.

Overall, these data show that the DIBMALP-B2AR is functional and its pharmacological properties

are similar to B2AR in membranes. DIBMALP-B2AR shows improved stability compared to the DDM
solubilised receptor opening possibilities for further biophysical characterisation of the receptor.
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The functionality of G protein-coupled receptors (GPCRS) is linked to their interaction with multiple
intracellular coupling partners, among them multifunctional proteins called B-arrestins (Barrs).
Coupling of Barrs has been initially associated only with desensitization and internalization of GPCRs,
however subsequent experimental data demonstrated their involvement in multiple downstream
signalling pathways:. Interestingly, the formation of the GPCR/Barr complex can lead to various
functional outcomes. One of the factors that drives this outcome is the specific phosphorylation pattern
(or “phosphorylation barcode”) of the GPCR::, however details of how arrestin is able to recognize
and react to this code have remained obscure. To shed light on this question, we investigated the
impact of specific phosphorylation patterns on Barr functionality in a prototypical GPCR - the
Vasopressin 2 receptors. Combining biochemical and biophysical experiments we were able to link
specific GPCR/Barr interaction patterns with a functional response:. Extensive molecular dynamics
simulations allowed us to gain a mechanistic understanding how those patterns are recognized by
arrestin, and subsequently promote a specific conformation of this protein. Most importantly, we
propose that these conformational changes are linked to specific downstream events. Further
experiments confirmed that the observed mechanism is conserved in other GPCRs:.

References

1. Lefkowitz, R. J., & Shenoy, S. K. Transduction of receptor signals by R-arrestins. Science, 308(5721), 512-517 (2005). doi:
10.1126/science.1109237

2. Nobles, K. N., Xiao, K., Ahn, S., Shukla, A. K., Lam, C. M., Rajagopal, S., ... & Shenoy, S. K. Distinct phosphorylation sites on
the B2-adrenergic receptor establish a barcode that encodes differential functions of B-arrestin. Science signaling, 4(185), ra51-
rab1 (2011). doi: 10.1126/scisignal.2001707

3. Mayer, D., Damberger, F. F., Samarasimhareddy, M., Feldmueller, M., Vuckovic, Z., Flock, T., ... & Standfuss, J. Distinct G
protein-coupled receptor phosphorylation motifs modulate arrestin affinity and activation and global conformation. Nature
communications, 10(1), 1-14 (2019). doi: 10.1038/s41467-019-09204-y

4.  Dwivedi-Agnihotri, H., Chaturvedi, M., Baidya, M., Stepniewski, T. M., Pandey, S., Maharana, J., ... & Shukla, A. K. Distinct
phosphorylation sites in a prototypical GPCR differently orchestrate -arrestin interaction, trafficking, and signaling. Science
Advances, 6(37), (2020). doi: 10.1126/sciadv.abb8368

5. Baidya, M., Kumari, P., Dwivedi-Agnihotri, H., Pandey, S., Chaturvedi, M., Stepniewski, T. M, ... & Inoue, A. Key
phosphorylation sites in GPCR s orchestrate the contribution of B-Arrestin 1 in ERK 1/2 activation. EMBO reports, e49886,
(2020). doi: 10.15252/embr.201949886

COST Action

CA18133

Il "ERNEST
European Research
Network on Signal

Transduction



P2.1.3 Calmodulin Calcium Sensors Regulates NMDAR Function in
Alzheimer Disease

Authors: Jaume Lillo-:, Rafael Franco=, David Aguinaga:, Irene Reyesw:, Enric |. Canela:=, Airi
Tarutanic, Masato Hasegawa:, Anna del Ser-Badiaz+, José A. del Rio=s, Michael R. Kreutz, Carlos A.
Sauraz+ and Gemma Navarrozs

Institution Address:

1. Molecular Neurobiology Laboratory, Department of Biochemistry and Molecular Biomedicine,
Universitat de Barcelona, Barcelona, Spain

2. Centro de Investigacion en Red, Enfermedades Neurodegenerativas (CIBERNED), Instituto
de Salud Carlos Ill, Madrid, Spain

3. Department of Dementia and Higher Brain Function, Tokyo Metropolitan Institute of Medical
Science, Tokyo, Japan

4. Department de Bioquimica i Biologia Molecular, Institut de Neurociéncies, Universitat
Autonoma de Barcelona, Bellaterra, Spain

5. Molecular and Cellular Neurobiotechnology, Institute of Bioengineering of Catalonia, The
Barcelona Institute of Science and Technology, Barcelona, Spain

6. Department of Cell Biology, Physiology and Immunology, Universitat de Barcelona,
Barcelona, Spain

7. RG Neuroplasticity, Leibniz Institute for Neurobiology, Magdeburg, Germany

8. Leibniz Group Dendritic Organelles and Synaptic Function, Center for Molecular
Neurobiology, ZMNH, University Medical Center Hamburg-Eppendorf, Hamburg, Germany

9. Department of Biochemistry and Molecular Biology, Faculty of Pharmacy, Universitat de
Barcelona, Barcelona, Spain

Work group section: Macromolecular Interactions in Signalling Pathways

Email address of the presenter: lillojaume@gmail.com

N-methyl-D-aspartate receptors (NMDARS) respond to glutamate to allow the influx of calcium ions
and the signaling to the mitogen-activated protein kinase (MAPK) cascade. Both MAPK- and Ca2+-
mediated events are important for both neurotransmission and neural cell function and fate. Using a
heterologous expression system, we demonstrate that NMDAR may interact with the EF-hand
calcium-binding protein calmodulin, but not with caldendrin. NMDARSs were present in primary cultures
of both neurons and microglia from cortex and hippocampus. Calmodulin in microglia and neurons
are necessary for NMDA-induced MAP kinase pathway activation. Remarkably, signaling to the MAP
kinase pathway was blunted in primary cultures of cortical and hippocampal neurons and microglia
from wild-type animals by proteins involved in neurodegenerative diseases: a-synuclein, Tau, and p-
Tau. A similar blockade by pathogenic proteins was found using samples from the APPSw,Ind
transgenic Alzheimer's disease model. Interestingly, a marked increase of NMDAR-CaM complexes
was identified in microglia from the transgenic mice. The results show that a-synuclein, Tau, and p-
Tau disrupt the signaling of NMDAR to the MAPK pathway and that calcium sensors are important for
NMDAR function both in neurons and microglia.
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Regulation of G protein-coupled receptor (GPCR) signalling requires receptor phosphorylation and
subsequent arrestin binding. In this study, we examined the functional role of two lysine residues in
the arrestin-1 N-domain, K14 and K15, which interact with arrestin’s auto-inhibitory C-tail in the
basal state and bind key phosphorylated sites on the receptor C-terminus in the high-affinity
complex [1, 2]. Our analysis employed multiple biochemical and spectroscopic methods to assess
arrestin activation and receptor binding. Intriguingly, conservative mutation of these two sites to
arginine resulted in impaired interaction of arrestin-1 with certain functional forms of the GPCR
rhodopsin. ‘Pre-complex’-like interactions with inactive, phosphorylated receptors (i.e. dark-state
RhoP and the aporeceptor OpsP) were hampered by the K14R,K15R mutations, while binding to
light-activated, agonist-bound phosphorylated rhodopsin (Rho*P) was apparently not affected. Since
pre-complex interactions are heavily dependent on receptor phosphorylation [3, 4], we compared
the ability of the K14,15R mutant to bind distinctly phosphorylated rhodopsin peptide analogues.
While wild-type arrestin-1 robustly associated with phosphopeptides containing at least three
phosphorylated sites, the K14,15R mutant required more highly phosphorylated peptides for
measureable interaction. Overall, our data suggest that conservative replacement of K14 and K15
with arginine strengthens association of the arrestin C-tail with the N-domain, thereby stabilising the
basal state. Arrestin activation, which entails C-tail exchange with the phosphorylated receptor C-
terminus, is not completely inhibited in the K14,15R mutant yet requires more energy in the form of
more phosphorylated receptor residues and/or engagement of the active receptor core [5].
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The ability of individual G protein-coupled receptors (GPCRs) to engage multiple signaling
pathways is a unique mechanism to respond and fine-tune all possible environmental stimuli. To
gain insights into the molecular basis of selectivity do we require novel tools to determine the G
protein subtypes and R-arrestins engaged by a given receptor. Here, we analyse the selectivity
landscape of 100 therapeutically relevant GPCRs based on data obtained through a new BRET-
based effector membrane translocation assay (EMTA), which monitors the activation of each Ga
protein through the recruitment of selective G protein effectors and Barrestins to the plasma
membrane. Our analysis revealed a great diversity of coupling profiles with some receptors
displaying exquisite selectivity, whereas others promiscuitly engage all four G protein families. We
show that coupling profiles for individual subtypes largely cluster within evolutionary G protein family
assignments. However, G15 displays a distinct profile from other members of the Gg/11 family.
Comparison with existing datasets points to commonalities but also critical differences between
studies. Overall, we describe a unique resource for studying GPCR selectivity, which opens
opportunities for the development of better drugs.
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FasL/Fas system is a well-known regulator of apoptotic cell death, particularly in the immune system.
More recent studies, however, show this signaling also in non-apoptotic events, including bone
formation. From our observation, FasL was detected in different cells in prenatal bone, with the most
abundant expression in osteoblasts. Analysis of osteogenic genes in the mandible of FasL-deficient
(gld) mice showed decreased expression of two osteogenic markers, Sost and Mmp2. This regulatory
pathway was confirmed in MC3T3-E1 cells, a lineage widely used in osteoblastic research. Addition
of recombinant mouse FasL resulted in increased Mmp2 expression, and inversely, treatment by anti-
FasL molecule decreased expression of Mmp2. These changes in osteogenic pathways might be
connected with increased bone density observed in the adult gld mice. Notably, an age specific
phenotype was detected in gld mice when the bone density showed a decrease in early postnatal
development when compared to normal mice of the same stage. These pilot findings point to specific
functions of FasL in different bone cells and indicate novel roles of FasL/Fas signaling in
osteogenesis.

Further research and international networking have been supported by the Inter-COST project
LTC20048 (www.msmt.cz)
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Recent insights have indicated an active role of the complex complement system not only in
immunity, but also in bone remodeling:. Evidence from knockout mice and observations from
skeletal diseases have drawn attention to the C5a/C5aR. axis of the complement cascade in the
modulation of osteoclast functions:. With the aim to identify novel C5aR. regulators, a medicinal
chemistry program was initiated, driven by structural information on a minor pocket of C5aR. that
has been proposed to be a key motif for C5aR. intracellular activation. The impact of the
peptidomimetic orthosteric C5aR.antagonist (PMX-53), of two newly synthesized allosteric C5aR.
antagonists (DF2593A, DF3016A), and of specific siRNA downregulation of C5aR., were examined
for regulation of osteoclastogenesis, using a wellvalidated in-vitro model starting from RAW264.7
precursor cells. These pharmacological and molecular approaches both reduced the osteoclast
maturation of RAW264.7 cells, induced by the cytokine RANKL, to limit the transcription of the main
differentiation markers (NFATc1, Cathepsin-k, MMP-9 and TRAP), as evaluated by real-time PCR.
These treatments were ineffective on the subsequent step of osteoclast syncytium formation.
Among the C5aR. antagonists analyzed, DF3016A inhibited the osteoclast degradation activity
through the inhibition of C5aR. signal transduction and transcription. This study was extended to a
human osteoclastogenesis model, using as osteoclast precursors monocytes purified by negative
depletion of peripheral blood mononuclear cells of healthy donors. In this system, DF2593A was
significantly efficient in reducing the osteoclast functional activity. Altogether, these results indicate
the therapeutic potential of C5aR. allosteric modulators for the treatment of osteoclast-related
pathologies.
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Based on the origin, there are two types of osteogenesis (bone formation): intramembranous and
endochondral, when the latter one contains a chondrogenic step prior to osteoblastic

differentiation. Myb transcription factor is a well characterized oncogene with long term known
essential engagement in hematopoiesis. Notably, recent reports indicate novel associations with
osteogenesis. We have shown that during the prenatal development of mandibular
(intramembranous) bone, MYB protein was detected in the osteoblasts and osteoclasts of the tooth
surrounding bone. In postnatal tooth and bone development, the MYB protein was observed
especially along the outer surface of the alveolar bone ridge. The osteogenic potential was later
confirmed and further specified also by other teams and Myb was demonstrated to enhance new
bone formation in case of dental implants. Regarding long (endochondral) bones, chondrogenic and
osteogenic potential of Myb was analysed using micromasss cultures. Despite several indications of
novel functions of Myb in osteogenesis, the mechanism has not been clarified yet.

Myb knock-out is prenatally lethal (by day 15 in the mouse) thus simple bone analyses are
hindered. Nevertheless, the mandibular bone at day 15 reaches a stage when osteoblasts,
osteoclasts as well as osteocytes are already present. We aim to use this model for following
investigations with focus on Rank-Rankl-Opg signalling where the preliminary data point to Rank
decrease and Rankl/Opg increase in Myb deficient bones. For this purpose, cooperation with prof.
Frampton (University of Birmingham) has been established.

Further research and international networking have been supported by the Inter-COST project
LTC20048 (www.msmt.cz)
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BACKGROUND: M. receptor (M:R) antagonists are efficient in the short-term treatment of asthma
mainly by limiting bronchoconstriction. Nevertheless, they can aggravate respiratory symptoms over
time by upregulating M:R. Inversely, MR can be desensitized by mechanisms of uncoupling and/or
downregulation in the case of prolonged activation. In this study, we tested the hypothesis that
selective MR desensitization could be a good approach to treat asthma. Furthermore, we
characterized the molecular mechanisms behind M3R desensitization by using tissue and cell models
of M.R desensitization.

METHODS: An HDM murine model of asthma was exposed to an aerosolized M.R agonist,
methacholine (MCh), for 4.5 consecutive days. In vivo airway responsiveness and the contractility of
isolated tracheas were then assessed by using the FlexiVent system and in organ baths, respectively.
The tissue model of M3R desensitization consists of exposing the tracheas to MCh and evaluating
their contractility. The cell-based model of desensitization consists to monitor receptor internalization
in response to M;R agonist in HEK293SL cells by using the ebBRET technology.

RESULTS: Repeated in vivo exposures of ‘asthmatic’ mice to MCh decreased their airway
hyperresponsiveness and tracheal contractility. The tissue and cellular model of desensitization was
abolished by an inhibitor of internalization (hypertonic sucrose). Gene knockout in the cellular model
demonstrated that M;R internalization is dependent on b-arrestins and GRKs and, in contrast,
independent of G, proteins associated with bronchoconstriction.

CONCLUSION: This study suggests that a compound that selectively promotes the M.R
desensitization is conceivable and could have long-term clinical benefit in the context of asthma.
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Neuropeptide Y (NPY) and its receptors affect various processes, among others food intake, and
therefore, it is a potential target for obesity therapy:. As the NPY system is an enlarged multi-ligand/
multi-receptor network, studies in model organisms are indispensable to assess molecular properties
in a physiological context.

With the FMRFamide-like peptide (FLP)/Neuropeptide receptor-Resemblance (NPR) system as main
candidate to be the NPY orthologous system, C. elegans could be an excellent model for such studies.
However, although the NPY system is evolutionary conserved in all bilaterians, there is no clear
evidence that the FLP/NPR system is indeed a true orthologous system in C. elegans.

To address this issue, we performed a comprehensive pharmacological study of the FLP/NPR system
proving that G-protein coupling and ligand requirements for receptor activation are similar to the
human NPY system. In vitro and in vivo analyses showed cross-reactivity of human NPY with the
FLP/NPR system culminating in the ability of the human receptors to functionally substitute FLP/NPR
signalling in vivo. Further, an exchange of conserved amino acids in the neuropeptides of both
systems led to a strong shift of receptor binding and activation in vitro.

These data demonstrate the pharmacological and functional similarities of human and C. elegans
NPY systems, expanding our understanding of the evolution of the neuropeptide Y system and its
function beyond phylogenetic reconstructions.
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Chirality plays a key role in biomolecular recognition. Typically, a change in chirality will dramatically
affect ligand—receptor binding. However, both D-glucose and its enantiomer L-glucose elicit sweet
taste in humans. We show that L- and D-glucose are perceived as similarly sweet by humans, and
that in cell-based functional assays, both enantiomers activate the human sweet taste receptor
TaS1R2/TaS1R3. We hypothesize that both L- and D-glucose occupy the orthosteric binding site in
the VFT domain of TAS1R2 [1]. Using induced-fit docking to a homology model of this domain, we
identify two subpockets in this binding site [2]. The model suggests that glucose molecules can bind
in either of these subpockets, which overlap with the predicted positions of monosaccharide units of
sucrose. One subpocket is close to the hinge between the two VFT domain lobes, and overlaps with
aspartame and neotame site, the second subpocket overlaps with a sweetness enhancers site. These
findings suggest a framework for rational design of sweeteners combinations.
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Hydrogen to deuterium isotopic substitution has only a minor effect on physical and chemical
properties of water and, as such, is not supposed to influence its neutral taste. Here, we conclusively
demonstrate that humans are, nevertheless, able to distinguish D.O from H.O by taste. Indeed, highly
purified heavy water has a distinctly sweeter taste than same-purity normal water and adds to
perceived sweetness of sweeteners. In contrast, mice do not prefer D.O over H.O, indicating that they
are not likely to perceive heavy water as sweet. For humans, the sweet taste of D.O is suppressed by
lactisole, which is an inhibitor known to act via the TAS1R3 monomer of the TAS1R2/TAS1R3 sweet
taste receptor. HEK 293T cells transfected with the TAS1R2/TAS1R3 heterodimer and the chimeric
Ga16gust44 G-protein are activated by D.O but not by H.O. The present study resolves a long-time
controversy about the taste of heavy water, confirms that its sweet taste is mediated by the human
TAS1R2/TAS1R3 sweet taste receptor, and opens way to future studies of potential sites and modes
of action.
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G protein-coupled receptor 18 (GPR18) is considered an orphan receptor and may represent a novel
therapeutic target. There is an urgent need to develop truly useful tools to study GPR18 signalling
and pharmacology, both antagonists and agonists. In our previous studies, bicyclic imidazole-4-one
derivatives were discovered as the first synthetic scaffolds that block GPR18 receptor function as
detected in B-arrestin assays [1,2]. Among them, two compounds showed the best potency and
selectivity profile: PSB-CB-5 (IC+=0.279 uM) and PSB-CB-27 (IC.=0.650 uM). In the further course
of our research small-peptide like compounds were developed which represent a new class of GPR18
agonists: KS4 and KS5. In the present study, we investigated the GPR18-dependent signalling
pathway that is involved in cell survival and apoptosis induction in human HT-1080 fibrosarcoma cells.

Activation of GPR18 with the selective agonists KS4 and KS5 inhibited HT-1080 cells growth and
induced apoptosis. The presence of GPR18 antagonists (PSB-CB-5 or PSB-CB-27) restored cell
viability to control levels, but did not protect cells against the proapoptotic effects of the agonists.
These results suggest that cell growth inhibition is directly GPR18-dependent as opposed to the
induction of apoptosis. HT-1080 cells death was found to be caspase-dependent but not induced by
GPR18 activation.
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G protein-coupled receptors (GPCRs), the largest class of receptors in the human genome, are
implicated in a vast array of pathologies and physiologic processes. Following ligand stimulation,
GPCRs interact with G proteins and B-arrestins, which have distinct signalling profiles. The ability of
ligands or receptors to preferentially activate one signalling pathway over the other, a phenomenon
known as biased agonism, illustrates the high degree of specificity in GPCR signalling and presents
exciting opportunities for drug discovery:. One mechanism underlying this phenomenon is the
phosphorylation barcode hypothesis which states that the phosphorylation pattern of the receptor’s
C-terminal tail promotes distinct interactions with certain transducer elements over othersz. The
chemokine system, a subfamily of GPCRs primarily present on leukocytes, serves as an
endogenous example of biased agonism due to the significant promiscuity between ligands and
receptors in this systems:. The chemokine receptor CXCR3 and its ligands CXCL9, CXCL10, and
CXCL11 have clearly demonstrated bias in vivo and in vitro«s. To investigate how the
phosphorylation pattern of CXCR3 impacts its signalling, we created phosphodeficient CXCR3
mutants and probed their interactions with different isoforms of GPCR kinases (GRKs) upon
stimulation with the endogenous ligands using a split nano-luciferase assay. Our data reveals
significant signalling bias, at the ligand, receptor, and GRK level. The mutants demonstrate clear
preference for certain isoforms of GRKs over others upon ligand stimulation, and this preference
depends on the identity of the ligand-receptor combination. These results support the hypothesis
that specific GPCR phosphorylation patterns may promote certain signalling pathways over others.
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Variants of the orphan G protein-coupled receptor GPR50 have been identified as risk factors for
neuropsychiatric disorders. However, the role of GPR50 in the central nervous system (CNS) and its
link to CNS disorders remain elusive. By using cells from GPR50 knockout mice we define GPR50 as
a novel inhibitor of neurite outgrowth and neuronal migration by constitutively activating G12 / 13
proteins and the RhoA pathway. GPR50 appears to be an important new regulator of neurite formation
via a pathway independent of NogoA, one of the best characterized myelin-associated neurite growth
inhibitors.
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P2.4.1 Allosteric Regulation of GPCR Rhodopsin by Soft Matter
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G-protein-coupled receptors (GPCRSs) are allosteric membrane proteins that mediate cellular signal
transduction. They exist as dynamic conformational ensembles with multiple inactive and active
conformations. Here we use the visual receptor rhodopsin as an archetypal GPCR to investigate how
soft matter (lipid membrane and cellular water) modulate the conformational dynamics of the GPCR
activation, hypothesizing a flexible surface model. By using different polyethylene glycol (PEG)
solutions, the osmotic pressure on rhodopsin in native membranes and POPC recombinant
membranes was varied. Shifting of the metarhodopsin equilibrium due to the changing the lipid
environment and osmotic pressure was probed using UV-Visible spectroscopy. The metarhodopsin
equilibrium was shifted towards the inactive Meta-| state in POPC recombinant membranes compared
to the native membrane environment. Furthermore, the analysis of transducin peptide-binding
isotherms reveals that the binding affinity of the peptide is significantly decreased when the lipid
environment is changed from the native lipids to POPC lipids. We further performed a series of
experiments to study how the binding affinity of the transducin C-terminal peptide to the Meta-Il state
is affected by the osmotic pressure in recombinant membranes. The POPC lipid membrane has a
zero-spontaneous curvature that shifts the equilibrium towards the more compact, inactive Meta-I
state compared to the native lipid membrane environment that has a negative spontaneous curvature
that favors the more expanded state of Meta-Il. Our results delineate the crucial role of soft matter
(lipids and water) in regulating the metarhodopsin equilibrium.
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P2.4.2 The pharmacology of CXCR2 intracellular NAMs assessed using
novel TR-FRET ligand binding and real time receptor signalling assays
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CXCR2 receptor signalling is involved in chronic inflammation and cancer progression:.

Here we investigated the mechanism of action of structurally distinct intracellular negative allosteric
modulators (NAMs) of CXCR2 using time-resolved Forster resonance energy transfer (TR-FRET) and
split luciferase complementation (NanoBiT, Promega) assays.

NanoBit assays were conducted in HEK293T cells transfected with the human CXCR2
modified with a LgBit fragment and either 3-arrestin2 or miniGo modified with a SmBit fragment. Cells
were pre-treated with NAMs and basal and CXCL8-stimulated luminescence was measured
kinetically.

TR-FRET assays were conducted in Th-labelled: membranes prepared from HEK293T cells
expressing the N-terminally SNAP-modified CXCR2. Membranes were pre-treated with NAMs and
the binding of AF647-CXCL8 (10nM) was measured at 1-5-hour endpoints.

In arrestin and miniGo NanoBit assays, SB2656510 primarily decreased the potency of
CXCLS8, whereas navarixin and AZ10397767 decreased the maximal response of the chemokine.
Navarixin and SB265610 decreased the basal effector recruitment, whilst AZ10397767 increased it.
Cold CXCL8 displaced tracer binding with a pKi of 8.16 + 0.28, whereas SB265610, navarixin and
AZ10397767 only caused partial tracer displacement relative to CXCL8 (35.30 + 7.76 %, 36.33 *
2.41; 30.32 £ 8.30 respectively).

SB265610, navarixin and AZ10397767 produced equivalent NAM effects on CXCR2
recruitment of different effector proteins and were each partial inhibitors of chemokine binding in the
TR-FRET assay. However, they displayed distinct effects on basal effector recruitment and CXCL8
concentration-response relationships despite similarities in the proposed intracellular target binding
site. The high affinity and slow kinetic properties of navarixin may underpin this functional variation.
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Most G protein-coupled receptors (GPCRSs) recruit arrestins and internalize upon agonist
stimulation. For the p-opioid receptor (U-OR), this process has been linked to development of opioid
tolerance. GPCR kinases (GRKSs), particularly GRK2 and GRK3, have been shown to be important
for u-OR recruitment of arrestins and internalization. However, the contribution of GRK2 and GRKS3
to arrestin recruitment and receptor internalization, remain to be determined in their complete
absence. Using CRISPR/Cas9-mediated genome editing we established HEK293 cells with
knockout of GRK2, GRKS3 or both to dissect their individual contributions in b-arrestin2 (arrestin3)
recruitment and p-OR internalization upon stimulation with four different agonists. We showed that
GRK2/3 removal reduced agonist-induced p-OR internalization and b-arrestin2 recruitment
substantially and we found GRK2 to be more important for these processes than GRK3.
Furthermore, we observed a sustained and GRK2/3 independent component of b-arrestin2
recruitment to the plasma membrane upon p-OR activation. Rescue expression experiments
restored GRK2/3 functions. Inhibition of GRK2/3 using the small molecule inhibitor CMPD101
showed a high similarity between the genetic and pharmacological approaches, cross-validating the
specificity of both. However, off-target effects were observed at high CMPD101 concentrations.
These GRK2/3 KO cell lines should prove useful for a wide range of studies on GPCR function.
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Allosteric coupling describes a reciprocal process whereby G-protein-coupled receptors (GPCRS)
relay ligand-induced conformational changes from the extracellular binding pocket to the intracellular
signaling surface. Therefore, GPCR activation is sensitive to both the type of extracellular ligand and
intracellular signaling protein. We hypothesized that ligand-specific allosteric coupling may result in
preferential (i.e., biased) engagement of downstream effectors. However, the structural basis
underlying ligand-dependent control of this essential allosteric mechanism is poorly understood. Here,
we show that two sets of extended muscarinic acetylcholine receptor M. agonists, which only differ in
linker length, progressively constrain receptor signaling. We demonstrate that stepwise shortening of
their chemical linker gradually hampers binding pocket closure, resulting in divergent coupling to
distinct G-protein families. Our data provide an experimental strategy for the design of ligands with
selective G-protein recognition and reveal a potentially general mechanism of ligand-specific allosteric
coupling.
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G protein coupled-receptors (GPCRs) protoypes, that have been attracting the great attention in
discovery and development of painrelivers throughout the past decades are opioid receptors. To this
date, p-opioid receptor (MOR) remains, undeniably, the most valuable GPCR target in terms of
effective treatment of clinical pain. However, the resulting side effects are highly severe, even fatal.
For instance, opioid addiction occurring as the result of opioid overuse is the main cause for the
ongoing ‘opioid crisis’ in the USA (1). In this context the k- opioid receptor (KOR) may be considered
as a valuable alternative pain target since it is far less associated with MOR-based adverse reactions
(2). Hence, the demand to develop KOR-targeting therapeutics with favorable side-effect profile is of
great importance. Historically, natural products have been an invaluable source of novel molecules
for drug discovery. For instance, cysteine-rich peptides found in plants represent promising starting
points for development of novel therapeutics. Previous studies have demonstrated the potential of the
so-called cyclotides as pharmacological modulators of GPCRs (3). Accordingly, the aim of this project
was to identify novel plant peptides and investigate their ability to modulate KOR signaling. This
project contributes to the idea of utilizing the potential of plant-derived peptides to serve as ligands of
KOR, and other GPCRs. More generally, our findings could aid the discovery and development of
novel and safer KOR-based drug candidates.
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P2.4.6 Novel off-target effects of anti-cancer drugs on cardiovascular
gap-junctional proteins
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Doxorubicin is widely used as a chemotherapeutic agent however, patients display dose-dependent
cardiotoxicity that manifest as arrhythmias, ischemia, cardiomyopathy, systolic dysfunction and
heart failure [1]. Circulating doxorubicin impacts human coronary microvascular function [2] and
increases permeability of the endothelium and impacts cell to cell communication [3]. Our studies
have focused on the impact of doxorubicin on a gap-junction protein, connexin-43. Connexin-43 is
important to maintain normal cardiac function and has also been found to play a role in cancer and
metastasis formation. Our studies conducted in human coronary artery endothelial cells, revealed
connexin-43 re-localisation in response to doxorubicin. Normally, connexin-43 is mainly expressed
on the cell membrane, however doxorubicin induced higher cytosolic expression which coincided
with a reduction of total connexin-43 levels. Current ongoing research is investigating the role of
extracellular vesicles in connexin-43 release in triple negative breast cancer cells in response to
doxorubicin, introducing a potential indirect effect of the drug on the vascular system.
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The 3D structure of a transmembrane protein can be represented in a 2D frame in various ways, with
more or less structural information. The top-viewed helix box diagram, as in GPCRdb [1], simply
shows which helices are in contact and the putative contact residues. The screenshot of a crystal
structure or a modelled conformation can provide atomic details, yet it can also be difficult to interpret.
If the protein is described by multiple conformations (e.g. molecular dynamics), the representation
has to be simplified. Usually dimensionality reduction is applied. For example, a distance-based
heatmap that shows distance pair frequencies, or, the root mean square deviation of atomic
coordinates over time. In these cases, global view of the receptor is lost.

Here we propose ATOLL (Aligned Transmembrane dOmains Layout fLattening), a tool to visualize
the multiple layouts of the transmembrane domains of a protein. It is based on the 3D-aligment of the
domains followed by a projection of atomic coordinates onto the plane of the membrane.

We describe here two possible applications of ATOLL.: the characterization of ADRB2 deactivation as
simulated by molecular dynamics [2] and the comparison of 265 PDB structures describing 53 GPCRs
in active, intermediate or inactive states [3]. The pictures well show that the difference of structural
characteristics between active and inactive states, within the same receptor or shared by the class A
GPCRs.

ATOLL is applicable not only to GPCRs but to any transmembrane proteins. It produces self-
explanatory, user-customizable and high quality plots (coming soon on github).
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GPCRmd (http://gpcrmd.org/) is an online, public platform dedicated to the storage and analysis of G
protein -coupled receptors (GPCR) dynamic simulationsl. As such, it provides access to more than
500 simulations for most GPCR families. It also provides a comprehensive set of interactive online
tools aimed to facilitate the analysis of simulation data. Such tools are meant to be intuitive and user-
friendly, allowing researchers from different fields of expertise (e.g. biologists, medicinal chemists,
pharmacologists) to browse and exploit simulation data by using them.

In this poster, we aim to present the main features of GPCRmd. Among them we include some of the
newest updates, such as the addition of tools to visualize pharmacophores and tunnels or channels
obtained from the simulation data. Our ultimate objective is to provide simulation data for every GPCR
with an available structure, as well as tools and resources for the GPCR community to take advantage
of this data.
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The novel total internal reflection fluorescence (TIRF) microscopy-based method was developed to
study mechanisms of receptor-ligand interactions. This method maintains the right balance between
retaining the receptors in the lipid environment, sufficient throughput for ligand screening, and high
sensitivity of microscopy, offering a more detailed view into the ligand-binding process. The novel
method combines G protein-coupled receptor display in budded baculovirus particles and the
immobilization of these particles to a functionalized coverslip. The immobilization selectivity was
determined and ligand-binding assay was validated using budded baculovirus particles displaying
neuropeptide Y Y. receptors and high-affinity TAMRA labeled fluorescent ligand UR-MC026. To scale
the system for ligand binding assays, we developed both open-source multiwell systems and image
analysis software SPOTNIC (http://gpcr.ut.ee/aparecium.html) for flexible assay design. The affinities
of the fluorescent ligand and the competitive unlabeled ligands studied (BIBO3304, UR-MK299, PYY,
pNPY) obtained with the developed method were in good agreement with both the parallel
measurements using the fluorescence anisotropy method [1] and the data published earlier [2]. This
novel system could be extended to various advanced assays involving super-resolution methods,
enabling the investigation and description of the ligand-binding processes of membrane proteins at
the single-molecule level.
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r.budgett. 1@research.gla.ac.uk
rima.budvytyte@gmail.com
nwb2@nyu.edu
matilda.burridge@inserm.fr
marta.busnelli@in.cnr.it
D.Calebiro@bham.ac.uk
lucia.campos.prieto@rai.usc.es
m.canals@nottingham.ac.uk

COST Action
CA18133

ERNEST

European Research
Netwaork on Signal
Transduction

Countr

Belgium

Czech Republic
Tarkiye

UK

Sweden
Republic of Korea
United Kingdom
Germany
united kingdom
France

Serbia

Spain

Greece

Spain

SPAIN

United Kingdom
Switzerland
United Kingdom
United Kingdom
Israel
Switzerland
United Kingdom
France

United States
Austria

The Netherlands
Israel

United States
Germany
Germany
Norway

Turkey
Deutschland
Switzerland
France

Espafa
Belgium
Germany
Poland

United States
Germany
Czech Republic
Regno Unito
United Kingdom
United Kingdom
FRANCE
United Kingdom
Australia
Espafa

UK

France

United Kingdom
Lithuania

USA

France

Italia

United Kingdom
Espafia

United Kingdom



Jens

Nil

Birgit
Héléne
Marian
Erika
Orkun
pauline
Florent
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Antonella
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Tianyi
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Deng
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v.chunilal@gmul.ac.uk
simonaclichici@yahoo.com
paul.coats@strath.ac.uk
eleonora.comeo@nottingham.ac.uk
dehancomezl@gmail.com
marialessandra.contino@uniba.it
sam.cooper@nottingham.ac.uk
natalia.cordero@ehu.eus
arnau.cordomi@esci.upf.edu
pascale.crepieux@inrae.fr
jlu.cuiyuanxu@outlook.com
sean_cullum@yahoo.co.uk
margaret.cunningham@strath.ac.uk
heather.currinn@soseiheptares.com
piwetbu@gmail.com
anne.dahse@medizin.uni-leipzig.de
cdaly23@qub.ac.uk
julie.dam@inserm.fr
henrik.daver@sund.ku.dk
chris.degraaf@soseiheptares.com
delacuesta95@gmail.com
emily.dearlove@soseiheptares.com
2144817d@student.gla.ac.uk
celine.delaitre2@gmail.com
yufang.deng@sund.ku.dk
k.denzinger@fu-berlin.de
cecile.derieux@igf.cnrs.fr
a.dipizio.leibniz-Isb@tum.de
r.diezalarcia@ehu.eus
tding02@qub.ac.uk
dobberstein@interaxbiotech.com
dogansoner@yahoo.com
berna.dogan@med.bau.edu.tr
2346057D@student.gla.ac.uk
martin.heck@charite.de

armand.drieularochelle @soseiheptares.com

mariam.dubiel@online.de
hdunn@scripps.edu
zeynep.durer@acibadem.edu.tr
louis.dwomoh@glasgow.ac.uk
dylan.eiger@duke.edu
ines.erkizia@ehu.eus
i.erol@gtu.edu.tr
mauricio.esguerra@sund.ku.dk
k.t.s.e.m.essa@lacdr.leidenuniv.nl

linn.evenseth@pharmazie.uni-marburg.de

mfardilha@ua.pt
mbyjf3@nottingham.ac.uk
z.faroog@gmul.ac.uk
annabakhman@gmail.com
sfilipek@chem.uw.edu.pl
Lisa.Finlayson@glasgow.ac.uk
anja_floeser@gmx.de

COST Action
CA18133

Il "/ERNEST

European Research
Network on Signal
Transduction

Sweden

Spain

Germany
France

Espafia

France

Turkey

Austria
Switzerland
South Korea
United Kingdom
Romania
United Kingdom
United Kingdom
United Kingdom
ITalia

United Kingdom
Espafia

Spain

France

France

United Kingdom
United Kingdom
United Kingdom
Poland
Deutschland
United Kingdom
France
Denmark

UK

Espafia

United Kingdom
United Kingdom
France
Denmark
Germany
France
Germany

Spain

United Kingdom
Switzerland
Turkey

Turkey

UK

Germany
United Kingdom
Germany
United States
Turkey

United Kingdom
United States
Spain

Turkey
Denmark
Netherlands
Germany
Portugal

United Kingdom
United Kingdom
Israel

Poland

United Kingdom
Germany



Anja
Wieslawa Agnieszka
Hugo
Jole

Lisa
Christel
Rafael
Pauline
Mari
Ibragim
Amlan
Aitor
Albert Owusu
Jasmin
Camille
Florence
Tian
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David
Alisa
Marina
Katharina
Natasha
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Samuel
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Forster
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Ganguly
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Gattor
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Glukhova
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Jakub
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Kibra
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Katarzyna
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Peter
Haiying
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Sergei
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Han
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Georgia
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Enza
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Dan
Dorota
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Humphrys
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Jadhav
Jadhav
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Jailani
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Kahlous
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Kiec-Kononowicz
Kim
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Konomi Pilkati
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Laasfeld
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c.klenk@bioc.uzh.ch
maciej.kochanowski@piwet.pulawy.pl
peter.kolb@uni-marburg.de
Haiying.Kong@gmail.com
ainoa.nkp@gmail.com
albert.kooistra@sund.ku.dk
sergei.kopanchuk@ut.ee
kosloff@sci.haifa.ac.il
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geokyth@bio.demokritos.gr
laasfeld@ut.ee
nedjma.labani@inserm.fr
enza.lacivita@uniba.it
pierre-andre.lafon@igf.cnrs.fr
emmanuel.laillet-de-montulle@etu.univ-rouen.fr
ciara.lally@charite.de
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Suli-Anne
Josef
Dorota
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Luisa
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Marcello
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Mat

Finn Olav
Federica
Ines
Jaume
Alejandro
Victor Jun Yu
Ting-Yu
Fan

Lei
Rongfang
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Pim
Marta
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Marie-Gabrielle
Pik Yee
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Maria
Alibek
Eitan
Sara
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Carlo
Pierre
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Alice
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Brian
Pinar
Rajeshwari
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Tamara
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Dario
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Thor
Colin
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Latorre
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Lemel
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Leurs
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Liu
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Ma
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Margulis
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McDonald
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f.0.levy@medisin.uio.no
f.liccardo@alda-srl.com
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lei.liu@inserm.fr
r.liu@lacdr.leidenuniv.nl
claudia.llinasdeltorrent@uab.cat
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yuan@chem.ku.dk
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ma.majellaro@usc.es
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Sara.Marsango@glasgow.ac.uk
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Paula
Paula
Adrian
Stefan
Estefania
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Alexandre
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Markus
Vigneshwaran
Noor
Gemma
Katarina
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Trung Ngoc
Alessandro
Yaroslav
Katarina
Theresa
Francisca
Amaia
Lucie

Noel

Darija

Atsuro
Agnieszka
Tudor
Devrim
Kasturi
Debora
Kylie
Gaspar
Nicolas
Maria Giovanna
Athanasios
Chloe
Martin
Tadas
Alejandro
Guillermo
Catalina
Catalina
Lior
Monika
Margherita
Anna
Clémentine
Clementine
Montserrat
Zaneta
Bianca
Kristyna
Ernesta
Sabina
Marija
Alessandro
Marco
Lucie
Rubén

Morales
Morales
Morales Pastor
Mordalski
Moreno

Morra

Mdiller
Munarriz-Cuezva
Muneta Arrate
Mutel

Mutel
Muttenthaler
Namasivayam
Natour
Navarro Brugal
Nemec
Nesheva
Nguyen

Nicoli

Nikolaev
Nikolic
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Noya Leal
Nufiez-delMoral
Oberhauser
O'Boyle
Obradovic

OISHI
Olejarz-Maciej
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Oz-Arslan

Pal

Palomares
Pan
Pandy-Szekeres
Panel
Papadopoulos
Papakyriakou
Peach
PEDARD
Penkauskas
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Pérez-Hernandez
Pérez-Olives
Pérez-Olives
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Perisic
Persechino
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Philibert
Philibert
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Plouffe
Pluhackova
Poceviciute
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Popovic Nikolic
Potenza
Potowski
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stefan.mordalski@sund.ku.dk
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alexandre.mutell@univ-rouen.fr
alexandre.mutel@univ-rouen.fr
markus.muttenthaler@univie.ac.at
Vnamasiv@uni-bonn.de
Noor.n28@hotmail.com
g.navarro@ub.edu
katarina.nemec@mdc-berlin.de
stxdnn@nottingham.ac.uk
tn.nguyen@fu-berlin.de
a.nicoli.leibniz-Isb@tum.de
nikolaev@interaxbiotech.com
knikolic@pharmacy.bg.ac.rs
tessacnoonan@gmail.com
francisca.noyaleal@wur.nl
amaia.nunez@ehu.eus
lucie.oberhauser@unige.ch
noel.oboyle@soseiheptares.com
darija@pharmacy.bg.ac.rs

aoishi@ks.kyorin-u.ac.jp
agnieszka.olejarz@uj.edu.pl
toprea@salud.unm.edu
devrim.arslan@acibadem.edu.tr
kasturi.pal@ashoka.edu.in
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montserrat.pinent@urv.cat
zaneta.piorek@pharmazie.uni-marburg.de
b.plouffe@qub.ac.uk
kristyna.pluhackova@bsse.ethz.ch
eernestap@gmail.com
smusz@if-pan.krakow.pl
majap@pharmacy.bg.ac.rs
potenza@interaxbiotech.com
marco.potowski@tu-dortmund.de
lucie.prevostl@etu.univ-rouen.fr
ruben.prieto@usc.es

COST Action
CA18133

Il "/ERNEST

European Research
Network on Signal
Transduction

Spain

Spain
Espafia
Dnmark
Espafia

Italy
Deutschland
Spain
Espafia
France
France
Austria
Germany
Israel
Barcelona
Deutschland
United Kingdom
Germany
Germany
Switzerland
Serbia
Germany
Netherlands
Spain
Switzerland
UK

Serbia

France (Currently in

Japan)
Poland
USA
Turkey
India
Denmark
UK
Denmark
Sweden
Germany
Greece
USA
France
Lithuania
Spain
Germany
Spain
Spain
Israel
Austria
Germany
Germany
France
France
Espafa
Germany
United Kingdom
Switzerland
Lithuania
Polska
Serbia
Switzerland
Germany
France
Spain



Rudi
Simone
Davide
Natasha
Robert B
Raphaelle
Konstantin
Philipp
Mllica
Sabrina

lu
Sudarshan
Estelle
Pauline
David
Pedro
Bernhard
Maja
Rachel
Ago
Rafael

ESTHER
Carlos
Angelina
Susanne
Clizia
Shivanj
Isra
Mohammed
Christoph
Kristoffer
Thomas
Julie
Julie
Nuno
Niamh
lliyana
Miriam
Malaury
Anke
Jan Hendrik
Mierelle
Besian
Jana
Aida
Ziva
Katie
Ryan
Liat
Nathalie
Huub
Icaro A.
Frédéric
Alexei
Martine
Nicola
Gloria
Martha
Eddy
Stacey
Silvia
Jean-Yves

Prihandoko
Promel
Provasi
Puri

Quast
Quillet
Raabe
Rabe
Radan
Rahman
Raich
Rajagopal
Rascol
Raynaud
Reiner-Link
Renault
Retzl

Rey
Richardson
Rinken

Rivas-santisteban
RODRIGUEZ
GALLEGO

Rodriguez Garcia
Rogliardo
Roth
Russotto
Sachdev
Sadiya

Safar

Sager
Sahlholm
Sakmar
Sanchez
Sanchez
Saraiva
Sayers
Sazdova
Scarpa
SCHAPPLER
Schiedel
Schmidt
Schuijt
Sejdiu

Selent
Shahraki
Shapiro Tuchman
Sharrocks
Shearer
Shirony
Sibille

Sijben

Simon
Simonin
Sirbu

Smit

Smith
Somalo Barranco
Sommer
Sotelo
Southall
Sposini
Springael

rudi.prihandoko@glasgow.ac.uk
simone.proemel@medizin.uni-leipzig.de
davide.provasi@gmail.com
natasha.puri@ucsf.edu
Robert.quast@cbs.cnrs.fr
rquillet@protonmail.com
konstantin.raabe@univie.ac.at
Philipp.Rabe@medizin.uni-leipzig.de
milica.radan@pharmacy.bg.ac.rs
sabrina.rahman@sund.ku.dk
iuraichipanisello@gmail.com
Sudarshan.rajagopal@duke.edu
estelle.rascol@u-bordeaux.fr
pauline.raynaud@inra.fr
david.reiner@sund.ku.dk
pedro.renault@uab.cat
bernhard.retzi@meduniwien.ac.at
maja.rey@h-its.org
rachel.richardson@imperial.ac.uk
ago.rinken@ut.ee
rrivasbiog@gmail.com

esther.rodriguezg@gmail.com
karrogar@gmail.com
angelina.rogliardo@igf.cnrs.fr
roth@interaxbiotech.com
clizia.russotto@uit.no
shivani.sachdev@hdr.mg.edu.au
israsa3di@gmail.com
moe.safar@gmail.com
christoph.sager@idorsia.com
kristoffer.sahlholm@umu.se
sakmar@rockefeller.edu
julie.sanchez@nottingham.ac.uk
julie.sanchez@nottingham.ac.uk
nuno.saraiva@ulusofona.pt
sns115@ic.ac.uk
i.sazdova@biofac.uni-sofia.bg
m.scarpa.l@research.gla.ac.uk
mschappler@domaintherapeutics.com
schiedel@uni-bonn.de
jhschmidt@sund.ku.dk
schuijt@interaxbiotech.com
besian.sejdiu@ucalgary.ca
jana.selent@upf.edu
shahraki@staff.uni-marburg.de
ziva.tu.sh@gmail.com
k.sharrocks20@imperial.ac.uk
ryan.shearer@strath.ac.uk
liatshirony@gmail.com
nathalie.sibille@cbs.cnrs.fr
h.j.sijpen@Ilacdr.leidenuniv.nl
icaro.simon@sund.ku.dk
simonin@unistra.fr
alexei.sirbou@mdc-berlin.de
mj.smit@vu.nl
nicola.smith@unsw.edu.au
gloria260794@gmail.com
martha.sommer@charite.de
e.sotelo@usc.es
Stacey.Southall@soseiheptares.com
silvia.sposini@u-bordeaux.fr
jyspring@ulb.ac.be
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United Kingdom
Deutschland
United States
United States
France

UK

Austria
Germany
Serbia
Denmark
Spain

USA

France
France
Denmark
Spain
Austria
Germany
United Kingdom
Estonia
Spain

Espafa

Spain

France
Swizerland
Norway
Australia

Israel

United Kingdom
Switzerland
Sweden

USA

United Kingdom
United Kingdom
Portugal

United Kingdom
Bulgaria

United Kingdom
France
Germany
Denmark
Switzerland
Canada

Spain
Germany

Israel

United Kingdom
United Kingdom
Israel

France
Netherlands
Denmark
FRANCE
Germany
Netherlands
Australia
France
Germany
Spain

UK

UK and France
Belgium



Holger
Claudia
Angela
Edith
Tomasz
Leigh
Verena
Matthew
Eva
Ingebrigt
Katarzyna
Agnieszka
Hila
Maris-Johanna
Valerij
Chris
Christofer
Roxani
George
Romy
Doreen
Thor
Alexandra
Johanna
Irina
Agne
Natasa
Jane
Mariona
Andras
Eric
Emma
Nuska
Mari-Liis
Annika
Owen
Paula
Zuzana
Zoe
Daan
Jeffrey
Gerard
Franck
Ondrej
Nina
Edijs
Ben
Vaithish
Roser
dmitry
Yimé
Jordi
Hannah
Milka
Maria
Abigail
Ziming
Nipuna
Carl
Giselle
Caroline
Florian
Brendan

Stark
Staubert
Stefanachi
STEINBERG
Stepniewski
Stoddart
Stoeger
Streeter
Svandova
Sylte
Szczepanska
Sztyler
Tabibian
Tahk
Talagayev
Tate
Tautermann
Tenta
Thomas
Thomas
Thor
Thorsen
Tichy
Tiemann
Tikhonova
Tilunaite
Tomasevic
Torp
Torrens Fontanals
Toth
Trinquet
Tripp
Tschammer
Tsernant
Ullrich
Underwood
Unzueta
Vaitova
Valbret

van der Es
van Senten
van Westen
Vandermoere
Vanek
Vardjan
Vavers
Veerman
Velazhahan
Vento Tormo
veprintsev
Vermeulen
Villa-Freixa
Vogt

Vrecl
Waldhoer
Walker
Wang
Weerasinghe
White
Wiggin
Wilde
Wilhelm
Wilkins

stark@hhu.de
claudia.staeubert@medizin.uni-leipzig.de
angela.stefanachi@uniba.it
esteinberg@domaintherapeutics.com
stepniewski@interaxbiotech.com
leigh.stoddart@nottingham.ac.uk
verenastoeger@hotmail.com
matthewd_streeter@dfci.harvard.edu
evabsvandova@gmail.com
Ingebrigt.Sylte@uit.no
szczepanskatarzyna@gmail.com
agnieszka.sztyler@charite.de
Hila.1994@hotmail.com
maris-johanna.tahk@ut.ee
talagayv95@gmail.com
cgt@mrc-Imb.cam.ac.uk
christofer.tautermann@boehringer-ingelheim.com
rtenta@hua.gr
george.thomas@frontiersin.org
romy.thomas@mdc-berlin.de
doreen.thor@medizin.uni-leipzig.de
thor.thorsen@sund.ku.dk
alexandra-madelaine.tichy@monash.edu
johanna.tiemann@gmail.com
i.tikhonova@qub.ac.uk
tilunaite@interaxbiotech.com
natasa.tomasevic@meduniwien.ac.at
janetorpl@gmail.com
mariona_tf@hotmail.com
toth.andras1l@med.semmelweis-univ.hu
etrinquet@cisbio.com
emma-tripp@hotmail.co.uk
nuska_tschammer@wuxiapptec.com
mariliists@gmail.com
annika.ullrich@fau.de
mbyou@nottingham.ac.uk
punzueta001@ikasle.ehu.eus
zubacovaz@gmail.com
zoe.valbret@unige.ch
d.van.der.es@lacdr.leidenuniv.nl
jeffrey.vansenten@sund.ku.dk
gerard@lacdr.leidenuniv.nl
franck.vandermoere@igf.cnrs.fr
ondrej.vanek@natur.cuni.cz
nina.vardjan@mf.uni-lj.si
edijs.vavers@farm.osi.lv
ben.veerman@strath.ac.uk
vaithish@mrc-Imb.cam.ac.uk
louiselattimore@gmail.com
dmitry.veprintsev@nottingham.ac.uk
yimeetje@gmail.com

jvilla@uic.cat

hannah.vogt@fau.de
milka.vrecl@vf.uni-j.si
Waldhoer@interaxbiotech.com
aw2115@ic.ac.uk
Ziming.Wang@mdc-berlin.de
nipunawe@email.arizona.edu
carl.white@perkins.uwa.edu.au
giselle.wiggin@soseiheptares.com
Caroline.wilde@medizin.uni-leipzig.de
florian.wilheim@bsse.ethz.ch
b.wilkins@unsw.edu.au
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Germany
Germany

Italy

FRANCE

Spain

UK

Austria

United States
Czech Republic
Norway

Polska
Germany

Israel

Estonia
Germany

UK

Germany
Greece
Switzerland
Germany
Germany
Denmark
Australia
Denmark

UK

Switzerland
Austria

Estonia

Spain

Hungary
France

United Kingdom
Germany
Denmark
Germany
United Kingdom
Spain

Czech Republic
Switzerland
Netherlands
Denmark
Netherlands
France

Czech Republic
Slovenia

Latvia

United Kingdom
United Kingdom
United Kingdom
UK
Netherlands
Espanya
Germany
Skovenia
Schweiz

United Kingdom
Germany
United States
Australia
United Kingdom
Deutschland
Switzerland
Australia



Szymon
Ulrike
Gerhard
ibrahim
Ho Yan
Alize
Michat
Ahmad
Anielka
Qiang
Mirjam
01

Wishiewski
Wittig
Wolber
Yaman
Yeung
Yilmazlar
Zatuski
Zedany
Zehnaker
ZHANG
Zimmermann

sa.wisniewski@student.uw.edu.pl
ulrike.wittig@h-its.org
gerhard.wolber@fu-berlin.de
ibrahim.yaman@boun.edu.tr
hyy24@cam.ac.uk
alizeyilmazlar@gmail.com
zaluski.michal@gmail.com
ahmad.zed.95@hotmail.com
anielka.zehnaker@inrae.fr
jlu.zhanggiang@outlook.com
zimmermann@interaxbiotech.com
natalielysn@gmail.com
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Poland
Germany
Germany
TURKEY
UK
Turkey
Poland
Israel
France
Frence.
Switzerland
Israel
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We look forward to welcoming you all to
the 4" ERNEST Meeting in Spring 2021

ERNEST is open to all signal transduction researchers — at
all career levels and from academia and industry — who work
in the following countries:

Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland,
Israel, Italy, Latvia, Lithuania, Luxembourg, Malta, Moldova , Netherlands,

North Macedonia, Norway, Poland, Portugal, Romania, Serbia, Slovenia,
Spain, Sweden, Switzerland, Turkey, United Kingdom

Join today!

WWW.ernest-gpcr.eu
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https://ernest-gpcr.eu/join/

