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Over the past few years, isotopic labelling technologies have undergone tremendeous developments
enabling their applications in a large set of biological systems. The appropriate use of recent labelling
methods allowed to adress some fundamental biological questions by revealing the dynamics of
molecular systems regardless of their size or their location inside a cell. It is expected that the
application of labelling technologies will continue to expand as the possibilities offered by these
methods have just started to be explored. The AILM 2022 workshop aims at providing a survey of
current developments of isotopic labelling techniques and their applications to the study of
biomolecular structure and dynamics. This interdisciplinary meeting brings together researchers from
NMR spectroscopy, mass spectrometry, neutron scattering and diffraction to promote scientifc
exchanges about the latest labelling technologies. The number of attendees as well as the very high
quality of the communications is a rewarding sign of the high interest raised by such an event in the
biophysical research community. We hope that this meeting, at the heart of the French Alps, will meet
your expectations and contribute to disseminate a productive use of labelling technologies for
integrated structural biology
The organizers want to warmly thank Drs. T. Kigawa, R. Rosenzweig, R. Sprangers and C. Van
Heijenoort for their contribution to the preparation of the AILM2022 program our generous sponsors
and exhibitors for their support to AILM2022. We also acknowledge the IBS-NMR group members
and the IBS staffs for their help with the organization.
We wish you an enjoyable stay in Grenoble and fruitful scientific exchanges.
The AILM2022 organizing committe,
Jérôme Boisbouvier (IBS – Grenoble )
Bruno Kieffer (IGBMC – Strasbourg)
Michael Plevin (Univeristy of York)
Carine Tisné (IBPC - Paris)
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Registration and Venue

The AILM2022 conference takes place on the EPN Campus in Grenoble. To access the site, you
must go to the entrance of the site (access map) with a valid ID (passport or ID card, driver's
license refused). Badges for access to the conference site and to the conference buffets and dinners
will be given at the registration desk.

Registration:
Registration takes place at the IBS Central Building on Tuesday, September 13th from 10 am to 1 pm.
Late registration will be possible at the Help Desk situated in the IBS Entrance Hall.

Venue:
• from Lyon Airport: Lyon Saint Exupery Airport is an hour's drive from Grenoble and regular
shuttle buses ('Navette Aéroport') operate to and from the Grenoble bus station, which is
located next to the Grenoble train station. Buses run every hour, seven days a week.
Two bus companies offer trips from Lyon to Grenoble:
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FLIXBUS: You must reserve your seat in advance via the link below. The bus will stop
near the ESRF/ILL/EMBL site upon request. You must tell the bus driver when you
board the bus at the airport that you want to be dropped off at "Grenoble - Oxford".
The bus stop is a few minutes walk from the EPN campus (see the access map on the
previous page).
https://www.flixbus.com
BLABLABUS: You must reserve your seat in advance via the link below. The bus stops
near the Grenoble train station. Take the tramway line B to its terminus (Oxford) which
is a few steps from the EPN Campus. (See the map on the previous page).
https://www.blablacar.fr
•

from Geneva Airport: Geneva Airport is a two-hour drive from the EPN campus.
FLIXBUS : Please note that there is no bus every day.
https://www.flixbus.com/
BLABLABUS : Shuttles run between Grenoble train station and Geneva airport. There
is at least one per day but they are not that frequent.
https://www.blablacar.fr
In addition, train connections from Geneva Central Station (Genève Cornavin) to
Grenoble exist but are not very frequent and there are with transfers.
https://www.sncf.com/en

•

from Grenoble train/coach station: take the tramway line B to its terminus (Oxford) which
is a few steps from the EPN campus. (See the access map on the previous page).

•

from Lyon or Valence by car: stay on the A48 as you approach Grenoble, following the signs
"Grenoble Bastille-Gares-Europole". Leave the A48 at exit N°16 ("Polygone Scientifique") and
cross the suspension bridge over the Isère. At the end of the bridge, turn right and go north
on Avenue des Martyrs. The entrance to the site is on the left after a few hundred meters.

•

from Geneva by car: take the Rocade Sud/N87 in the direction of Lyon, which brings you to
the A480. Take the A480 direction "Lyon". Leave the A480 at the exit N°1 for the Polygone
Scientifique. At the first traffic circle, turn right. The entrance of the site is on your right after a
few hundred meters.

Public Transportation
Tram:
Line B connects EPN campus to downtown Grenoble with a frequency of 3 to 10 minutes from 6 am
to 8 pm. In the evening, the tramways run every 30 minutes until 1 am. The tramway stop is located
only 400 m from the entrance of the EPN site, and corresponds to the tramway B terminus called
"Oxford". When you register at the AILM Tuesday morning , you will be given a 4-day pass for
Grenoble public transportation (TAG).
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Lectures:
Lectures will be held in the IBS conference room.
Due to the health crisis related to covid-19, wearing a mask will be mandatory during the conferences.

Poster Sessions and Exhibition:
Company booths will be in the IBS Entrance Hall. Posters will be on display in the IBS entrance hall
and room and should be set up on Tuesday morning. Odd and even numbered posters will be
presented on Tuesday (6-8 pm) and Wednesday (1-3 pm), respectively. A third poster session is
scheduled Thursday during lunch time.

Coffee Breaks:
Coffee will be served outside of the IBS.

Lunches:
Outdoor lunch buffets are offered in front of IBS building on Wednesday and Thursday. On Tuesday
and Friday, lunches will be served in the EPN campus restaurant. You will need to present your
AILM2022 badge at checkout.

WiFi Access:
Free access is provided by eduroam IBS buildings using your personal login and password
(https://www.eduroam.org/). For those who do not have an eduroam access, a visitor login and
password can be requested at the IBS Help Desk (IBS building only).

The Conference Dinners:
A wine and cheese reception will be held on Tuesday evening outside in front IBS building during
Poster Session 1 (6-8pm). On Thursday evening, between 7 and 8:30 pm, a barbecue will be held in
front of IBS.
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PROGRAM

Tuesday September 13th
10:00 - 13:00 Arrival / Registration / Coffee
11:30 – 13:00 Lunch at EPN restaurant for registred participants
13:00 Opening – Welcome - Bruno Kieffer

Isotopic Labelling and In Vitro Protein Expression – Chair : Bruno Kieffer
13:10 Takanori KIGAWA (Riken – Yokohama - JP). Advanced Stable-Isotope Labeling Using
Cell-Free Protein Synthesis
13:50 Arthur GIRAUD (IBS – Grenoble – FR). Innovative isotopic labeling approaches enabling
NMR investigation of monoclonal antibodies at atomic resolution
14:10 Pau BERNADO (CBS – Montpellier – FR). Novel labelling strategies for the site specific
incorporation of natural and non-natural amino acids into Low-complexity Proteins
14:50 Carlos ELENA-REAL (CBS - Montpellier– FR). High-resolution structural study of PolyAlanines and their role in developmental diseases
15:10-15:40 Coffee Break

Isotopic Labelling in Eukaryotic Cells and Post Translational Modifications –
Chair Rina ROSENZWEIG
15:40 François-Xavier THEILLET (I2BC – FR). Novel mammalian expression systems and
16:00
16:20
17:00
17:20
17:40

isotope labeling schemes for in-cell NMR studies.
Philip RÖßLER (ETH-Zurich – CH). Isotope labelling in mammalian cells for NMR studies of
human GPCRs
Fengje WU (Biozentrum – Basel –CH). dvances in labeling techniques of insect-cell
expressed proteins and applications to the NMR analysis of GPCR activation
Léa EL HAJJAR (Pasteur Institute Lille – FR). Regulation of Tau protein phosphorylation by
kinase O-GlcNAcylation and its implication in fibrillar aggregation
Agathe MARCELOT (IBPC –Paris - FR). Phosphorylation of the DNA-binding protein ‘BAF’
changes its conformational landscape
Darren HART (ISBG - Grenoble – FR). User access to high-level research platforms through
Instruct-ERIC and French FRISBI programs

18:00-19:00 Poster session
18:30- 20:00 Dinner will be served in front of IBS
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Wednesday September 14th
Intrinsically Disordered Proteins – Chair Malene Ringkjøbing JENSEN
8:45
9:25

Carine VAN HEIJENOORT (ICSN – Gif sur Yvette - FR). TBA
Maximilian ZINKE (Institut Pasteur - Paris - FR). Conformational selection of a sparsley
populated state upon binding of an intriniscally disorderd region between two components of
the Ton system
9:45 Thibault ORAND (IBS – Grenoble - FR). Vizualizing the interaction of the JIP1 intrinsically
disordered scaffold protein with its cognate MAPK partner
10:05 Lenette KJAER (IBS – Grenoble - FR). A novel bi-partite recognition mode of Rac1 binding
to the intrinsically disordered scaffold protein POSH
10:25-10:55 Coffee Break

NMR of Proteins I – Chair Carine TISNÉ
10:55 Tae Hun KIM (University of Toronto – FR). Identifying Interaction Hot Spots for Phase
Separation using NMR
11:35 Allysa KEMRAJ (SUNY Upstate Medical University - USA). ARe they ABLe: The
Biochemical and Biophysical Characterizations of the Interactions Governing the Binding of
the Androgen Receptor (AR), Abl Interactor 1 (ABI1) and DNA
11:55 Kendra FREDERICK (UT Southwestern – USA). Segmental isotopic labeling using split
inteins
12:35-14:15 Poster session 2 and Lunch

NMR Investigations of Chaperones – Chair Teresa CARLOMAGNO
14:15 Rina ROSENZWEIG (Weizmann Institute – IL). The True Tales of the Flexible Tails –
Interaction of J-domain Protein with Hsp70 chaperones
14:55 Guillaume MAS (Biozentrum Basel – CH). Functional cycle of the human Hsp70 chaperone
BiP at atomic resolution
15:15 Elisa RIOUAL (IBS – Grenoble - FR). Visualizing the transiently Populated Closed-State of
Human HSP90 ATP Binding Domain
15:35 Faustine HENOT (IBS – Grenoble - FR). Human HSP90 a contortionist drug target –
Modulation of its energy landscape upon ligand binding
15:55-16:25 Coffee Break

NMR of Nucleic Acids and Nucleic Acids complexes – Chair Christopher
JARONIEC
16:25 Teresa CARLOMAGNO (University of Birmingham – UK). Different conformations of the
ADP- and ATP- bound states of the DEAD-box helicase Vasa underpin enzymatic activity
17:05 Laura TROUSSICOT (CRMN – Lyon - FR). 19F labelling of miRNA as probe for structural
and dynamical investigation by NMR spectroscopy.
17:25 Carine TISNE (IBPC – Paris -FR). RNA processing and modifications
18:05 Theodore Kwaku DAYIE (University of Maryland – USA); Shedding light on RNA with
Isotope labels
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Thursday September 15th
Oligosacharides and Cell-Wall – Chair Takanori KIGAWA
8:45
9:25

Lynette CEGELSKI (Standford University – USA). New Discovery in Bacterial
Polysaccharides and Biofilms Enabled by Isotope Labels, Small Molecules, and a Big Magnet
Daron FREEDBERG (Food & Drug Administration – USA). Isotopic labeling of glycans
facilitates NMR structural studies in complex conditions

10:05-10:35 Coffee Break

Paramagnetic Probes and DNP – Chair Pau BERNADO
10:35 Gunnar JESCHKE (ETH - Zurich – CH). Nitroxide Spin Labelling for Distance Distribution
Measurements by EPR Techniques and for NMR Paramagnetic Relaxation Enhancement
11:15 Ons DAKHLAOUI (University Grenoble Alpes – FR). Improving selective DNP (SelDNP) for
biomolecular applications.
11:35 Arun G S (NCBS - Bengalore - IN); Intermolecular transient contacts through Paramagnetic
Relaxation Enhancement (PRE) NMR experiments and the Challenges while preparing a PRE
tagged protein sample"
11:55 Christopher JARONIEC (University of Ohio - Columbus – USA); Probing Watson-Crick and
Hoogsteen base pairing in duplex DNA using DNP solid-state NMR
12:35-14:15 Poster session 3 and Lunch

Advanced Isotopic Labelling Methodologies I – Chair Jerome BOISBOUVIER
14:15 Michael LATHAM (University of Minnesota – USA). Structure and dynamics of the Rad50
zinc hook domain in the Mre11-Rad50 DNA Repair complex
14:55 Roman LEVIN (Goethe University- Frankfurt – DE); Stablelabel” cell-free lysates for
reduced NMR label conversion.
15:15 Jobst LIEBAU (Univeristy of Regensburg – DE); Dynamics and interactions in the 410 kDa
RNA exosome
15:55-16:25 Coffee Break

NMR of Proteins II – Chair Carine VAN HEIJENOORT
16:25 Philip SELENKO (Weizmann Institute – IL). A new NMR experiment to probe the
temperature dependency of IDP interactions with fluid membranes, rigid fibrils and complex
cell lysate.
17:05 Laura MARINO-PEREZ (University of the Balearic Islands – ES). New insights into the
structural details of protein breathing motions associated with aromatic ring flipping events
17:45 Christopher WAUDBY (University College London – UK). NMR without labelling: highresolution ex vivo spectroscopy of patient-derived, disease-associated α1-antitrypsin
variants
18:30-20:00 –Dinner will be served in front of IBS
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Friday September 16th
Membrane Proteins – Chair François-Xavier THEILLET
8:45
9:25
9:45

Franz HAGN (Technical University of Munich – DE). Biochemical tools and isotope labelling
strategies for NMR structural studies of membrane proteins
Remy SOUNIER (IGF - Montpellier – FR). Molecular insights into the biased signaling
mechanism of the μ-opioid receptor
Ayyalusamy RAMAMOORTHY (University of Michigan – USA). Novel nanodisc technology
for studies on protein-protein complexes

10:25-10:55 Coffee Break

Advanced Isotopic Labelling Methodologies II – Chair Bernhard BRUTSCHER
10:55 Bruno KIEFFER (IGBMC– Illkrich - FR). Using fluorinated prolines and fluorine NMR to
probe protein interactions and folding
11:35 Cyril CHARLIER (Toulouse Biotechnology Institute – FR); Digging into the active site of
PETase trough histidine side chains
11:55 Elwy ABDELKADER (Australian National University – AU); NMR labels via site-specific
installation of non-canonical amino acids
12:35 Closing of AILM2022
12:45-13:30 Lunch at the EPN Campus Restaurant
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Tuesday September 13th – Afternoon
S01 Takanori Kigawa
Advanced Stable-Isotope Labeling Using Cell-Free Protein Synthesis
Takanori Kigawa1
1. RIKEN Center for Biosystems Dynamics Research, Japan.

ABSTRACT
We have been developing E.coli cell-extract based cell-free protein synthesis system (CF) for
protein production. It is especially useful for preparing sophisticatedly stable isotope (SI)-labeled
proteins for the NMR analysis because isotopic scrambling and dilution can be fully suppressed (1).
Recently, the protein yield of CF below room temperature (10-23 ºC) was dramatically improved to be
comparable to those at the standard temperature (30-37 ºC), thus it is now particularly useful for
expressing “difficult-to-express” proteins (2).
We have developed a novel SI-labeling method named “Stable isotope encoding (SiCode)” (3).
SiCode requires accurate and precise SI labelling, which can only be achieved through CF (1). By
combining with tensor factorization, we introduced an approach called “Stable-isotope-assisted
Parameter extraction (SiPex)”, integrating the NMR signal “assignment” step with the
“characterization” step, such as the 15N relaxation analysis (4). This enables the decomposition of
overlapped signals, and the direct analysis of sparsely sampled time-domain NMR data without
Fourier transform. Site-specific SI-labeling (SSSIL) drastically simplifies the observation and
resonance-assignment procedures for a specified amino acid residue of particular interest (5). We
applied SSSIL to incorporating 19F-labled amino acid at a specified residue of Ras protein and
successfully observed 19F signals of membrane-anchored Ras in the living cells.
These SI-labeling strategies achieved with CF would be particularly useful for analyzing difficult
targets under challenging conditions, such as higher molecular size, lower solubility, lower signal
intensity, intrinsically disordered protein, and molecules in living cells (in-cell NMR) (6).
REFERENCES:
1.

Yokoyama, J., Matsuda, T., Koshiba, S., Tochio, N., and Kigawa, T., A practical method for cell-free protein synthesis
to avoid stable isotope scrambling and dilution Anal. Biochem., 411, 223-229 (2011).
2.
Higuchi, K., Yabuki, T., Ito, M., and Kigawa, T., Cold shock proteins improve E. coli cell-free synthesis in terms of
soluble yields of aggregation-prone proteins Biotechnol. Bioeng., 117, 1628-1639 (2020).
3.
Kasai, T., Koshiba, S., Yokoyama, J., and Kigawa, T., Stable isotope labeling strategy based on coding theory J.
Biomol. NMR, 63, 213-221 (2015).
4.
Kasai, T., Ono, S., Koshiba, S., Yamamoto, M., Tanaka, T., Ikeda, S., and Kigawa, T., Amino-acid selective isotope
labeling enables simultaneous overlapping signal decomposition and information extraction from NMR spectra J.
Biomol. NMR, 74, 125-137 (2020).
5.
Yabuki, T., Kigawa, T., Dohmae, N., Takio, K., Terada, T., Ito, Y., Laue, E. D., Cooper, J. A., Kainosho, M., and
Yokoyama, S., Dual amino acid-selective and site-directed stable-isotope labeling of the human c-Ha-Ras protein by
cell-free synthesis J. Biomol. NMR, 11, 295-306 (1998).
6. Yagi, H., Kasai, T., Rioual, E., Ikeya, T., and Kigawa, T., Molecular mechanism of glycolytic flux control intrinsic to
human phosphoglycerate kinase Proc. Natl. Acad. Sci. USA, 118, e2112986118 (2021).
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Tuesday September 13th – Afternoon
S02 Arthur Giraud
Innovative isotopic labeling approaches enabling NMR investigation of
monoclonal antibodies at atomic resolution
1,2,3
2
3
1
2
Arthur Giraud
, Lionel Imbert , Rida Awad , Séverine Clavier , Adrien Favier , Elodie
3
1
2
Crublet , Oriane Frances , Jérôme Boisbouvier
1. Sanofi, 13 quai Jules Guesde 94 400 Vitry, France ; 2. Institut de Biologie Structurale (IBS) 71, avenue des
martyrs, F-38044 Grenoble, France ; 3. NMR-Bio, 5 place Robert Schuman, F-38044 Grenoble, France

ABSTRACT
Monoclonal antibodies (mAbs) are biotherapeutics products that have achieved outstanding success
in treating many life-threatening and chronic diseases. In pharmaceutical industries, mAbs are
commonly produced in Chinese Hamster Ovary (CHO) cells. To ensure that each batch retains full
therapeutical activities, it is particularly important to control the quality and the folding state of the
1 13
proteins. mAbs can be characterized by 2D ( H, C)-methyl NMR at natural abundance, to obtain a
spectral fingerprint of these 150 kDa biologics. Although this fingerprint comparison approach is a
very powerful and efficient tool for quality control of the mAb, it does not provide access to in-depth
structural information, highlighting the need for NMR isotopic labeling and assignment strategies of
mAbs to enable complete antibody characterization.
To solve this major bottleneck, we developed the production of isotopically labeled mAb sub-domains
(e.g Fab and Fc domains) using a cell-free protein expression system. Contrary to the CHO
expression system, D2O does not impede the in vitro production of proteins, allowing us to produce
2
15
13
uniformly enriched Fab and Fc domains with H,
N and
C isotopes with a high isotope
incorporation rate. Such optimized sample enables the acquisition of high quality 2D TROSY and 3D
experiments required for the sequential assignment of backbone resonances. We also demonstrated
that our cell-free expression approach allows the production of perdeuterated and methyl specific
13
CH3- labeled proteins for the sequence specific assignment of methyl moieties. The assignment
obtained with this cell-free approach can be transferred to the full mAb produced in CHO cells. To
achieve this last, we developed a new CHO culture medium allowing, for the first time, the expression
1 13
of ( H, C)-methyl specific labeled mAbs in these eukaryotic cells.
In this presentation, I will describe our new isotopic labeling methods enabling the production of
optimally labeled mAbs and mAb fragments. I will present also the first backbone assignment of a
Fab IgG fragment. These new isotopic labeling approaches open the possibility to assign such large
therapeutic proteins for future NMR investigations, giving NMR a key role in the characterization of
biologics.
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Tuesday September 13th – Afternoon
S03 Pau Bernardo
Novel labelling strategies for the site specific incorporation of natural and
non-natural amino acids into Low-complexity Proteins
Pau Bernadó1

1. Centre de Biologie Structurale, Université de Montpellier, INSERM, CNRS. 29, rue de Navacelles, 34090Montpellier (France).

ABSTRACT
Low-Complexity Regions (LCRs) inserted in disordered proteins play fundamental roles in biology
and mutations in these repetitive sequences are linked to several neurodegenerative and
developmental diseases. Despite their relevance, the structural characterization of these proteins at
high-resolution remains challenging due to the severe signal overlap of their NMR spectra. Our group
has developed novel chemical biology tools enabling the site-specific incorporation natural and nonnatural amino acids into LCRs. These tools have been used to study the structural properties of the
poly-Glutamine and poly-Proline segments present in the protein huntingtin, the causing agent of
Huntington’s Disease. The methodological developments and the structural information derived from
these tailored labeling strategies will be discussed along the presentation.
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Tuesday September 13th – Afternoon
S04 Carlos Elena-Real
High-resolution structural study of Poly-Alanines and their role in
developmental diseases
CA. Elena-Real1, A. Urbanek1, P. Mier2, S. Rodriguez3, A. Fournet1, A. Morató1, A. Sagar1,
F. Allemand1, N. Sibille1, M.A. Andrade-Navarro2, P. Bernadó1.
1

Center of Structural Biology (CBS), CNRS UMR 5048 – INSERM U1054 – UM, Montpellier, France.
Institute of Organismic and Molecular Evolution, Faculty of Biology, Johannes Gutenberg University Mainz.
Mainz, Germany.
3
Laboratory of Bioactives Research and Development (LiDeB-UNLP). Biochemistry Research Institute of La
Plata (INIBIOLP), La Plata, Argentina.
2

ABSTRACT
Compositionally biased sequences endow special structural and functional features in proteins.
Particularly interesting is the case of homorepeats, stretches of a single amino acid, among which
poly-alanines (poly-A) stand out for their abundance. Indeed, some protein families, such as
transcription factors, are specially enriched in poly-As, although their specific functional role remains
to be deciphered. Moreover, nine rare developmental diseases have been linked to aberrant poly-A
expansions, suggesting unknown roles for these repeats.
The disorder and the compositional bias of poly-A hosting proteins hamper the high-resolution
investigation of their structure-function relationships. Here, we present our attempts to address this
challenge by combining specific labelling, NMR and computational approaches. We have focused our
structural study on Phox2B, a transcription factor essential for the autonomic nervous system
development that contains two poly-A tracts of 9 and 20 consecutive alanines. The aberrant
expansion of the largest one with +5, +7 or +13 additional alanines triggers the congenital central
hypoventilation syndrome (CCHS), a rare autosomal dominant syndrome that hinders autonomous
respiration. To structurally characterize such long homorepeats, alanine site-specific isotopic labeling
(SSIL) approach was developed in our group. It combines cell-free protein expression with
suppression technology to incorporate single, double or up to three 15N,13C-labeled alanines within
poly-As. This approach simplifies nuclear magnetic resonance (NMR) spectra, overcoming signal
overlap, and enables unambiguous frequency assignment. When applied to Phox2B poly-As, this
strategy reveals an enrichment in α-helical conformations –despite the disorder– that is modulated by
the length of the homorepeat and the specificities of the flanking regions. Importantly, our
experimental chemical shifts are in excellent agreement with these computed from long Gaussian
Accelerated molecular dynamics simulations, validating this theoretical approach as a tool to
understand the structural details in this family of homorepeats. All together, our studies pave the way
to a structural understanding of the functional role of poly-A and the mechanisms driving to poly-A
expansion diseases.
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Tuesday September 13th – Afternoon
S05 François-Xavier Theillet
Novel mammalian expression systems and isotope labeling schemes for incell NMR studies.
Theillet Francois-Xavier1, Chérot Hélène1,2, Ghouil Rania1

1. CNRS, Institute for Integrative Biology of the Cell (I2BC), 91198, Gif-sur-Yvette, France; 2. CEA, Institut
Joliot, I2BC, 91191, Gif-sur-Yvette, France.

ABSTRACT

In-cell structural biology by NMR is appealing in many regards: It proposes, among
others, to investigate conformational equilibria or ligand binding in very relevant
conditions, i.e in cells.1,2 The approach has often been limited in its capacities i) by the
many difficulties in sample production, and ii) by important signal losses due to
promiscuous, transient interactions with cellular entities, which, in turn, urges to use
(too) high concentrations of the studied proteins.
In an attempt to facilitate in-cell NMR studies along these two dimensions, we tested
a number of protein productions in a handful of mammalian cell lines (suspension and
adherent) using transient or permanent transfections in home-made media
supplemented with labeled amino acids. We quantified S/N and T1/T2 for various
amino acid specific 13C- or novel 2D15N-isotope labeling schemes, starting with cellfree expression for the cleanest possible evaluation. We also evaluated the
incorporation of ~10 13C- or 2D15N-labeled amino acids and precursors thereof in
mammalian cells.
Here, we report the early results of this program applied to one disordered and one
folded protein NMR-detected in cells (a-synuclein and the kinase p38a). Among
others, we will show the first spectra ever recorded of a disordered protein at 37C in
human cells.
REFERENCES:
1. Theillet F.-X. In-Cell Structural Biology by NMR: The Benefits of the Atomic-Scale. Chem. Rev. 122 (2022).
https://doi.org/10.1021/acs.chemrev.1c00937
2. Theillet F.X., Luchinat E. In-cell NMR: Why and how? Prog Nucl Reson Magn Spectr. 132-133 (2022)
https://doi.org/10.1016/j.pnmrs.2022.04.002
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Tuesday September 13th – Afternoon
S06 Philip Rössler
Isotope labelling in mammalian cells for NMR studies of human GPCRs
Philip Rößler1, Arnelle M. Löbbert1, Ching-Ju Tsai2, Pascal Rieder3, Fred F. Damberger1,
Daniel Häussinger3, Gebhard F.X. Schertler2 and Alvar D. Gossert1

1. ETH Zürich ; 2. Paul-Scherrer-Institute ; 3. University of Basel

ABSTRACT
G protein-coupled receptors (GPCRs) are pharmacologically highly relevant transmembrane proteins
linked to numerous diseases. Many static GPCR structures have previously been solved by X-ray
crystallography and cryo-EM, however, studies of the dynamic nature of the receptors [1] commonly
prove to be difficult due to the necessity to use higher eukaryotic expression hosts in the production
of samples for biophysical characterisation.
Here, we present methods for the production of isotope labelled proteins in mammalian HEK293 cells
grown in suspension. We have established protocols for economic U-[15N] labelling, as well as 13C
labelling of methyl groups, which is especially important for large biomolecular complexes. NMR data
of the resulting fully protonated high molecular weight samples was collected using the novel XLALSOFAST-[13C,1H]-HMQC experiment [2] with much improved sensitivity on such samples. Spectra
of fully protonated GPCRs were assigned using a novel strategy employing pseudocontact shifts
caused by labelled tool proteins. These methods were subsequently applied to a challenging
prominent drug target, the human β1 adrenergic receptor, revealing new aspects of receptor
functioning.
In conclusion, isotope labelling strategies in mammalian cells can, together with aiding NMR
techniques, enable studies on previously inaccessible biomolecular systems, like unstable human
GPCRs.
REFERENCES:
1. Rößler, P., Mayer, D., Tsai, C.-J., Veprintsev, D. B., Schertler, G. F. X., Gossert, A. D. GPCR activation states induced
by nanobodies and Mini-G proteins compared by NMR spectroscopy. Molecules 25(24), 5984 (2020)
2. Rößler, P, Mathieu, D, Gossert, A. D. Enabling NMR Studies of High Molecular Weight Systems Without the Need for
Deuteration: The XL-ALSOFAST Experiment with Delayed Decoupling., Angewandte Chemie International Edition 59(43),
19329-19337 (2020).
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Tuesday September 13th – Afternoon
S07 Fengjie Wu
Advances in labeling techniques of insect-cell expressed proteins and
applications to the NMR analysis of GPCR activation
Fengjie Wu1, Pascal S. Rieder 2, Philip Rössler3, Alvar D. Gossert3, Daniel Häussinger2,
Stephan Grzesiek1
1

Biozentrum, University of Basel, CH-4056 Basel, Switzerland
Department of Chemistry, University of Basel, CH-4056 Basel, Switzerland
3
Department of Biology, ETH Zürich, 8093 Zürich, Switzerland
2

ABSTRACT
High-quality functional expression of proteins from higher organisms such as humans often requires
a higher eukaryotic host system. This likely is related to the availability of a proper protein folding,
post-translational modification, and membrane insertion machinery, which is less developed or absent
in E. coli. This is particularly true for G protein-coupled receptors (GPCR), for which >70% of PDB
entries have been obtained by insect cell expression but <10% by E. coli expression (1). Despite its
obvious advantages, isotope labeling is not well established for eukaryotic expression systems due
to their requirement for complex nutrients such as complete amino acids.
Our group has previously established robust 15N-valine labeling of a stabilized GPCR, the β1adrenergic receptor (β1AR), expressed in insect cells (2–4). We had obtained many 1H-15N valine
assignments in its inactive and preactive conformations, but not in its fully active conformation bound
to nanobody 80 (Nb80) as a surrogate for the G protein. We have now achieved complete
assignments also for the active conformation. The comparison to the chemical shifts of the inactive
and preactive conformations reveals significant structural changes in transmembrane helix 3 upon
effector protein (Nb80) binding, a mechanism that is likely conserved among all class A GPCRs.
Furthermore, we continue the development of an inexpensive yeastolate-based system for
uniform 15N, 13C, 2H labeling in insect cells (1,5). This method requires the addition of labeled
glutamine which considerably increases the total cost. We have overcome this bottleneck by
synthesizing labeled glutamine by a sequence of chemical and enzymatic reactions at low cost. This
advance in the preparation of an isotope-labeled medium for insect cells should enable the full
backbone assignment of β1AR and other insect cell-expressed proteins. Similar media may be used
for other higher eukaryotes such as human embryonic kidney cells.
REFERENCES:
1. Franke B, Opitz C, Isogai S, et al. J Biomol NMR. 71(3):173–84 (2018).
2. Isogai S, Deupi X, Opitz C, et al. Nature. 530(7589):237–41 (2016).
3. Grahl A, Abiko LA, Isogai S, Sharpe T, Grzesiek S. Nat Commun. 11(1):2216 (2020).
4. Abiko LA, Grahl A, Grzesiek S. J Am Chem Soc. 141(42):16663–70 (2019).
5. Opitz C, Isogai S, Grzesiek S. J Biomol NMR. 62(3):373–85 (2015).
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S08 Léa El Hajjar
Regulation of Tau protein phosphorylation by kinase O-GlcNAcylation and its
implication in fibrillar aggregation
Léa El Hajjar1,2, Marine Nguyen1,2, François-Xavier Cantrelle1,2, Adeline Page3, Isabelle Landrieu1,2 and
Caroline Smet-Nocca1,2
1
Univ. Lille, Inserm, CHU Lille, Institut Pasteur de Lille, U1167 - RID-AGE - Risk Factors and Molecular
Determinants of Aging-Related Diseases, F-59000 Lille, France; 2CNRS ERL9002 Integrative Structural Biology F59000 Lille, France; 3Protein Science Facility, CNRS UMS3444, INSERM US8, UCBL, ENS de Lyon, SFR
BioSciences, Lyon, France

ABSTRACT
Two types of lesions describe Alzheimer’s disease (AD): the extraneuronal senile plaques made of
Aβ peptides and neurofibrillary tangles constituted by intraneuronal inclusions of hyperphosphorylated
Tau proteins1. Tau is a microtubule-associated protein. It is an intrinsically disordered protein, which
makes it prone to posttranslational modifications. The functions of Tau are regulated by
phosphorylation. The hyperphosphorylation is also known to play a role in Tau pathogenesis related
to fibrillar aggregation in neuronal disorders, but the mechanism of aggregation is not well known yet.
The modulation of Tau pathology by the O-β-N-acetylglucosamine (O-GlcNAc) modification is
explored as an alternative strategy to kinase inhibitors in neurodegenerative diseases.
In our laboratory, it has been shown that Tau phosphorylation and aggregation were weakly
modulated by O-GlcNAcylation of Tau. It only modulates GSK3β-mediated phosphorylation of the
pathological PHF-1 epitope (pS396/pS400/ pS404), as shown by using Nuclear Magnetic Resonance
(NMR) spectroscopy2,3. S400 O-GlcNAcylation stabilizes the local conformational changes induced
by S404phosphorylation, and decreases the aggregation rate, but does not prevent the fibril formation
of phosphorylated Tau.
A hypothesis that O-GlcNAcylation could regulate the activity of kinases phosphorylating Tau, is under
consideration to explain the benefits of O-GlcNAc hydrolase (OGA) inhibitors on Tau pathology.
GSK3β is a good candidate as an AD-related kinase and a substrate of O-GlcNAc transferase (OGT).
We are investigating the O-GlcNAc modification of GSK3β by using enzymatic and protein
engineering approaches, and analyses of the O-GlcNAc modification by chemo-enzymatic labelling
and MS/MS. Our preliminary data indicate the O-GlcNAcylation of the C- and N-terminal disordered
regions of the kinase. We further aim to extend the characterisation of the O-GlcNAc profile of GSK3β
by using NMR that provides structural information on disordered domains to define their role in the
regulation of kinase activity. The functional impact and the mechanism of O-GlcNAc-mediated
regulation of kinase activity will be evaluated on the GSK3β-mediated phosphorylation of Tau.
REFERENCES:
1

2

D’Errico P and Meyer-Luehmann M, Front. Aging Neurosci. 12:265(2020). Bourré, G., Cantrelle, F.-X., Kamah, A.,
3
Chambraud, B., Landrieu, I., and Smet-Nocca, C. Frontiers in Endocrinology 9(2018). Cantrelle, F.-X., Loyens, A., Trivelli,
X., Reimann, O., Despres, C., Gandhi, N., Hackenberger, C.P.R., Landrieu I., and Smet-Nocca C. Front. Mol. Neurosci.
(2021)
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Phosphorylation of the DNA-binding protein ‘BAF’ changes its conformational
landscape
Agathe Marcelot1, Philippe Cuniasse2, Guillaume Hoffman3, Virginie Ropars2, Jose Antonio
Marquez3, Marie-Hélène Le Du2, François-Xavier Theillet2, Sophie Zinn-Justin2

1. Expression génétique microbienne, UMR 8261, CNRS, Université de Paris, Institut de biologie physicochimique (IBPC), 13 rue Pierre et Marie Curie, 75005 Paris, France 2. Institute for Integrative Biology of the Cell
(I2BC), CEA, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France ; 3. High Throughput Crystallization Lab,
EMBL Grenoble Outstation, Grenoble, France

ABSTRACT
BAF (Barrier-to-Autointegration Factor) is a small dimer (2X10kDa) that binds to two dsDNA strands
without sequence specificity. It also forms a ternary complex with the nuclear envelope protein emerin
and lamin A/C. Through its ability to cross-bridge DNA strands, and anchor it to the nuclear periphery,
BAF plays a key role in genome maintenance over cell cycle.
Because phosphorylated BAF (pBAF) does not interact with DNA anymore, its phosphorylation by the
Vaccinia-Related Kinase 1 (VRK1) during mitosis is a key regulator of its localization and function.
However, despite their importance, BAF exact VRK1 phosphosites remain unknown and the
consequences of BAF phosphorylation on its structure, dynamics and other interactions are unclear.
Using Nuclear Magnetic Resonance (NMR) and Mass Spectrometry (MS), we demonstrated that
VRK1 phosphorylates BAF Ser4 and Thr3 sequentially. The Thr3 phosphorylation in particular,
triggers a significant change in the conformational equilibrium of BAF in solution. Using NMR
relaxation experiments, we showed that Thr3 phosphorylation restrains BAF N-terminus
conformational landscape, giving rise to a protein with a more compact N-terminus region. With the
use of MD simulations, we highlighted several salt-bridges that could be responsible for BAF Nterminus rigidification upon phosphorylation. Then, NMR spectroscopy on pBAF mutated to the
positively charged residues involved in these salt-bridges (K72E and R75E) confirmed their role in
the protein dynamics change upon phosphorylation. Finally, we obtained the crystal structure of pBAF
at 1.4 Å and compared it to the non-phosphorylated structure. As predicted, a salt-bridge between the
side chain of Lys72 and the phosphate of Thr3 exists only in the phosphorylated structure, and
stabilizes the phosphorylated BAF protein into a compact state, explaining the switch in its
conformational equilibrium upon phosphorylation.
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S10 Darren Hart
User access to high-level research platforms through Instruct-ERIC and French
FRISBI programs
Daren J. Hart 1
1. Integrated Structural Biology Grenoble (ISBG), 71 avenue des Martyrs, 38000 Grenoble, France

ABSTRACT
In recent years, European structural biology has benefited from large investments in scientific
instrumentation. National and European centres have been established with a mission to provide
supported user access to their state-of-the-art research platforms. I will present the Instruct-ERIC and
French FRISBI infrastructures that provide fully or partially funded user access to their platforms, and
the funding opportunities of the EU ISIDORe and canSERV projects that finance platform access for
pathogen and cancer projects.

REFERENCES:
1. https://instruct-eric.org/
2. https://frisbi.eu/
3. https://isidore-project.eu/
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Conformational selection of a sparsley populated state upon binding of an
intriniscally disorderd region between two components of the Ton system
Maximilian Zinke1, Maylis Lejeune1, Glaucia M.S. Pinheiro1, Florence Cordier1,2, Ivo GombertsBoneca3, Michael Nilges1, Nadia Izadi-Pruneyre1
1. Institut Pasteur, Université Paris Cité, CNRS UMR 3528, Structural Bioinformatics Unit, F-75015 Paris,
France. ; 2. Institut Pasteur, Université Paris Cité, CNRS UMR 3528, Biological NMR and HDX-MS
Technological Platform, F-75015, Paris, France. ; 3. Institut Pasteur, Université Paris Cité, CNRS UMR 6047,
INSERM U1306, Biology and Genetics of the Bacterial Cell Wall Unit, F-75015 Paris, France.

ABSTRACT
The Ton system is a multi-protein transporter system embedded in the inner and outer membrane of
Gram-negative bacteria spanning the periplasmatic space. It utilizes the proton motive force (pmf) at
the inner membrane to physically ‘unplug’ an outer membrane receptor – allowing for specific, active
transport of scarce nutrients. Hereby, the electric potential at the inner membrane is translated into a
kinetic potential at the outer membrane – traversing the periplasm – by means of the inner membrane
proton channel forming ExbB-ExbD complex and the periplasm spanning protein TonB/HasB.
However, the mechanism of kinetic potential transfer in between the membranes by means of
TonB/HasB is controversial.
Here, we present the NMR structure of the periplasmic domain of ExbD and show by chemical
exchange saturation transfer that the protein exists in a closed and sparsely populated open state.
This open state is conformationally selected upon binding to an intrinsically disordered region of HasB.
Also, we show that TonB/HasB interact with the periplasm dissecting peptidoglycan layer in a dynamic
fashion. This allows for its orientation towards the outer membrane but at the same time retains its
ability to fulfill its mechanical function without being stuck in a rigid conformation. Based on those
results and previous efforts in the field, we propose a model of action for the Ton system that highlights
the bimodal nature of ExbD and the significance of peptidoglycan.
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S13 Thibault Orand
Vizualizing the interaction of the JIP1 intrinsically disordered scaffold protein
with its cognate MAPK partner

Thibault Orand1, Alexandra Lee2, Laura Mariño Pérez1, Jaka Kragelj1, Laura Tengo1, Elise Delaforge1,
Laura Tengo1, Roger J. Davis2, Malene Ringkjøbing Jensen1
1. Institut de Biologie Structurale (IBS), UGA, CNRS, CEA, Grenoble, France ; 2. Program in Molecular
Medicine, University of Massachusetts Medical School, Worcester, MA 01655, USA

ABSTRACT
Scaffold proteins play essential roles in mediating signaling specificity in the mitogen-activated protein
kinase (MAPK) cell signaling pathways. They assemble multiple kinases into large signaling
complexes thereby leading to sequential and specific activation of the associated kinases. Key to this
assembly is their intrinsic disorder often spanning over several hundred residues. Here, we studied
the intrinsically disordered region (IDR) of JIP1 that is implicated in the c-Jun N-terminal kinase (JNK)
pathway1, for which the mechanistic and regulatory details remain elusive. Using NMR spectroscopy,
we assigned several overlapping constructs of the scaffold protein JIP1 leading to a complete
assignment of its 450-amino acid intrinsically disordered domain.
First of all, this allowed us to report the secondary structure propensities and 15N nuclear relaxation
rates of this domain. In a first step towards elucidating the mechanism of action of JIP1, we studied
the interaction with the JNK1 kinase using chemical shift titrations, 15N nuclear relaxation rates as well
as complementary biophysical techniques, revealing the presence of the already known canonical
JIP1 D-motif2 and surprisingly, multiple low affinity interaction sites. Importantly, we were able to
identify a pseudo-canonical D-motif interacting with JNK1 and characterize its interaction mode with
JNK1 as well as the affinity and exchange parameters of this interaction. Moreover, we investigated
the effect of the length of JIP1 IDR in the interaction with JNK1 showing a weaker affinity as its length
increases. Finally, to test the biological relevance of this new site, in-cellulo pull downs assays were
performed, revealing the ability of this site to retain small amounts of JNK1, suggesting a role in the
recruitment of JNK1 onto JIP1. Overall, this work will enable further use of the the assignment for
other interaction study and reveals exhaustively all the contacts that JIP1 IDR engages with JNK1.

References:
1. Whitmarsh, A.; Cavanagh, L.; Tournier, C.; Yasuda, L.; Davis, R. A mammalian scaffold complex that selectively mediates
MAP
kinase
activation,
Science,
281,
1671–1674
(1998).
2. Heo YS1, Kim SK, Seo CI, Kim YK, Sung BJ, Lee HS, Lee JI, Park SY, Kim JH, Hwang KY, Hyun YL, Jeon YH, Ro S,
Cho JM, Lee TG, Yang CH, Structural basis for the selective inhibition of JNK1 by the scaffolding protein JIP1 and
SP600125, EMBO J., Jun 2;23(11):2185-95 (2004).
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S14 Lenette Kjaer
A novel bi-partite recognition mode of Rac1 binding to the intrinsically
disordered scaffold protein POSH
Lenette Kjaer1, Luiza M. Bessa1, Laura Mariño Pérez1, Francesco S. Ielasi2, Agneta Kiss1,
Elisabetta Boeri Erba1, Andrés Palencia2, Malene Ringkjøbing Jensen1
1. Institut de Biologie Structurale (IBS),UGA, CNRS, CEA, Grenoble, France ; 2. Institute for Advanced
Biosciences (IAB), INSERM, CNRS, UGA, Grenoble, France

ABSTRACT
POSH (Plenty Of SH3s) is a scaffold protein in the c-Jun N-terminal kinase (JNK) cell signalling
pathway that consists of an N-terminal RING domain and four SH3 domains (SH3-1 to SH3-4). POSH
has been shown to recruit the active (GTP-bound) form of the small GTPase Rac1 leading to
activation of the JNK pathway through signalling to downstream kinases. Rac1 specifically binds to
protein targets containing CRIB motifs – a 16 amino-acid sequence with the consensus sequence
ISXPXXXXFXHXXHVG. Rac1 has been shown to be recognised through the 120-amino acid
intrinsically disordered region located between SH3-3 and SH3-4 of POSH. Interestingly, this region
does not contain a canonical CRIB motif raising the question of the molecular recognition mode of
POSH by Rac1.1,2
Here, we use 15N nuclear relaxation rates to delineate the precise binding region of GMP-PNPRac1 on the intrinsically disordered region of POSH. We show that the interaction is bipartite
involving two molecular recognition elements, MRE1 and MRE2, covering an impressive 40 amino
acids of POSH. Using chemical shift titrations, we map the binding sites of MRE1 and MRE2 on Rac1
showing that MRE1 interacts in the same region as canonical CRIB motifs, explaining the GTPdependence of the interaction. Using 15N and 13C’ chemical exchange saturation transfer experiments
(CEST), we demonstrate that MRE1 folds into a β-strand followed by an α-helix upon binding to Rac1,
while MRE2 adopts a β-strand in the complex. Taken together, our work identifies a novel recognition
mode by Rac1 and illustrates the diversity of sequences that can be recognised by this ubiquitous
GTPase.
REFERENCES:
1. Tapon N., Nagata K., Lamarche N.,Hall A. A new Rac target POSH is an SH3-containing scaffold protein involved in the
JNK and NF-κB signalling pathways EMBO J, 17, 1395-1404 (1998) .
2. Xu Z., Kukekov N.V. and Greene L.A. POSH acts as a scaffold for a multiprotein complex that mediates JNK activation
in apoptosis EMBO J, 22, 252-261 (2003) .
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S15 Tae Hun Kim
Identifying Interaction Hot Spots for Phase Separation using NMR
Tae Hun Kim1,2,3,4, Brandon J. Payliss2, Michael L. Nosella2,4, Ian T. W. Lee4, Yuki
Toyama1,2,3, Julie D. Forman-Kay2,4, and Lewis E. Kay1,2,3,4
1DEPARTMENT OF MOLECULAR GENETICS, UNIVERSITY OF TORONTO, TORONTO, ON M5S 1A8, CANADA;
2DEPARTMENT OF BIOCHEMISTRY, UNIVERSITY OF TORONTO, TORONTO, ON M5S 1A8, CANADA;
3DEPARTMENT OF CHEMISTRY, UNIVERSITY OF TORONTO, TORONTO, ON M5S 1A8, CANADA; AND
4PROGRAM IN MOLECULAR MEDICINE, HOSPITAL FOR SICK CHILDREN, TORONTO, ON M5G 1X8, CANADA
ABSTRACT
The role of biomolecular condensates in regulating biological function and the importance of dynamic
interactions involving intrinsically disordered protein regions (IDRs) in their assembly are increasingly
appreciated. While computational and theoretical approaches have provided significant insights into
IDR phase behavior (1), establishing the critical interactions that govern condensation with atomic
resolution through experiment is more difficult, given the lack of applicability of standard structural
biological tools to study these highly dynamic large-scale associated states. Using the C-terminal IDR
(607 to 709) of CAPRIN1, an RNA-binding protein found in stress granules (2), P bodies (3), and
messenger RNA transport granules (4), we have developed and applied a variety of NMR methods
for studies of condensed IDR states to provide insights into interactions driving and modulating phase
separation (5). We identify ATP interactions with CAPRIN1 that can enhance or reduce phase
separation. We also quantify specific side-chain and backbone interactions within condensed
CAPRIN1 that define critical sequences for phase separation and that are reduced by OGlcNAcylation known to occur during cell cycle and stress. This expanded NMR toolkit that has been
developed for characterizing IDR condensates has generated detailed interaction information relevant
for understanding CAPRIN1 biology and informing general models of phase separation, with
significant potential future applications to illuminate dynamic structure–function relationships in other
biological condensates.
REFERENCES:
1.
2.
3.
4.
5.

Y. H. Lin, J. D. Forman-Kay, H. S. Chan, Sequence-Specific Polyampholyte Phase Separation in Membraneless
Organelles. Phys. Rev. Lett. 117, 178101 (2016).
N. Kedersha et al., G3BP-Caprin1-USP10 complexes mediate stress granule condensation and associate with 40S
subunits. J. Cell Biol. 212, 845–860 (2016).
J. Y. Youn et al., High-Density Proximity Mapping Reveals the Subcellular Organization of mRNA-Associated
Granules and Bodies. Mol. Cell. 69, 517-532.e11 (2018).
R. El Fatimy et al., Fragile X mental retardation protein interacts with the RNA-binding protein Caprin1 in neuronal
RiboNucleoProtein complexes. PLoS One. 7, e39338 (2012).
T. H. Kim, B. J. Payliss, M. L. Nosella, I. T. W. Lee, Y. Toyama, J. D. Forman-Kay, L. E. Kay, Interaction hot spots
for phase separation revealed by NMR studies of a CAPRIN1 condensed phase. Proc. Natl. Acad. Sci. U. S. A. 118
(2021), doi:10.1073/pnas.2104897118.
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S16 Allysa Kemraj
ARe they ABLe: The Biochemical and Biophysical Characterizations of the
Interactions Governing the Binding of the Androgen Receptor (AR), Abl
Interactor 1 (ABI1) and DNA
Allysa P. Kemraj,1 Xiang Li,1,2 Neeru Arya,3 Baylee A. Porter,1,2 Kenny Marincin, 3 Ahmad
Alzouabi,1 Dominique Frueh,3 Leszek Kotula,1,2 Alaji Bah 1
1

Department of Biochemistry and Molecular Biology, SUNY Upstate Medical University, Syracuse,
USA 2Department of Urology, SUNY Upstate Medical University, Syracuse, USA 3Department of Biophysics
and Biophysical Chemistry, Johns Hopkins University School of Medicine, Baltimore, Maryland

ABSTRACT
Intrinsically disordered proteins (IDPs) do not have a fixed three-dimensional structure. However,
they play critical biological functions in a multitude of cellular processes including, but not limited to,
proliferation, migration, differentiation, and apoptosis. We focus on Abl Interactor 1 (ABI1), a multiisoform adaptor protein involved in the organization of the cytoskeleton. ABI1 controls progression of
prostate tumors and acts as a prostate tumor suppressor wherein loss of ABI1 contributes to tumor
metastasis. It is also evident that ABI1 functions in the nucleus where it binds to DNA and nuclear
hormone receptors, like the androgen receptor (AR), thereby regulating transcription. Our goal is to
investigate the molecular basis of how ABI1’s intrinsically disordered regions (IDRs) interact with DNA
using NMR Spectroscopy and other biophysical techniques. We will determine the mechanism of DNA
binding and the reciprocal effects of its interactions with AR on its DNA binding specificity. The results
obtained will elucidate how the DNA- ABI1-AR axis regulates transcription and will set the stage for
developing novel inhibitors for prostate cancer. This work will have a positive impact by providing a
model for determining the mechanism of the interactions of ABI1 and other nuclear hormone
receptors.
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S17 Kendra Frederick
Segmental isotopic labeling using split inteins
Kendra Frederick1, Carla Madrid1, Rania Dumarieh1, Yiling Xiao1, Jaka Kragelj1

1. UTSouthwestern Department of Biophysics, Dallas, TX 75390-8816

ABSTRACT
Segmental isotopic labeling opens up the possibility of investigating short segments of very large and
complicated systems in atomic detail by NMR. Moreover, segmental isotopic labeling is particularly
advantageous for DNP studies because the low experimental temperatures increase spectral line
widths due to the freezing out of small motions and eliminate the possibility of using dynamic filtering
to simplify spectra of large molecules. To create segmentally labeled proteins use of split inteins.
Inteins are amino acid sequences that excise themselves from a polypeptide chain, ligating the
flanking sequences via a native peptide bond. Inteins can be cut into (or exist naturally as) two pieces
that associate non-covalently upon reconstitution and ligate their flanking sequences. They have long
been suggested to solve problems such as those discussed here but it has been extremely difficult to
implement, largely due to issues with purity and yield. Here we report the sequence requirements for
efficient ligation. We demonstrate the utility of segmental isotopic labeling to examine the effect of
proximity to the amyloid core on the intrinsically disordered N-terminal region of segmentally
isotopically labeled alpha-synuclein.
REFERENCES:
1.
Ghosh, R., Madrid, C. & Frederick, K.K. Segmental Labeling: Applicatiions to Protein NMR and DNP, eMagRes 9,
71-80 (2020).
2.
Costello, W.N. Xiao, Y., & Frederick, K.K. DNP-assisted NMR investigation of proteins at endogenous levels in
cellular milieu, Methods in Enzymology, 615, 373-406 (2019)
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S18 Rina Rosenzweig
The True Tales of the Flexible Tails – Interaction of J-domain Protein with
Hsp70 chaperones
Rina Rosenzweig1

1. Chemical and Structural Biology Department, Weizmann Institute of Science, Rehovot, Israel

ABSTRACT
Hsp70s are ubiquitous chaperones tasked with safeguarding proteins throughout their entire lifecycle,
from synthesis to degradation, and are thus critical for maintaining protein homeostasis. The ATPase
cycle of Hsp70s, which is allosterically coupled to the binding and release of their substrates, is
regulated by a large set of dedicated co-chaperones, consisting of nucleotide-exchange-factors and
of J-domain proteins. Humans contain multiple such J- domain-proteins, with the most abundant JDPs
in the cell belonging to the very structurally similar Class-A and Class-B families. Despite the many
similarities, however, Class-A and Class-B J‐proteins still exhibit significant differences in both
structure and function. Here we used methyl-TROSY NMR, alongside functional assays to determine
whether the two classes of JDPs also display differences in their interactions with Hsp70 chaperones.
Our results uncover a new regulatory interaction between class B chaperones and Hsp70. This
interaction, which we mapped to the C-terminal, substrate binding domain of DNAJB1, and is not
present in class A J-domain proteins, causes a conformational change in DNAJB1, freeing the
activation domain for binding to Hsp70 and enhancement of the chaperone’s catalytic activity. We
further show that this regulation is required to recruit multiple J-domain proteins to the substrate,
which is a first essential step for Hsp70-based amyloid disaggregation.
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S19 Guillaume Mas
Functional cycle of the human Hsp70 chaperone BiP at atomic resolution
Guillaume Mas1, Johanna Ude1, Sebastian Hiller1
1. Biozentrum, University of Basel, Spitalstrasse 41, 4056 Basel, Switzerland

ABSTRACT
Hsp70 chaperones are indispensable for protein homeostasis in all cell types. Their functional cycle
is driven by ATP hydrolysis and ADP release at the nucleotide-binding domain (NBD) and is regulated
by several co-chaperones. Segments of the functional cycle have been studied by X-ray
crystallography (1), NMR spectroscopy (2) and FRET (3), but the connections between these
segments and the interplay with co-chaperones are not well understood.
Here we apply methyl NMR spectroscopy in combination with an ATP regeneration system (4) to
study the functional cycle of the human Hsp70 BiP (5) at unprecedented spatial and temporal
resolution under turnover conditions. Our data reveal that ATP hydrolysis generates a previously
unrecognized high-energy conformation of BiP. In this conformation, ADP-Pi is locked to stabilize the
BiP-client protein complex, making ADP-Pi release the rate-limiting step of the three-step functional
cycle. We then probed the effect of diverse co-chaperones on the functional cycle, in the presence or
absence of a native client protein. The nucleotide exchange factor NEF was found to specifically
target the ADP-locked state, speeding up ADP-Pi release by six-fold. The co-chaperone MANF does
not have a nucleotide exchange inhibitor activity as previously suggested (1) but accelerates ADP-Pi
release and ATP hydrolysis via two unique interfaces. In contrast, the J-domain protein interacts with
the ADP-Pi and ATP-bound states via the same interface, but selectively stimulates ATP hydrolysis
by twenty-fold. The combination of the three co-chaperones stimulates all the steps of the functional
cycle by a concerted mechanism of action with simultaneous binding on non-overlapping,
conformation-specific interfaces. Our description of the BiP functional cycle opens up new
opportunities to develop conformation-specific drugs targeting cancer, cardiovascular and
neurodegenerative diseases.
REFERENCES:
1. Yan Y., et al. MANF antagonizes nucleotide exchange by the endoplasmic reticulum chaperone BiP. Nature
Communication 10(1), 541 (2019).
2. Faust O., et al. HSP40 proteins use class-specific regulation to drive HSP70 functional diversity. Nature 587(7834), 489494 (2020).
3. Rosam M., et al. Bap (Sil1) regulates the molecular chaperone BiP by coupling release of nucleotide and substrate.
Nature Structural & Molecular Biology 25, 90–100 (2018).
4. Mas G., et al. Structural investigation of a chaperonin in action reveals how nucleotide binding regulates the functional
cycle. Science Advances 19;4(9) (2018)
5. Wang J., et al. HSPA5 Gene encoding Hsp70 chaperone BiP in the endoplasmic reticulum. Gene 618, 14–23 (2017).
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Visualizing the transiently Populated Closed-State of Human HSP90 ATP
Binding Domain
Elisa RIOUAL1,2, Faustine Henot1, Adrien Favier1, Pierre Gans1, Claire Loison2, Jerome
Boisbouvier1
1. Univ. Grenoble Alpes, CNRS, CEA, Institut de Biologie Structurale, 71 avenue des martyrs, F-38044
Grenoble France ; 2. Institut Lumière Matière, Université de Lyon, Université Claude Bernard Lyon 1, CNRS,
F-69622, Villeurbanne, France

ABSTRACT
Molecular chaperones are involved in many different mechanisms. Due to their importance,
alteration of one member of this family can cause numerous diseases such as cancer. For this
reason, they are good targets for therapeutic ligands.1,2 In this study, we investigated an homo-dimer
of two times 90 kDa: HSP90α.
HSP90 is composed of 3 domains: C-terminal, middle and N-terminal domain (NTD). In the
NTD, there is an unusual ATP-binding site named the Bergerat fold. Indeed, the cycle activity of
HSP90 is coupled with ATPase activity and a set of complex conformational rearrangements. This
domain is also the target of most therapeutic ATP-competitive inhibitors developed. Because of its
importance, the HSP90-NTD structure was highly studied mainly by X-ray crystallography. More than
300 structures are available on the PDB but static models cannot represent the dynamic of HSP90NTD. Therefore, we decided to study the different conformations of the N-terminal domain of human
HSP90α using liquid state NMR and molecular dynamics.
We demonstrated that HSP90 ATP-lid exchanges between two conformations in millisecond
time scale and elucidating the structures of both the major and minor states thanks to the specific
labelling on Ala-[13C1H3]β, Met-[13C1H3]ε, Leu-[13C1H3]δ2, Ile-[13C1H3]δ1, Thr-[13C1H3]γ, Val-[13C1H3]γ2. The
major state corresponds to previously determined X-ray structures. The ATP-lid samples a closed
conformation distant by up to 30 Å from the major state. Because of the specific methyl labelling, this
is the first time that this important structural change is observed. Combining NMR relaxation
experiments and molecular dynamics, we have investigated the stability of minor state and
characterized the exchange between both states. These important results will be particularly useful
for the drug design of new therapeutic ligands targeting this domain.3
REFERENCES:
1. Whitesell, L., Santagata, S., & Lin, N. U. Inhibiting HSP90 to Treat Cancer: A Strategy in Evolution Current Molecular
Medicine, 12(9), 1108–1124. (2012).
2. Whitesell, L., & Lindquist, S. L. HSP90 and the chaperoning of cancer Nature Reviews Cancer, 5(10), 761–772 (2005).
3. Henot, F., Rioual, E., Favier, A., Macek, P., Crublet, E., Josso, P., Brutscher, B., Frech, M., Gans, P., Loison, C., &
Boisbouvier, J. Visualizing the Transiently Populated Closed-State of Human HSP90 ATP Binding Domain, in review,
(2022).
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Human HSP90 a contortionist drug target - Modulation of its energy landscape
upon ligand binding
Faustine Henot1, Elisa Rioual1,2, Adrien Favier1, Elodie Crublet3, Bernhard Brutscher1, Matthias
Frech4, Pierre Gans1, Claire Loison2, Jerome Boisbouvier1
1. Institut de Biologie Structurale (IBS), Grenoble, France ; 2. Institut Lumière Matière (ILM), Lyon, France ; 3.
NMR-Bio, Grenoble, France ; 4. Merck KGaA, Darmstadt, Germany.

ABSTRACT
HSP90 is a major chaperone that has been reported as a therapeutic target for cancer. Several ATPcompetitive inhibitors have been developed, however, as of yet, none has been approved and HSP90
remains an important objective. HSP90 is a very flexible protein, thus a challenging target, showing
structural variability, especially on its ATP-lid covering the drug binding site. For drug design studies,
it is crucial to characterize the exact structure of the ATP-lid and to investigate its dynamics as it was
shown to play a role both in the kinetics and thermodynamics of the ligand binding.
Due to its dynamics, the ATP-lid segment is invisible by NMR using standard labeling of backbone
amides. Therefore, we employed advanced isotopic labeling of methyl groups in a perdeuterated
background to recover its signals. With such a labeling, we could characterize the 26 kDa ATP-binding
domain of human HSP90α1 using solution state NMR. We demonstrated that HSP90 ATP-lid
exchanges between two conformations in the millisecond time scale and succeeded in elucidating the
structures of both states, distant by more than 30 Å. This important structural change, involved in
HSP90 functional cycle, is observed here for the first time in apo HSP90 binding domain and, using
NMR CPMG relaxation dispersion experiments, we characterized kinetically and thermodynamically
the exchange between both states.
We next investigated how resorcinol derivatives modulate the energy landscape of HSP90. We
demonstrated that most resorcinol ligands bind to pre-existing conformations and speed up the
structural rearrangement of the ATP-lid domain. Interestingly, few resorcinol derivatives, differing only
by one substituent, are able to induce the formation of a new helix in the ATP-lid segment, slow down
the ATP-lid conformational exchange and have a residence time on target increased by two orders of
magnitude3. Our results bring a structural basis to understand target protein conformational dynamics’
role in binding of a potential drug candidate.
REFERENCES:
1. Henot F., Kerfah R., Törner R., Macek P., Crublet E., Gans P., et al. Optimized Precursor to Simplify
Assignment Transfer between Backbone Resonances and Stereospecifically labelled Valine and Leucine
Methyl Groups: Application to Human Hsp90 N-Terminal Domain, Journal of Biomolecular NMR, 75, 221-232,
(2021).
2. Henot F., Rioual E., Favier A., Crublet E., Macek P., Josso P., Brutscher B., et al., Visualizing the transiently
populated closed-state of Human HSP90 ATP Binding Domain (under revision for Nature Communications).
3. Amaral M., Kokh, D. B., Bomke, J., Wegener, A., Buchstaller, H. P., et al. Protein conformational flexibility
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Different conformations of the ADP- and ATP-bound states of the DEAD-box
helicase Vasa underpin enzymatic activity.
Teresa Carlomagno1, Luca Codutti2, John Kirkpatrick3
1. School of Biosciences and Institute of Cancer and Genomic Sciences, University of Birmingham,
Birmingham, UNITED KINGDOM, United Kingdom. 2. BMWZ and Institute of Organic Chemistry, Leibniz
University Hannover, Hannover, Germany

ABSTRACT
DEAD-box helicases use ATP to unwind short double-stranded RNA (dsRNA). Following ATP binding
to the N-terminal domain of the two-domain helicase core, these two core domains are thought to
close upon each other, forming the dsRNA binding surface and stimulating ATP hydrolysis. However,
because the crystallographic structures of DEAD-box helicases in complex with either ADP or ATPanalogues are identical and the complex of a DEAD-box helicase with ATP and dsRNA could not yet
be isolated, it remains unclear how ATP (but not ADP) promotes dsRNA unwinding. Here, we use
NMR chemical shift perturbations and relaxation-dispersion profiles of the DEAD-box helicase Vasa
in the presence of ADP or ATP, and single-stranded (ss) or double-stranded (ds) RNA to demonstrate
that the conformations of the ATP- and ADP-bound forms of the N-terminal domain are different. We
detect the presence of Vasa–ATP–dsRNA and Vasa–ADP–ssRNA complexes with distinct structuraldynamic properties. Altogether, this data allows us to propose a mechanism by which subtle changes
in the tertiary structure facilitate cycling of Vasa through the unwinding reaction. Finally, we identify a
second Vasa–ADP–ssRNA species that may support additional cellular functions of Vasa, in which it
acts as an RNA clamp rather than a helicase. These studies on such a complex, poorly-soluble system
have been enabled by selective 1H,13C-methyl labelling of the otherwise unlabelled and perdeuterated
Vasa.
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F labelling of miRNA as probe for structural and dynamical
investigation by NMR spectroscopy

Laura TROUSSICOT1, Emeline MESTDACH1, Carole FARRE2, Carole CHAIX2, Loic
SALMON1
1. Centre de RMN à Très Hauts Champs, CNRS, ENSL, UCBL, Université de Lyon, Villeurbanne, France ;
2. Institut des Sciences Analytiques de Lyon, CNRS, UCBL, Université de Lyon, Villeurbanne, France.

Over the last decades, a diversity of non-coding RNA have been revealed such as micro-RNAs
(miRNA), that play an essential role in RNA induced gene silencing and target up to 60% of proteincoding genes in humans.1 As RNA conformational changes can trigger their functional diversity, the
investigation of RNA dynamics is a key feature to improve the understanding of their mechanism of
action.
Nuclear Magnetic Resonance (NMR) spectroscopy is an efficient tool to investigate dynamic
processes. However, obtaining an accurate description of RNA conformational landscape remains
long and complex. To overcome this bottleneck, we introduce chemical modifications in the miRNA
sequence using solid phase synthesis that enables and facilitates the investigation of miRNAs
interactions and dynamics at the molecular level.2
Here, we particularly focus on the interaction of let-7, a mi-RNA presents in organisms ranging from
nematods to human and shown to be down-regulated in several forms of cancers, with different
relevant mRNA targets (lin28a, HMGA2 and lin41). To probe these interactions at the atomistic scale,
a fluorine was site-specifically introduced in let-7, to be used as an NMR probe. Indeed, the natural
abundance of 19F nucleus, its sensitivity, as well as its chemical shift dispersion enables a quick and
unambiguous analysis of its chemical environment. We show that the introduction of fluorine in let-7
allows for a fast screening of the different complexes and their secondary structures. Moreover, 19F
based relaxation dispersion experiments were recorded to investigate the conformational states of
these highly dynamical biomolecular complexes, showing exchange between those states. 3 This
approach made possible the quick investigation of dynamics elements while skipping the tedious task
of RNA assignment.
REFERENCES:
1.

Felekkis K., Touvana E., Stefanou C., Deltas C. MicroRNAs: a newly described class of encoded molecules that
play a role in health and disease. Hippokratia. Oct;14(4):236-40 (2010)

2.

Beaucage S.L., and Iyer. R.P. Advances in the Synthesis of Oligonu- cleotides by the Phosphoramidite
Approach. Tetrahedron, 48(12):2223–2311 (1992).

3.

Overbeck J.H., Kremer W., Sprangers R. A suite of 19F based relaxation dispersion experiments to assess
biomolecular motions. J Biomol NMR, 74(12):753-766 (2020).
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RNA processing and modifications
Carine Tisné
CNRS, IBPC, Univ Paris Cité, laboratoire d’expression génétique microbienne, Paris, France

ABSTRACT
RNA maturation includes processing of the 5’- and 3’-extremities of RNA and the incorporation of coor post-transcriptional modifications of nucleosides. Recent results in this field of investigation will be
presented:
1) All species transcribe ribosomal RNA in an immature form that requires several enzymes for
processing into mature rRNA. In Bacillus subtilis, the final maturation steps of the two large ribosomal
subunit (50S) rRNAs, 23S and 5S pre-rRNAs, are catalyzed by the ribonucleases (RNases) Mini-III
and M5, respectively. Here we present a protocol that allowed us to solve the 3.0 and 3.1 Å resolution
cryoelectron microscopy structures of these RNases poised to cleave their pre-rRNA substrates within
the B. subtilis 50S particle. These data provide the first structural insights into rRNA maturation in
bacteria by revealing how these RNases recognize and process double-stranded pre-rRNA.
2) Over 170 nucleotide modifications are currently reported in RNAs from the three domains of life,
the vast majority being found in tRNAs. We have devised an original methodology to monitor RNA
modifications in cellular extracts with NMR3. Using yeast tRNAPhe as a model system, we demonstrate
that multiple modification events can be monitored in yeast extract with NMR in a time-resolved
fashion. We observed a sequential order in the introduction of several modifications and showed that
modification circuits identified in the yeast extract on tRNAPhe also influence the process of tRNA
modification in living cells.
REFERENCES:
1. P. Barraud & C. Tisné, To be or not to be modified: miscellaneous aspects influencing nucleotide modifications in tRNAs,
IUBMB life, 71, p. 1126-1140 (2019).
2. P. Barraud, A. Gato, M. Heiss, M. Catala, S. Kellner & C. Tisné, Time-resolved NMR monitoring of RNA maturation,
Nature Communications, 10, p. 3373-3387 (2019).
3. Oerum S, Dendooven T, Catala M, Gilet L, Dégut C, Trinquier A, Bourguet M, Barraud P, Cianferani S, Luisi BF, Condon
C, Tisné C. Structures of B. subtilis Maturation RNases Captured on 50S Ribosome with Pre-rRNAs. Mol Cell., 80, p. 227236 (2020).
6
6
4. S. Oerum, V. Meynier, M. Catala & C. Tisné, A comprehensive review of m A/m Am RNA methyltransferase structures,
Nucleic Acids Res., 49, p. 7239-7255 (2021).
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Shedding light on RNA with Isotope labels

Theodore K. Dayie
Department of Chemistry and Biochemistry, University of Maryland, College Park, MD 20742, United
States
ABSTRACT:
RNA is central to most cellular processes important for life and underlies various medical
malfunctions. Yet, RNA structural biology, needed for improved understanding, continues to lag that
of proteins even though solution NMR spectroscopy remains competitive for probing the structural
dynamics of RNA in solution. However, to remain viable, we must overcome challenges of spectral
crowding and broad linewidths, as RNAs grow in size. Selective isotope labeling technologies promise
to mitigate some of these problems, and we will showcase applications to biologically relevant RNAs
by NMR spectroscopy.
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New Discovery in Bacterial Polysaccharides and Biofilms Enabled by Isotope
Labels, Small Molecules, and a Big Magnet
Lynette Cegelski1

1. Department of Chemistry, Stanford University

ABSTRACT
Biofilms are implicated in serious infectious diseases and have emerged as a target for anti-infectives.
Our research program is inspired by the challenge and importance of elucidating chemical structure
and function in these complex biological systems. We have introduced new approaches using wholecell and macromolecular solid-state NMR, integrated with biochemical analysis in order to reveal how
the biological functions of cell walls and biofilms depend on their chemical composition and
architecture. Solid-state NMR was uniquely enabling in our discovery of a surprising chemically
modified cellulose produce by E. coli – phosphoethanolamine cellulose – and in our identification of
the molecular basis for its assembly [1]. The pEtN cellulose is produced by commonly studied E. coli
that had long been assumed to be producing typical unmodified cellulose. I will report on our recent
[1-3] and latest results launched from this discovery platform, including unique approaches to label
and detect pEtN cellulose in bacterial biofilms, the nature of the interactions between curli and pEtN
cellulose and NMR determinations of compositional differences that relate to biofilm function.

REFERENCES:
1. Thongsomboon W., Serra D. O., Possling A., Hadjineophytou C., Hengge R., and Cegelski L. A Naturally Produced
Chemically Modified Cellulose. Science, 359, 334-338 (2018).
2. Thongsomboon W., Werby S. H., Cegelski L. Evaluation of Phosphoethanolamine Cellulose Production among Bacterial
Communities Using Congo Red Fluorescence. Journal of Bacteriology, 202, e00030-20 (2020).
3. Jeffries J., Thongsomboon W., Visser J. A., Enriquez K., Yager D., Cegelski L. Variation in the ratio of curli and
phosphoethanolamine cellulose associated with biofilm architecture and properties. Biopolymers, e23395 (2020).
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Isotopic labeling of glycans facilitates NMR structural studies in complex
conditions
Darón I. Freedberg

Center for Biologics Evaluation and Research, Food and Drug Administration, Sylver Spring Maryland, USA

ABSTRACT
Solution glycan structural studies are complicated due to spectral overlap and the limitation of current
NMR methods available to characterize their structures and dynamics. Among the questions we seek
to address in our group are those regarding the conformation and flexibility of oligo- and
polysaccharides in solution. In many cases, NMR spectral resolution and sensitivity can be improved
using isotopic labels. We have incorporated 15N and 13C into sialic acids and some bacterial
polysaccharides to aid in their study. With this approach, we were able to compare the structures of
polysaccharides on bacteria, to determine temperature-dependent dynamics in polysaccharides from
15
N and 13C nuclear relaxation and to probe oligosaccharides for specific interactions, including
hydrogen bonding.
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Nitroxide Spin Labelling for Distance Distribution Measurements by EPR
Techniques and for NMR Paramagnetic Relaxation Enhancement
Gunnar Jeschke1, Laura Esteban-Hofer1, Irina Ritsch1, Cristina K. X. Nguyen2, Elisabeth
Lehmann2, Leonidas Emmanouilidis2, Maxim Yulikov1, Frédéric H.-T. Allain2

1. ETH Zurich, Department of Chemistry and Applied Biosciences, Vladimir-Prelog-Weg 2, 8093 Zurich,
Switzerland; 2. ETH Zurich, Department of Biology, Vladimir-Prelog-Weg 2, 8093 Zurich, Switzerland

ABSTRACT
Nitroxide spin labels provide access to label-proton distances up to about 20 Å and to label-label
distance distributions up to about 100 Å, in exceptional cases up to 160 Å. Such labels can also
provide information on water and oxygen accessibility of the labeling site and on packing density or
microviscosity near this site. I will discuss the main considerations in experiment design, which are
accessibility of the labeling site, conformation distribution of the label sidechain, chemical stability of
the nitroxide moiety and linker under preferable sample conditions and, for EPR distance distribution
measurements, phase memory loss of the electron spin at cryogenic temperatures. Based on new
mechanistic insight into phase memory loss, I will consider the necessity of deuteration of the protein
or nucleic acid and the question whether and how methyl groups of the nitroxide should be replaced.
In relating experimental data from spin labels to structure or ensemble models, we need to account
quantitatively for conformation distribution of the label sidechain and, in the case of PRE predictions,
we must make assumptions on dynamics. I will discuss limitations in accuracy that arise from these
issues and illustrate all concepts on three RNA-binding proteins that feature low or intermediate
structural order. These systems are the low-complexity domain of FUS in its dispersed and condensed
state1,2, hnRNP A1,1,3 and SRSF1 in its free form and in complex with two RNA constructs.
REFERENCES:
1. Ritsch I., Esteban-Hofer L., Lehmann E., Emmanouilidis, L., Yulikov M., Allain F. H.-T., Jeschke G. Characterization of
Weak Protein Domain Structure by Spin-Label Distance distributions Frontiers in Molecular Biosciences, 8, 635599 (2021).
2. Emmanouilidis L., Esteban-Hofer L., Damberger F. F., deVries T., Nguyen C. K. X., Fabregás Ibañez L., Mergenthal S.,
Lotzsch E., Yulikov M., Jeschke G., Allain F. H.-T. NMR and EPR reveal a compaction pf the RNA-binding protein FUS ipon
droplet formation Nature Chem. Biol., 17, 608-614 (2021) .
3. Ritsch I., Lehmann E., Emmanouilidis L., Yulikov M., Allain F., Jeschke G. Phase separation of hnRNP A1 upon specific
RNA-binding observed by magnetic resonance bioRxiv, https://doi.org/10.1101/2022.03.21.485092 (2022).
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Improving selective DNP (SelDNP) for biomolecular applications
Ons Dakhlaoui*1, 2, Thomas Halbritter3, Diego Gauto1, 4, Annabelle Varrot2, Anne
Imberty2, Snorri Th. Sigurdsson3, Sabine Hediger1 and Gaël De Paëpe1
1. Univ. Grenoble Alpes, CEA, CNRS, IRIG-MEM, Grenoble, France; 2. Univ. Grenoble Alpes, CNRS,
CERMAV, Grenoble, France; 3. University of Iceland, Science Institute, Reykjavík, Iceland; 4. CNRS, ICSN,
Gif-sur-Yvettes, France.

Dynamic Nuclear Polarization (DNP) has emerged as a promising hyperpolarization technique to
significantly enhance the sensitivity of solid- state NMR (ssNMR) experiments under magic angle
spinning (MAS). Its use for biomolecular systems is however often limited by the necessity to run
experiments at cryogenic temperatures, which can induce line broadening and loss of resolution,
because of the freezing of local molecular motion and the resulting conformational heterogeneity.
In order to tackle this limitation, our group has recently developed a new methodology termed
Selective DNP (SelDNP), which allows for recovering high-resolution DNP spectra specific to protein
1
2
binding sites in uniformly labeled samples. This targeted DNP approach relies on differential
spectroscopy between uniform hyperpolarization obtained from conventional DNP and localized
paramagnetic relaxation enhancement (PRE) produced by a paramagnetic tag introduced at a
specific molecular site (e.g., protein binding site). It results high-resolution spectra extracting
exclusively the selected site. Besides providing assignment of the binding site, SelDNP spectra
convey distance-dependent information with respect to the paramagnetic center. Earlier, we have
demonstrated SelDNP proof-of-concept on the binding site of the galactophilic lectin LecA (tetramer
of 12.7 kDa units), using a TOTAPOL moiety tethered to β, D-Galactose as a paramagnetically
1
functionalized ligand that provided the selective PRE effect.
In this work, we are considering different strategies to improve both the sensitivity and the selectivity
of SelDNP, as well as to expand its domain of application towards sites carrying different biological
relevancies. For this purpose, we investigated the use of iodoacetamide functionalized nitroxide
radicals (e.g., I-TEMPO, I-AsymPol) combined with site-directed spin labeling (SDSL) of cysteine
residue to allow for the investigation of non-interacting sites by SelDNP. Likewise, another strategy
probing metal ions binding sites is explored as well.
REFERENCES:
1. I. Marin-Montesinos, D. Goyard, E. Gillon, O. Renaudet, A. Imberty, S. Hediger and G. De Paëpe, Chem. Sci., 10, 3366–
3374 (2019).
2. D. Gauto, O. Dakhlaoui, I. Marin-Montesinos, S. Hediger and G.De Paëpe, Chem. Sci., Advance Article, DOI:
10.1039/d0sc06959k (2021).
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Intermolecular transient contacts through Paramagnetic Relaxation
Enhancement (PRE) NMR experiments and the Challenges while preparing a
PRE tagged protein sample

Arun G S and Ranabir Das
National Centre for Biological Sciences (NCBS), Bengaluru, India

ABSTRACT
When protein molecules come closer and form their energetically most stable contacts in the given
environment, a protein complex is formed. Nevertheless, a protein a priori doesn’t have any ‘memory’
of what its native contacts would be with its partner(s). Hence, it makes a set of transient and
stochastic contacts (allowed by many constraints such as surface geometry and surface
electrostatics) with its interacting partner before attaining the most stable (native) protein complex in
the given environment. Knowing these Protein-Protein Transient Interactions (PPTI) between
interacting partners is important, as they give more insights into the mechanism and cause behind
the complex formation. Here, we are using Paramagnetic Relaxation Enhancement (PRE) NMR
experiments to elucidate the PPTIs between a ubiquitin conjugating enzyme and a ubiquitin ligase
enzyme. We then probe how these contacts are modulated when a single residue near the interface
is deamidated by an effector protein from Shigella flexneri. We also look further into how the contacts
are altered at a different salt concentration. At Grenoble, I will mainly be discussing our attempts
towards making PRE tagged (EDTA -metal) proteins, and the challenges we faced. And the question
is, when to believe if you got accurate PRE values.

References:
[1] Qing Miao, Christoph Nitsche, Henry Orton, Mark Overhand, Gottfried Otting, and Marcellus Ubbink, Chemical Reviews,
2022
[2] Nicolas L. Fawzi, Michaeleen Doucleff, Jeong-Yong Suh, and G. Marius Clore, Mechanistic details of a protein–protein
association pathway revealed by paramagnetic relaxation enhancement titration measurements, PNAS, 2010
[3] G. Marius Clore, Practical Aspects of Paramagnetic Relaxation Enhancement in Biological Macromolecules, Methods
Enzymol. 2015; 564: 485-497.
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Probing Watson-Crick and Hoogsteen base pairing in duplex DNA using
DNP solid-state NMR
Christopher P Jaroniec
The Ohio State University, Columbus, OH, United States

ABSTRACT
The vast majority of base pairs in double-stranded DNA exist in the canonical Watson-Crick geometry.
However, they can also adopt alternate Hoogsteen conformations in various complexes of DNA with
proteins and small molecules, which are key for biological function and mechanism. Multidimensional
DNP-enhanced solid-state NMR can serve as a unique spectroscopic tool for observing and
distinguishing Watson-Crick and Hoogsteen base pairs in a broad range of DNA systems based on
characteristic NMR chemical shifts and internuclear dipolar couplings. We illustrate this approach
using a model 12-mer DNA duplex, free and in complex with the antibiotic echinomycin which features
two central adenine-thymine base pairs with Watson-Crick and Hoogsteen geometry, respectively,
and subsequently extend it to the ~200 kDa Widom 601 DNA nucleosome core particle.
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Structure and dynamics of the Rad50 zinc hook domain in the Mre11-Rad50
DNA Repair complex
Stephan Azatian1, Marella D. Canny1, and Michael P. Latham1
1. Department of Biochemistry, Molecular Biology, and Biophysics, University of Minnesota, Minneapolis, MN,
USA.

ABSTRACT
The Mre11-Rad50 complex (MR) is important for DNA double-strand break repair in all organisms. It
has been suggested that conformational changes in the globular, enzymatic region of the Rad50
protein propagate long-range allostery through the coiled-coil region of the protein, a distance of 400800 Å. Side chain methyl group-labeling in combination with methyl TROSY-based NMR
spectroscopy provides a means for understanding the structural and dynamics changes within a
protein complex the size of Mre11-Rad50 (~240 kDa); however, complete side-chain methyl group
labeling of Rad50 would result in many overlapped peaks making NMR-based studies difficult. Methyllabeling a small segment within the full-length protein would greatly simplify the analysis of NMR data,
providing an opportunity to study this long-range allostery in more detail. To this end, we purified three
segments of Rad50 consisting of the N-terminal globular and coiled-coil regions, zinc hook domain,
and C-terminal coiled-coil and globular regions and joined the segments using two transpeptidase
enzymes at concentrations suitable for NMR experiments. We then collected NMR data on
segmentally-labeled zinc hook domain MR, which showed the expected changes in side-chain methyl
group chemical shifts and methyl group 1H R2 relaxation rates after ligation. Notably, side-chain methyl
group chemical shifts are altered for residues proximal to the zinc-binding CXXC motif upon the
addition of a non-hydrolyzable analog of ATP and double-stranded DNA. Methyl resonances also
show an overall decrease in methyl group 1H R2 relaxation rates following the addition of the
substrates. In the future, this method may help us understand the interplay of the zinc hook and
globular regions of MR under various mutagenic and nucleic substrate environments.
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“Stablelabel” cell-free lysates for reduced NMR label conversion
Roman Levin1, Frank Löhr1, Volker Dötsch1, Frank Bernhard1
1. Institute of Biophysical Chemistry and Center for Biomolecular Magnetic Resonance, Goethe
University, 60438 Frankfurt, Germany

ABSTRACT
Cell-free protein expression is a method of choice for efficient and fast labelling of proteins with NMR
active isotopes. Complete control over the amino acid pool in the reactions ensures reliable full or
selective labelling of synthesized proteins. Furthermore, many metabolic pathways are removed or
truncated in the cell-free lysates, thus providing a better amino acid stability and reduced label
scrambling. Nevertheless, enzymatic conversions of L-alanine, L-aspartate, L-asparagine, Lglutamine and L-glutamate are still prevalent during protein synthesis causing 15N label scrambling.
This impairs peak assignment due to signal ambiguity which could require a high number of samples
for analysis. In addition, scrambling causes label dilution, which becomes problematic when working
with challenging targets such as large complexes or integral membrane proteins. Using inhibitors to
suppress these unwanted reactions is a common approach. However, some inhibitors are not
commercially available, may interact with target proteins or may reduce the protein production
efficiency in cell-free reactions.
In order to establish an alternative and more convenient approach, we engineered the E. coli
strain « Stablelabel » for the production of scrambling reduced cell-free lysates. Based on lysate
proteomics analysis, putative scrambling enzymes and combinations thereof were deleted by using
the lambda phage recombination system and the resulting strains were analyzed for cell-free lysate
performance in protein expression and labelling. The most effective knock-out mutations were then
combined in the final « Stablelabel » strain. We provide a detailed characterization of protein labelling
with stable isotopes by using « Stablelabel » lysates in comparison with conventional lysates. The
strain may provide a valuable contribution to the NMR community as it improves a variety of labelling
strategies suitable for rapid signal assignment or for the study of protein dynamics.
REFERENCES:
1.

Yokoyama J., Matsuda T., Koshiba S., Tochio N., Kigawa T. A practical method for cell-free protein synthesis to
avoid stable isotope scrambling and dilution. Anal. Biochem., 411, 223-229 (2011).
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Dynamics and interactions in the 410 kDa RNA exosome
Jobst Liebau1, Anna Bichler1 and Remco Sprangers1

1. Regensburg Center of Biochemistry, University of Regensburg, Germany

ABSTRACT
Solution-state NMR is uniquely suited to study interactions and dynamics of biomolecules in solution
and at near atomic resolution. However, conventional solution-state NMR is limited to biomolecules
smaller than ~40 kDa. A range of methodological advances has made it possible to extend this sizelimit substantially. Here, we combine selective 19F- and methyl labeling schemes with sensitivityoptimized NMR pulse sequences to study the essential eukaryotic RNA exosome. This complex
consists of 10 distinct subunits that form a 410 kDa molecular machine that degrades and processes
RNA in 3’ to 5’ direction. We show that for the exosome solution-state NMR methods can be employed
(i) to validate structural models,
(ii) to study weak or transient substrate interactions and
(iii) to investigate localizations and motions of dynamic regions and relate dynamics to function.
Using this approach we demonstrate that large asymmetric complexes are amenable to a wealth of
solution-state NMR techniques when recent methodological advances are combined.
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A new NMR experiment to probe the temperature dependency of IDP
interactions with fluid membranes, rigid fibrils and complex cell lysates.
Phil Selenko1, Cedric Eichmann1, Janeka Gartia1, Shira Cohen1, Reeba Susan Jacob1

1. Department of Immunology and Regenerative Biology (IRB), Weizmann Institute of Science, Israel

ABSTRACT
Temperature universally acts on all biological systems, influencing their basic physicochemical
properties and steering kinetic and thermodynamic parameters such as rate and equilibrium
constants. By contrast, temperature effects on biological processes are poorly understood because
experimental techniques often fail to provide comparable readout fidelities over different temperature
ranges. Classical 1H-15N 2D backbone amide correlation experiments in protein NMR spectroscopy
are one such example. Given that amide-proton exchange rates are greatly temperature-dependent,
unfavorable chemical exchange contributions often preclude NMR measurements under physiological
conditions (150 mM salt, 37º C, pH 7.5), which is particularly evident for intrinsically disordered
proteins (IDPs). In turn, recent efforts have focused on the development of ‘proton-less’ NMR pulsesequences that avoid the exchangeable amide-proton in 2D backbone correlations altogether [1].
Despite their excellent performance along the intended rationale, they generally suffer from poor
sensitivity. To overcome this drawback, we developed a new pulse-scheme that offers many of the
benefits of proton-less NMR experiments although with much higher sensitivity.
Here, I outline the performance of this NMR experiment by probing the temperature dependency of
alpha-synuclein interactions with reconstituted membranes, mature amyloid fibrils and complex
physiological mixtures such as cell lysates.

REFERENCES:
13

1. Felli IC, Piratelli R. C Direct Detected NMR for Challenging Systems, ACS Chemical Reviews, 122,10, 9468-9496 (2022)
.
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New insights into the structural details of protein breathing motions
associated with aromatic ring flipping events
1,2
3
1
1
Laura Mariño Pérez , Francesco S. Ielasi , Luiza M. Bessa , Damien Maurin , Jaka
1
1
1
4
3
Kragelj , Martin Blackledge , Nicola Salvi , Guillaume Bouvignies , Andrés Palencia ,
1
Malene Ringkjøbing Jensen
1Institut

de Biologie Structurale (IBS), France ;2Universitat de les Illes Balears, Spain ; 3Institute for Advanced
Biosciences (IAB), France ; 4École Normale Supérieur (ENS), France

Aromatic residues found in the hydrophobic core of folded proteins have an important role in the
stabilization of the protein structure. Even though these residues are involved in different interactions,
nuclear magnetic resonance studies have proved that the aromatic side chains can undergo ring flips
1,2
(180° rotation around the c2 dihedral angle) . Large-scale breathing motions of the surrounding
protein environment are suggested to accommodate these flipping events. The requirement of these
concerted movements for ring flipping to occur is supported by the reported activation energies and
volumes that have been derived from ring flipping rates quantified as function of temperature and
3
pressure . However, the structural details of these breathing motions were previously unknown.
Here, we have been able to capture the structural rearrangements associated with a ring flipping
event of a semi-buried tyrosine residue found in the SH3 domain of the JNK Interacting Protein 1
4-6
(JIP1). By using nuclear magnetic resonance spectroscopy , we show that the tyrosine side chain
displays fast 180° ring flipping events, but it occasionally becomes trapped in a low- populated (3%)
intermediate flipping state. Based on a proteome-wide sequence analysis, we design single point
mutations to stabilize this low- populated state allowing us to capture its high-resolution structure by
X-ray crystallography. Our results show how the tyrosine interactions (mainly hydrogen bonds and
CH- p interactions) are rearranged in this low-populated state, providing new insights into the
structural details of the protein breathing motions required to accommodate aromatic ring flipping
events.
REFERENCES:
Campbell, I. D., Dobson, C. M. & Williams, R.. J. Proc. R. Soc. Lond., B, Biol. Sci. 189, 503–509 (1975).
Wagner, G., DeMarco, A. & Wüthrich, K. Biophys. Struct. Mech. 2, 139–158 (1976).
Hattori, M. et al. Protein Sci 13, 3104–3114 (2004).
Hansen, D. F., Vallurupalli, P. & Kay, L. E. J Phys Chem B 112, 5898–5904 (2008).
Yuwen, T. & Kay, L. E. J Biomol NMR 73, 641–650 (2019).
Weininger, U., Respondek, M. & Akke, M. J Biomol NMR 54, 9–14 (2012)
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NMR without labelling: high-resolution ex vivo spectroscopy of patientderived, disease-associated α1-antitrypsin variants
Christopher A. Waudby1,2, Alistair M. Jagger3,
Christodoulou2

James Irving3, David A. Lomas3, John

1. School of Pharmacy, University College London, UK; 2. Institute of Structural and Molecular Biology,
University College London, UK ; 3. UCL Respiratory, Rayne Institute, University College London, UK

ABSTRACT
Genetic mutations predispose the serine protease inhibitor α1-antitrypsin to misfolding and
polymerisation within hepatocytes, causing liver disease and chronic obstructive pulmonary disease.
This misfolding occurs via a transiently populated intermediate state, but our structural understanding
of this process is limited by the instability of recombinant α1-antitrypsin variants in solution.
Here, we will describe the application of high-resolution 2D NMR spectroscopy to patient-derived
samples of α1-antitrypsin at natural isotopic abundance to investigate the consequences of diseasecausing mutations.1 We have observed widespread chemical shift perturbations for methyl groups in
the disease-associated ‘Z’ variant (E342K), and by comparison with perturbations induced by binding
of a small-molecule inhibitor of misfolding we conclude that they arise from rapid exchange between
the native conformation and a well-populated intermediate state. The observation that this
intermediate is stabilised by inhibitor binding suggests a paradoxical approach to the targeted
treatment of protein misfolding disorders, wherein the stabilisation of disease-associated states
provides selectivity while inhibiting further transitions along misfolding pathways.
We will also discuss the development of NMR strategies for the characterisation of proteins at natural
isotopic abundance, and the essential role for complementary studies of isotopically-labelled
molecules. Lastly, we will report some recent developments in the analysis of side-chain dynamics
using high-order multiple-quantum coherences within methyl groups.2
REFERENCES:
1.
2.

Jagger, A. M., Waudby, C. A., Irving, J. A., Christodoulou, J. & Lomas, D. A. High-resolution ex vivo NMR spectroscopy
of human Z α1-antitrypsin. Nat. Commun. 11, 6371 (2020).
Waudby, C. A. & Christodoulou, J. Analysis of conformational exchange processes using methyl-TROSY-based Hahn
echo measurements of quadruple-quantum relaxation. Magn. Reson. 2, 777–793 (2021).
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Biochemical tools and isotope labelling strategies for NMR structural studies
of membrane proteins
Franz Hagn1,2, Melina Daniilidis1, Laura E. Sperl1, Inguna Goba1, Kolio Raltchev1, Mariam
Mohamadi1, Umut Günsel1
1. Structural Membrane Biochemistry & Bavarian NMR Center, Dept. Bioscience, TUM School of Natural
Sciences, Garching, Germany; 2. Institute of Structural Biology, Helmholtz Munich, Neuherberg, Germany

ABSTRACT
Structural analyses of membrane proteins by NMR are often hampered by their large size and limited
protein yield and stability. In addition, a suitable and native-like membrane mimetic is required to
obtain relevant functional information, in particular if complexes with membrane-attached proteins are
investigated. In the lab, we develop lipid nanodiscs for solution-state NMR to study the structure,
dynamics and interactions of membrane proteins1-4. We combine these efforts with cutting-edge
specific isotope labeling methods5. Furthermore, we apply a variety of biochemical tools to obtain
membrane proteins with enhanced biophysical properties that facilitate long-term NMR experiments.
Furthermore, we use innovative protein ligation methods for nanodisc stabilization6,7 and segmental
labeling of membrane proteins8. This toolset enables the production of properly folded membrane
proteins at high yield with isotope-labeling patters that reduce spectral overlap for structural
investigations of membrane proteins of increasing complexity.
REFERENCES:
1.
2.
3.
4.
5.
6.
7.
8.

Günsel U. and Hagn F. Lipid nanodiscs for high-resolution NMR studies of membrane proteins. Chem Rev, 122,
9395–9421 (2022).
Klöpfer K. and Hagn F. Beyond detergent micelles: the advantages and applications of non-micellar and lipidbased membrane mimetics for solution-state NMR. Prog NMR Spectr, 114-115, 271-283 (2019).
Hagn F., Nasr M.L. and Wagner G. Assembly of phospholipid nanodiscs of controlled size for structural studies of
membrane proteins by NMR. Nat. Protoc, 13, 79–98 (2018).
Hagn F., Etzkorn M., Raschle T. and Wagner G. Optimized Phospholipid Bilayer Nanodiscs For High-Resolution
Structure Determination of Membrane Proteins. J Am Chem Soc, 135, 1919-1925 (2013).
Hagn F. and Wagner G. Structure refinement and membrane positioning of selectively labeled OmpX in
phospholipid nanodiscs. J Biomol NMR, 61, 249-260 (2015).
Nasr M.L., Baptista D., Strauss M., Sun Z-Y. J., Grigoriu S., Huser S., Plückthun A., Hagn F., Walz T., Hogle J.M.
and Wagner G. Covalently circularized nanodiscs for studying membrane proteins and viral entry. Nat
Methods 14, 49-52 (2017).
Miehling J., Goricanec D. and Hagn F. A split-intein-based method for the efficient production of circularized
nanodiscs for structural studies of membrane proteins. ChemBioChem, 19, 1927-1933 (2018).
Raltchev K., Pipercevic J. and Hagn F. Production and structural analysis of membrane-anchored proteins in
phospholipid nanodiscs. Chem Eur J, 24, 5493-5499 (2018).
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Molecular insights into the biased signaling mechanism of the μ-opioid
receptor
Rémy Sounier 1; Xiaojing Cong 1, Damien Maurel 1, Hélène Déméné 2, Ieva VasiliauskaitéBrooks 1, Joanna Hagelberger 1, Fanny Peysson 1, Julie Saint-Paul 1, Jérôme Golebiowski
3
, Sébastien Granier 1,
1. Institut de Genomique Fonctionnelle, Université de Montpellier, CNRS, INSERM, Montpellier,
France. 2 Centre de Biochimie Structurale, Université de Montpellier, CNRS, INSERM, Montpellier,
France. 3 Université Côte d’Azur, CNRS, Institute of Chemistry of Nice UMR7272, Nice, France

Opioid Biased signaling of G protein-coupled receptors (GPCRs) represents a new dimension of drug
design. Biased ligands selectively modulate some of the receptor signaling pathways, offering
opportunities for better drug effectiveness and safety.
The μ-opioid receptor (μOR) is among the most studied cases of GPCR biased signaling, in the search
for safer analgesics. The G protein signaling pathway of μOR leads to analgesia, whereas the βarrestin pathway was associated with major opioid side effects. However, contradictory findings in
2020 demolished the high expectations on G protein-biased μOR agonists. We came to realize our
limited knowledge of GPCR biased signaling. Current biased μOR ligands are poorly defined, which
lead to contradictory assay readouts under different test conditions.
This study [1] focuses on the very foundation of biased signaling – how do biased ligands modulate
the receptor to favor one signaling pathway over another? This is the intrinsic molecular property of
the receptor [2], which is key for drug design and should remain consistent in different assay
conditions. We combined a thorough functional investigation of agonists by cell assays, solution NMR
spectroscopy and molecular dynamics (MD) simulations to detect how G protein biased ligands
disfavor the β-arrestin pathway by changing μOR conformations. To this end, we have established a
dual isotope labeling NMR scheme for μOR based on our previous study [3].
This work describes detailed dynamic allosteric communications between the ligands and the receptor
intracellular domains. The mechanism involves conserved motifs in class A GPCRs, which may apply
to other GPCR families. It enables structure-based design of biased ligands, which are highly
desirable as drug candidates and as chemical probes of the complex μOR signaling network.
REFERENCES:
[1] Cong et al. (2021) Molecular insights into the biased signaling mechanism of the μ-opioid receptor, Mol Cell
81(20):4165-4175.
[2] Weis, Kobilka (2018) The Molecular Basis of G Protein-Coupled Receptor Activation. Annu Rev Biochem
87: 897-919.
[3] Sounier et al. (2015) Propagation of conformational changes during μ-opioid receptor activation. Nature
524(7565):375-378
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Novel nanodisc technology for studies on protein-protein complexes
Ayyalusamy (Rams) Ramamoorthy, Bankala Krishnarjuna, Joseph Marte
Biophysics, Department of Chemistry, Biomedical Engineering, Macromolecular Science & Engineering, and
Michigan Neuroscience Institute, University of Michigan, Ann Arbor, MI 48109-1055, USA.

ABSTRACT
In spite of the recent biophysical developments, probing dynamic protein-protein and proteinmembrane interactions has been a major challenge. We have been developing and applying novel
membrane mimetics to enable the use of cutting-edge solution and solid-state NMR techniques to
study the dynamics structures of membrane-associated proteins. My presentation will focus on the
nanodisc technology to study the structural interactions between membrane bound proteins such as
cytochromes (~16-kDa b5, ~57-kDa P450, ~80-kDa P450-reductase).1,2 A variety of nanodiscsforming synthetic polymers and their unique advantages will be discussed.3,4 Particularly, the use of
synthetic polymers to directly extract membrane proteins and functionally reconstitute in near-native
lipid membrane will be presented.5,6 In addition, the use of magnetically-aligned nanodiscs to measure
residual dipolar couplings (RDCs) and residual quadrupolar couplings (RQCs) will also be
presented.7,8

REFERENCES:
[1] Dürr et al., BBA Biomembranes 1768 (2007) 3235-3259.
[2] Barnaba et al., Chem. Phys. Chem. 19 (2018) 2603-2613.
[3] Ravula et al Chem.Phys.Lipids 219 (2019) 45-49.
[4] Ravula et al., Angew. Chem. 56 (2021) 16885-16888.
[5] Krishnarjuna et al. Chem.Comm. 58 (2022) 4913-4916.
[6] Krishnarjuna et al. Chem.Comm. 57 (2021) 4819-4822.
[7] Ravula et al. Chem.Comm. 56 (2020) 9998-10001.
[8] Ravula et al Langmuir 38 (2022) 244-252.
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Using fluorinated prolines and 19F NMR to probe protein interactions and
folding
Bruno Kieffer1, Abir Ben-Bouzayene1, Mariam Sai1,2, Ilya Kuprov3, Davy Sinnaeve4, Bruno
Linclau5, Vladimir Torbeev2

1. Institut de Génétique et de Biologie Moléculaire et Cellulaire, IGBMC, Université de Strasbourg, INSERM
U596, CNRS UMR7104, Illkirch, France.; 2. Ecole Supérieure de Biotechnologie de Strasbourg, Illkirch; 3.
School of Chemistry, University of Southampton, Southampton SO17 1BJ, United Kingdom; 4. Univ. Lille,
Inserm, Institut Pasteur de Lille, CHU Lille, U1167 – Risk Factors and Molecular Determinants of Aging-Related
Diseases (RID-AGE), 59000 Lille, France; 5. Department of Organic and Macromolecular Chemistry, Ghent
University, Campus Sterre, S4, Krijgslaan 281, 9000 Ghent, Belgium

ABSTRACT
Incorporation of fluorine atoms into biomolecules is widely used to modify their properties. Moreover,
this chemical modification enables fluorine NMR spectroscopy that offers a very sensitive tool to
explore the structure and dynamics of the molecular systems. Proline was one of the earliest
fluorinated amino acid made available for such approach. For this specific case, the fluorination was
shown to modulate both the peptide's backbone conformation by favouring either the cis or trans
isomers of the Xaa-Pro peptide bond as well as the kinetics of this conformational isomerism. Given
the importance of these properties in intrinsically disordered regions of proteins where proline
residues are over-represented, we took advantage of 19F NMR to get insights into the recognition
mechanisms between cognate polyproline sequences and SH3 protein domains. A second example
will be presented where we used fluorinates prolines to investigate their role in the folding and binding
properties of the Nuclear Coactivator Binding Domain of CBP/P300, a central component of the
transcriptional machinery in eukaryotes. In both cases, we will show how the comparison of molecular
properties conferred by fluorinated prolines with distinct conformational bias provides unprecedented
insights on the molecular mechanisms mediated by proline residues.
REFERENCES:
1. Sinneave D. et al., 2021, Magn. Reson. 2,
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Digging into the active site of PETase trough histidine side chains

Cyril Charlier1 & Guy Lippens1
1. Toulouse Biotechnology Institute, Bio & Chemical Engineering, Université de Toulouse - CNRS 5504 INRA 792 – INSA, 135 avenue de Rangueil, 31077 Toulouse CEDEX 04.

ABSTRACT
Enzymes containing a Serine-Histidine-Aspartate catalytic triad can catalyze an amazing number of
reactions. Nuclear Magnetic Resonance (NMR) and X-ray crystallography have played a key role in
the characterization of the catalytic triad of serine proteases but the exact mechanism remains
unclear. Nevertheless, it’s known that the imidazole ring of the catalytic histidine plays a major role in
the catalytic process and was previously investigated by 1H, 15N and 13C NMR (Bachovchin, Magnetic
Resonance in Chemistry 2001).
One reaction that has recently gained considerable attention is the degradation of Poly-Ethylene
Terephtalate (PET), a human-made polymer that makes up a wide variety of consumer plastics. Polyethylene terephthalate (PET) degrading enzymes able break down plastic have recently attracted
tremendous interest, and were subjected to enzyme engineering to improve their characteristics.
Here, we will describe the assignment strategy of the different resonances of the six histidines of the
Leaf-branch Compost Cutinase (LCC) identified to date as a most efficient and promising enzyme in
the field of PET degradation (Tournier et al., Nature 2020). Using a 13Cε1-His selectively labeled
sample, the six Hε1/Cε1signals were identified and latter assigned based on the combination of HN-NH NOESY-TROSY, Hε1-Cε1-H NOESY-TROSY and the crystal structure. Subsequently, we assigned
Hε2/Nε2 resonances using a 3D experiment in which the magnetization flows within the imidazole ring
from the 1Hε2 to its connected 15Nε2 and then to both carbons 13Cδ2 & 13Cε1. All the resonances were
assigned for the different mutants of the LCC enzymes and provide an entry point for a detail
mechanistic characterization of the catalytic process.
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NMR labels via site-specific installation of non-canonical amino acids

Elwy H. Abdelkader
Australian Research Council Centre of Excellence for Innovations in Peptide and Protein Science, Research
School of Chemistry, Australian National University, Canberra, ACT 2601, Australia

ABSTRACT
Genetic code expansion by stop codon suppression enables the site-specific installation of noncanonical amino acids (ncAA) into peptides and proteins. This talk will showcase the use of one or
two genetically encoded ncAAs as site-specific probes for detection by 1H and 19F NMR spectroscopy.
ncAAs discussed include amino acids with TMS, t-butyl or CF3 groups.1,2 In addition, ncAAs, where a
single fluorine atom replaces a hydrogen atom, can now be genetically encoded, leading to proteins
with a single 1H spin site-specifically replaced by 19F.3 The fluorinated ncAAs lend themselves to the
observation of through-space JFF couplings. Recently, the efficient in-house selection system for
aminoacyl-tRNA synthetases also identified cyanopyridylalanine as a genetically encodable ncAA for
facile protein cyclisation.4

REFERENCES:
1.
2.
3.
4.

6

Abdelkader E.H., Qianzhu H., Tan Y.J., Adams L.A., Huber T., Otting G. Genetic encoding of N (((trimethylsilyl)methoxy)carbonyl)-L-lysine for NMR studies of protein-protein and protein-ligand interactions. J.
Am. Chem. Soc. 143, 1133-1143 (2021).
Orton H.W., Qianzhu H., Abdelkader E.H., Tan Y.J., Habel E.I., Frkic R.L., Jackson C.J., Huber T., Otting G.
19 19
Through-space scalar F- F couplings between fluorinated non-canonical amino acids for the detection of
specific contacts in proteins. J. Am. Chem. Soc., 143, 19587-19598 (2021).
Qianzhu H., Abdelkader E.H., Herath I.D., Otting G., Huber T. Site-specific incorporation of 7-fluoro-L-tryptophan
19
into proteins by genetic encoding to monitor ligand binding by F NMR spectroscopy. ACS Sens., 7, 44-48
(2022).
Abdelkader E.H., Qianzhu H., George J., Frkic R.L., Jackson C.J., Nitsche C., Otting G., Huber T. Genetic
encoding of cyanopyridylalanine for in-cell macrocyclization by the nitrile-aminothiol click reaction. Angew. Chem.
Int. Ed., 61, e202114154 (2022).
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LipoPolySaccharides: Bacterial cell surface glycolipids that maintain bacterial
integrity and mediate host-pathogens interactions
Abbas M.1, Thépaut M.1, Molinaro A.2, Marchetti R.2, Simorre J.P.1, Fieschi F.1, Laguri C.1
1
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Institut de Biologie Structurale, Univ. Grenoble Alpes, CNRS, CEA
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ABSTRACT
The cell envelope of Gram-negative bacteria is decorated with Lipopolysaccharides (LPSs).
They represent the main lipid component of the external leaflet of the outer membrane (OM) bilayer.
These self-exposed glycolipids play a crucial role in the protection of Gram-negative organisms
against antimicrobials and represent key elements in their interactions with the surrounding
environment. Their amphiphilic, insoluble nature complicates their structural analysis alone and in
interaction by biophysical methods4. Thus, in the present work, we intent to develop nano-objects
resembling the bacterial surface3 to characterize LPS molecules from pathogenic and non-pathogenic
strains to study afterwards their interactions with potential candidates including C-type Lectins
Receptors (CLRs)5,2, bacterial toxins and antibiotics in an experimental setup mimicking interactions
at the surface of cells. A combination of Nuclear Magnetic Resonance as well as biophysical methods
will provide atomic-scale models that should highlight important determinants of the interactions and
rationalize the variation of kinetic, affinity and avidity in the different studied systems1.
REFERENCES:
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2.
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4.
5.

Porkolab, V., Pifferi, C., Sutkeviciute, I., Ordanini, S., Taouai, M., Thépaut, M., Vivès, C., Benazza, M., Bernardi,
A., Renaudet, O., & Fieschi, F. Development of C-type lectin-oriented surfaces for high avidity glycoconjugates:
Towards mimicking multivalent interactions on the cell surface Organic and Biomolecular Chemistry, 18(25),
(2020).
Bernardi, A., Jiménez-Barbero, J., Casnati, A., de Castro, C., Darbre, T., Fieschi, F., Finne, J., Funken, H., Jaeger,
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S., Penadés, S., Peri, F., Imberty, A. Multivalent glycoconjugates as anti-pathogenic agents Chemical Society
Reviews, 42(11), (2013).
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T. R., Baldus, M., & Killian, J. A. Detergent-free isolation, characterization, and functional reconstitution of a
tetrameric K+ channel: The power of native nanodiscs Proceedings of the National Academy of Sciences of the
United States of America, 111(52), (2014)
Laguri, C., Silipo, A., Martorana, A. M., Schanda, P., Marchetti, R., Polissi, A., Molinaro, A., & Simorre, J. P. Solid
State NMR Studies of Intact Lipopolysaccharide Endotoxin ACS Chemical Biology, 13(8), (2018).
Maalej, M., Forgione, R. E., Marchetti, R., Bulteau, F., Thépaut, M., Lanzetta, R., Laguri, C., Simorre, J. P., Fieschi,
F., Molinaro, A., & Silipo, A. Human Macrophage Galactose-Type Lectin (MGL) Recognizes the Outer Core of
Escherichia coli Lipooligosaccharide ChemBioChem, 20(14), (2019).
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PDIA6 clusters provide a rapid co-chaperone response to ER-stress
Anna Leder1, Viktória Szentgyörgyi1, Anne Spang1, Guillaume Mas1, Sebastian Hiller1
1

Biozentrum, University of Basel, Spitalstrasse 41, 4056 Basel, Switzerland

ABSTRACT
The endoplasmatic reticulum (ER) serves as the major protein folding compartment in the eukaryotic
cell. Efficient ER functioning relies on a specialized network of multiple chaperones, whose
impairment can lead to severe illnesses including diabetes, cancer and neurodegenerative diseases
(1). Understanding how client protein folding is orchestrated by the interplay of different chaperones
is key to explain crucial biological mechanisms including ER-stress. Here, we combined solution NMR
spectroscopy, X-ray crystallography and advanced biophysical methods with fluorescence
microscopy to explore the role of the disulfide isomerase PDIA6 in the chaperone network (2, 3, 4).
Initially, we determined a structural model for the 90 kDa protein PDIA6 to explain the arrangement
and interactions of its three domains. On this basis, we were able to resolve the liquid-liquid phase
separation (LLPS) behaviour of PDIA6 for the first time, both in vitro and in vivo. In particular, our data
show that PDIA6 forms LLPS-driven chaperone storage clusters, which are dissolved by ER-stress.
In vitro reconstitution in combination with methyl NMR spectroscopy allowed us to dissect the redoxand calcium-dependent regulatory mechanism underlying PDIA6 LLPS. Next, we found PDIA6 to
modulate the activity of the Hsp70 chaperone BiP. A structural description of the complex between
BiP and PDIA6 revealed that the catalytically inactive domain of PDIA6 interacts with the BiP
nucleotide binding domain. Analysis of this interaction at the atomic level by methyl NMR
spectroscopy unveiled new binding interfaces on both proteins and identified PDIA6 as a nucleotide
exchange factor of BiP. Taken together, the regulation of BiP by PDIA6 and the formation of
chaperone storage clusters represent novel biological mechanisms to elegantly enhance protein
folding in rapid response to ER-stress. This opens up new opportunities for drug development
connected to the malfunction of the ER-stress response implicated in multiple human diseases.
REFERENCES:
1. Balchin, D., et al., In vivo aspects of protein folding and quality control. Science 353(6294): aac 4354 (2016).
2. Okumura, M., et al. A unique leucinevaline adhesive motif supports structure and function of protein disulfide isomerase
p5
via
dimerization.
Structure
29(12):1357-1370
(2021).
3. Jessop, C.E., et al. Protein disulphide isomerase family members show distinct substrate specificity: P5 is targeted to BiP
client proteins. J. Cell Sci. 122, 4287–4295 (2009).
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Understanding the Function and Regulation of the DNAJB2 Chaperone
Dar Gliksberg1, Rina Rosenzweig1

1. Department of Chemical and Structural Biology, Weizmann Institute of Science

DNAJB2 is a co-chaperone of the Hsp70 system and is highly expressed in the nervous system,
especially in neurons. The chaperone contains a conserved J-domain, which can activate Hsp70, a
C-terminal substrate binding domain (CTD), and two tandem ubiquitin binding motifs (UIMs). The
latter make DNAJB2 a unique member of the J-domain protein (JDP/Hsp40) family - one that forms
a direct link between the cellular protein-folding and degradation machinery.
Currently, however, no structural information is available for DNAJB2, and we thus lack a mechanistic
understanding of its function.
Here, we have studied the structure and function of DNAJB2 by combining NMR spectroscopy with
biophysical and biochemical methodologies. We have found that DNAJB2 chaperone assembles into
octameric complexes that amount to nearly 300kDa in mass, and show potent aggregation-prevention
activity towards amorphous aggregates. Furthermore, employing a "divide and conquer" approach,
we have solved an NMR structure of the C-terminal region DNAJB2, which contains the CTD and
UIM. Through NMR measurements, we have mapped the binding sites on these domains for both
aggregated substrate proteins and mono-ubiquitin.
Moreover, we have found that, like other class B JDPs, the DNAJB2 GF-rich region folds onto the Jdomain, regulating Hsp70 binding. The mechanism behind this regulation, however, is not yet
understood. Using a combination of selective 13CH3-ILVM labeling of the full-length DNAJB2 and
methyl-TROSY NMR, we have explored three potential mechanisms for the regulation of Hsp70
binding to DNAJB2 and their consequences on the chaperone’s functions.
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NMR Structural biology of SARS-CoV-2 nsP3 proteins; new targets for viral
replication inhibition
Aikaterini C. Tsika1, Nikolaos K. Fourkiotis1, Periklis Charalampous1, Konstantina Kravariti1, Christos
Sideras1, Aikaterini I. Argyriou1, Angelo Gallo1, Sridhar Sreeramulu2, Harald Schwalbe2, Georgios A.
Spyroulias1
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Department of Pharmacy, University of Patra, 26504 Patras, Greece
Institute for Organic Chemistry and Chemical Biology, Johann Wolfgang GoetheUniversity Frankfurt, Germany

ABSTRACT
The SARS-CoV-2 genome encodes approximately 30 proteins; 16 of them are implicated in the
genome replication and translation without participating in the assembly of the virus particle and are
called non-structural proteins (nsPs). Within the international project COVID19-NMR, we produce and
characterize a number of SARS-CoV-2 nsP3 protein domains, which play crucial role in several
stages of viral life1. The 217-kDa large nsP3 protein contains among others the nsP3b, a
macrodomain (MD), which is distinguished for ADP-ribose binding capacity. The MDs of SARS-CoV2
and MERS-CoV were suggested to play a key role in viral replication by modulating the immune
response of the host. Therefore, the conformational dynamics, the interaction with partners or small
molecules and the biochemical properties of these nsP3 proteins are investigated and compared with
homologous domains of SARS-CoV and MERS.
REFERENCES:
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2.
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Segmental isotope labelling of integral membrane proteins facilitates highresolution NMR
Melina Daniilidis1,2, Laura E. Sperl1,2, Benedikt Müller1,2, Antonia Babl1,2 & Franz Hagn1,2
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ABSTRACT
Structural analyses of membrane proteins are often hampered by their large size and complexity,
leading to line broadening and signal overlap. To remedy this situation, we here used an optimized
split-intein system for the efficient
segmental isotope-labelling of integral membrane proteins. In
this approach, protein ligation can be done at denaturing conditions followed by membrane protein
refolding into detergent micelles. By this, protein ligation is possible within single domains. Using
integral membrane proteins of a-helical and b-sheet topology, we show that large quantities of ligated
proteins can be produced with different isotope labeling patterns. By this, high-resolution solutionstate NMR spectra of integral membrane proteins in detergent micelles and lipid nanodiscs can be
obtained with markedly reduced spectral complexity and signal overlap. This setup will facilitate the
structural investigation of membrane proteins and contribute to further extending the size limit for
solution state NMR of this challenging protein class.
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The structure of the MKK6/p38α interaction reveals the details of MAPK
specificity and activation
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Gervasio2,3,5,6, Erika Pellegrini7 and Matthew W. Bowler7
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, Mark Tully4, Francesco Luigi
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(France)

ABSTRACT
The MAP kinases (MAPKs) are central components of cellular signalling but the molecular details of
the activation of a MAPK by its upstream MAP2K remain unknown.
Through a multidisciplinary approach we generated the first model of the interaction between the
MAPK p38α and its activating MAP2K MKK6, two important members of the family involved in the
inflammatory response1. Combining a 4 Å cryo-EM structure with MD simulations and in cellulo
experiments, we shed light onto the dynamic multi-step phosphorylation mechanism leading to the
MAPK activation, revealing new catalytically relevant interactions, and showing that MAP2K
disordered N-termini determine pathway specificity.
We also discovered a novel phosphorylation mechanism involving ADP: the dual specificity MAP2Ks
are able to phosphorylate and activate their substrate MAPK using the β-phosphate of ADP. This
alternative route of phosphorylation could confer an adaptive advantage to stress in case of ATP
deprivation to maintain the signalling pathway.
Our work captures, for the first time, a fundamental step of cell signalling: a kinase phosphorylating
its downstream target kinase; and exposes a non-canonical phosphorylation mechanism.
REFERENCES:
1.

Juyoux, P., Galdadas, I., Gobbo, D., Tully, M., Gervasio, F. L., Pellegrini, E. & Bowler, M. W. Architecture of the
MKK6-p38α complex defines the basis of MAPK specificity and activation. bioRxiv (2022).
doi:10.1101/2022.07.04.498667
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Targeting the Main protease (Mpro) of SARS-CoV-2 using NMR spectroscopy
Marie José Abi Saad1, Mathias Bütikofer2,
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Félix Torres2, Dhiman Gosh2, Nicolas
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Chemistry, ETH Zurich, Zurich, Switzerland.

In January 2020, a new coronavirus called severe acute respiratory syndrome coronavirus 2 (SARSCoV-2) spread worldwide, causing a pandemic[1]. Many vaccines have been developed to control the
pandemic. However, it can only be achieved when at least 70% of the population is immune to SARSCoV-2, either by vaccination or by having had Covid-19. In addition, there are other barriers to
achieving herd immunity [2, 3]. Also, recent studies discovered a link between COVID-19 and
neurodegenerative diseases[4].
Therefore, finding drugs that inhibit SARS-CoV-2 replication in addition to vaccines would be the
optimal way to stop this pandemic[3]. The main protease (Mpro) plays a crucial role in the virality of the
virus, and targeting it is an attractive therapeutic strategy. Until today, only two drugs were approved
by the FDA. Remdesevir is injected intravenously and used on people who are hospitalized with highrisk[1], and Paxlovid which is an oral antiviral drug[5]. However, it has recently been shown that the
coronavirus protease can mutate, making the virus more resistant to the active ingredient in
Paxlovid[6]. Many FDA-approved drugs appeared to interact with Mpro but showed severe side effects
such as heart failure and cardiotoxicity. Hence, searching for allosteric inhibitors might be the solution
to minimize the side effects[7]. Only six repurposed FDA drugs have an allosteric inhibitor activity
against Mpro[8].
In this project, we will use the full potential of Nuclear Magnetic Resonance (NMR) spectroscopy. We
will use both NMR screening methodologies and advanced NMR techniques like NMR2 to better
understand the structure-dynamics relationship of Mpro, discover allosteric binding sites, repurpose
available drugs, and provide structure-activity relationship information for the medicinal chemistry
community for rapid improvement.
REFERENCES
1. Administration U.S.F.a.D, Coronavirus disease 2019 (COVID-19) frequently asked questions , [cited 2020 23 April];
Available
from:
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid19/coronavirus-disease-2019-covid-19-frequently-asked-questions (2020).
2. Altincekic N., Orts J., Abi Saad MJ., et al., Large-scale recombinant production of SARS-CoV-2 proteome for highthroughput and structural biology applications., Froniters in Molecular Biosciences, 8, p.89 (2021).
3. Scidellari M., How the pandemic might play out in 2021 and beyond. Nature, 584, p. 22-25 (2020).
4. Pepe A., et al., Tunneling nanotubes provide a route for SARS-CoV-2 spreading., Science Advances, 8 (2022).
5. Kramer D., Coronavirus drug developed with the help of a DOE synchrotron., Physics Today, (2022).
6. Service R., Bad news for Paxlovid? Coronavirus can find multiple ways to evade COVID-19 drug., Science, 337 (2022).
7. Jarvis L.M., Drug hunters explore allostery’s advantages., American Chemical Society, 97 (2019).
8. Günther S., et al., X-ray screening identifies active site and allosteric inhibitors of SARS-CoV-2 main protease., Science, 372, p. 642646 (2021).
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Novel Biomolecular NMR Approaches to Investigate microRNA
Conformational Dynamics
Selin Dedeoğlu1, Sirine Nouri1, Laura Troussicot1, Landry Gayet1, Loïc Salmon1
1. Centre de résonance magnétique à très hauts champs (CRMN), CNRS, ENS de Lyon, UCBL,
Université de Lyon, Villeurbanne, FRANCE

ABSTRACT
MicroRNAs (miRNAs) are small non-coding RNAs who have emerged as key factors in genetic
regulation by interacting with the messenger RNA (mRNA). Let-7 is a crucial miRNA family which is
downregulated in numerous cancers and expressed in a variety of species. The aim of the project is
to describe the interaction of Let-7 with its target mRNAs in a multidisciplinary perspective.
A major challenge concerns the sample preparation of the 22 nucleotide long Let-7. Solid phase
synthesis would be an adequate approach but isotope labelling would become of prohibitive cost. In
vitro Transcription (IVT) with T7 RNA Polymerase would bypass this cost restriction, however, IVT is
not efficient for sequences not starting with 5’-GG like Let-7 and also often results in heterogeneous
transcription which makes the purification more challenging. As an alternative, we produced a
modified Let-7 (GG-Let-7), which has a G instead of U on 5’ site, to see the interaction with the target
Lin-41. It is observed that GG-Let-7 tend to interact with itself competing with the target interaction.
In order to observe the behavior of unmodified Let-7, we developed an approach based RNase H
directed cleavage. IVT is performed with a DNA template which presents an optimal sequence for T7,
the Let-7 and cleavage region on both sides of the target sequence. Cleavage guides, which are
chimeric sequences of DNA and O-methylated RNA, form a duplex with the transcript and direct site
specifically the cleavage by RNase H. This technique will allow us to produce isotopically labeled and
homogeneous let-7 with its original sequence and can be potentially extended to any RNA sequence.
Furthermore, dynamics of this interaction has been analyzed by using molecular dynamics (MD).
Initial MD simulations of the complex structure Let-7:Lin-41 shows that most of the interactions
observed in secondary structure prediction are conserved during a microsecond simulation.
REFERENCES:
1.
2.
3.
4.

Lee, H., Han, S., Kwon, C. S., & Lee, D. Biogenesis and regulation of the let-7 miRNAs and their functional
implications. Protein & cell, 7(2), 100–113 (2016).
Baronti, L., Karlsson, H., Marušič, M., & Petzold, K. A guide to large-scale RNA sample preparation. Analytical
and bioanalytical chemistry, 410(14), 3239–3252. (2018).
Feyrer H, Munteanu R, Baronti L, Petzold K. One-Pot Production of RNA in High Yield and Purity Through
Cleaving Tandem Transcripts, Molecules, 25(5), 1142 (2020).
Cevec, M., Thibaudeau, C., & Plavec, J. Solution structure of a let-7 miRNA:lin-41 mRNA complex from C.
elegans. Nucleic acids research, 36(7), 2330–2337. (2008).
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Screening novel mammalian expression systems and isotope labeling
schemes for in-cell NMR studies
H. Chérot1, F.X. Theillet2
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ABSTRACT
In-cell structural biology by NMR is appealing in many regards: It proposes, among others, to
investigate conformational equilibria or ligand binding in very relevant conditions, i.e in cells¹.The
approach has often been limited in its capacities i) by the many difficulties in sample production, and
ii) by important signal losses due to promiscuous, transient interactions with cellular entities, which,
in turn, urges to use (too) high concentrations of the studied proteins. Establishing simpler protocols
and improved labeling schemes for enhancing S/N would help.
In an attempt to facilitate in-cell NMR studies along these two dimensions, we initiated an
evaluation of protein production in mammalian cell line using either transient or permanent
transfection and various fluorescent tags. We also quantified S/N for various amino acid specific 15N-,
13
C- or novel 2D15N-labeling schemes, starting with cell-free expression for the cleanest possible
evaluation, then upon supplementation in mammalian cell culture medium. Here, we report the early
results of this program applied to one disordered protein: α-synuclein.

REFERENCES:
1. Theillet, F.-X. In-Cell Structural Biology by NMR: The Benefits of the Atomic-Scale, Chem. Rev. 122, 10, 9497-9570
(2022).
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Regulation of the DNA-damage response by phosphorylation clusters in the
p53 signaling network
Y. Luo 1, 2, C. Bouguechtouli 1, A. Alik 1, F.X. Theillet
1. 1.Cnrs-I2bc - Gif-Sur-Yvette (France), 2.Univ. Paris-Saclay

ABSTRACT
The transcription factor p53 coordinates the cellular response to DNA damage. P53 protein level and
activity are controlled by a signaling network comprising amongst others the DNA-damage response
(DDR) kinases ATM/ATR/DNA-PK (PIKKs), the E3-ubiquitin ligases Mdm2 and MdmX, the
phosphatase Wip1 and the kinase Chk2. All these proteins show long disordered regions, carrying
abundant, clustered (de)phosphorylation sites of PIKKs, Chk2, and Wip1.
Using real-time NMR to monitor site-specific phosphorylation kinetics, we try to delineate the
competitive activities of PIKKs, Chk2, and Wip1 on p53, Mdm2, MdmX, Chk2 and Wip1. This helps
us for the next step: we carry out structural studies on full-length Mdm2/MdmX and p53, their
interaction, their DNA recognition and its regulation by phosphorylation.
Here, we will present NMR-monitored phosphorylation kinetics, and the structural characterization of
the (phospho) Mdm2:p53 complexes using NMR, ITC, BLI. This relies on intensive efforts to produce
full-length proteins that alternate folded domains and long disordered regions, but also the active
kinases that modify them. At the fundamental level, we show to which extent disordered regions can
impact protein:protein affinities.
REFERENCES:
1- Theillet et al. (2014) Physicochemical properties of cells and their effects on intrinsically disordered
proteins. Chem Rev.
2- Theillet et al. (2013) Site-specific NMR mapping and time-resolved monitoring of S/T phosphorylation. Nat
Protoc.
3- Mylona, Theillet et al. (2016) Opposing effects of Elk-1 multisite phosphorylation shape its response to
ERK activation. Science.
4- Alik A et al. (2020) Sensitivity-Enhanced 13C-NMR Spectroscopy for Monitoring Multisite
Phosphorylation at Physiological Temperature and pH. Angew Chem
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Oncohistones and their disruptive modus operandi
Kacper Szczepski1, Vladlena Kharchenko1, Papita Mandal2, Łukasz Jaremko1

1. Smart Health Initiative (SHI) and Red Sea Research Center (RSRC), Bioscience Program, Biological and
Environmental Science & Engineering (BESE), King Abdullah University of Science and Technology (KAUST),
Thuwal 23955, Saudi Arabia
2. Bioscience Program, Biological and Environmental Science and Engineering Division, King Abdullah
University of Science and Technology (KAUST), Thuwal 23955, Kingdom of Saudi Arabia

ABSTRACT
Chromatin is a dynamic complex of proteins (primarily histones) and DNA. Besides packing the very
long DNA molecules into condensed states, chromatin exerts multiple control levels. This control is
facilitated by reversible modification of histones (both histone tail and core regions) with various
chemical marks such as acetyl-, methyl-, and phospho-groups. While considerable insights have been
obtained in the working mechanisms of histone modifying enzymes using simple experimental
systems (peptides, histones), their functioning in the context of the natural substrates, nucleosomes,
is far less understood. Many enzymes display activity differences on free and nucleosomal histone
substrates. In addition, missense mutations in the vicinity of target sites can have differential effects
on enzymes, such as recently detected oncohistones. In this work, through the use of solution NMR
and a set of enzymatic assays, we found that oncogenic G34 missense mutations on histone H3.3
disrupt the structural and dynamics integrity of the H3-tail, leading to the changes in stability of
nucleosome. Furthermore, the G34W and G34R mutations have a different impact on the activity of
H3K36 lysine methyltransferases (KMTs), reflecting a complex interplay of the changed H3.3 tail
dynamics of the G34 mutations and the specific dynamics behavior of the H3K36 KMT SET domains.

REFERENCES:
1.
2.
3.

Zehir, A., Benayed, R., Shah, R. H., Syed, A., Middha, S., Kim, H. R., Srinivasan, P., Gao, J., Chakravarty, D., Devlin,
S. M., Mutational landscape of metastatic cancer revealed from prospective clinical sequencing of 10,000 patients.
Nature medicine, 23, 703-713 (2017)
Jain, S. U., Khazaei, S., Marchione, D. M., Lundgren, S. M., Wang, X., Weinberg, D. N., Deshmukh, S., Juretic, N., Lu,
C., Allis, C. D., Garcia, B. A., Jabado, N., Lewis, P. W., Histone H3.3 G34 mutations promote aberrant PRC2 activity
and drive tumor progression. Proceedings of the National Academy of Sciences, 117, 27354-27364, (2020)
Mancini, I., Righi, A., Gambarotti, M., Picci, P., Dei Tos, A. P., Billings, S. D., Simi, L., Franchi, A., Phenotypic and
molecular differences between giant-cell tumour of soft tissue and its bone counterpart. Histopathology, 71, 453-460,
(2017)
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Deciphering the Mechanism of Activation of the Human Pro-Apoptotic TRAILR2 Death Receptor 5 by Multivalent Agonist Peptides
Lua Sobron1, Antoine Baudin1, Anne Guichard1, Daouda Mangane1, Gavin W. Collie1,2, Li Bo1,2,
Stéphane Chaignepain1, Béatrice Langlois d'Estaintot1, Agnès Hocquellet1, Gilles Joucla1, Abdelmajid
Noubhani1, Charlotte Cabanne1, Xavier Santarelli1, Marie-France Giraud1, Gilles Guichard1,2, Benoît
Odaert1
1
2

Institute of Chemistry & Biology of Membranes & Nano-objects (CBMN), 33600 Pessac, France ;
European Institute of Chemistry and Biology (IECB), 33600 Pessac, France

Apoptosis, or programmed cell death, plays an active role against tumor formation in humans. In order
to fight cancer, the extrinsic pathway of apoptosis can be activated by signaling molecules, such as
the cytokine TRAIL (TNF-Related Apoptosis Ligand), antibodies or multivalent peptides targeting
Death Receptors (DR). The ability of DR-specific ligands to induce apoptosis in tumor cells without
affecting healthy cells is the basis of new anti-cancer therapeutic strategies. At CBMN, we chose the
strategy of peptides designed by phage display [1]. Multivalent peptides produced by chemical
synthesis are capable of inducing apoptosis in foreskin fibrobast (BJELR), Burkitt lymphome (BJAB),
kidney (HA1ER) and colon (HTC116) cancer cell lines, as well as reducing tumor volume in HCT116
colon cancer xenografts [2]. The aim of this project is to understand the activation of DR5 receptor by
multivalent peptides by combining Nuclear Magnetic Resonance (NMR), X-ray diffraction and Cryoelectron microscopy (Cryo-EM) techniques. To this end, the extracellular domain of the DR5 receptor
(ECD-DR5) has been cloned, over-expressed, isotopically labeled in E. coli as a fusion with the NusA
protein [3] and purified. The purified proteins were analyzed by SDS-PAGE, RP-HPLC, SEC-MALS
as well as Mass Spectrometry and Heteronuclear NMR Spectroscopy. All the data show that the
purified proteins correspond to the expected monomeric form and confirm that the protein is correctly
folded. Interaction studies carried out on Native-PAGE and SEC-MALS show that the dimeric peptide
NO2-102 forms a complex with the receptor DR5(ECD) with a stoichiometric ratio of 2 receptors for 1
dimeric peptide. We are now investigating the residues that are involved in the DR5/peptide
interaction: about 10 residues were identified by NMR titration. Mutants of these 10 residues are being
generated by mutagenesis QuickChange. The binding affinities will be mesured by SPR. The
structural and functional data obtained during this project will allow us to optimize DR5-specific
peptides and to design DR4-specific peptides based on homologies, in order to consider pre-clinical
trials to fight cancer.

[1] Angell et al (2009), Adv. Exp. Med. Biol. 611, 101-103
[2] Pavet et al (2010), Cancer Research, 70, 1101-1110
[3] Baudin et al (2018), Biomol NMR Assign, 12(2), 309-314
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ABSTRACT
Detailed knowledge of the interactions between proteins and small molecules is critical for the
development of new drugs [1,2]. Complete comprehension of these intermolecular interactions
requires a full characterization of the geometry and dynamics of the molecular complex. Currently,
the structures of small molecule-receptor complexes determined by NMR spectroscopy offer the best
understanding of challenging systems such as flexible loop recognition or cryptic binding sites. NMR
can derive an ensemble of structures describing multiple states, but intermolecular dynamics of
complexes remain largely elusive at atomic resolution [3].
The purpose of this project is to establish a method for the elucidation of inter-molecular dynamics
and the corresponding allosteric couplings. Bromodomain- containing protein 4 (BRD4) domains 1
and 2 and several small molecule binders will be used as a models, so a structural ensemble of the
proteins in their apo- and holo- forms will be derived by NMR methods, including eNOEs and RDCs.
The expected outcome will be a map at atomic resolution of the allosteric communication networks
through motions in the apo- and holo-proteins. The binding mechanism will be characterized and new
structural insights about the effect of entropy/enthalpy compensation will be obtained.

REFERENCES:
1.

Shuker S.B., Hajduk P.J., Meadows R.P., Fesik S.W. Discovering high-affinity ligands for proteins: Sar by NMR.
Science, 274, 1531-1534 (1996).
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Danley D.E. Crystallization to obtain protein-ligand complexes for structure-aided drug design. Acta Crystallogr D
Biol Crystallogr, 62, 569-575 (2006).
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Pellecchia M., Bertini I., Cowburn D., Dalvit C., Giralt E., Jahnke W., James T.L., Homans S.W., Kessler H.,
Luchinat C., et al. Perspectives on NMR in drug discovery: A technique comes of age. Nat Rev Drug Discov, 7,
738-745 (2008).
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Activation of the V2 vasopressin GPCR seen by combined use of cryoEM, MD
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ABSTRACT
Vasopressin receptors are members of the G protein-coupled receptor (GPCR) superfamily. and
control water homeostasis. In particular, the V2 type is expressed in renal cells, where it governs
water reabsorption. V2R has long resisted to crystallization trials and cryoEM characterization,
because of intrinsic flexibility. We had previously used NMR to characterize its different structural
compartments [1-3]. In this work, we analyse the conformational landscape of the V2R in distinct
pharmacological conditions using liquid-state NMR spectroscopy by monitoring signals from 13Cmethyl-labelled lysines. In particular, we investigate the structure and dynamics changes upon binding
to different ligands ranging from agonist to antagonists, non-selective or selective (biased) towards
the G-protein signalization pathway. Our results outline common features as well as distinct
particularities with other GPCRs. We also used specific NMR restraints, ranging from STD (Saturation
Transfer Difference) to paramagnetic ones, to decipher the pose of the endogenous vasopressin
ligand onto the low-resolution structures of V2 obtained by cryoEM [4], but also to validate the docking
pose of a biased ligand in molecular dynamic simulations, revealing the mechanistic details of V2R
biased activation [5]. We discuss the generalization potential of our approach to other receptors and
how V2R biased activation mechanism elicited in this study compares to that of the mur receptor to
opioid which we recently studied [6].
REFERENCES:
[1] S. Granier, et al., Regul. Pept. 148, 76–87 (2008).
[2] S. Granier, et al.,. J. Biol. Chem. 279, 50904–50914 (2004).
[3] G. Bellot, et al.,. J. Mol. Biol. 388, 491–507 (2009).
[4] J. Bous, et al., Structure of the antidiuretic hormone vasopressin receptor signalling complex. Sci. Adv.
21;7(21):eabg5628 (2021).
[5] A. Fouillien, in review.
[6]. Cong et al. Molecular insights into the biased signaling mechanism of the μ-opioid receptor. Mol Cell
81(20):4165-4175 (2021).
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ABSTRACT
There are many novel popular drug targets, originating from several target families with hardly any
literature available. Facing the lack of information and the diversity of the targets, robust and
reproducible production of high-quality protein is a critical first step in enabling drug discovery. At
ZoBio, we have developed a platform of biophysical technologies to support fragment-based drug
discovery (FBDD), where we screen our library of small (< 300 Da) molecules against the target. Our
workflow encompasses all steps of an FBDD campaign: primary hit identification using our proprietary
NMR-based TINS® and SPR fragment screening technologies, confirmation and validation of the
binding site using both NMR and X-ray crystallography, and medicinal chemistry.
All these activities require the preparation of high-quality recombinant proteins that are fit for
biophysical studies, meaning highly pure and monodisperse. We use creative protein engineering
ideas to design multipurpose constructs and feed them into our workflow that is capable to screen
many different variants to select the most amenable constructs for downstream studies. For proteinobserved NMR, we apply and develop uniform and specific isotopic labeling strategies. This enables
the high-resolution structural characterization of the target and the identification of fragment binding
sites, which, in turn, guide structure-based design efforts.
The synergy provided by our orthogonal techniques has contributed to a greater understanding of the
protein target and protein-inhibitor interactions and has led to the discovery of ligand-efficient, noncovalent inhibitors across multiple target families involved in many therapeutic areas, including
neurodegeneration, oncology and viral infection.
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ABSTRACT
For small angle neutron scattering (SANS), neutron reflectometry (NR), and neutron protein
crystallography (NPX), using deuterated samples has numerous benefits. The molecules that are of
most interest include proteins, lipids, fatty acids, small organic molecules, surfactants, and
membranes. For SANS, NR deuteration is most commonly used to enable contrast variation, allowing
scientist to selectively “match out” components of complexes. In NPX deuteration is used to boost
weak signal-to-noise ratios, reduce the incoherent background due to hydrogen, improve neutron
scattering length maps, and enable direct visualization of hydrogen bonds and solvent networks.
DEMAX is the ESS Deuteration and Macromolecular Crystallography support lab for chemistry, soft
matter, and life science users of the European Spallation Source (ESS). DEMAX support will be
available to all users of ESS instruments and includes chemical deuteration, biological deuteration,
and large protein crystal growth.
We offer service for specific classes of deuterated inorganic or organic small molecules (e.g. pyruvate,
trehalose, lactic acid), deuterated biomass/crude lipids/proteins, and access to our crystallization labs
for large crystal growth. Access to DEMAX support is managed through a peer-reviewed, proposalbased system and is currently free of charge to user upon acceptance. For more details or information,
researchers can contact us at demax@ess.eu.
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ABSTRACT
The ILL Deuteration Laboratory is a platform dedicated to isotope labelling of biological molecules.
More specifically, the D-Lab team members are experts in the deuteration of biomolecules for neutron
applications, such as neutron scattering, protein crystallography, dynamics and reflectometry. The DLab is part of the ILL Life Sciences Group within the Partnership for Structural Biology (PSB) located
in Grenoble, France. It is run as a user platform available to all neutron users. Access to the platform
is by a rapid electronic peer-review system, available at any time.
In neutron experiments in biology, the replacement of the common hydrogen isotope protium (1H) by
its stable isotope deuterium (2H) is of crucial importance for biomolecules [1]. Depending on the
neutron experiment, various levels of deuteration of these molecules are necessary [2].
Microorganisms such as bacteria and yeasts have been successfully adapted to growth in deuterated
minimal media. Large-scale protein deuteration by recombinant expression in high-cell density
cultures was initially developed in the ILL D-Lab. The production of various labelled biomolecules
required for the study of proteins, protein-nucleic acid complexes, protein-lipid complexes,
glycoproteins, membrane proteins and stealth lipid nanodiscs will be presented. The in vivo
deuteration of small biomolecules of major functional importance will also be highlighted, as well as
recent advances and method developments for the deuteration of biomolecules in vivo and in vitro.
For further information, you can consult the webpage on the ILL website
(https://www.ill.eu/users/support-labs-infrastructure/deuteration-laboratory) dedicated to the platform.
The ILL D-Lab team can be contacted at any time (dlab-proposals@ill.fr) and is fully available to assist
neutron users in biology with their sample preparation.
REFERENCES:
1. Haertlein M., Moulin M., Devos J.M., Laux V., Dunne O., Forsyth V.T. Biomolecular Deuteration for Neutron Structural
Biology and Dynamics Methods Enzymol., 566, 113-157 (2016).
2. Dunne O., Weidenhaupt M., Callow P., Martel A., Moulin M., Perkins S. J., Haertlein M., Forsyth V.T. Matchout deuterium
labelling of proteins for small-angle neutron scattering studies using prokaryotic and eukaryotic expression systems and
high cell-density cultures Eur. Biophys. J., 46, 425–432 (2017).
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Expression and labeling of the adhesion G protein-coupled receptor ADGRV1
Mariano Genera1, Yasmine Achat2, Baptiste Colcombet-Cazenave2, Nicolas Wolff2

1. CortecNet, Les Ulis, France ; 2. Institut Pasteur, Paris, France

ABSTRACT
G protein-coupled receptors (GPCRs) are a family of eukaryotic membrane receptors that regulate
crucial physiological processes. Aberrant GPCR function has been linked to a diverse number of
pathologies including mental, metabolic, immunological, inflammatory disorders and cancer. Despite
their central role, many GPCRs have not been characterized and their ligands and activation
mechanism remain unknown.
Usher 2 syndrome is the leading genetic cause of combined deafness and blindness. A multi-protein
complex associated to this disease includes an adhesion GPCR, ADGRV1. This orphan receptor of
unknown structure is essential to the development of the stereocilia bundles in inner ear hair cells,
possibly acting as the main constituent of the protein links connecting the base of stereocilia and
participating in cell signaling. Deciphering the molecular mechanisms regulating this protein complex
is essential to understanding how cochlear sensory cells acquire their morphological, biophysical and
functional characteristics.
To this end, we have set out to characterize the mechanisms underlying ADGRV1 normal and
aberrant function by combining nuclear magnetic resonance, cryogenic electron microscopy and
various biophysics approaches. First, we developed the expression and purification of ADGRV1 from
mammalian and insect cells, as well as cell-free expression system, using either detergent micelles
or nanodiscs. For NMR studies, we selectively labeled the protein in insect cells and cell-free system.
These constitute the initial steps towards the first structural data on ADGRV1, which, combined with
our comprehensive studies of the Usher 2 complex, could set the basis for the development of
targeted therapeutic approaches.

72

POSTERS

AILM 2022

P19
Cell Free expression platform & NMR applications
Imbert L 1,2
1. Institut de Biologie Structurale UMR 5075 CNRS-CEA-UGA (IBS) 71 avenue des martyrs, Grenoble F-38000.
– france; 2. Integrated Structural Biology Grenoble UMS 3518 (ISBG) CNRS-CEA-UGA-EMBL Bâtiment CIBB
6 rue J. Horowitz 38042 Grenoble CEDEX 9 - france
The cell free technique is a fast and economical technology for stable isotopic labelling of biomolecules for
analysis by NMR spectroscopy. It reduces the time of experimentation, simplifies purification steps and allows
for the soluble and membrane proteins. The reaction may be specialized by the addition of additives such as
cofactors, inhibitors, redox systems, chaperones, detergents, lipids, nanodisks, surfactants to allow the
expression of toxic proteins, membrane or intrinsically disordered. The cell free technique allows the production
RNA, macromolecular assemblies and large-scale membrane proteins, with average yields of 2 mg/ml (and up
to 6 mg/ml), compatible with structural studies by NMR, crystallography or electron microscopy.
The
main
advantages
of
cell
free
expression
for
NMR
are:
Simplification
of
mode
of
expression
compared
to
in
vivo
expression
- Using of small volumes compared to in vivo labelling methods, reducing cost of labelled compounds
- Only the target protein is synthesized during the reaction with labelled amino acids, increasing the efficiency
of
incorporation
- Uniform, selective or specific labelling available for NMR with lower scrambling rate compared to in vivo
expression
The platform is part of UMS Integrated Structural Biology Grenoble (ISBG), an INSTRUCT research center. The
platform is open to academic and industrial local, national and international users and proposes:
- Feasibility tests, to optimize the expression and the solubility of the proteins/RNAs for structural studies. These
tests are performed by the platform engineer, before the arrival of PF’s users.
- Formation and support mode for new users in RNAse free conditions and the large-scale in-vitro production
of proteins and RNAs.
- Large scale production of RNAs and Proteins: users hosted by the Platform benefits from a dedicated RNAse
free workspace, home made E. coli S30 extracts and T7 RNA polymerase, optimized protocols (1) and advices
from staff engineers, consumables and reagents for the production of their targets RNA, soluble or membrane
proteins for X-ray or NMR studies.
Application form is available online and should be sent to lionel.imbert@ib.fr. The users can apply to INSTRUCT
(http://www.structuralbiology.eu/) to obtain supports covering travel, hotels and platforms fees (consumables,
isotopes, detergents). Further information on cell free platform are available on IBS web site:

http://www.ibs.fr/platforms/other-facilities-developments/cell-free-666/?lang=en
1.

Imbert, Lenoir-Capello et al. In Vitro Production of Perdeuterated Proteins in H2O for Biomolecular
NMR Studies, Methods in Molecular Biology, 2199, 127-149 (2021)
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Innovative isotopic labeling approaches enabling NMR investigation of
monoclonal antibodies at atomic resolution
1,2,3
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1
2
Arthur Giraud
, Lionel Imbert , Rida Awad , Séverine Clavier , Adrien Favier , Elodie
3
1
2
Crublet , Oriane Frances , Jérôme Boisbouvier
1. Sanofi, 13 quai Jules Guesde 94 400 Vitry, France ; 2. Institut de Biologie Structurale (IBS) 71, avenue des
martyrs, F-38044 Grenoble, France ; 3. NMR-Bio, 5 place Robert Schuman, F-38044 Grenoble, France

ABSTRACT
Monoclonal antibodies (mAbs) are biotherapeutics products that have achieved outstanding success
in treating many life-threatening and chronic diseases. In pharmaceutical industries, mAbs are
commonly produced in Chinese Hamster Ovary (CHO) cells. To ensure that each batch retains full
therapeutical activities, it is particularly important to control the quality and the folding state of the
1 13
proteins. mAbs can be characterized by 2D ( H, C)-methyl NMR at natural abundance, to obtain a
spectral fingerprint of these 150 kDa biologics. Although this fingerprint comparison approach is a
very powerful and efficient tool for quality control of the mAb, it does not provide access to in-depth
structural information, highlighting the need for NMR isotopic labeling and assignment strategies of
mAbs to enable complete antibody characterization.
To solve this major bottleneck, we developed the production of isotopically labeled mAb sub-domains
(e.g Fab and Fc domains) using a cell-free protein expression system. Contrary to the CHO
expression system, D2O does not impede the in vitro production of proteins, allowing us to produce
2
15
13
uniformly enriched Fab and Fc domains with H,
N and
C isotopes with a high isotope
incorporation rate. Such optimized sample enables the acquisition of high quality 2D TROSY and 3D
experiments required for the sequential assignment of backbone resonances. We also demonstrated
that our cell-free expression approach allows the production of perdeuterated and methyl specific
13
CH3- labeled proteins for the sequence specific assignment of methyl moieties. The assignment
obtained with this cell-free approach can be transferred to the full mAb produced in CHO cells. To
achieve this last, we developed a new CHO culture medium allowing, for the first time, the expression
1 13
of ( H, C)-methyl specific labeled mAbs in these eukaryotic cells.
In this presentation, I will describe our new isotopic labeling methods enabling the production of
optimally labeled mAbs and mAb fragments. I will present also the first backbone assignment of a
Fab IgG fragment. These new isotopic labeling approaches open the possibility to assign such large
therapeutic proteins for future NMR investigations, giving NMR a key role in the characterization of
biologics.
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High-resolution structural study of Poly-Alanines and their role in
developmental diseases
CA. Elena-Real1, A. Urbanek1, P. Mier2, S. Rodriguez3, A. Fournet1, A. Morató1, A. Sagar1,
F. Allemand1, N. Sibille1, M.A. Andrade-Navarro2, P. Bernadó1.
1

Center of Structural Biology (CBS), CNRS UMR 5048 – INSERM U1054 – UM, Montpellier, France.
Institute of Organismic and Molecular Evolution, Faculty of Biology, Johannes Gutenberg University Mainz.
Mainz, Germany.
3
Laboratory of Bioactives Research and Development (LiDeB-UNLP). Biochemistry Research Institute of La
Plata (INIBIOLP), La Plata, Argentina.
2

ABSTRACT
Compositionally biased sequences endow special structural and functional features in proteins.
Particularly interesting is the case of homorepeats, stretches of a single amino acid, among which
poly-alanines (poly-A) stand out for their abundance. Indeed, some protein families, such as
transcription factors, are specially enriched in poly-As, although their specific functional role remains
to be deciphered. Moreover, nine rare developmental diseases have been linked to aberrant poly-A
expansions, suggesting unknown roles for these repeats.
The disorder and the compositional bias of poly-A hosting proteins hamper the high-resolution
investigation of their structure-function relationships. Here, we present our attempts to address this
challenge by combining specific labelling, NMR and computational approaches. We have focused our
structural study on Phox2B, a transcription factor essential for the autonomic nervous system
development that contains two poly-A tracts of 9 and 20 consecutive alanines. The aberrant
expansion of the largest one with +5, +7 or +13 additional alanines triggers the congenital central
hypoventilation syndrome (CCHS), a rare autosomal dominant syndrome that hinders autonomous
respiration. To structurally characterize such long homorepeats, alanine site-specific isotopic labeling
(SSIL) approach was developed in our group. It combines cell-free protein expression with
suppression technology to incorporate single, double or up to three 15N,13C-labeled alanines within
poly-As. This approach simplifies nuclear magnetic resonance (NMR) spectra, overcoming signal
overlap, and enables unambiguous frequency assignment. When applied to Phox2B poly-As, this
strategy reveals an enrichment in α-helical conformations –despite the disorder– that is modulated by
the length of the homorepeat and the specificities of the flanking regions. Importantly, our
experimental chemical shifts are in excellent agreement with these computed from long Gaussian
Accelerated molecular dynamics simulations, validating this theoretical approach as a tool to
understand the structural details in this family of homorepeats. All together, our studies pave the way
to a structural understanding of the functional role of poly-A and the mechanisms driving to poly-A
expansion diseases.
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Novel mammalian expression systems and isotope labeling schemes for incell NMR studies.
Theillet Francois-Xavier1, Chérot Hélène1,2, Ghouil Rania1

1. CNRS, Institute for Integrative Biology of the Cell (I2BC), 91198, Gif-sur-Yvette, France; 2. CEA, Institut
Joliot, I2BC, 91191, Gif-sur-Yvette, France.

ABSTRACT

In-cell structural biology by NMR is appealing in many regards: It proposes, among
others, to investigate conformational equilibria or ligand binding in very relevant
conditions, i.e in cells.1,2 The approach has often been limited in its capacities i) by the
many difficulties in sample production, and ii) by important signal losses due to
promiscuous, transient interactions with cellular entities, which, in turn, urges to use
(too) high concentrations of the studied proteins.
In an attempt to facilitate in-cell NMR studies along these two dimensions, we tested
a number of protein productions in a handful of mammalian cell lines (suspension and
adherent) using transient or permanent transfections in home-made media
supplemented with labeled amino acids. We quantified S/N and T1/T2 for various
amino acid specific 13C- or novel 2D15N-isotope labeling schemes, starting with cellfree expression for the cleanest possible evaluation. We also evaluated the
incorporation of ~10 13C- or 2D15N-labeled amino acids and precursors thereof in
mammalian cells.
Here, we report the early results of this program applied to one disordered and one
folded protein NMR-detected in cells (a-synuclein and the kinase p38a). Among
others, we will show the first spectra ever recorded of a disordered protein at 37C in
human cells.
REFERENCES:
1. Theillet F.-X. In-Cell Structural Biology by NMR: The Benefits of the Atomic-Scale. Chem. Rev. 122 (2022).
https://doi.org/10.1021/acs.chemrev.1c00937
2. Theillet F.X., Luchinat E. In-cell NMR: Why and how? Prog Nucl Reson Magn Spectr. 132-133 (2022)
https://doi.org/10.1016/j.pnmrs.2022.04.002
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Isotope labelling in mammalian cells for NMR studies of human GPCRs
Philip Rößler1, Arnelle M. Löbbert1, Ching-Ju Tsai2, Pascal Rieder3, Fred F. Damberger1,
Daniel Häussinger3, Gebhard F.X. Schertler2 and Alvar D. Gossert1

1. ETH Zürich ; 2. Paul-Scherrer-Institute ; 3. University of Basel

ABSTRACT
G protein-coupled receptors (GPCRs) are pharmacologically highly relevant transmembrane proteins
linked to numerous diseases. Many static GPCR structures have previously been solved by X-ray
crystallography and cryo-EM, however, studies of the dynamic nature of the receptors [1] commonly
prove to be difficult due to the necessity to use higher eukaryotic expression hosts in the production
of samples for biophysical characterisation.
Here, we present methods for the production of isotope labelled proteins in mammalian HEK293 cells
grown in suspension. We have established protocols for economic U-[15N] labelling, as well as 13C
labelling of methyl groups, which is especially important for large biomolecular complexes. NMR data
of the resulting fully protonated high molecular weight samples was collected using the novel XLALSOFAST-[13C,1H]-HMQC experiment [2] with much improved sensitivity on such samples. Spectra
of fully protonated GPCRs were assigned using a novel strategy employing pseudocontact shifts
caused by labelled tool proteins. These methods were subsequently applied to a challenging
prominent drug target, the human β1 adrenergic receptor, revealing new aspects of receptor
functioning.
In conclusion, isotope labelling strategies in mammalian cells can, together with aiding NMR
techniques, enable studies on previously inaccessible biomolecular systems, like unstable human
GPCRs.
REFERENCES:
1. Rößler, P., Mayer, D., Tsai, C.-J., Veprintsev, D. B., Schertler, G. F. X., Gossert, A. D. GPCR activation states induced
by nanobodies and Mini-G proteins compared by NMR spectroscopy. Molecules 25(24), 5984 (2020)
2. Rößler, P, Mathieu, D, Gossert, A. D. Enabling NMR Studies of High Molecular Weight Systems Without the Need for
Deuteration: The XL-ALSOFAST Experiment with Delayed Decoupling., Angewandte Chemie International Edition 59(43),
19329-19337 (2020).
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Regulation of Tau protein phosphorylation by kinase O-GlcNAcylation and its
implication in fibrillar aggregation
Léa El Hajjar1,2, Marine Nguyen1,2, François-Xavier Cantrelle1,2, Adeline Page3, Isabelle Landrieu1,2 and
Caroline Smet-Nocca1,2
1

Univ. Lille, Inserm, CHU Lille, Institut Pasteur de Lille, U1167 - RID-AGE - Risk Factors and Molecular
Determinants of Aging-Related Diseases, F-59000 Lille, France; 2CNRS ERL9002 Integrative Structural Biology F59000 Lille, France; 3Protein Science Facility, CNRS UMS3444, INSERM US8, UCBL, ENS de Lyon, SFR
BioSciences, Lyon, France

ABSTRACT
Two types of lesions describe Alzheimer’s disease (AD): the extraneuronal senile plaques made of
Aβ peptides and neurofibrillary tangles constituted by intraneuronal inclusions of hyperphosphorylated
Tau proteins1. Tau is a microtubule-associated protein. It is an intrinsically disordered protein, which
makes it prone to posttranslational modifications. The functions of Tau are regulated by
phosphorylation. The hyperphosphorylation is also known to play a role in Tau pathogenesis related
to fibrillar aggregation in neuronal disorders, but the mechanism of aggregation is not well known yet.
The modulation of Tau pathology by the O-β-N-acetylglucosamine (O-GlcNAc) modification is
explored as an alternative strategy to kinase inhibitors in neurodegenerative diseases.
In our laboratory, it has been shown that Tau phosphorylation and aggregation were weakly
modulated by O-GlcNAcylation of Tau. It only modulates GSK3β-mediated phosphorylation of the
pathological PHF-1 epitope (pS396/pS400/ pS404), as shown by using Nuclear Magnetic Resonance
(NMR) spectroscopy2,3. S400 O-GlcNAcylation stabilizes the local conformational changes induced
by S404phosphorylation, and decreases the aggregation rate, but does not prevent the fibril formation
of phosphorylated Tau.
A hypothesis that O-GlcNAcylation could regulate the activity of kinases phosphorylating Tau, is under
consideration to explain the benefits of O-GlcNAc hydrolase (OGA) inhibitors on Tau pathology.
GSK3β is a good candidate as an AD-related kinase and a substrate of O-GlcNAc transferase (OGT).
We are investigating the O-GlcNAc modification of GSK3β by using enzymatic and protein
engineering approaches, and analyses of the O-GlcNAc modification by chemo-enzymatic labelling
and MS/MS. Our preliminary data indicate the O-GlcNAcylation of the C- and N-terminal disordered
regions of the kinase. We further aim to extend the characterisation of the O-GlcNAc profile of GSK3β
by using NMR that provides structural information on disordered domains to define their role in the
regulation of kinase activity. The functional impact and the mechanism of O-GlcNAc-mediated
regulation of kinase activity will be evaluated on the GSK3β-mediated phosphorylation of Tau.
REFERENCES:
1

2

D’Errico P and Meyer-Luehmann M, Front. Aging Neurosci. 12:265(2020). Bourré, G., Cantrelle, F.-X., Kamah, A.,
3
Chambraud, B., Landrieu, I., and Smet-Nocca, C. Frontiers in Endocrinology 9(2018). Cantrelle, F.-X., Loyens, A., Trivelli,
X., Reimann, O., Despres, C., Gandhi, N., Hackenberger, C.P.R., Landrieu I., and Smet-Nocca C. Front. Mol. Neurosci.
(2021)
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Phosphorylation of the DNA-binding protein ‘BAF’ changes its conformational
landscape
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(I2BC), CEA, CNRS, Université Paris-Saclay, Gif-sur-Yvette, France ; 3. High Throughput Crystallization Lab,
EMBL Grenoble Outstation, Grenoble, France

ABSTRACT
BAF (Barrier-to-Autointegration Factor) is a small dimer (2X10kDa) that binds to two dsDNA strands
without sequence specificity. It also forms a ternary complex with the nuclear envelope protein emerin
and lamin A/C. Through its ability to cross-bridge DNA strands, and anchor it to the nuclear periphery,
BAF plays a key role in genome maintenance over cell cycle.
Because phosphorylated BAF (pBAF) does not interact with DNA anymore, its phosphorylation by the
Vaccinia-Related Kinase 1 (VRK1) during mitosis is a key regulator of its localization and function.
However, despite their importance, BAF exact VRK1 phosphosites remain unknown and the
consequences of BAF phosphorylation on its structure, dynamics and other interactions are unclear.
Using Nuclear Magnetic Resonance (NMR) and Mass Spectrometry (MS), we demonstrated that
VRK1 phosphorylates BAF Ser4 and Thr3 sequentially. The Thr3 phosphorylation in particular,
triggers a significant change in the conformational equilibrium of BAF in solution. Using NMR
relaxation experiments, we showed that Thr3 phosphorylation restrains BAF N-terminus
conformational landscape, giving rise to a protein with a more compact N-terminus region. With the
use of MD simulations, we highlighted several salt-bridges that could be responsible for BAF Nterminus rigidification upon phosphorylation. Then, NMR spectroscopy on pBAF mutated to the
positively charged residues involved in these salt-bridges (K72E and R75E) confirmed their role in
the protein dynamics change upon phosphorylation. Finally, we obtained the crystal structure of pBAF
at 1.4 Å and compared it to the non-phosphorylated structure. As predicted, a salt-bridge between the
side chain of Lys72 and the phosphate of Thr3 exists only in the phosphorylated structure, and
stabilizes the phosphorylated BAF protein into a compact state, explaining the switch in its
conformational equilibrium upon phosphorylation.
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Conformational selection of a sparsley populated state upon binding of an
intriniscally disorderd region between two components of the Ton system
Maximilian Zinke1, Maylis Lejeune1, Glaucia M.S. Pinheiro1, Florence Cordier1,2, Ivo GombertsBoneca3, Michael Nilges1, Nadia Izadi-Pruneyre1
1. Institut Pasteur, Université Paris Cité, CNRS UMR 3528, Structural Bioinformatics Unit, F-75015 Paris,
France. ; 2. Institut Pasteur, Université Paris Cité, CNRS UMR 3528, Biological NMR and HDX-MS
Technological Platform, F-75015, Paris, France. ; 3. Institut Pasteur, Université Paris Cité, CNRS UMR 6047,
INSERM U1306, Biology and Genetics of the Bacterial Cell Wall Unit, F-75015 Paris, France.

ABSTRACT
The Ton system is a multi-protein transporter system embedded in the inner and outer membrane of
Gram-negative bacteria spanning the periplasmatic space. It utilizes the proton motive force (pmf) at
the inner membrane to physically ‘unplug’ an outer membrane receptor – allowing for specific, active
transport of scarce nutrients. Hereby, the electric potential at the inner membrane is translated into a
kinetic potential at the outer membrane – traversing the periplasm – by means of the inner membrane
proton channel forming ExbB-ExbD complex and the periplasm spanning protein TonB/HasB.
However, the mechanism of kinetic potential transfer in between the membranes by means of
TonB/HasB is controversial.
Here, we present the NMR structure of the periplasmic domain of ExbD and show by chemical
exchange saturation transfer that the protein exists in a closed and sparsely populated open state.
This open state is conformationally selected upon binding to an intrinsically disordered region of HasB.
Also, we show that TonB/HasB interact with the periplasm dissecting peptidoglycan layer in a dynamic
fashion. This allows for its orientation towards the outer membrane but at the same time retains its
ability to fulfill its mechanical function without being stuck in a rigid conformation. Based on those
results and previous efforts in the field, we propose a model of action for the Ton system that highlights
the bimodal nature of ExbD and the significance of peptidoglycan.
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Vizualizing the interaction of the JIP1 intrinsically disordered scaffold protein
with its cognate MAPK partner

Thibault Orand1, Alexandra Lee2, Laura Mariño Pérez1, Jaka Kragelj1, Laura Tengo1, Elise Delaforge1,
Laura Tengo1, Roger J. Davis2, Malene Ringkjøbing Jensen1
1. Institut de Biologie Structurale (IBS), UGA, CNRS, CEA, Grenoble, France ; 2. Program in Molecular
Medicine, University of Massachusetts Medical School, Worcester, MA 01655, USA

ABSTRACT
Scaffold proteins play essential roles in mediating signaling specificity in the mitogen-activated protein
kinase (MAPK) cell signaling pathways. They assemble multiple kinases into large signaling
complexes thereby leading to sequential and specific activation of the associated kinases. Key to this
assembly is their intrinsic disorder often spanning over several hundred residues. Here, we studied
the intrinsically disordered region (IDR) of JIP1 that is implicated in the c-Jun N-terminal kinase (JNK)
pathway1, for which the mechanistic and regulatory details remain elusive. Using NMR spectroscopy,
we assigned several overlapping constructs of the scaffold protein JIP1 leading to a complete
assignment of its 450-amino acid intrinsically disordered domain.
First of all, this allowed us to report the secondary structure propensities and 15N nuclear relaxation
rates of this domain. In a first step towards elucidating the mechanism of action of JIP1, we studied
the interaction with the JNK1 kinase using chemical shift titrations, 15N nuclear relaxation rates as well
as complementary biophysical techniques, revealing the presence of the already known canonical
JIP1 D-motif2 and surprisingly, multiple low affinity interaction sites. Importantly, we were able to
identify a pseudo-canonical D-motif interacting with JNK1 and characterize its interaction mode with
JNK1 as well as the affinity and exchange parameters of this interaction. Moreover, we investigated
the effect of the length of JIP1 IDR in the interaction with JNK1 showing a weaker affinity as its length
increases. Finally, to test the biological relevance of this new site, in-cellulo pull downs assays were
performed, revealing the ability of this site to retain small amounts of JNK1, suggesting a role in the
recruitment of JNK1 onto JIP1. Overall, this work will enable further use of the the assignment for
other interaction study and reveals exhaustively all the contacts that JIP1 IDR engages with JNK1.

References:
1. Whitmarsh, A.; Cavanagh, L.; Tournier, C.; Yasuda, L.; Davis, R. A mammalian scaffold complex that selectively mediates
MAP
kinase
activation,
Science,
281,
1671–1674
(1998).
2. Heo YS1, Kim SK, Seo CI, Kim YK, Sung BJ, Lee HS, Lee JI, Park SY, Kim JH, Hwang KY, Hyun YL, Jeon YH, Ro S,
Cho JM, Lee TG, Yang CH, Structural basis for the selective inhibition of JNK1 by the scaffolding protein JIP1 and
SP600125, EMBO J., Jun 2;23(11):2185-95 (2004).
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A novel bi-partite recognition mode of Rac1 binding to the intrinsically
disordered scaffold protein POSH
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Elisabetta Boeri Erba1, Andrés Palencia2, Malene Ringkjøbing Jensen1
1. Institut de Biologie Structurale (IBS),UGA, CNRS, CEA, Grenoble, France ; 2. Institute for Advanced
Biosciences (IAB), INSERM, CNRS, UGA, Grenoble, France

ABSTRACT
POSH (Plenty Of SH3s) is a scaffold protein in the c-Jun N-terminal kinase (JNK) cell signalling
pathway that consists of an N-terminal RING domain and four SH3 domains (SH3-1 to SH3-4). POSH
has been shown to recruit the active (GTP-bound) form of the small GTPase Rac1 leading to
activation of the JNK pathway through signalling to downstream kinases. Rac1 specifically binds to
protein targets containing CRIB motifs – a 16 amino-acid sequence with the consensus sequence
ISXPXXXXFXHXXHVG. Rac1 has been shown to be recognised through the 120-amino acid
intrinsically disordered region located between SH3-3 and SH3-4 of POSH. Interestingly, this region
does not contain a canonical CRIB motif raising the question of the molecular recognition mode of
POSH by Rac1.1,2
Here, we use 15N nuclear relaxation rates to delineate the precise binding region of GMP-PNPRac1 on the intrinsically disordered region of POSH. We show that the interaction is bipartite
involving two molecular recognition elements, MRE1 and MRE2, covering an impressive 40 amino
acids of POSH. Using chemical shift titrations, we map the binding sites of MRE1 and MRE2 on Rac1
showing that MRE1 interacts in the same region as canonical CRIB motifs, explaining the GTPdependence of the interaction. Using 15N and 13C’ chemical exchange saturation transfer experiments
(CEST), we demonstrate that MRE1 folds into a β-strand followed by an α-helix upon binding to Rac1,
while MRE2 adopts a β-strand in the complex. Taken together, our work identifies a novel recognition
mode by Rac1 and illustrates the diversity of sequences that can be recognised by this ubiquitous
GTPase.
REFERENCES:
1. Tapon N., Nagata K., Lamarche N.,Hall A. A new Rac target POSH is an SH3-containing scaffold protein involved in the
JNK and NF-κB signalling pathways EMBO J, 17, 1395-1404 (1998) .
2. Xu Z., Kukekov N.V. and Greene L.A. POSH acts as a scaffold for a multiprotein complex that mediates JNK activation
in apoptosis EMBO J, 22, 252-261 (2003) .
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ARe they ABLe: The Biochemical and Biophysical Characterizations of the
Interactions Governing the Binding of the Androgen Receptor (AR), Abl
Interactor 1 (ABI1) and DNA
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ABSTRACT
Intrinsically disordered proteins (IDPs) do not have a fixed three-dimensional structure. However,
they play critical biological functions in a multitude of cellular processes including, but not limited to,
proliferation, migration, differentiation, and apoptosis. We focus on Abl Interactor 1 (ABI1), a multiisoform adaptor protein involved in the organization of the cytoskeleton. ABI1 controls progression of
prostate tumors and acts as a prostate tumor suppressor wherein loss of ABI1 contributes to tumor
metastasis. It is also evident that ABI1 functions in the nucleus where it binds to DNA and nuclear
hormone receptors, like the androgen receptor (AR), thereby regulating transcription. Our goal is to
investigate the molecular basis of how ABI1’s intrinsically disordered regions (IDRs) interact with DNA
using NMR Spectroscopy and other biophysical techniques. We will determine the mechanism of DNA
binding and the reciprocal effects of its interactions with AR on its DNA binding specificity. The results
obtained will elucidate how the DNA- ABI1-AR axis regulates transcription and will set the stage for
developing novel inhibitors for prostate cancer. This work will have a positive impact by providing a
model for determining the mechanism of the interactions of ABI1 and other nuclear hormone
receptors.
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Functional cycle of the human Hsp70 chaperone BiP at atomic resolution
Guillaume Mas1, Johanna Ude1, Sebastian Hiller1
1. Biozentrum, University of Basel, Spitalstrasse 41, 4056 Basel, Switzerland

ABSTRACT
Hsp70 chaperones are indispensable for protein homeostasis in all cell types. Their functional cycle
is driven by ATP hydrolysis and ADP release at the nucleotide-binding domain (NBD) and is regulated
by several co-chaperones. Segments of the functional cycle have been studied by X-ray
crystallography (1), NMR spectroscopy (2) and FRET (3), but the connections between these
segments and the interplay with co-chaperones are not well understood.
Here we apply methyl NMR spectroscopy in combination with an ATP regeneration system (4) to
study the functional cycle of the human Hsp70 BiP (5) at unprecedented spatial and temporal
resolution under turnover conditions. Our data reveal that ATP hydrolysis generates a previously
unrecognized high-energy conformation of BiP. In this conformation, ADP-Pi is locked to stabilize the
BiP-client protein complex, making ADP-Pi release the rate-limiting step of the three-step functional
cycle. We then probed the effect of diverse co-chaperones on the functional cycle, in the presence or
absence of a native client protein. The nucleotide exchange factor NEF was found to specifically
target the ADP-locked state, speeding up ADP-Pi release by six-fold. The co-chaperone MANF does
not have a nucleotide exchange inhibitor activity as previously suggested (1) but accelerates ADP-Pi
release and ATP hydrolysis via two unique interfaces. In contrast, the J-domain protein interacts with
the ADP-Pi and ATP-bound states via the same interface, but selectively stimulates ATP hydrolysis
by twenty-fold. The combination of the three co-chaperones stimulates all the steps of the functional
cycle by a concerted mechanism of action with simultaneous binding on non-overlapping,
conformation-specific interfaces. Our description of the BiP functional cycle opens up new
opportunities to develop conformation-specific drugs targeting cancer, cardiovascular and
neurodegenerative diseases.
REFERENCES:
1. Yan Y., et al. MANF antagonizes nucleotide exchange by the endoplasmic reticulum chaperone BiP. Nature
Communication 10(1), 541 (2019).
2. Faust O., et al. HSP40 proteins use class-specific regulation to drive HSP70 functional diversity. Nature 587(7834), 489494 (2020).
3. Rosam M., et al. Bap (Sil1) regulates the molecular chaperone BiP by coupling release of nucleotide and substrate.
Nature Structural & Molecular Biology 25, 90–100 (2018).
4. Mas G., et al. Structural investigation of a chaperonin in action reveals how nucleotide binding regulates the functional
cycle. Science Advances 19;4(9) (2018)
5. Wang J., et al. HSPA5 Gene encoding Hsp70 chaperone BiP in the endoplasmic reticulum. Gene 618, 14–23 (2017).
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Visualizing the transiently Populated Closed-State of Human HSP90 ATP
Binding Domain
Elisa RIOUAL1,2, Faustine Henot1, Adrien Favier1, Pierre Gans1, Claire Loison2, Jerome
Boisbouvier1
1. Univ. Grenoble Alpes, CNRS, CEA, Institut de Biologie Structurale, 71 avenue des martyrs, F-38044
Grenoble France ; 2. Institut Lumière Matière, Université de Lyon, Université Claude Bernard Lyon 1, CNRS,
F-69622, Villeurbanne, France

ABSTRACT
Molecular chaperones are involved in many different mechanisms. Due to their importance,
alteration of one member of this family can cause numerous diseases such as cancer. For this
reason, they are good targets for therapeutic ligands.1,2 In this study, we investigated an homo-dimer
of two times 90 kDa: HSP90α.
HSP90 is composed of 3 domains: C-terminal, middle and N-terminal domain (NTD). In the
NTD, there is an unusual ATP-binding site named the Bergerat fold. Indeed, the cycle activity of
HSP90 is coupled with ATPase activity and a set of complex conformational rearrangements. This
domain is also the target of most therapeutic ATP-competitive inhibitors developed. Because of its
importance, the HSP90-NTD structure was highly studied mainly by X-ray crystallography. More than
300 structures are available on the PDB but static models cannot represent the dynamic of HSP90NTD. Therefore, we decided to study the different conformations of the N-terminal domain of human
HSP90α using liquid state NMR and molecular dynamics.
We demonstrated that HSP90 ATP-lid exchanges between two conformations in millisecond
time scale and elucidating the structures of both the major and minor states thanks to the specific
labelling on Ala-[13C1H3]β, Met-[13C1H3]ε, Leu-[13C1H3]δ2, Ile-[13C1H3]δ1, Thr-[13C1H3]γ, Val-[13C1H3]γ2. The
major state corresponds to previously determined X-ray structures. The ATP-lid samples a closed
conformation distant by up to 30 Å from the major state. Because of the specific methyl labelling, this
is the first time that this important structural change is observed. Combining NMR relaxation
experiments and molecular dynamics, we have investigated the stability of minor state and
characterized the exchange between both states. These important results will be particularly useful
for the drug design of new therapeutic ligands targeting this domain.3
REFERENCES:
1. Whitesell, L., Santagata, S., & Lin, N. U. Inhibiting HSP90 to Treat Cancer: A Strategy in Evolution Current Molecular
Medicine, 12(9), 1108–1124. (2012).
2. Whitesell, L., & Lindquist, S. L. HSP90 and the chaperoning of cancer Nature Reviews Cancer, 5(10), 761–772 (2005).
3. Henot, F., Rioual, E., Favier, A., Macek, P., Crublet, E., Josso, P., Brutscher, B., Frech, M., Gans, P., Loison, C., &
Boisbouvier, J. Visualizing the Transiently Populated Closed-State of Human HSP90 ATP Binding Domain, in review,
(2022).
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Human HSP90 a contortionist drug target - Modulation of its energy landscape
upon ligand binding
Faustine Henot1, Elisa Rioual1,2, Adrien Favier1, Elodie Crublet3, Bernhard Brutscher1, Matthias
Frech4, Pierre Gans1, Claire Loison2, Jerome Boisbouvier1
1. Institut de Biologie Structurale (IBS), Grenoble, France ; 2. Institut Lumière Matière (ILM), Lyon, France ; 3.
NMR-Bio, Grenoble, France ; 4. Merck KGaA, Darmstadt, Germany.

ABSTRACT
HSP90 is a major chaperone that has been reported as a therapeutic target for cancer. Several ATPcompetitive inhibitors have been developed, however, as of yet, none has been approved and HSP90
remains an important objective. HSP90 is a very flexible protein, thus a challenging target, showing
structural variability, especially on its ATP-lid covering the drug binding site. For drug design studies,
it is crucial to characterize the exact structure of the ATP-lid and to investigate its dynamics as it was
shown to play a role both in the kinetics and thermodynamics of the ligand binding.
Due to its dynamics, the ATP-lid segment is invisible by NMR using standard labeling of backbone
amides. Therefore, we employed advanced isotopic labeling of methyl groups in a perdeuterated
background to recover its signals. With such a labeling, we could characterize the 26 kDa ATP-binding
domain of human HSP90α1 using solution state NMR. We demonstrated that HSP90 ATP-lid
exchanges between two conformations in the millisecond time scale and succeeded in elucidating the
structures of both states, distant by more than 30 Å. This important structural change, involved in
HSP90 functional cycle, is observed here for the first time in apo HSP90 binding domain and, using
NMR CPMG relaxation dispersion experiments, we characterized kinetically and thermodynamically
the exchange between both states.
We next investigated how resorcinol derivatives modulate the energy landscape of HSP90. We
demonstrated that most resorcinol ligands bind to pre-existing conformations and speed up the
structural rearrangement of the ATP-lid domain. Interestingly, few resorcinol derivatives, differing only
by one substituent, are able to induce the formation of a new helix in the ATP-lid segment, slow down
the ATP-lid conformational exchange and have a residence time on target increased by two orders of
magnitude3. Our results bring a structural basis to understand target protein conformational dynamics’
role in binding of a potential drug candidate.
REFERENCES:
1. Henot F., Kerfah R., Törner R., Macek P., Crublet E., Gans P., et al. Optimized Precursor to Simplify
Assignment Transfer between Backbone Resonances and Stereospecifically labelled Valine and Leucine
Methyl Groups: Application to Human Hsp90 N-Terminal Domain, Journal of Biomolecular NMR, 75, 221-232,
(2021).
2. Henot F., Rioual E., Favier A., Crublet E., Macek P., Josso P., Brutscher B., et al., Visualizing the transiently
populated closed-state of Human HSP90 ATP Binding Domain (under revision for Nature Communications).
3. Amaral M., Kokh, D. B., Bomke, J., Wegener, A., Buchstaller, H. P., et al. Protein conformational flexibility

86

POSTERS

AILM 2022

P33
19

F labelling of miRNA as probe for structural and dynamical
investigation by NMR spectroscopy

Laura TROUSSICOT1, Emeline MESTDACH1, Carole FARRE2, Carole CHAIX2, Loic
SALMON1
1. Centre de RMN à Très Hauts Champs, CNRS, ENSL, UCBL, Université de Lyon, Villeurbanne, France ;
2. Institut des Sciences Analytiques de Lyon, CNRS, UCBL, Université de Lyon, Villeurbanne, France.

Over the last decades, a diversity of non-coding RNA have been revealed such as micro-RNAs
(miRNA), that play an essential role in RNA induced gene silencing and target up to 60% of proteincoding genes in humans.1 As RNA conformational changes can trigger their functional diversity, the
investigation of RNA dynamics is a key feature to improve the understanding of their mechanism of
action.
Nuclear Magnetic Resonance (NMR) spectroscopy is an efficient tool to investigate dynamic
processes. However, obtaining an accurate description of RNA conformational landscape remains
long and complex. To overcome this bottleneck, we introduce chemical modifications in the miRNA
sequence using solid phase synthesis that enables and facilitates the investigation of miRNAs
interactions and dynamics at the molecular level.2
Here, we particularly focus on the interaction of let-7, a mi-RNA presents in organisms ranging from
nematods to human and shown to be down-regulated in several forms of cancers, with different
relevant mRNA targets (lin28a, HMGA2 and lin41). To probe these interactions at the atomistic scale,
a fluorine was site-specifically introduced in let-7, to be used as an NMR probe. Indeed, the natural
abundance of 19F nucleus, its sensitivity, as well as its chemical shift dispersion enables a quick and
unambiguous analysis of its chemical environment. We show that the introduction of fluorine in let-7
allows for a fast screening of the different complexes and their secondary structures. Moreover, 19F
based relaxation dispersion experiments were recorded to investigate the conformational states of
these highly dynamical biomolecular complexes, showing exchange between those states. 3 This
approach made possible the quick investigation of dynamics elements while skipping the tedious task
of RNA assignment.
REFERENCES:
1.

Felekkis K., Touvana E., Stefanou C., Deltas C. MicroRNAs: a newly described class of encoded molecules that
play a role in health and disease. Hippokratia. Oct;14(4):236-40 (2010)

2.

Beaucage S.L., and Iyer. R.P. Advances in the Synthesis of Oligonu- cleotides by the Phosphoramidite
Approach. Tetrahedron, 48(12):2223–2311 (1992).

3.

Overbeck J.H., Kremer W., Sprangers R. A suite of 19F based relaxation dispersion experiments to assess
biomolecular motions. J Biomol NMR, 74(12):753-766 (2020).
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Improving selective DNP (SelDNP) for biomolecular applications
Ons Dakhlaoui*1, 2, Thomas Halbritter3, Diego Gauto1, 4, Annabelle Varrot2, Anne
Imberty2, Snorri Th. Sigurdsson3, Sabine Hediger1 and Gaël De Paëpe1
1. Univ. Grenoble Alpes, CEA, CNRS, IRIG-MEM, Grenoble, France; 2. Univ. Grenoble Alpes, CNRS,
CERMAV, Grenoble, France; 3. University of Iceland, Science Institute, Reykjavík, Iceland; 4. CNRS, ICSN,
Gif-sur-Yvettes, France.

Dynamic Nuclear Polarization (DNP) has emerged as a promising hyperpolarization technique to
significantly enhance the sensitivity of solid- state NMR (ssNMR) experiments under magic angle
spinning (MAS). Its use for biomolecular systems is however often limited by the necessity to run
experiments at cryogenic temperatures, which can induce line broadening and loss of resolution,
because of the freezing of local molecular motion and the resulting conformational heterogeneity.
In order to tackle this limitation, our group has recently developed a new methodology termed
Selective DNP (SelDNP), which allows for recovering high-resolution DNP spectra specific to protein
1
2
binding sites in uniformly labeled samples. This targeted DNP approach relies on differential
spectroscopy between uniform hyperpolarization obtained from conventional DNP and localized
paramagnetic relaxation enhancement (PRE) produced by a paramagnetic tag introduced at a
specific molecular site (e.g., protein binding site). It results high-resolution spectra extracting
exclusively the selected site. Besides providing assignment of the binding site, SelDNP spectra
convey distance-dependent information with respect to the paramagnetic center. Earlier, we have
demonstrated SelDNP proof-of-concept on the binding site of the galactophilic lectin LecA (tetramer
of 12.7 kDa units), using a TOTAPOL moiety tethered to β, D-Galactose as a paramagnetically
1
functionalized ligand that provided the selective PRE effect.
In this work, we are considering different strategies to improve both the sensitivity and the selectivity
of SelDNP, as well as to expand its domain of application towards sites carrying different biological
relevancies. For this purpose, we investigated the use of iodoacetamide functionalized nitroxide
radicals (e.g., I-TEMPO, I-AsymPol) combined with site-directed spin labeling (SDSL) of cysteine
residue to allow for the investigation of non-interacting sites by SelDNP. Likewise, another strategy
probing metal ions binding sites is explored as well.
REFERENCES:
1. I. Marin-Montesinos, D. Goyard, E. Gillon, O. Renaudet, A. Imberty, S. Hediger and G. De Paëpe, Chem. Sci., 10, 3366–
3374 (2019).
2. D. Gauto, O. Dakhlaoui, I. Marin-Montesinos, S. Hediger and G.De Paëpe, Chem. Sci., Advance Article, DOI:
10.1039/d0sc06959k (2021).

88

POSTERS

AILM 2022

P35
Intermolecular transient contacts through Paramagnetic Relaxation
Enhancement (PRE) NMR experiments and the Challenges while preparing a
PRE tagged protein sample

Arun G S and Ranabir Das
National Centre for Biological Sciences (NCBS), Bengaluru, India

ABSTRACT
When protein molecules come closer and form their energetically most stable contacts in the given
environment, a protein complex is formed. Nevertheless, a protein a priori doesn’t have any ‘memory’
of what its native contacts would be with its partner(s). Hence, it makes a set of transient and
stochastic contacts (allowed by many constraints such as surface geometry and surface
electrostatics) with its interacting partner before attaining the most stable (native) protein complex in
the given environment. Knowing these Protein-Protein Transient Interactions (PPTI) between
interacting partners is important, as they give more insights into the mechanism and cause behind
the complex formation. Here, we are using Paramagnetic Relaxation Enhancement (PRE) NMR
experiments to elucidate the PPTIs between a ubiquitin conjugating enzyme and a ubiquitin ligase
enzyme. We then probe how these contacts are modulated when a single residue near the interface
is deamidated by an effector protein from Shigella flexneri. We also look further into how the contacts
are altered at a different salt concentration. At Grenoble, I will mainly be discussing our attempts
towards making PRE tagged (EDTA -metal) proteins, and the challenges we faced. And the question
is, when to believe if you got accurate PRE values.

References:
[1] Qing Miao, Christoph Nitsche, Henry Orton, Mark Overhand, Gottfried Otting, and Marcellus Ubbink, Chemical Reviews,
2022
[2] Nicolas L. Fawzi, Michaeleen Doucleff, Jeong-Yong Suh, and G. Marius Clore, Mechanistic details of a protein–protein
association pathway revealed by paramagnetic relaxation enhancement titration measurements, PNAS, 2010
[3] G. Marius Clore, Practical Aspects of Paramagnetic Relaxation Enhancement in Biological Macromolecules, Methods
Enzymol. 2015; 564: 485-497.
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“Stablelabel” cell-free lysates for reduced NMR label conversion
Roman Levin1, Frank Löhr1, Volker Dötsch1, Frank Bernhard1
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ABSTRACT
Cell-free protein expression is a method of choice for efficient and fast labelling of proteins with NMR
active isotopes. Complete control over the amino acid pool in the reactions ensures reliable full or
selective labelling of synthesized proteins. Furthermore, many metabolic pathways are removed or
truncated in the cell-free lysates, thus providing a better amino acid stability and reduced label
scrambling. Nevertheless, enzymatic conversions of L-alanine, L-aspartate, L-asparagine, Lglutamine and L-glutamate are still prevalent during protein synthesis causing 15N label scrambling.
This impairs peak assignment due to signal ambiguity which could require a high number of samples
for analysis. In addition, scrambling causes label dilution, which becomes problematic when working
with challenging targets such as large complexes or integral membrane proteins. Using inhibitors to
suppress these unwanted reactions is a common approach. However, some inhibitors are not
commercially available, may interact with target proteins or may reduce the protein production
efficiency in cell-free reactions.
In order to establish an alternative and more convenient approach, we engineered the E. coli
strain « Stablelabel » for the production of scrambling reduced cell-free lysates. Based on lysate
proteomics analysis, putative scrambling enzymes and combinations thereof were deleted by using
the lambda phage recombination system and the resulting strains were analyzed for cell-free lysate
performance in protein expression and labelling. The most effective knock-out mutations were then
combined in the final « Stablelabel » strain. We provide a detailed characterization of protein labelling
with stable isotopes by using « Stablelabel » lysates in comparison with conventional lysates. The
strain may provide a valuable contribution to the NMR community as it improves a variety of labelling
strategies suitable for rapid signal assignment or for the study of protein dynamics.
REFERENCES:
2.

Yokoyama J., Matsuda T., Koshiba S., Tochio N., Kigawa T. A practical method for cell-free protein synthesis to
avoid stable isotope scrambling and dilution. Anal. Biochem., 411, 223-229 (2011).
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Molecular insights into the biased signaling mechanism of the μ-opioid
receptor
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, Sébastien Granier 1,
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France. 2 Centre de Biochimie Structurale, Université de Montpellier, CNRS, INSERM, Montpellier,
France. 3 Université Côte d’Azur, CNRS, Institute of Chemistry of Nice UMR7272, Nice, France

Opioid Biased signaling of G protein-coupled receptors (GPCRs) represents a new dimension of drug
design. Biased ligands selectively modulate some of the receptor signaling pathways, offering
opportunities for better drug effectiveness and safety.
The μ-opioid receptor (μOR) is among the most studied cases of GPCR biased signaling, in the search
for safer analgesics. The G protein signaling pathway of μOR leads to analgesia, whereas the βarrestin pathway was associated with major opioid side effects. However, contradictory findings in
2020 demolished the high expectations on G protein-biased μOR agonists. We came to realize our
limited knowledge of GPCR biased signaling. Current biased μOR ligands are poorly defined, which
lead to contradictory assay readouts under different test conditions.
This study [1] focuses on the very foundation of biased signaling – how do biased ligands modulate
the receptor to favor one signaling pathway over another? This is the intrinsic molecular property of
the receptor [2], which is key for drug design and should remain consistent in different assay
conditions. We combined a thorough functional investigation of agonists by cell assays, solution NMR
spectroscopy and molecular dynamics (MD) simulations to detect how G protein biased ligands
disfavor the β-arrestin pathway by changing μOR conformations. To this end, we have established a
dual isotope labeling NMR scheme for μOR based on our previous study [3].
This work describes detailed dynamic allosteric communications between the ligands and the receptor
intracellular domains. The mechanism involves conserved motifs in class A GPCRs, which may apply
to other GPCR families. It enables structure-based design of biased ligands, which are highly
desirable as drug candidates and as chemical probes of the complex μOR signaling network.
REFERENCES:
[1] Cong et al. (2021) Molecular insights into the biased signaling mechanism of the μ-opioid receptor, Mol Cell
81(20):4165-4175.
[2] Weis, Kobilka (2018) The Molecular Basis of G Protein-Coupled Receptor Activation. Annu Rev Biochem
87: 897-919.
[3] Sounier et al. (2015) Propagation of conformational changes during μ-opioid receptor activation. Nature
524(7565):375-378
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Digging into the active site of PETase trough histidine side chains
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ABSTRACT
Enzymes containing a Serine-Histidine-Aspartate catalytic triad can catalyze an amazing number of
reactions. Nuclear Magnetic Resonance (NMR) and X-ray crystallography have played a key role in
the characterization of the catalytic triad of serine proteases but the exact mechanism remains
unclear. Nevertheless, it’s known that the imidazole ring of the catalytic histidine plays a major role in
the catalytic process and was previously investigated by 1H, 15N and 13C NMR (Bachovchin, Magnetic
Resonance in Chemistry 2001).
One reaction that has recently gained considerable attention is the degradation of Poly-Ethylene
Terephtalate (PET), a human-made polymer that makes up a wide variety of consumer plastics. Polyethylene terephthalate (PET) degrading enzymes able break down plastic have recently attracted
tremendous interest, and were subjected to enzyme engineering to improve their characteristics.
Here, we will describe the assignment strategy of the different resonances of the six histidines of the
Leaf-branch Compost Cutinase (LCC) identified to date as a most efficient and promising enzyme in
the field of PET degradation (Tournier et al., Nature 2020). Using a 13Cε1-His selectively labeled
sample, the six Hε1/Cε1signals were identified and latter assigned based on the combination of HN-NH NOESY-TROSY, Hε1-Cε1-H NOESY-TROSY and the crystal structure. Subsequently, we assigned
Hε2/Nε2 resonances using a 3D experiment in which the magnetization flows within the imidazole ring
from the 1Hε2 to its connected 15Nε2 and then to both carbons 13Cδ2 & 13Cε1. All the resonances were
assigned for the different mutants of the LCC enzymes and provide an entry point for a detail
mechanistic characterization of the catalytic process.
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