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GDR APPICOM – Membrane Protein Meeting 2021 
 

MEETING PROGRAM 
 
 
------------------------------------------------------------------------------------------------------------------------- 
 

Lundi 15 Novembre 
 
 
S1 : Protein-Membrane Interactions 

Chair : Dania Zuniga & Loïck Moissonnier 
 
15:00-15:30                                     Christine Doucet, CBS, UM, Montpellier 

Plenary : Atomic Force Microscopy and related correlative microscopies to 
probe both Structure and Dynamics of Biological Membranes 

 
15:30-15:45                                    Alexandre Chenal, Institut Pasteur, Paris 

CyaA toxin translocation across the plasma membrane of target cells 
requires membrane-active properties and calmodulin hijacking 

 
15:45-16:00                                               Thomas van Oene, ULB, Bruxelles 

Stabilization of a multidrug transporter by the lipidic bilayer revealed by 
atomic force spectroscopy 

 
16:00-16:15                                                         Francesca Zito, IBPC, Paris 

AtpF, deletions and membrane proliferation  
	
16:15-16:30                                                 Daniel Levy, Institut Curie, Paris 

Cryo-electron tomography of in vitro reconstituted membrane contact sites 
 
 
17:00-17:30 – Coffee Break 
 
 
  



S2 : Structural and Dynamics Insights on Membrane Protein Function 
Chair : Stephane Jedele  & Marco De Battista 

 
17:00-17:30                    Catherine Etchebest, Université Paris-Diderot, Paris 

Plenary : Potassium transport in KCNN4: investigating complete models of 
the membrane channel 

 
17:30-17:45                                           Eleftherios Zarkadas, IBS, Grenoble 

Conformational transitions of the muscle-type nicotinic receptor 
 
17:45-18:00                                             Guillaume Lebon, IGF, Montpellier 

Structural basis of the human mGluR5 receptor activation mechanism 
 
18:00-18:15                     Alexandre Cabaye, Université Paris Descartes, Paris 

Study of metabotropic glutamate receptors activation mechanism using 
innovative computational methods 

	
18:15-18:30                                Brice Barbat,		Université de Lorraine, Nancy	

Post-structural investigations of the dynamic processes occurring in the XcpD 
secretin during bacterial type II secretion 

 
18:30-18:45                                               Séraphine Degroux,	IBS, Grenoble 

Functional and structural study of T5 bacteriophage immunity protein Llp 
 
 
20:00-21:00 – Diner 
 
  



------------------------------------------------------------------------------------------------------------------------- 
 

Mardi 16 Novembre 
 
 
S3 : Membrane Protein Pharmacology  

Chair : Jorgaq Pata & Alexandre Cabayé 
 
9:00-9:30                            Fabrice Ponce, Université de Lyon, Marcy l’Etoile 

Plenary : Membrane proteins in canine cancers therapeutics  : from canine 
cancers model to human development 

 
9:30-9:45                                        Rafael Colomer-Martinez, ULB, Bruxelles 

Structural plasticity of the Nucleotide Binding Domain 1 (NBD1) of CFTR is 
linked to pathogenesis of Cystic Fibrosis 

 
9:45-10:00                                                       Minh-Ha Nguyen, IBCP, Lyon 

SARS-CoV-2 accessory protein ORF7b and the potential role in the 
pathogenicity of COVID-19 

 
10:00-10:15                                                Marti Ninot-Pedrosa, IBCP, Lyon 

Characterization of ORF6 SARS-COV2 membrane accessory protein by NMR 
 
10:15-10:30 Sponsor Talk : Nanotemper 
 
 
10:30-11:00 – Coffee Break 
 
 
S3’ : Membrane Protein Biochemistry 

Chair : Jorgaq Pata & Alexandre Cabayé 
 

11:00-11:15                                                      Rebecca Moussa, IBPC, Paris 
Uncoupling Protein 1 - UCP1: biochemical and biophysical studies of the 
proton transport mechanism. 

 
11:15-11:30                                                   Lucile Guyot, ESBS, Strasbourg 

Comparative study of detergent-based and detergent-free procedures for 
the isolation of two recombinant membrane proteins from Pichia pastoris.  

 
 
11:30-13:00 – Poster Bullet 



 
13:00-14:30 – Lunch 
 
14:30-16:30 – Poster session 
 
 
S4 : Membrane Protein :  assembly, trafic and signaling 

Chair : Margot Di Cesare & Josiane Kassis 
	
17:00-17:30                             Massiullah Shafaq-Zadah, Institut Curie, Paris	
Plenary : Conformational Glyco-Switch: a Novel Insight in Integrin Regulation 
 
17:30-17:45                               Laura Baciou, Universite Paris Saclay, Saclay 

Spotlight on the NADPH oxidase membrane complex 
 
17:45-18:00                                Nadia Izadi-Pruneyre, Institut Pasteur, Paris 

Dynamic interplay between a TonB dependent transporter and its cognate 
TonB-like protein in a membrane environment  

 
18:00-18:15                                                    Ona Kandolo, LISM, Marseille 

Structural dissection of a bacterial “nanomachine” involved in the 
pathogenicity of Acinetobacter baumannii: towards the development of 
specific virulence inhibitors.  

 
18:15-18:30                          Anais Menny, Imperial College London, Londres 

MAC-attack and defense: how chaperone binding to the Membrane Attack 
Complex sheds light on its pore formation mechanism  

 
18:30-18:45                                  Francesca Gubellini, Institut Pasteur, Paris 

The antibacterial Type VII Secretion System of Bacillus subtilis:  role and 
structure of the pseudokinase YukC. 

 
18:45-19:00                                                    Cedric Montigny, I2BC, Saclay 

Sarcolipin alters SERCA1a interdomain communication by impairing both 
calcium and ATP binding 

	
	
20:00-21:00 – Diner 
	
	
	
  



------------------------------------------------------------------------------------------------------------------------- 
 

Mercredi 16 Novembre 
	
	
S5 : Bioanalytical methods to study membrane proteins 

Chair : Séraphine Degroux & Tobias Schubeis 
	
9:00-9:30                                       Maria Ouzounova, Lyon Universite, Lyon 

Plenary :	Determinants of cellular pliancy	
 
9:30-9:45                                                   Sophie Combet, LLB, CEA, Saclay 

Structural investigation of TSPO translocator combining SANS and ab initio 
simulation 

 
9:45-10:00                             Valentin Monjal, Universite d’Avignon, Avignon 

Synthesis of novel polymers for membrane proteins extraction 
 
10:00-10:15                                                  Kyo Coppieters, ULB, Bruxelles 

Using hydrogen-deuterium exchange mass spectrometry to understand 
the molecular mechanism of multidrug efflux pumps 

 
10:15-10:30                                                  Francoise Bonnete, IBPC, Paris 

Combination of SAS techniques for modeling detergent/IMP interactions 
 
10:30-10:45                                                      Baptiste Michon, IBPC, Paris 

Improving membrane protein structural study in cryo-electron microscopy:  
impact of excess surfactant  

 
 
10:45-11:15 – Coffee Break 
 
 
S6 : Round table : CryoEM to study membrane proteins 

Chair : Hugues Nury & Alexia Gobet 
 
11:15-11:45                                       Isabelle Broutin, Paris Descartes, Paris 

Plenary :	 Dissection of the functioning mechanism of MexAB-OprM, an 
RND efflux pump involved in the antibiotic 

  
11:45-12:00 Sponsor Talk : ThermoFisher                                         Wim Voorhoo 

  
12:00-12:15                                                        Olivier Lambert, Bordeaux  

Use of membrane mimetic systems for cryoEM structure determination of 
membrane proteins: Highlight on Pseudomonas aeruginosa multidrug 
efflux pump MexAB-OprM, involved in the antibiotic resistance 



12:15-12:30                                                            Valerie Biou, IBPC, Paris 
ExbB interaction with Lipids observed with CRYO-EM and mass spectrometry 

 
12:30-12:45                                             Manuela Dezi, Institut Curie, Paris 

Vap strategy for multiple protein interaction 
 
12:45-13:00 – Round table : all you wanted to ask about CryoEM… 
 
13:00-14:30 – Lunch 
 
14:30-16:30 – Poster session 
 
 
S7 : Membrane protein physiology and pathologies 

Chair : Marie Prevost & Alexandre Cabaye 
 
17:00-17:30                                     Jean-François Ghersi-Egea, CRNL, Lyon 

Plenary : The singular regulation of membrane proteins associated with 
blood-brain interfaces  

 
17:30-17:45                                       Lucas Lecorgne, Paris Descartes, Paris 

Purification of membrane proteins from endothelial cells of the blood brain 
barrier for their analysis by LC-MS/MS  

 
17:45-18:00                                                    Yaelle Dubois, ENS-LPS, Paris 

Membrane mechanisms that block polyspermy 
 
18:00-18:15                                                       Bruno Gasnier, SPPIN, Paris 

Interplay between the transport and signaling functions in a lysosomal 
amino-acid transceptor 

  
18:15-18:30                                         Marie Alexandra Albaret, CRCL, Lyon 

Externalized keratin 8 promotes invasion in a model of adenocarcinoma 
and squamous cell carcinoma 

                                                      
18:30-18:45                                  Sarah Trouvilliez, Université de Lille, Lille 

Therapeutic potential of targeting TrkA/CD44 interaction in triple negative 
breast cancer 

 
 
18:45-19:30 – GDR Feedback 
 
20:00-21:00 – Diner 
 
 
 
 



--------------------------------------------------------------------------------------------------------------------------- 
 

Jeudi 17 Novembre 
 
 
S8 : Channels 

Chair : Anais Menny & Gabrielle Dejean de la Batie  
 
9:00-9:30                                        Delphine Bichet, IPMC, Sophia-Antipolis  

Plenary : K2P channel trafficking and heteromerization 
 
9:30-9:45                      Denis Servent, Université Paris-Saclay, Gif sur Yvette 

Functional, molecular and structural Analysis of the interaction between 
analgesic venom’s peptides and ion channels 

 
9:45-10:00                                     Dania Zuniga, Sorbonne Université, Paris 

Structural and functional characterization of human potassium channel, 
Kir2.1  

 
10:00-10:15                                               Tobias Schubeis, ENS Lyon, Lyon 

Regulation of a divalent cation channel investigated by >100 kHz magic-
angle spinning NMR 

 
10:20-10:30                                                   Lucie Bergdoll, IMM, Marseille 

VDAC interactions with lipids and their effect on isoform specificity 
 
 
10:30-11:00 – Coffee Break 
 
 
S9 : Late breaking topics 

Chair : Anais Menny & Gabrielle Dejean de la Batie  
 
11:00-11:15                                                      Leni Jodaitis, ULB, Bruxelles 

Structural studies of secondary multidrugs transporters 
 
11:15-11:30                            Gregory Durand, Avignon Université, Avignon 

Sugar-based amphiphilic molecules: From detergents to additives 
 
11:30-11:45                                                    Manuela Zoonens, IBPC, Paris 

Design of cycloalkane-modified amphiphilic polymers for solubilizing and 
stabilizing membrane proteins 

 
 
11:45-12:30 – Concluding Remarks 
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Atomic Force Microscopy and related correlative microscopies to probe Structure 

and Mechanics of Biological Membranes 
 

Anthony VIAL, Pierre-Emmanuel MILHIET & Christine DOUCET 

 
Centre de Biologie Structurale (CBS), Université de Montpellier, CNRS, INSERM, 34090 Montpellier, France 

E-mail: christine.doucet@cbs.cnrs.fr 
 
  
Membrane plasticity is a characteristic and critical feature for life, and living organisms have evolved 
several processes to deform, fission and fuse membranes in a highly controlled manner. Atomic Force 
Microscopy (AFM) allows to probe the topography and mechanical properties of biological samples 
with nanometer resolution. Combined with fluorescence microscopy, it allows to correlate this 
information with molecular signatures and has been instrumental to study various aspects of 
membrane deformation and dynamics. 

I will briefly describe the correlative AFM-fluorescence microscopes that were developed in our group 
and illustrate their specificities through biological applications. Then I will present in more details how 
we used this technology to understand the structure and assembly mechanisms of Nuclear Pore 
Complexes.  

 

 
This illustration depicts how we study protein assembly and 
membrane deformation during nuclear pore complexes by 
AFM-fluorescence correlative microscopy. 
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CyaA toxin translocation across the plasma membrane of target cells requires 
membrane-active properties and calmodulin hijacking 

 
Alexis Voegele1, Mirko Sadi1, Darragh P O’Brien1, Pauline Gehan2, Dorothée Raoux-Barbot1, Maryline 

Davi1, Sylviane Hoos1, Sébastien Brûlé1, Bertrand Raynal1, Patrick Weber1, Ariel Mechaly1, Ahmed 
Haouz1, Nicolas Rodriguez2, Patrice Vachette3, Dominique Durand3, Sébastien Brier1, Daniel Ladant1 

and Alexandre Chenal1 
1: Institut Pasteur, CNRS UMR3528, 75015 Paris, France 

2: Sorbonne Université, École normale supérieure, PSL University, CNRS, Laboratoire des 
biomolécules, LBM, 75005 Paris, France 

3: Université Paris-Saclay, CEA, CNRS, Institute for Integrative Biology of the Cell (I2BC), 91198, Gif-
sur-Yvette, France. 

E-mail: alexandre.chenal@pasteur.fr 
  

The molecular mechanisms and forces involved in the translocation of bacterial toxins into host cells 
are still a matter of intense research. Bordetella pertussis, the causative agent of whooping cough, 
produces an adenylate cyclase (CyaA) toxin that plays an essential role in the early stages of respiratory 
tract colonization. CyaA displays a unique intoxication pathway of human cells via a direct 
translocation of its catalytic domain (AC) across the plasma membrane. Once in the cytosol, AC impairs 
the physiology of immune cells, leading to cell death. We show that the P454 peptide (CyaA residues 
454–484) is able to translocate across membranes and to interact with calmodulin. The key residues 
involved in membrane-active and calmodulin binding properties have been identified. Mutational 
analysis demonstrates that these residues play a crucial role in CyaA translocation into target cells. We 
propose that after CyaA binding to target cells, the P454 segment destabilizes the plasma membrane, 
translocates across the lipid bilayer and binds calmodulin. Trapping of CyaA by the calmodulin:P454 
interaction in the cytosol may assist the entry of AC by converting the stochastic motion of the 
polypeptide chain through the membrane into an efficient vectorial chain translocation into host cells. 

 

 
Fig. 1: The membrane-active segment (yellow) of the CyaA toxin translocates across the plasma membrane and binds calmodulin (red), 
which assists the entry and refolding of the catalytic domain (blue) into host cells while the hydrophobic and acylation domains (green) 
interact with the membrane and the C-terminal Repeat-in-Toxin domain (grey) remains in the extra-cellular milieu. The cAMP production 
ultimately leads to cell death.  
 
 
[1] 1: Voegele A, Sadi M, O'Brien DP, Gehan P, Raoux-Barbot D, Davi M, Hoos S, Brûlé S, Raynal B, 
Weber P, Mechaly A, Haouz A, Rodriguez N, Vachette P, Durand D, Brier S, Ladant D, Chenal A. A High-
Affinity Calmodulin-Binding Site in the CyaA Toxin Translocation Domain is Essential for Invasion of 
Eukaryotic Cells. Adv Sci (Weinh). 2021 Mar 8;8(9):2003630. doi: 10.1002/advs.202003630. PMID: 
33977052; PMCID: PMC8097335.  
 
 
Applying for Session 1: Interaction Protein-Membrane 



2nd Plenary meeting of the APPICOM group, Lyon, 15-18 November 2021 

STABILIZATION OF A MULTIDRUG TRANSPORTER BY THE LIPIDIC BILAYER REVEALED 
BY ATOMIC FORCE SPECTROSCOPY 

 
T. van Oene a, M. Köhler b, D. Alsteens b, C. Govaerts a 

 
a  Structure and Function of Biological Membranes, Université Libre de Bruxelles, 1050 Brussels, Belgium. 
b Louvain Institute of Biomolecular Science and Technology, Université catholique de Louvain, Louvain-la-

Neuve, Belgium 
E-mail: thomas.van.oene@ulb.be 

 
  

Integral membrane proteins have evolved their sequence to adapt to the chemical peculiarities 
of their direct environment, the lipid bilayer. Over the last decades studies have shown that the 
membrane, and sometimes specific lipidic species, control the structure and the function of embedded 
proteins. However, from a thermodynamics standpoint, very little is known about the interaction 
between the protein and the bilayer. We propose to establish the role of the lipidic bilayer on the 
thermodynamic stability of membrane protein, using a secondary multidrug transporter (MDR). 

Unlike classical transporters, MDRs are able to recognize a series of ligands of variable 
structures and charges, some of which are antibiotics [1]. One of such efflux pump is LmrP (Lactococcus 
multidrug resistance Protein) that is naturally expressed by the Gram-positive bacterium L. lactis. 
Structural measurements have revealed several conformational states of the protein, leading to the 
development of a ligand transport model. These conformational changes are related to the 
protonation of key residues and are modulated by lipids [2]. Understanding the mechanisms regulating 
the function of LmrP would provide key information on the modes of action of MDRs but also to learn 
more about the alarming phenomenon of antibiotic resistance. 

We propose to use Atomic Force Spectroscopy (AFS) to characterize the impact of lipids on the 
thermodynamic stability of LmrP. AFS uses an atomic force microscope (AFM) to extract individual 
membrane proteins from the lipid bilayer while monitoring the force (in the piconewtons range) that 
is required, thus providing a straightforward way to measure the unfolding energy at the single-
molecule level . In order to analyze the transporter in relevant biological membranes, we expressed 
His-tagged proteins and used AFM tips functionalized with Ni-NTA to specifically target them [3]. By 
pulling at a constant force, the Ni-NTA-bound protein is sequentially unfolded and extracted from the 
bilayer, yielding specific force-distance (FD) curves showing characteristic force peaks that represent 
unfolding of different conformational elements [4]. The integration of the FD curves provides the 
unfolding energy that can be linked to the stability of the membrane protein.  

 We measured the unfolding energy of LmrP in different conditions, including in the 
natural lactis membrane, in the heterologous E. coli membrane as well as in detergent micelle. We 
observe that the membrane bilayer provides a significant stabilization of the protein compared to 
micelles (1.1E-17 J to 0.4E-17 J). Furthermore, when expressed in E. coli, LmrP show a decrease stability 
compared to its natural lactis membrane, indicating that the properties of the bilayer, and possibly 
specific protein-lipid interactions are key components on the stability of the transporter.  
 
[1] N. Fluman, E. Bibi. (2009). Bacterial multidrug transport through the lens of the major facilitator 

superfamily. Biochim. Biophys. Acta- Proteins Proteomics 1794:738-747 
[2] C. Martens et al. (2016). Lipids modulate the conformational dynamics of a secondary multidrug 

transporter. Nat. Struct. Mol. Biol 23:744-751 
[3] L. Schmittet al. (2000). A metal-chelating microscopy tip as a new toolbox for single-molecule 

experiments by atomic force microscopy. Biophys. J. 78:3275-3285 
[4] D. Alsteens et al. (2017). Atomic force microscopy-based characterization and design of 

biointerfaces. Nat. Publ. Gr 2:1-16  
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AtpF, deletions and membrane proliferation 

 
Francesca Zito a, Pauline Talbota, Jordi Royes-Mirb, Francesco Boldrinc, Christophe Tribetd and Bruno 

Mirouxa 

 
a IBPC, UMR 7099 Laboratoire de Biologie Physico-Chimique des Protéines Membranaires CNRS-

Université de Paris, France 
b CBI, ESPCI Paris, Université PSL, CNRS 75005 Paris, France 

c Department of Biology-Electron Microscopy Unit, University of Padua, 35100 Padova, Italy 
d École Normale Supérieure de Paris – Département de Chimie 75005 Paris, France 

zito@ibpc.fr 
 

The overproduction of the b subunit of the FoF1-ATP synthase, AtpF, induces massive intracellular 
membrane (ICM) proliferation in C43(DE3) host that were not observed in controls. At 25°C, the 
internal membranes in C43(DE3) forms an impressive tubular membrane network (Figure 1 and [1]). 
Preliminary results indicate that the expression of AtpF in the chloroplast of C. reinhardtii might also 
shape its thylakoids membrane organization.  
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Membrane proliferation in C43(DE3) upon AtpF overexpression. 
 
We want to determine if there is a minimal motif able to induce such a phenomenon and to this aim, 
we transformed the C43(DE3) strain with different AtpF construction. We tested the AtpF 1_42 FlAsH 
construction which induces vesicles formation, deletions of the AtpF gene leading to intermediate 
phenotypes and others which will be described in this work. Using TEM analyses, we will discuss the 
transition from vesicles to tubular network with the final aim to elucidate basic molecular mechanisms 
of membrane proliferation across evolution and to apply them for the construction of a synthetic 
membrane organelle [2]. 
 
[1]. Arechaga I, Miroux B, Karrasch S, Huijbregts R, de Kruijff B, Runswick MJ, Walker JE. (2000) 
 Characterisation of new intracellular membranes in Escherichia coli accompanying large scale 
 over-production of the b subunit of F(1)F(o) ATP synthase. FEBS Lett. 482(3):215-9 
 
[2]. Royes J, Ilioaia O, Lubart Q, Angius F, Dubacheva GV, Bally M, Miroux B, Tribet C. (2019) 
 Bacteria-Based Production of Thiol-Clickable, Genetically Encoded Lipid Nanovesicles. Angew 
 Chem Int Ed Engl 58:7395–7399. 
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VAP STRATEGY FOR MULTIPLE PROTEINE INTERACTION 

 
A. Di Cicco a, E. Pageot a, John Manzi a, Aude Battistella, J. Carsten b, D. Levy a, M. Dezi a 

 
a Molecular Microscopy of Membranes, Institute Curie, Sorbonne Université, CNRS, UMR168, Paris, France. 

b Controlling Microtubule Dynamics and Function with the tubulin code, Institute Curie, Université Paris Saclay, 
CNRS, UMR3348, Orsay, France. 

 
E-mail: manuela.dezi@curie.fr 

  
 

In eukaryotic cells, lipid transport and trafficking is mostly due to specific Lipid Transport proteins 
localized at the Membrane Contact Sites (MCS) [1]. ER is the organelle where almost all lipids are 
synthetized and thanks to membrane proximity with other organelle’s membrane, the activity of LTP 
proteins will selectively assure their transport. Among these proteins Vap A and Vap B are the most 
involved proteins at the ER to anchor LTP belonging to all other organelles and plasma membrane. We 
recently showed that VapA has flexible regions are specific features to modulate its size to different 
LTP binders and allow lipid transport [2]. However, it is still deeply unclear how it happens that Vap 
can selectively bind more than 400 different proteins using the same domain, at the right time and 
space in the cell without perturbing cellular life. In order to know more about how these multiple 
interactions are regulated, we decided to explore the structural organization of Vap using biochemistry 
and cryo-EM. Due to the strong homology between VapA and Vap B and the implication of Vap B to 
the development of neurological diseases like ASL, we decided to focus on Vap B, to try to understand 
oligomer organization either in solution and in complex with different binders. To date we expressed 
and purified wt Vap B and mutants in order to disentangle the contribution of each structural domain 
to dimer formation, we reconstituted them in liposomes and we characterized the binding of each 
construct to OSBP, a shorter construct (NPHFFAT) and microtubules (MTs). All together our results 
suggest that Vap A and Vap B exists in solution in dimeric and multimeric complexes; that the longer 
coiled coil (CC) in VapA induce higher oligomeric complexes compared to VapB; that the dimeric form 
is stabilized by both CC region and GXXXG motif in the transmembrane domain; that a monomeric 
MSP is able to bind both LTP protein and MTs and last, that both proteins are able, in vitro to bind 
NPHFFAT and MTs (Fig 1). 
 
  

 
Fig. 1: From left to right MCS formed by: VapA-proteoliposomes and NPHFFA bound on lipid tubes; Vap B-

proteoliposomes and NPHFFAT bound to lipid tubes; Vap B-proteoliposomes and MTs. . 
 
 
[1] Phillips MJ, Voeltz GK. (2016). Structure and function of ER membrane contact sites with other 
organelles.  Nat Rev Mol Cell Biol. 17(2):69-82 
 [2] De La Mora, Dezi et al. (2021). Nanoscale architecture of a VAP-A-OSBP tethering complex at 
membrane contact sites. Journal 12: 3459 



Abstract : Potassium transport in KCNN4:  investigating 
complete models of the membrane channel 

 
Stéphane JEDELE1, Catherine ETCHEBEST2 

 

1, 2 Université de Paris, INSERM UMR_S1134, Equipe DSIMB, Labex Grex, France 
Email: stephane.jedele@inserm.fr 

 
 

Gardos channel (KCNN4) is a calcium (Ca2+)-dependent potassium (K+) selective channel expressed in 
various cell types. It constitutively binds to calmodulin (CaM) and activates in response to increased 
intracellular Ca2+ levels [1]. CaM binding sites are located in KCNN4 extended intracellular domain 
which also forms a wide compartment (vestibule) below the membrane lower leaflet. Since 2015, a 
total of six hereditary missense mutations affecting KCNN4 channel have been identified in patient 
families suffering from Hereditary Xerocytosis [2-5], a rare dominant autosomal hemolytic anemia 
characterized by abnormal erythrocyte dehydration. Cryo-EM structures have recently captured the 
main part of the KCNN4/CaM complex in 3 distinct conformational states: an inactivated closed state 
with the CaM N-terminal lobes (N-lobe) evolving freely in solvent (state I) and two activated states 
with CaM N-lobe bound to KCNN4 and differing in pore opening width (closed/open, respectively 
states II and III) [1]. In order to better understand the functional mechanism of K+ transit for the wild 
type channel, we first built complete structures of the complex (Fig. 1) based on the 3 cryo-EM 
structures and then, investigated their behavior using microseconds molecular dynamics simulations 
in saturation conditions of Ca2+ to mimic the activation 
process. Starting from State I, in presence of Ca2+, the CaM 
N-lobes move towards the channel and bind to their binding 
sites in accordance to experimental data. These motions 
result in significant changes in the conduction pore shape. 
Interestingly, for the 3 states, 8 intracellular openings 
occurred. For State II and III, this allowed K+ diffusion 
towards the pore entrance. In the vestibule, the protein 
environment causes a high concentration of chloride (Cl-) 
ions, while excluding K+ ions. Thus, KCNN4 intracellular 
domain participates in the regulation of K+ access to the pore 
entrance, and as such is an additional checkpoint for ion 
conduction, not yet being described at molecular level. 
Moreover, we have examined the residue interaction 
network that takes place during the dynamics. These results 
highlight the putative allosteric pathways and the key 
residues making the link between CaM binding, K+ entry and 
complete channel gating.  
 
 
[1] Rapetti-Mauss et al., Haematologica., 2016, 101:432-435 
[2] Rivera et al., Am J Hematol., 2017;92(6):108-110. 
[3] Lee et al., Science. 2018, 360(6388):508-513. 
[4] Andolfo et al., Am J Hematol., 2015, 90(10):921-926. 
[5] Fermo et al., Blood Adv., 2020, 4(24):6336-6341. 

 

Session 8: Channels 

Figure 1: KCNN4 (orange) / CaM (cyan) 
complex embedded in membrane (blue). 
K+ (purple) and Cl- (green) ions in 
selectivity filter and vestibule are shown. 
Ca2+ is shown in white. 
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The muscle-type nicotinic acetylcholine receptor from the electric ray is the prototypic ligand-
gated ion channel. Nicotinic receptors mediate fast synaptic neurotransmission throughout the 
nervous system and at the neuromuscular junction. However, the structural rearrangements that 
lead to the opening of the ion pore upon agonist binding remain elusive. Here, we use cryo-EM 
to obtain high-resolution reconstructions of the Torpedo nicotinic receptor in lipidic nanodiscs 
in the apo and agonist-bound conformations. These structures provide us for the first time with 
a structural framework to describe the gating mechanism of a heteromeric nicotinic 
acetylcholine receptor, to understand why the two orthosteric sites have different agonist 
affinity and to explain why nicotine is more potent on neuronal receptors rather than the 
muscular type. Furthermore, we use molecular dynamics simulations and a biochemical assay 
to directly assess the changes of conformational landscape of the nanodisc reconstituted 
receptor in response to agonist-binding and to support our interpretations and the assignement 
of each conformation to a functional state.  
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Metabotropic	 glutamate	 receptors	 (mGluR)	 are	 Class	 C	 GPCRs.	 They	 are	 obligate	 dimers,	
dimerization	being	fundamental	for	their	function.	mGluRs	are	activated	by	the	binding	of	the	main	
excitatory	 neurotransmitter	 glutamate,	 within	 a	 large	 extracellular	 domain	 (ECD).	 Conformational	
changes	 induced	 by	 glutamate-binding	 are	 then	 transmitted	 to	 the	 transmembrane	 domain	
composed	of	7	transmembrane	helices	(7TM)	that	allows	signal	transduction	within	the	cell.	Class	C	
GPCR	 activity	 can	 also	 be	 modulated	 by	 the	 binding	 of	 Positive	 Allosteric	 Modulators	 (PAM)	 or	
Negative	 Allosteric	 Modulators	 (NAM)	 to	 the	 7TM	 domain.	 As	 a	 first	 step	 toward	 structure	
determination	of	mGluRs,	we	have	thermostabilised	the	mGlu5	receptor	that	retains	the	capability	to	
activate	the	G	protein.	Using	single	particle	electron	cryomicroscopy	(cryoEM),	we	have	solved	the	
structure	of	the	inactive	conformation	of	receptor	bound	to	an	antagonist	and	to	a	NAM,	as	well	as	
the	 intermediate-active	 agonist	 and	 PAM-bound	 state.	 In	 parallel,	 we	 solved	 a	 high-resolution	
structure	 of	 the	 thermostabilised	 7TM	 bound	 to	 photoswitchable	 NAM,	 by	 using	 X-ray	
crystallography.	Molecular	details	of	mGlu5	receptor	activation	mechanism	were	further	investigated	
by	 performing	 a	 structure-function	 analysis	 of	 alanine	mutants	 of	 the	mGlu5	 receptor	 coupled	 to	
photopharmacology.	 	Structures	of	the	human	mGlu5	receptor	will	be	presented	and	the	structural	
basis	of	the	receptor	dimer	activation	mechanism	will	be	discussed.	
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Simulating the activation motions of large protein receptors can be challenging. Indeed, it is known 
that mGlu receptors’ activation motion occurs on a millisecond time-scale [1], when actual computer 
simulations can produce a few hundred nanoseconds up to few microseconds. 
To overcome this issue, we investigated two technics; one called Gaussian accelerated Molecular 
Dynamics (GaMD) [2], and the other called targeted Molecular Dynamics (tMD) [3]. 
GaMD consists in boosting the potential energy of the system along the simulation to smoothen the 
energy potential landscape. The main advantage of this technic is 
that it does not require to predefined reaction coordinates, allowing 
an un-biased exploration of the conformational space. 
On the other hand, tMD consists in applying steering forces to a 
subset of atoms in order to reduce linearly the distance between the 
initial and a final conformation. Therefore, the starting and the final 
states are required in order to be able to run tMD simulations. 
Moreover, we tackled the problem of modelling for the first time, a 
full-length model of mGlu2 receptor, based on the recently published 
structure of mGlu5 receptor [4]. The mGlu2 receptor belongs to class 
C G-protein coupled receptor family characterized by a large bilobate 
extracellular domain named Venus Flytrap Domain (VFT). They 
function as mandatory dimers. We chose to build an active dimer 
(Acc) with both VFTs closed and bound with a well-known agonist, 
3Me-CCG [5], as well as a resting dimer (Roo) with open VFTs, also 
bound with the same ligand (on the upper lobe of the VFT). 
As all available structures for the transmembrane domain were in an 
inactive state, so it was for our models. Our first goal for the 
simulations was to explore a transition towards a fully active state 
(both extracellular and transmembrane domains) and potentially the 
key residues controlling it. However, our second and most ambitious 
goal was to simulate the full transition from the Roo to the Acc state, 
which we have achieved recently. 
 
[1] P. Rondard, J. P. Pin. (2015). Dynamics and Modulation of Metabotropic Glutamate Receptors. Curr. Opin. 

Pharmacol 20:95–106. 
[2] Y. Miao, V. A. Feher, J. A. McCammon. (2015). Gaussian Accelerated Molecular Dynamics: Unconstrained Enhanced 

Sampling and Free Energy Calculation. J. Chem. Theory Comput. 11 (8):3584–3595. 
[3] J. Schlitter, M.Engels, P. Krüger. (1994). Targeted Molecular Dynamics: A New Approach for Searching Pathways of 

Conformational Transitions. J. Mol. Graph 12 (2):84–89. 
[4] A. Koehl, H. Hu, et al. (2019). Structural Insights into the Activation of Metabotropic Glutamate Receptors. Nature 

566 (7742):79–84. 
[5] I. Collado, C. Pedregal, et al. (2002). (2 S ,1‘ S ,2‘ S ,3‘ R )-2-(2‘-Carboxy-3‘-Methylcyclopropyl) Glycine Is a Potent and 

Selective Metabotropic Group 2 Receptor Agonist with Anxiolytic Properties. J. Med. Chem. 45 (17):3619–3629. 

Figure 1 - Model of the Acc 
mGlu2 receptor embedded in an 
explicit membrane and in a 
solvent box 
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Type II secretion systems (T2SS) are envelope embedded bacterial nanomachines acting like a 
piston to secrete large folded effectors into the extracellular medium of numerous Gram-negative 
bacteria. Our laboratory is studying the dynamics and functioning of the Pseudomonas aeruginosa Xcp 
T2SS and notably the outer membrane pore of the system formed by the XcpD secretin. Members of 
the secretin family are also recovered in nanomachines assembling large structures such as type 4 pili 
systems and T3SS thus underlying the intrinsic and necessary gating and sealing properties of this 
family of proteins. Recent near atomic resolution structures of several bacterial T2SS secretins [1,2] 
revealed an unprecedented 3D-organization of their C-Domain into a giant double β-barrel homo-
oligomeric channel tightly sealed by a concentric Central Gate (CG) while its N-terminus assembles 
into a hexamer of dimers forming an additional basal Periplasmic Gate (PG) [3]. In order to investigate 
at atomic level the flexibility of these gates mandatory for the secretion process, we settled and used 
an in vivo reversible cysteine crosslinking (rCysXL) approach. For this, we engineered structure-guided 
cysteine residues at questioned interfaces and monitored the consequences of the SS-bridged 
interfaces on the secretion process. An in vivo blocking of the secretion process by the SS-bridge, 
reversible when disrupted by addition of a reductive agent would (1) validate the in vivo existence of 
the interface and (2) demonstrate its flexibility requirement. We applied in vivo rCysXL to various CG 
and PG interfaces and revealed the existence and the flexibility requirement of the CG as well as the 
co-existence of two “open” and “closed” conformations for the PG. These post-structural 
investigations allowed us to propose a mode of action of the XcpD secretin (fig.1) explaining how this 
giant barrel acts as an airlock allowing both water tightness and passage of large cargo through the 
outer membrane.  

 
 

 
 
 
 
 
 
 
 
 

Fig. 1: Proposed mode of action of the XcpD secretin during the secretion of an effector (green). 
 
 

[1] Z. Yan et al. (2017). Structural insights into the secretin translocation channel in the type II secretion system. Nat. Struct. 
Mol. Biol. 24:177–183. 
[2] ID. Hay et al. (2017). Structural Basis of Type 2 Secretion System Engagement between the Inner and Outer Bacterial 
Membranes. mBio 8(5). 
[3] B. Douzi et al. (2017). Unraveling the Self-Assembly of the Pseudomonas aeruginosa XcpQ Secretin Periplasmic Domain 
Provides New Molecular Insights into Type II Secretion System Secreton Architecture and Dynamics. mBio 8(5). 
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Phage infection is triggered by host recognition thanks to the Receptor Binding Protein binding 

to its receptor at the surface of the cell: this interaction allows viral DNA to be delivered into the host 

cytoplasm. This first step of infection is followed by viral replication and eventually liberation of the 

new virions. During this vulnerable time, phages protect the new viral factory from over-infection. In 

coliphage T5 protection is mediated by a periplasmic lipoprotein, Llp[1], targeted to the inner leaflet 

of the outer-membrane, which binds the phage receptor FhuA [2], [3]. Llp biological function is 

probably also to prevent the inactivation of progeny phage by active receptors present in outer-

membrane debris of lysed cells[1], thereby increasing their chances of infecting a new host. We aim 

to decipher the mechanisms of T5 host inhibition by Llp at the molecular level.  

During my thesis I over-expressed Llp in an acylated (Ac-Llp) and soluble (Sol-Llp) form in 

quantities compatible with biochemical and structural studies, and solved Sol-Llp (7.5 kDa) structure 

by NMR: it aligns with the N-ter glycoside hydrolase domain of bacillus-phage PBC5 lysin (DALI Z-score 

2.8) and a putative Salmonella lipoprotein (Z-score 2.2). I could show that Ac-Llp protects the 

overexpressing strain from T5 infection and I am characterizing the FhuA:Ac-Llp complex by to several 

biochemical and biophysical methods (phenotypic assay, nano-DSF, SPR, MST, AUC, SEC-MALS, NMR, 

mutagenesis) My perspectives for the coming year is to solved the FhuA:Ac-Llp structure to 

understand at the molecular level the protection mechanism against phage infection (by 

crystallography and/or Cryo-EM). 

 

 

[1] K. Decker, V. Krauel, A. Meesmann, et K. J. Heller, « Lytic conversion of Escherichia coli 

by bacteriophage T5: blocking of the FhuA receptor protein by a lipoprotein expressed early during 

infection », Mol Microbiol, vol. 12, no 2, p. 321-332, avr. 1994, doi: 10.1111/j.1365-

2958.1994.tb01020.x. 

[2] V. Braun, H. Killmann, et C. Herrmann, « Inactivation of FhuA at the cell surface of 

Escherichia coli K-12 by a phage T5 lipoprotein at the periplasmic face of the outer membrane. », 

Journal of Bacteriology, vol. 176, no 15, p. 4710-4717, 1994, doi: 10.1128/JB.176.15.4710-4717.1994. 

[3] I. Pedruzzi, J. P. Rosenbusch, et K. P. Locher, « Inactivation in vitro of the Escherichia 

coli outer membrane protein FhuA by a phage T5-encoded lipoprotein », FEMS Microbiology Letters, 

vol. 168, no 1, p. 119-125, nov. 1998, doi: 10.1111/j.1574-6968.1998.tb13264.x. 
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In the past century, the medical treatment of most cancers was based on cytotoxic 
chemotherapy in combination protocols with surgery and radiation therapy. 
Chemotherapy, however is often limited by serious and sometimes life-threatening side 
effects in humans as in dogs. Actually, chemotherapy does not target specific cancer cells 
but also normal fast-proliferating cells, leading to side effects. 
In an attempt to spare normal cells, targeted therapies were tailored to interfere 
specifically with the key molecular alterations driving the malignant phenotype of tumor 
cells. Their development was based on the identification of numerous pathways that are 
deregulated in cancers. 
However, given the genetic heterogeneity and plasticity of most cancers, the use of a 
single molecular targeted agent does not suffice to achieve long-lasting remission or cures. 
Currently, a multimodal approach with combination therapies targeting the complexity of 
signaling pathways of cancers cells is now a rational approach in humans and dogs. 
Membrane proteins play a key role in cancer cells communication and signals transduction 
in humans and animals as well. [1]  
In human medicine, a variety of monoclonal antibodies and protein receptors inhibitors 
are now available for treatment of cancers with significantly improved clinical outcomes. 
In veterinary medicine, however, there are only few drugs developed for immunotherapy 
and targeted therapy due to their high cost for the dog’s owners. 
But, given the questionable relevance of preclinical rodent cancer models to clinical 
efficacy studies leading to a high failure rate of human clinical trials, dogs may provide 
clinically relevant models of human cancers. 
The structure of membrane proteins is highly conserved between species. Moreover, the 
sequence homology between canine and human cancer-associated proteins is similar, 
allowing the development of drugs concurrently. In a one health objective, an integrative 
approach may include canine spontaneous cancer models as relevant predictors of human 
clinical trials, for reducing the failure rates and accelerating approval of new therapeutics. 
This presentation will shed light on the main and well known deregulated proteins and 
available targeted therapies in canine cancers in comparison with the human’s data. Some 
examples of drugs developed in dogs and in humans will illustrate these points: tyrosine-
kinase inhibitors [2], monoclonal antibodies [3], immune check point inhibitors that target 
to CTLA-4 and PD-1 [4]. 
 
 
[1] Chun-Yu L, Chia-Hwa L, Yi-Hsuan C, Jung-Yu L, Yi-Yuan C,Yan-Hwa Wu L, Yuh-Jyh J, Jenn-
Kang H, Sing-Han H, Li-Ching C, Chih-Hsiung W, Shih-Hsin T, Yuan-Soon H & Jinn-Moon Y. 
(2019). Membrane protein-regulated networks across human cancers. Nature 
communications 10:3131. 
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Cystic fibrosis (CF) is the most common lethal genetic disease in Western countries. It is due to 
mutations in the gene coding for the cystic fibrosis transmembrane regulator (CFTR), a chloride 
channel required for proper fluid balance in many tissues (lungs, digestive organs, etc.). In over 80% 
of the CF cases, the disease-causing mutation is the deletion of the phenylalanine 508 (F508del), 
located in the nucleotide binding domain 1 (NBD1)[1]. In our recent published study, a novel 
conformation of NBD1 (called the b-SS conformation) was captured using a conformation-specific 
nanobody (an antibody fragment recognizing specific conformations). This b-SS conformation and the 
canonical conformation of NBD1 (the conformation previously described in the literature) are ruled by 
an equilibrium tightly correlated to stability and function (destabilizing conditions such as F508del 
mutation favour the b-SS conformation). This study indicated that the transition between the 
conformations is an Achille’s heel in the structural landscape of the protein and enables protein 
unfolding by the prevalent pathological mutation F508del[2].  
The present research focused on investigating if this correlation between plasticity and pathology is 
unique for F508del or also observed for other disease-causing mutations of NBD1 as this observation 
could lead to the development of therapies common to several untreated NBD1 mutations. 
To measure if rare mutants of NBD1 shifted the equilibrium towards the b-SS states, we followed the 
conformational landscape of NBD1 by single molecule fluorescence (smFRET), specifically the 
transitions between the b-SS and the canonical conformation. In addition, we used Thermal Shift Assay 
(TSA) to test the thermostability of those mutants with different conditions known to affect the 
equilibrium and stability of F508del such as ATP, mutations, or a promising stabilizing nanobody. 
Finally, we crystalised some mutants to look for any structural changes. 
We show that all mutations tested increased the b-SS population in FRET measurements. TSA analysis 
showed that all the mutants are thermally destabilized and can be stabilized with the same conditions 
as for F508del. Using a series of DRI variants we showed by X-ray crystallography that the mutations 
do not prevent folding of the domain. Therefore, we conclude that, mutations studied in NBD1, enable 
the premature unfolding of the protein not by disrupting structural elements but rather by perturbing 
structural transitions between the canonical and the b-SS conformation. This work provides a new 
framework to design conformation-based therapeutics for several mutations lacking any treatment so 
far.  

 
 

[1] G. L. Lukacs and A. S. Verkman, “CFTR: Folding, misfolding and correcting the DF508 
conformational defect,” Trends in Molecular Medicine, vol. 18, no. 2. pp. 81–91, 2012. 

[2] D. Scholl et al., “A topological switch in CFTR modulates channel activity and sensitivity to 
unfolding,” Nat. Chem. Biol. 2021, pp. 1–9, 2021.  
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The SARS-CoV-2 genome encodes structural proteins that are essential for viral replication, but also 
non-structural and accessory proteins, which are believed to contribute to viral fitness and 
pathogenesis in vivo [1]. Among eleven accessory proteins encoded by the SAR-CoV-2, we 
experimentally show that ORF7b assemble into stable multimers by using cell-free protein synthesis. 
The transmembrane segment of ORF7b shows a leucine heptad motif that leads us to suggest that 
multimerization is done through a Leucine zipper. Using ORF7b mutants with substitution mutation 
from Leucine to Alanine at different positions, we find that residues Leu4 and Leu25 are central in 
multimer formation. The possible interaction of ORF7b with human proteins are investigated next. In 
the context of COVID-19, two proteins with leucine-zipper motif are chosen first as potential 
interactant: Phospholambans that regulate heart rhythm through formation of a pentamer in 
cardiomyocytes [2] and E-Cadherins which dimerize in epithelial cell-cell adhesion [3]. Using pulldown 
assay in the cell-free synthesis system, we show that ORF-7b interact with the transmembrane domain 
of E-Cadherin and Phospholamban in different affinity level. As follows, ORF7b could have the ability 
to interfere with cellular processes and be involved in some of the common symptoms of the COVID-
19 disease. 

 

Figure: (a) Multimerization of ORF7b-ST upon addition of Me-b-CD during detergent removal test. 
(b)(c) Cell-free co-expression between ORF7b-ST and Flag-tagged interactants followed by pull down 
assay shows co-precipitation, thus interaction. 
 
 
[1] D. Cavanagh. (2005). Coronaviridae: a review of coronaviruses and toroviruses. Coronaviruses with Special 
Emphasis on First Insights Concerning SARS, 1–54 

[2] V.V. Vostrikov, K.R. Mote, R. Verardi, and G. Veglia. (2013). Structural Dynamics and Topology of 

Phosphorylated Phospholamban Homopentamer Reveal Its Role in the Regulation of Calcium Transport. 

Structure/Folding and Design, 21:2119–2130.  

[3] L. Shapiro, & W.I. Weis. (2009). Structure and biochemistry of cadherins and catenins. Cold Spring Harbor 
Perspectives in Biology, 1:a003053.  
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Abstract: 
 

SARS-COV-2 virus is the causing agent of the worldwide known COVID-19. SARS-COV-2 genome is 
composed by the structural proteins (E, S, M, N), the non-structural proteins (Nsp1-16) and other non-
essential genes coding for the accessory proteins, related to various processes such as virus replication 
and resistance against immune response. 

Among these accessory proteins, ORF6 is a small 7.3 kDa peripheral membrane protein (Fig. 1A) 
found to be a potent interferon antagonist1 and the most cytotoxic protein of SARS-COV-22. The use 
of cell-free protein expression system allows us to circumvent the cytotoxicity and to insert the protein 
directly in a membrane-mimetic environment3. Different detergents and lipidic systems have been 
tested and several methods have been used to characterize this protein, such as: circular dichroism, 
size exclusion chromatography, liquid-state NMR and solid-state NMR (Fig. 1B). 
 
 

 
Fig. 1: A) Scheme of ORF6 (red) on a lipidic membrane (blue). B) Comparison between 

the liquid-state and the solid-state NMR HSQC spectra 
 
 

 
[1] L. Miorin, et al. (2020). SARS-CoV-2 Orf6 hijacks Nup98 to block STAT nuclear import and antagonize 
interferon signaling. PNAS 117:11. 
[2] J. Lee, et al. (2021). Characterization of SARS-CoV-2 proteins reveals Orf6 pathogenicity, subcellular 
localization, host interactions and attenuation by Selinexor. Cell Biosci. 11:58 
[3] N. Altincekic, S. M. Korn, N. S. Qureshi, M. Dujardin, M. Ninot-Pedrosa, et al. (2021). Large-Scale 
Recombinant Production of the SARS-CoV-2 Proteome for High-Throughput and Structural Biology 
Applications. Front Mol Biosci 8:25 
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Uncoupling protein 1 (UCP1) is found in the inner mitochondrial membrane of brown 
adipocytes. In the presence of long-chain fatty acids (LCFA), UCP1 increases the H+ conductance to 
‘shortcircuit’ the proton-motive force, which, in turn, increases fatty acid oxidation and energy release 
as heat [1] [2]. In humans, the ectopic expression of UCP1 in white adipose tissue or its activation in 
beige adipocytes could contribute to increase energy expenditure by promoting the oxidation of fatty 
acids and thus participate to fight obesity and its metabolic consequences (diabetes)[3]. 
UCP1 belongs to the mitochondrial carrier family (SLC25, PFAM PF00153). It’s an alpha-helical 
transmembrane protein [4] that is hard to study because it becomes unstable once it is out of its native 
environment. Many hypotheses have been made concerning the proton transport mechanism [5], the 
oligomeric state of UCP1 in solution [6] [7] as well as its theoretical model. However, in the absence 
of an experimental protein 3D structure, they are still open to discussion. 

My project aims at obtaining a sufficient quantity of UCP1 that is non-aggregated, correctly 
folded, and functional. Therefore, during my master’s internship, I found the optimum conditions to 
express UCP1 in yeast cells Saccharomyces cerevisiae, and I managed to considerably increase 
mitochondrial proteins yield. On the other hand, I contributed to developing two new protocols 
allowing us to obtain pure mitochondria [8] and inner mitochondrial membranes [9] which will be used 
for further studies. By measuring mitochondrial respiration, the activity of UCP1 and its regulation 
were demonstrated. For solubilization assays, a preliminary screening of different stabilizing 
detergents has been made. All these promising results will lead us to the next step: purification of 
functional UCP1 for further biophysical and structural studies.  

 
[1] S. Rousset et al., “The Biology of Mitochondrial Uncoupling Proteins,” Diabetes, vol. 53, no. suppl 1, p. 

S130, Feb. 2004. 
[2] M. P. Mattson, “Perspective: Does brown fat protect against diseases of aging?,” Aging Research Reviews, 

vol. 9, no. 1, pp. 69–76, 2010. 
[3] A. Bartelt et al., “Brown adipose tissue activity controls triglyceride clearance,” Nat Med, vol. 17, no. 2, 

pp. 200–205, Feb. 2011. 
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Within the last two decades, alternative approaches to detergent have been developed for the study 
of membrane proteins in solution. These include nanodiscs, amphipathic polymers such as amphipols, 
or liposomes that were developed to better mimic the natural lipidic environment of the membrane 
and to improve the stability of the protein. Those approaches have proven highly valuable, but they 
still require the use of detergents during the solubilization step which may have some drawbacks. 
More recently, new amphipathic polymers such as styrene and maleic acid (SMA) copolymers have 
been described for their effective solubilization of membrane proteins [1]. Although this approach 
seems particularly promising, few data are available regarding the purification and the study of 
eukaryotic membrane proteins produced in eukaryotic expression systems, and in particular from the 
yeast Pichia pastoris. 

The aim of this study was thus to evaluate the performance of those amphipathic polymers for the 
extraction and purification of two model membrane proteins produced in the P. pastoris system, 
namely the GPCR adenosine A2A receptor (AA2A) and the calcium permeant channel Transient 
Receptor Potential Vanilloid 4 (TRPV4). In comparison with detergent-based approaches, our main 
goal was to assess the suitability of such molecules to study these two eukaryotic membrane proteins 
in solution. 

Starting from yeast clones, we were able to mass-produce both proteins in amounts compatible with 
biochemical and structural studies. Different polymers were evaluated for their capacity to extract 
both proteins from whole membranes. The best behaving copolymers (SMA 2000 and SMA 3000) were 
then assayed at a larger scale to purify AA2A-SMA lipid particles (SMALPs) and TRVP4-SMALPs. In the 
one hand, AA2A-SMALPs were characterized for their capacity to bind AA2A ligands by several 
approaches including radioactive ligand binding assays and Surface Plasmon Resonance (SPR). In the 
other hand, TRPV4-SMALPs were analyzed by electron microscopy (EM) approaches in comparison 
with TRPV4 purified in detergent micelles.  
 
 
[1] T.J. Knowles, R. Finka, C. Smith, Y.P. Lin, T. Dafforn, M. Overduin. (2009). Membrane proteins 
solubilized intact in lipid containing nanoparticles bounded by styrene maleic acid copolymer. J. Am. 
Chem. Soc. 131:7484-7485  
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Transmembrane protein and lipid glycosylation, which operates in the Golgi compartment, is an 
essential feature of eukaryotic cells, regulating major physiological and pathological activities, 
including cell signaling, cell polarity, cell adhesion and host-pathogen interaction. However, the spatial 
arrangement of the carbohydrates along the glycosylated receptor and the branching diversity still need 
to be investigated to better elucidate the « bio-code » relevance behind such “sweety” modifications. 
The highly glycosylated integrins are the major components of focal adhesion allowing efficient 
adhesion and migration when recruited on their extracellular matrix ligands, such as fibronectin. The 
a5b1 integrins heterodimer exist in different conformers once at the plasma membrane: a ligand-
unbound « inactive » bent-closed conformation with low affinity for extracellular matrix substrates, and 
a ligand-bound « active » extended-open conformation with high affinity for extracellular matrix 
substrates. Despite the fact that they share the same primary structure, the fates of these conformers are 
clearly different in term of intracellular trafficking and compartmentalization. Indeed, we have 
previously discovered that a5b1 integrin traffics via the retrograde route from the plasma membrane to 
the Golgi apparatus, and that the ligand-unbound inactive conformation, and not the active one, 
specifically follows this pathway. Our current aim is now to dissect this different intracellular trafficking 
behavior, especially by focusing on earlier determinants such as extracellular signals that may 
efficiently differentiate between these conformers and provide new insights to further understand this 
dichotomy. We have investigated the role of an extracellular b-galactoside sugar-binding protein termed 
galectin-3 (Gal3). Our in cellulo findings show clear evidence of a preferential binding of Gal3 to the 
ligand-unbound conformer at the plasma membrane, which subsequently translates to a strong cohesive 
internalization and intracellular trafficking. We believe that the spatial arrangement of glycosylation 
sites specifically on the inactive bent-closed conformation could create a binding pocket which likely 
explains this avid interaction with oligomerization-competent Gal3. We have confirmed the preferential 
binding of Gal3 onto the inactive bent-closed conformation using purified a5b1 integrin, and we are 
currently mapping the integrin glycosylated sites that are important for Gal3 interaction. To achieve this 
task, advanced CryoEM on a5b1 integrin in nanodiscs as well as designing of glycosylated-site mutants 
are currently ongoing. Ultimately, we hope to provide evidence that not only glycosylation of membrane 
proteins per se is critical for biological activity, but also the way the sugars are arranged in space. We 
term this the conformational glyco-switch hypothesis. 
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The regulation of reactive oxygen species (ROS) production is essential to maintain cellular redox 
homeostasis. NADPH oxidases are membrane enzymes dedicated, in their oligomeric active state, to the 
generation of non-mitochondrial ROS in cells. In phagocyte cells (neutrophils, macrophages), this 
enzyme is responsible for a massive production of ROS. The massive ROS amount released by the 
NADPH oxidase constitutes the major weapons, together with other cytotoxic agents such as anti-
microbial peptides and proteases, to destroy invading pathogens, being a key factor of the innate 
immune system[1]. This multiprotein complex consists in at least 6 proteins: two membrane proteins, 
namely Nox2 and p22phox, forming the flavocytochrome b558 (cytb558) and four regulatory proteins 
p47phox, p67phox, p40phox and a G-protein of the Rho family (Rac1/2)(Fig.1). The complex assembly 
regulates the capacity of the enzyme to promote the transmembrane electron transfer and to produce 
superoxide. Dysfunction in any of NADPH oxidase components leads to chronic granulomatous disease, 
a condition, which makes patients susceptible to infections. Hyper-activation of NADPH oxidase leads to 
inflammation state or other health disorders. We and others have thoroughly investigated overall 
enzymatic turnovers, but despite decades of research, crucial questions remain about the organization 
of the molecular edifice by which electrons supplied by NADPH are actually transmitted to O2. This 
process takes place at the level of the membrane lipid embedded cytb558. We have shown that it 
requires specific lipid and cytosolic protein interactions [2-5]. We develop tools to study the NADPH 
oxidase complex by forming oligomeric scaffolds of the whole or partial complex as close as possible to 
its location in the biological membrane in order to decrypt interactions and structural changes 
mandatory for the correct assembly for an active enzyme.  

 
 

 
 
 
 
 
 
 
 
 

 
[1] K. Bedard, K.H. Krause, The NOX family of ROS-generating NADPH oxidases: physiology and pathophysiology, Physiol Rev 87 

(2007) 245-313. 
[2] T. Bizouarn, G. Karimi, R. Masoud, H. Souabni, P. Machillot, X. Serfaty, F. Wien, M. Refregiers, C. Houee-Levin, L. Baciou, 

Exploring the arachidonic acid-induced structural changes in phagocyte NADPH oxidase p47 and p67 via thiol accessibility 
and SRCD spectroscopy, Febs Journal 283 (2016) 2896-2910. 

[3] H. Souabni, F. Wien, T. Bizouarn, C. Houee-Levin, M. Refregiers, L. Baciou, The physicochemical properties of membranes 
correlate with the NADPH oxidase activity, Biochim Biophys Acta Gen Subj 1861 (2017) 3520-3530. 

[4] X. Serfaty, P. Lefrancois, C. Houee-Levin, S. Arbault, L. Baciou, T. Bizouarn, Impacts of vesicular environment on Nox2 activity 
measurements in vitro, Biochim Biophys Acta Gen Subj 1865 (2020) 129767. 

[5] H. Souabni, P. Machillot, L. Baciou, Contribution of lipid environment to NADPH oxidase activity: Influence of sterol, 
Biochimie 107 (2014) 33-42. 

Figure 1:  Model of the active 
form of phagocyte NADPH 
oxidase complex (NOX2).  
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Energized nutrient import in bacteria requires the interaction between a TonB-dependent transporter 
(TBDT) and a TonB protein. The mechanism of energy and signal transfer between these two proteins 
is not well understood. They reside in two membranes which are separated by the periplasmic space, 
and each protein possesses a disordered and flexible region. Therefore, consideration of the 
membranes, their distance and geometrical constraints together with the protein dynamics are 
important factors for deciphering this trans-envelope system. Here we report the first example of the 
interaction of a TBDT with a TonB protein in the presence of both membranes. Combining molecular 
dynamics simulations in a membrane model with in vitro and in vivo phenotypic experiments we 
obtained the network of interaction between HasR, a heme/hemophore receptor and its dedicated 
TonB protein, HasB. The interactions are modulated with the external signal of the presence of heme 
and hemophore and support the rotational model of HasB for heme entry.  
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Acinetobacter baumannii is an opportunistic bacterial pathogen and an increasing threat to public 
health due to multidrug-resistant strains, and it is a member of the “WHO Priority 1” for which the 
development of novel antimicrobials is desperately needed. We propose to target a non-vital element 
for A. baumannii, but crucial to exert its pathogenicity: the type VI secretion machinery (T6SS). T6SS 
allows A. baumannii to kill other Gram-negative bacteria such as E. coli and thus colonize its site of 
infection. This advantage gives A. baumannii a better "fitness", explaining its extensive pathogenicity. 
T6SS is a nanomachine constituted of a composite multi-protein assembly. Our laboratory has been 
studying the architecture of the different protein or sub-complex "blocks" that assemble this secretion 
machinery [1-3]. In our work, we structurally and molecularly characterized the “central nervous 
system” of the A. baumannii T6SS, the membrane complex, revealing an unexpected dynamic and 
composition. Moreover, A. baumannii has a unique MC [4]: different from other Human pathogenic 
or non-pathogenic bacteria. We have discovered some protein interactions as well as a specific 
Achilles’s heel crucial for the formation of MC that could be exploited in the future to block the 
assembly and functioning of this virulence factor. We plan to study this interaction with a high 
throughput screening (HTS) approach to develop [5] the first anti-virulence molecule against 
Acinetobacter baumannii. 
 

 
 

Figure 1: Structural organization of the unique Acinetobacter baumannii T6SS 
 
 
[1] Y. Cherrak et al. Biogenesis and structure of a type VI secretion baseplate. Nat Microbiol. 2018 
Dec;3(12):1404-1416. 
[2] A. Zoued A et al. Priming and polymerization of a bacterial contractile tail structure. Nature. 2016 
Mar 3;531(7592):59-63.   

[3] E. Durand et al. Biogenesis and structure of a type VI secretion membrane core complex. Nature. 
2015 Jul 30;523(7562):555-60 
[4] B.S Weber et al. The Secrets of Acinetobacter Secretion. Trends Microbiol. 2017 Jul;25(7):532-545. 
[5] Betzi S et al. Proc Natl Acad Sci U S A. 2007 Dec 4;104(49):19256-61. Epub 2007 Nov 27. PMID: 
18042718.  
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The membrane attack complex (MAC) is a 1.8 MDa multiprotein immune pore essential in 
our defense against pathogens [1]. To prevent self-cell damage during an immune 
response, extracellular chaperones, vitronectin and clusterin, capture and clear precursors 
to the membrane attack complex (sMAC) [2]. However, how these chaperones block 
polymerization of MAC and prevent the complex from piercing target membranes remains 
unclear.  
To address these questions, we combined cryo electron microscopy with cross-linking mass 
spectrometry and solved structures of sMAC at high resolution [3]. Using extensive in-silico 
purification and sub-density focused processing, we showed sMAC is a flexible assembly 
that exists in three stoichiometries. Our data reveals how clusterin binds the polymerizing 
interface of MAC through electrostatic interactions and traps C9 in an intermediate 
conformation. These results provide molecular insights in how MAC components insert into 
the lipid bilayer and advance our understanding of how pore forming complexes assemble 
and are regulated.  

[1] Menny, A. et al. (2018). CryoEM reveals how the complement membrane attack 
complex ruptures lipid bilayers. Nat Commun 9, 5316. 
[2] Hadders, M.A. et al. (2012) Assembly and regulation of the membrane attack complex 
based on structures of C5b6 and sC5b9. Cell Rep 1, 200–7. 
[3] Menny, A., Lukassen, M.V. et al. (2021) Structural basis of soluble membrane attack 
complex packaging for clearance. Nat Commun - accepted for publication. 
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Abstract	
Type	VII	Secretion	Systems	of	Firmicutes	(T7SSb)	were	recently	proposed	to	play	a	role	in	different	
aspects	of	bacterial	physiology,	such	as	pathogenicity	and	intra-species	competition	[1].	Despite	their	
potential	 in	 different	 medical	 and	 industrial	 fields,	 the	 architecture	 and	 mechanism	 of	 these	
membrane	machines	remain	largely	obscure.	We	obtained	the	first	evidence	that	the	T7SSb	indeed	
mediates	 bacterial	 competition	 in	 Bacillus	 subtilis	 through	 the	 secretion	 of	 LXG	 toxins	 [2].	 We	
identified	 the	 T7SS	 subunit	 YukC,	 a	membrane	 pseudokinase,	 as	 a	molecular	 linker	 between	 this	
secretion	 machine	 and	 the	 secreted	 effector.	 A	 systematic	 investigation	 of	 the	 protein-protein	
network	in	T7SSb	further	highlighted	the	importance	of	YukC	as	subunits	interaction	hub.	The	YukC	
crystal	structure	showed	unique	features,	suggesting	an	intrinsic	flexibility.	The	bacterial	competition	
assay	will	allow	assessing	the	impact	of	subunits	mutations	on	the	T7SSb	antibacterial	activity.	These	
results	 shed	 light	 into	 the	 organisation	 of	 T7SSb,	 opening	 for	 the	 understanding	 of	 this	 poorly	
characterized	molecular	machine	 in	 Firmicutes.	Moreover,	 they	 promise	 to	 clarify	 the	 role	 of	 this	
new	competition	apparatus	amid	the	antibacterial	arsenal	of	B.	subtilis.	

	
	
[1]	A.	 Jamet,	A.	Charbit,	&	X.	Nassif	 (2018).	Antibacterial	Toxins:Gram-Positive	BacteriaStrike	Back!	
Trends	in	Microbiology,	26(2):	89–91.		
[2]	M.	Tassinari,	T.	Doan,	M.	Bellinzoni,	M.	Chabalier,	M.	Ben-Assaya,	M.	Martinez,	Q.	Gaday,	P.M.	
Alzari,	 E.	 Cascales,	 R.	 Fronzes,	 F.	 Gubellini	 (2020).	 Central	 role	 and	 structure	 of	 the	 membrane	
pseudokinase	YukC	in	the	antibacterial	Bacillus	subtilis	Type	VIIb	Secretion	System,	bioRxiv.	
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Sarcolipin (SLN) is a 31-residue membrane peptide that inhibits the activity of the sarco-endoplasmic 
reticulum Ca2+-ATPase SERCA1a, which is essential for the function of fast-twitch muscles. In skeletal 
cells, SERCA1a uses ATP to catalyse the transport of calcium ions from the cytosol to the sarcoplasmic 
reticulum, resulting in muscle relaxation. Sarcolipin and its regulatory function is known since the end 
of the 1990s. It slightly decreases the affinity for Ca2+ of SERCA1a. However, depending on the system 
used for characterizing the effect of SLN on turn-over, the results are quite divergent, and 
consequently, the mode of action of SLN is still poorly understood [1]. We showed that, at least in 
some species, SLN is post-translationally modified by a fatty acid anchored at its cysteine 9 [2]. To go 
further, we first carried out molecular dynamics simulations and  normal mode analysis (NMA) to 
better understand the interaction of SLN with SERCA1a [3]. In parallel, we designed in vitro 
experimental conditions, using chemically synthesized SLN, palmitoylated or not, and recombinant 
wild type rabbit SERCA1a expressed in S. cerevisiae, a system devoid of any endogenous SLN. For such 
experiments, a source of acylated SLN is essential, it is indeed very difficult to purify it from cell 
extracts, notably because of its low abundance and hydrophobic nature. It is also very difficult to 
control the level of acylation in vivo, as little is known about these cellular mechanisms to date. 
Chemical synthesis was very challenging and necessitate an original protocol through Removable-
Backbone-Modification-Assisted Ser/Thr Ligation [4]. From there, we were able to dissect the main 
steps of the catalytic cycle by various enzymological approaches [5]. Combining in vitro and in silico 
approaches, we confirmed the effect of SLN on the binding of calcium. In addition, we demonstrated 
the long-range effect of SLN on the ATP binding site, located about 30 Å from the membrane and SLN. 
The role of acylation is still an open question. For example, acylation could promote SLN 
oligomerisation, although further experiments are needed to clarify this property. 
 
 
1.  Barbot T, Montigny C, Decottignies P, le Maire M, Jaxel C, Jamin N, et al. Functional and Structural Insights into Sarcolipin, a Regulator of the Sarco-
Endoplasmic Reticulum Ca2+-ATPases. In: Chakraborti S, Dhalla NS, editors. Regulation of Ca2+-ATPases,V-ATPases and F-ATPases. Cham: Springer 
International Publishing; 2016. pp. 153–186. Available: http://link.springer.com/10.1007/978-3-319-24780-9_10 

2.  Montigny C, Decottignies P, le Marechal P, Capy P, Bublitz M, Olesen C, et al. S-Palmitoylation and S-Oleoylation of Rabbit and Pig Sarcolipin. J Biol 
Chem. Oct 9 epub.  

3.  Barbot T, Beswick V, Montigny C, Quiniou É, Jamin N, Mouawad L. Deciphering the mechanism of inhibition of SERCA1a by sarcolipin using molecular 
simulations. Front Mol Biosci. 2020;7. doi:10.3389/fmolb.2020.606254 

4.  Huang D-L*, Montigny C*, Zheng Y, Beswick V, Li Y, Cao X-X, et al. Chemical Synthesis of Native S-Palmitoylated Membrane Proteins through 
Removable-Backbone-Modification-Assisted Ser/Thr Ligation. Angew Chem Int Ed Engl. 2020;59: 5178–5184. doi:10.1002/anie.201914836 

5.  Montigny C, Huang DL, Beswick V, Barbot T, Jaxel C, le Maire M, et al. Sarcolipin alters SERCA1a interdomain communication by impairing binding 
of both calcium and ATP. Sci Rep. 2021;11: 1641. doi:10.1038/s41598-021-81061-6 

  



Maria Ouzounova, Lyon Université 

 
 
Determinants of cellular pliancy 
 
In human, the characterization of the early steps of tumorigenesis as well as the cellular context in which 
they arise is hindered by two inherent constraints: first, in most cancers, the cell-of-origin remains 
unknown, second, by the time a cancer is clinically detectable, it has already acquired multiple epigenetic 
and genetic hits, hampering the characterization of the early events involved in its genesis, as well as the 
cellular context in which these events occur. The de novo genesis of human breast cancers has recently 
been achieved in immunodeficient mice transplanted with uncultured human breast epithelial cell 
suspensions infected with viruses harboring activated cellular or viral oncogenes (PI3KCAH1047R, KRASG12V, 
SV40 early region) and/or mutant form of tumor suppressor genes (P53R175H). However, the full spectrum 
of normal mammary epithelial cells was not studied (i.e. from mammary stem cells to differentiated 
luminal cells), and the early cell behavior following oncogene activation was not analyzed, precluding the 
understanding of the role of the efficiency of state-specific cellular response to an oncogenic event in 
tumorigenesis. Our current work is built on the hypothesis that each discrete differentiation state of a cell 
cellular within a given lineage is associated with a unique efficiency response to oncogenic activation, 
which is epigenetically determined. We aim to provide a detailed and comprehensive characterization of 
the epigenetic determinants of the early cellular response in normal human mammary cells after an 
oncogenic activation and to investigate the possible use of innovative targeted therapeutics relying on 
their intrinsic metabolic and epigenetic characteristics. 
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TSPO (translocator protein) is a ubiquitous and functionally important membrane protein of about 18 
kDa, used as a marker in many brain diseases in human [1]. For mammalian TSPO, no crystals have yet 
been obtained and a high-resolution structure remains challenging [1]. We studied the structural 
behaviour of mouse TSPO (mTSPO) in SDS (the anionic detergent for solubilization of inclusion bodies 
and purification) compared to DPC (the zwitterionic detergent used to get the high resolution 
structure by liquid NMR of mTSPO but with a stabilizing ligand [2]). Ab initio modeling [3] for mTSPO 
in SDS have been performed using SANS curves at different contrasts (Fig. 1C). Preliminary results gave 
a partially unfolded membrane protein surrounded by the detergent belt (Fig. 1D). CD and Trp 
fluorescence show, respectively, a increased “coiled coil” folding and local structural change of mTSPO 
in DPC (Fig. 1, A-B), that we want to characterize in search of a better environment.  

 

 
Figure 1: CD ellipticity (A) and Trp fluorescence (B) for mTSPO in SDS or DPC detergent environment. SANS 

curves at different contrasts (C) were used to perform ab initio modeling (D) for mTSPO in its SDS belt. 
 
 

[1] JJ. Lacapere, et al. (2020) Trends in Pharmacological Sciences 41: 110 ; [2] Jaremko, et al. (2014) 
Science 343: 1363 ; [3] A. Koutsioubas (2017) Biophys Journal. 113: 2373-2382. 
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In order to be studied, membrane proteins (MP) require to be extracted and solubilized from their native 
membrane bilayer. Hence, it is necessary to develop tools to simplify the use of MPs as drug discovery targets. 
Commonly, detergents have been used for solubilisation as it removes efficiently the protein from its native 
bilayer environment to form micelles. However, this technique has been shown to be too harsh as it can yield 
denatured and unstable MPs, devoid of activity. Indeed, bilayer environment surrounding the MPs is strongly 
interacting with the protein itself to maintain its structure and activity. [1] Later, a new approach emerged to 
keep the native environment of the protein using polymers such as styrene-maleic acid (SMA). It appeared as a 
milder way to extract proteins from membranes into disc-shaped structures, called SMA Lipids Particles or 
SMALPs. [2] In these structures, the hydrophobic part inserts into bilayer between acyl chains while the 
hydrophilic part meets the solvent to form nanodiscs. 
 
However, commonly used SMA is produced industrially through free radical polymerization, yielding a polymer 
with a high polydispersity and impurities. A major improvement on the synthesis of well-defined polymer has 
been the Reversible Addition-Fragmentation chain Transfer (RAFT) polymerization [3] that gives much more 
control and reproducibility over the reaction by using a chain transfer agent (CTA) to yield a statistic copolymer. 
This type of polymerization has been applied to SMA synthesis and its use for MPs extraction has been reported. 
[4] 
 
We worked on photoinduced electron/energy transfert RAFT (PET-RAFT), a recent type of RAFT polymerization. 
This technique, using a photocatalyst, performs an oxygen tolerant polymerization, yielding a well-defined 
polymer with high reproducibility. Moreover, PET-RAFT is convenient and easy to set-up, making it a technique 
accessible for a large audience. I will present the synthesis and characterization of these new SMA polymers 
and how they can compete with the commercially ones in terms of membrane proteins extractions.  

 

 
Fig. 1: Light reactor to polymerize SMA 

 
[1] K. Charalambous, D. Miller, P. Curnow, P. J. Booth. (2008). Lipid bilayer composition influences small multidrug 
transporters. BMC Biochem 9:31 
[2] T. J. Knowles, R. Finka, C. Smith, Y. Lin, T. Dafforn, M. Overduin. (2009). Membrane proteins solubilized intact 
in lipid containing nanoparticles bounded by styrene maleic acid copolymer. J. Am. Chem. Soc. 131:7484–7485 
[3] J. Chiefari, Y. K. Chong, F. Ercole, J. Krstina, J. Jeffery, T. P. T. Le, R. T. A. Mayadunne, G. F. Meijs, C. L. Moad, 
G. Moad, E. Rizzardo, S. H. Thang. (1998). Living Free-Radical Polymerization by Reversible 
Addition−Fragmentation Chain Transfer:  The RAFT Process. Macromolecules 31:5559-5562 
[4] A. A. Smith, H. E. Autzen, T. Laursen, V. Wu, M. Yen, A. Hall, S. D. Hansen, Y. Cheng, T. Xu. (2017). Controlling 
Styrene Maleic Acid Lipid Particles through RAFT. Biomacromolecules 18:3706−3713 
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The overall increase in multidrug resistance (MDR) of pathogenic bacteria calls for a better 
understanding of the molecular mechanisms underlying such phenotype. 

My thesis project is focusing on the important role that multidrug efflux pumps play in MDR 
resistance by exporting a wide range of substrates out of the bacteria, including antibiotics. 
The molecular determinants of multidrug recognition are poorly understood, thereby 
preventing a rational approach for inhibition. We study three MDR efflux pumps of Gram-
positive bacteria: LmrP from Lactococcus lactis, NorA and QacA from Staphylococcus aureus. 
These three transporters from the Major Facilitator Superfamily are secondary transporters 
that use the proton-motive force to translocate substrates to the extracellular medium. They 
have partially overlapping substrate profiles, making them good models to study multidrug 
recognition. 

Practically, we perform differential HDX-MS (ΔHDX-MS) experiments that compare the HDX 
signature of the three proteins in the presence and absence of different substrates. To guide 
the interpretation of the ΔHDX-MS measurements, we designed benchmark experiments 
using proteins locked in a known conformation in order to identify peptides that can be used 
as conformational reporters. 

We have optimized the experimental conditions to obtain a coverage of more than 70% of the 
protein sequence for all three transporters. Promising preliminary results show that we can 
identify specific regions as conformational reporters. Initial measurements in the presence of 
substrates Ethidum Bromide, Hoechst 33342 and tetracyclin for the transporter LmrP show 
significant differences between substrates. A summary of the ongoing work will be presented. 
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Obtaining high-resolution 3D-structures of integral membrane proteins (IMPs) remains a 
challenge in biology and pharmaceutics, whatever the techniques used (NMR, crystallography, 
electron cryo-microscopy). Indeed due to their amphipathic properties, IMPs cannot be studied 
without an amphiphilic environment that maintains their structures folded, stable, and functional. The 
use of amphiphilic molecules (detergent) is ubiquitous for all steps in biochemistry (solubilization, 
purification) and structural biology. The choice of suitable detergents able to both stabilize the protein 
in a functional state and allow its structural study is often hazardous and based on trial-and-error 
methods. In the literature, there is few rational studies on the influence of amphiphiles (detergents, 
lipids,etc)  on IMP structure.  

in order to rationalize the use of detergent that maintain IMP stable and facilitate their 
cristallizations and the examination of their structural and dynamics properties in solution, we 
combine various biophysical (MALLS coupled with SAXS and SANS) and molecular computational (ab-
initio modelling and molecular dynamics) approaches. Two models of IMP with different structural 
features (size and secondary structure) are currently studied: 1/ ShuA from Shigella dysenteriae, a 
TonB-dependent transporter (70 kDA, monomer, with β-barrel) [1][Figure A]; 2/ TSPO from mouse (18 
kDa, monomer, α-helix) [2, 3] [Figure B]. From these researches, we expect to better understand the 
effect of the amphiphilic environment around IMPs that favors the stabilization and crystallization of 
IMPs, a crucial step for structure determination by crystallography [4]. 
      

 

       
Figure A) Structure of ShuA with 268DDM from SEC-MALLS and expermental and theoritical SAXS curves [4] 

Figure B) SEC-MALLS of TSPO in SDS (140 bound SDS); Hypothetical structure of TSPO structure with a corona of SDS. 

 
   

  
[1] Brillet, et al. Acta Crystallographica Section F 65: 402.(2009). 
[2] Jaremko, et al. Science 343: 1363.(2014). 
[3] Lacapere, et al. Trends in Pharmacological Sciences 41: 110.(2020). 
[4] Abel, et al. Biochim Biophys Acta Biomembr 1863: 183504.(2021). 
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Abstract 
          Membrane proteins (MPs) play an important role in a number of cell mechanisms. They 
represent a major yet challenging research topic: extracting them from cell membrane while 
preventing aggregation and denaturation often requires time-consuming and system-dependent 
protocol optimization. In addition, stabilizing agents might interfere with protein crystallization, a 
mandatory step for X-ray crystallography structural investigations. 
          The recent technical improvements in cryo-electron microscopy (cryo-EM) have made this 
technique a viable alternative to X-ray crystallography [1]. By giving access to atomic-resolved 
reconstructions of complexes sometimes tricky to crystallize, cryo-EM opens new opportunities to gain 
access to MP structures. The technique has its own intrinsic difficulties to overcome, though. A big one 
lies in the preparation of high-quality grids. Despite the sharing of general advices to optimize ice and 
protein distribution in cryo-EM grids and avoid protein adsorption at the air/water interface [2, 3], grid 
properties remain hard to reproduce and system-dependent. 
          To try and achieve an improved grid property control, we have started investigating the impact 
of free surfactants in thin liquid films. The main investigated surfactants were dodecyl-β-D-maltoside 
(DDM), a gold standard detergent, and the amphipol of reference A8-35, which has already led to 
better ice distribution compared to detergents [4]. Cryo-EM grids were prepared with aqueous 
solutions containing the surfactant at various concentrations. They were then characterized in terms 
of overall ice presence, and ice thickness distribution. Trends observed in cryo-EM were correlated 
with physical-chemical approaches. Mainly, we looked at the kinetics of water/air interface coverage 
and the stability of thin liquid films as a function of surfactant concentration. Correlation between grid 
properties and bulk solution behavior is being confirmed for A8-35, whereas for DDM, we are trying 
to see if ice distribution in cryo-EM can be predicted out of bulk investigations. 

 
 

 
[1] C. Le Bon et al. (2021), “Amphipathic environments for determining the structure of membrane 
proteins by single-particle electron cryo-microscopy”, Quarterly Reviews of Biophysics 54:e6 
[2] D. Kampjut et al. (2021), “Cryo-EM grid optimization for membrane proteins”, iScience 24:102139  
[3] R. M .Glaeser and B-G. Han (2017), “Opinion: hazards faced by macromolecules when confined to 
thin aqueous films”, Biophysics reports 3(1-3):1-7 
[4] M. Flötenmeyer et al. (2007), “The use of amphipathic polymers for cryo electron microscopy 
of NADH:ubiquinone oxidoreductase (complex I)”, Journal of Microscopy 227(3):229-235 
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Bacterial infections remain a major public concern due to the accelerated increase in the appearance 

of antibiotic resistance. Among the different mechanisms used by bacteria to resist to antibiotics, the 

active efflux plays a major role. In Gram-negative bacteria, this is achieved by tripartite efflux pumps 

that form a macromolecular assembly spanning both membranes of the cellular wall, the most studied 

being AcrAB-TolC in Escherichia coli and MexAB-OprM in Pseudomonas aeruginosa, two pathogens 

highly involved in patients' death associated to nosocomial diseases. 
Along with functional and in silico studies, many structures were solved of the individual components 

of these pumps and more recently of the whole assembly [1-5]. Nevertheless, a lot of questions 

concerning the assembly, the mechanism of efflux, and the opening of the whole pump are a matter 

of active research, as the blockage of these pumps could restore the utility of the actual therapeutic 

arsenal. In collaboration with the team of Olivier Lambert (Bordeaux) we solved the structure of the 

whole MexAB-OprM pump by cryo-EM (figure 1). Only a meticulous examination of the different maps 

combined with results from different approaches led us to a better comprehension of the functional 

mechanism of the pump clarifying the role of the different protein actors. 
 

 
 

 [1] Glavier, M., Puvanendran, D., et al. (2020). Antibiotic export by MexB multidrug efflux transporter 

is allosterically controlled by a MexA-OprM chaperone-like complex. Nat Commun, 11(1):4948-4958. 

[2] Tsutsumi, K., Yonehara, R., et al. (2019). Structures of the wild-type MexAB-OprM tripartite pump 

reveal its complex formation and drug efflux mechanism. Nat Commun, 10(1): 1520-1529. 

[3] Du, D., Wang, Z., et al. (2014). Structure of the AcrAB-TolC multidrug efflux pump. Nature, 
509(7501), 512-515. 

[4] Ntsogo Enguéné, Y.V., Phan, G., et al. (2017). Xenon for tunnelling analysis of the efflux pump 

component OprN. PLoS ONE, 12(9):e0184045. 

[5] Phan, G., Benabdelhak, H., et al. (2010). Structural and Dynamical Insights into the Opening 

Mechanism of P. aeruginosa OprM Channel. Structure, 18(4), 507-517. 
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Membrane-mimetic systems, such as detergent, nanodisc, amphipol, SMA are available to maintain 
purified membrane proteins soluble in solution. Although several membrane-mimetic systems are 
amenable to high resolution structure determination of a membrane protein or a complex of 
membrane protein by cryoEM, a difficult question remains the choice of the relevant one. 
Instead of giving an extensive view, I will illustrate this aspect using the example of the multidrug efflux 
pumps for which several of these membrane-mimetic systems have been recently applied for 
structure determination. 
Gram-negative bacteria have evolved tripartite efflux pumps spanning the cell envelope that can 
mediate the efflux of a wide array of antimicrobial compounds at the expense of ATP hydrolysis or the 
proton motive force, thus becoming antibiotic resistant. These efflux systems share a similar structural 
architecture which is composed of an inner membrane transporter and an outer membrane channel 
bridged by a periplasmic adaptor protein. The prototypical and clinically relevant efflux pump from 
Pseudomonas aeruginosa, MexAB-OprM belongs to the Resistance-Nodulation-cell Division (RND) 
family and is involved in the transport of amphiphilic drugs from the periplasm to the extracellular 
milieu through the use of the proton motive force.  
We have developed a method to reconstitute a tripartite assembly from native components using lipid 
nanodiscs. MexB and OprM inserted in lipid nanodisc self-assembled in the presence of MexA. The 
structure of tripartite system has been studied by electron microscopy [1,2] and the 3D structure is 
currently analyzed by single particle cryo-EM [3] providing new insight on the assembly process of the 
tripartite complex. Results including ours [and others [4-6] are discussed in the perspective of the key 
parameters governing the assembly and functioning of this tripartite system structures. 
 
1. Daury, L., Orange, F., Taveau, J. C., Verchère, A., Monlezun, L., Gounou, C., ... & Lambert, O. (2016). 
Tripartite assembly of RND multidrug efflux pumps. Nature commun, 7:10731. 
2. Salvador D, Glavier M, Schoehn G, Phan G, Taveau JC, Decossas M, Lecomte S, Mongrand S, Garnier 
C, Broutin I, Daury L, Lambert O. (2019). Minimal nanodisc without exogenous lipids for stabilizing 
membrane proteins in detergent-free buffer Biochim Biophys Acta Biomembranes 1861, 852-860 
3. Glavier, M., Puvanendran, D., et al. (2020). Antibiotic export by MexB multidrug efflux transporter 

is allosterically controlled by a MexA-OprM chaperone-like complex, Nat Commun, 11:4948 
4. Tsutsumi, K., Yonehara, R., et al. (2019). Structures of the wild-type MexAB-OprM tripartite pump 
reveal its complex formation and drug efflux mechanism. Nat Commun 10(1): 1520-1529. 
5 Wang, Z. et al. (2017) An allosteric transport mechanism for the AcrAB-TolC multidrug efflux pump. 
Elife 6,. 
6.Qiu W, Fu Z, Xu GG et al. Structure and activity of lipid bilayer within a membrane-protein 
transporter. Proc Natl Acad Sci U S A. 2018 ;115:12985-12990. 
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ExbB and ExbD are located in the cytoplasmic membrane of bacteria and associate with TonB to convey 
the energy of the proton-motive force to outer membrane receptors in Gram-negative bacteria for 
iron compound uptake. We determined the cryo-EM structures of ExbB and ExbB-ExbD complex from 
the opportunistic pathogen Serratia marcescens. ExbBSm alone is a stable pentamer, and the complex 
displays the ExbB5-ExbD2 stoichiometry [1]. The 3.2Å resolution cryo-EM map of ExbB alone shows 
ordered lipids on the outside of the pentamer (Fig1A). We built one phosphatidyl glycerol per 
monomer in the map. The core of the protein also shows density that can be attributed to a lipid 
bilayer. Interestingly, the inner lipids are located at the same level as ExbD helices (Fig1B), while the 
outer lipids are higher. Mass spectrometry confirmed a co-purification of the proteins with several E. 
coli lipids. We will discuss the interaction between ExbB and lipids.  

  
 
Figure 1 cryo-EM maps of ExbB (A) and ExbB-ExbD (B) show density in the ExbB pentamer. ExbB monomers are 
colored purple, green, blue, red and orange; non atributed density is colored light grey on figure 1A and ExbD 
helices are colored black and dark grey on figure 1B. Red arrows locate the inner densities of lipid and ExbD; 
the black half circle shows the detergent micelle where the ordered density is housed. 
 

1. Biou, V., Adaixo, R.J.D., Chami, M., Coureux, P.-D., Laurent, B., Ntsogo, Y., Amorim, G.C. de, Izadi-Pruneyre, N., 
Malosse, C., Chamot-Rooke, J., Stahlberg, H., Delepelaire, P. (2021). Functional and structural characterization of Serratia 
marcescens ExbB: determinants of the interaction with HasB/TonB. BioRxiv 2021.04.21.440815. 
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How the components of cell membranes, lipids, transmembrane proteins, and bound cytoskeleton proteins, 
are organized and how the interplay between their molecular 3D architecture and the surrounding membrane 
affects their function? Our Team addresses these general questions in the context of cell division, cell 
detoxification and inter-organelles communication. We combine cryo-electron microscopy, single particle 
analysis, cryo-tomography and novel in vitro membrane systems to decipher the architectures of both proteins 
and membrane. We integrate our results with data derived from functional analysis, physics of membranes and 
cell biology to unravel mechanisms at different spatial and temporal scales (https://science.institut-
curie.org/team-levy). 
 
Here, we studied by cryo-EM membrane contact sites (MCS). In eukaryotes, endoplasmic reticulum 
(ER) establishes direct contact with all other organelles. Within these contact zones, called membrane 
contact sites, protein complexes bridge membranes and ensure a specific function like lipid transport, 
calcium signaling, autophagy, organelle inheritance (1). Several human diseases and infections 
originate from MCS dysfunction or hijacking. Structural analysis of proteins complexes bridging 
apposed membranes are hardly accessible by NMR, X ray crystallography and single particle cryo-EM. 
Here, we studied the ER-Golgi tethering complex made by the ER transmembrane protein VAP-A 
(VAMP-associated protein A) and OSBP, a cytosolic transporter that translocate cholesterol from ER 
to Golgi membranes (2). We expressed, purified, reconstituted and imaged VAP-A by cryo-EM. Next, 
we designed an in vitro MCS consisting of hundreds of VAP-A and OSBP complexes tethering two 
apposed membranes. Thanks to the advances of cryo-tomography and subtomogram averaging, we 
obtained a 3D model of MCS, revealing that VAP is a flexible molecule that allows the concentration 
of different partners in specific areas of the ER (3). We previously show that the N-terminal sequences 
of low complexity in OSBP form an entropic barrier that restrains protein orientation, limits protein 
density, and facilitates protein mobility in the narrow and crowded MCS environment (4). This 
provided insights on how proteins concentrated in a confined space can ensure their function. 
 
1.  Wu, H., Carvalho, P., and Voeltz, G. K. (2018) Here, there, and everywhere: The importance of 

ER membrane contact sites. Science (80-. ). 361, 1–9 
2.  Mesmin, B., Bigay, J., Moser Von Filseck, J., Lacas-Gervais, S., Drin, G., and Antonny, B. (2013) 

XA four-step cycle driven by PI(4)P hydrolysis directs sterol/PI(4)P exchange by the ER-Golgi 
Tether OSBP. Cell. 155, 830–843 

3.  de la Mora, E., Dezi, M., Di Cicco, A., Bigay, J., Gautier, R., Manzi, J., Polidori, J., Castaño-Díez, 
D., Mesmin, B., Antonny, B., and Lévy, D. (2021) Nanoscale architecture of a VAP-A-OSBP 
tethering complex at membrane contact sites. Nat. Commun. 10.1038/s41467-021-23799-1 

4.  Jamecna, D., Polidori, J., Mesmin, B., Dezi, M., Levy, D., Bigay, J., and Antonny, B. (2019) An 
Intrinsically Disordered Region in OSBP Acts as an Entropic Barrier to Control Protein Dynamics 
and Orientation at Membrane Contact Sites. Dev. Cell. 49, 220–234 
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Blood-brain interfaces comprise the blood-brain barrier located at the endothelium of the cerebral 
vasculature, and the ventricular blood-CSF barrier located at the epithelium of the choroid plexuses. 
The main functions of these cellular interfaces are to maintain the cerebral homeostasis necessary for 
proper brain activity, protect neural cells from blood-borne harmful toxicants, and regulate 
neuroimmune interactions. These gate-keeper properties result from the presence and activity of 
numerous membrane proteins that include tight junction proteins and efflux carriers, and from the 
repression of adhesion molecules that, in peripheral organs, are expressed in the resting endothelium.  
 
A number of singularities regarding the induction of blood-brain interfaces-specific membrane proteins, 
the polarized localization of these proteins, their developmental profiles at both interfaces, and the 
dysregulation of these membrane proteins in pathological situations will be pointed out. Unravelling the 
mechanisms responsible for these singularities is mandatory to develop therapeutic strategies to improve 
barrier protective functions in neurological diseases, or to increase cerebral drug delivery.   
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 The central nervous system (CNS) is a therapeutic target for many pharmacologically active 
compounds. To reach their target, these molecules must cross the blood-brain barrier (BBB). The 
BBB is a selective interface between the bloodstream (BS) and the CNS, whose role is to maintain 
brain homeostasis. Thus, in order to pass from the BS to the CNS or vice versa, endogenous and 
exogenous compounds must pass through the endothelial cells of the BBB. These cells regulate the 
penetration of molecules through their membrane transporters [1]. To model the passage of drugs 
through the BBB using Physiologically Based Pharmacokinetic models, it is necessary to quantify the 
transport proteins there. The tandem LC MS / MS quantification method, which we currently use, 
shows high LOQs for some of these proteins. The goal of our study is to develop a specific extraction 
method for membrane proteins from BBB endothelial cells in order to reduce these LOQ. The 
approach used is the biotinylation of surface proteins by sulfo-NHS-SS-biotin and their extraction 
using magnetic beads coupled to streptavidin, a protein with a very high affinity for biotin (Kd = 1014-
1015 mol.L-1) [2]. A cellular model of BBB endothelial cells is used to perform these studies: the 
hCMEC/D3 cell [3]. First, we ensured the localization of the proteins bound to sulfo-NHS-SS-biotin 
by cell labelling and mass spectrometry analysis. We found that the reagent binds to different amino 
acids (K, T, Y, S, N, Q) of proteins located at the plasma membrane (Fig. 1). We also developed the 
rinsing and elution buffers for biotinylated proteins. For this purpose, we biotinylated BSA and 
introduced it into a lysate of hCMEC/D3 cells. 

          

    
Fig. : Localization of biotinylated proteins by cell labelling (A) and mass spectrometry analysis (B). 

  
  

[1] Abbott N.J. et al. (2010). Structure and function of the blood-brain barrier. Neurobiol Dis. 
37(1):13–25  

[2] Ohtsuki S. et al. (2013). Quantitative Targeted Absolute Proteomic Analysis of Transporters, 

Receptors and Junction Proteins for Validation of Human Cerebral Microvascular Endothelial Cell 

Line hCMEC/D3 as a Human Blood−Brain Barrier Model. Mol Pharm. 10:289-296 

[3] Hirsch J.D. et al. (2002). Easily reversible desthiobiotin binding to streptavidin, avidin, and other 
biotin-binding proteins: uses for protein labeling, detection, and isolation. Anal Biochem. 308(2):343-57 
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Polyspermy is the fertilization of an oocyte by more than one sperm, generally this process 
results in failure of the embryo development. For polyspermy to occur, several sperm must pass 
through the zona pellucida (ZP), a glycoprotein envelope that surrounds the oocyte, and then fuse 
with the membrane of the oocyte. During in vitro fertilization in mice, in 70% of cases, a single sperm 
crosses the ZP of the oocyte and fuses. In the remaining 30%, several sperm cross the ZP, yet in the 
vast majority of cases only one of them fuses with the oocyte. The absence of fusion of the other 
sperm that have passed through the ZP therefore reveals the existence of a blocking mechanism in 
polyspermy. Our aim is to elucidate this mechanism. 

Nowadays, 2 oocyte membrane proteins have been identified as essential for fusion: Juno, an 
adhesion protein whose Izumo1 receptor is found on the head of the sperm, and CD9, a tetraspanin 
with a role of membrane organizer. However, recent data indicate that these molecules are released 
from the oocyte membrane on vesicules, in small quantities before a fusion occurs, then in very high 
quantities after fusion. This release, on the one hand, depletes the oocyte membrane of these proteins 
essential for fusion, but, on the other hand, it produces an accumulation of vesicles carrying these 
proteins in the perivitelline space of the oocyte (space included between the plasma membrane and 
the ZP) which can bind to the membrane of the sperm that have crossed the ZP. 

Our work aims to elucidate (i) the dynamics of protein release before fusion and after fusion, 
(ii) their consequences on the capacities of the oocyte to adhere and fuse with sperm and (iii) their 
consequences on the capacities of the sperm to adhere and fuse with an oocyte. We are developing 
biophysical approaches of force measurements by micromanipulation to quantify the adhesion 
between an oocyte and a single sperm, we couple these measurements with quantitative fluorescence 
imaging in order to follow the membrane dynamics associated with the adhesion evolution. We are 
developing fluorescent tools (nanobodies) to follow this dynamic. 
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Transporters operate through cyclic conformational changes that alternately expose their substrate-
binding site to either side of the membrane. In some cases, these proteins have evolved to acquire a 
receptor function by interacting with signaling proteins at specific steps of the transport cycle. Such 
hybrid transporters-receptors, or ‘transceptors’, play an important role in nutrient sensing at the 
plasma membrane and in intracellular organelles, such as lysosomes. The lysosome has indeed 
recently emerged as an important nutrient-sensing centre in addition to its well-known degradative 
and metabolite-recycling function. In a recent study [1], we quantitatively studied the transport 
activity of the lysosomal amino acid transceptor PQLC2 (‘picklock two’) using electrophysiological, 
biochemical and simulation methods. PQLC2 exports cationic amino acids from the lysosome and it 
serves as an amino acid-gated receptor to recruit to lysosomes the C9orf72/SMCR8/WDR41 (CSW) 
complex implicated in frontotemporal degeneration and amyotrophic lateral sclerosis. 
We showed that PQLC2 operates in a uniporter mode. It is thus highly sensitive to the lysosomal 
membrane potential. Surprisingly, arginine, but not other substrates (lysine, histidine), specifically 
trans-inhibits PQLC2 uniport activity, leading to a strong rectification of the transport current when 
arginine is present in the discharge (‘trans’) compartment. Kinetic modeling recapitulated the 
paradoxical substrate-yet-inhibitor behavior of arginine assuming that bound arginine facilitates 
closing of PQLC2’s cytosolic gate. Arginine binding may thus tune PQLC2 gating to control its 
conformation, suggesting a potential mechanism for nutrient signaling by PQLC2 to the CSW complex. 

 

 
Fig. 1: Putative model for the regulation of the PQLC2/CSW complex interaction by the nutrient status.  

 
 

[1] X. Leray, R. Conti, Y. Li, C. Debacker, F. Castelli, F. Fenaille, A.A. Zdebik, M. Pusch, B. Gasnier. 
Arginine-selective modulation of the lysosomal transporter PQLC2 through a gate-tuning mechanism, 
PNAS. 118:e2025315118.  
See commentary by A. Jain and R. Zoncu in: PNAS. 118:e2112682118 
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Vermot-Desroches C (4), Diaz JJ (2) and Saintigny P(1-2) 
1-Introduction: Accumulating evidence suggests the unusual presence of proteins at the cell surface 
of cancer cells while, in normal cells, these proteins are expressed in the intracellular compartment. 
They lack transmembrane domains and signal sequences that allow delivery to the plasma membrane 
and their role is not fully understood. As such, aberrantly externalized proteins represent a promising 
source of targets for cancer therapy. Here, we deciphered the role of externalized keratin 8 (eK8).  
2-Material and Method: The expression and the role of eK8 was investigated by immunofluorescence 
(IF), western-blot and real time analysis of invasion in established colorectal adenocarcinoma (CRC) 
and head and neck squamous cell carcinoma (HNC) cell lines. In vitro analysis was then confirmed and 
refined by in vivo and in tumor analysis.  
3-Results and Discussion: We performed a proteomic analysis of a highly invasive CRC cell line. We 
identified keratin (K8), an intermediate filament protein of epithelial cells cytoskeleton involved in the 
maintenance of cell integrity of normal glandular epithelial cells. K8 was shown to be expressed both 
intracellularly and at cell surface of invasive CRC cell lines, and subsequently referred as eK8. By 
biochemical, bioinformatics and IF analyses, we proposed a model of eK8 anchorage and topology at 
the plasma membrane (Fig 1). As plasminogen (Plg) activation and Plg dependent invasion are key 
features of epithelial-like cells, we tested the engagement of eK8 in Plg-dependent invasion process. 
eK8 was shown to be co-localized with Plg and urokinase-type Plg activator (uPA) at the plasma 
membrane. Competition experiment for eK8 binding by generated proprietary monoclonal antibody 
(MAb) D-A10 demonstrated that eK8 plays a crucial role in Plg-induced invasion. D-A10 MAb was also 
able to decrease tumor growth in vivo by apoptosis activation [1].We extended our analysis of eK8 in 
HNC and confirmed the expression of eK8 in a panel of HNSCC cell lines and its role in Plg-induced 
invasion. In HNC tissue, healthy stratified tissue was devoid of K8, while K8 was preferentially observed 
at the tumor invasion front. Furthermore, overexpression of K8 mRNA and protein were both 
correlated with tumor aggressive features and poor outcome [2]. These findings unravel eK8 as key 
player in invasion in a model of adenocarcinoma and squamous cell carcinoma.  
4-Conclusion: By the prototypic example of eK8, we highlight a new class of therapeutic target 
exclusively at the surface of the cancer cells that may be shared across different tumor types and a 
novel biological process involving a non-canonical plasma membrane protein as key player in invasion.  
 
 
 
 
 
 
 
 
 
 
 
 
 
[1]. Albaret, M.A., et al., Externalized Keratin 8: A Target at the Interface of Microenvironment and Intracellular 

Signaling in Colorectal Cancer Cells. Cancers (Basel), 2018. 10(11). 
[2]. Albaret, M.A., et al., Combined proteomic and transcriptomic approaches reveal externalized keratin 8 as a 

potential therapeutic target involved in invasiveness of head and neck cancers. Transl Oncol, 2021. 14(1): p. 
100878. 

 
Figure 1. N- and C-terminal parts of eK8 are turned toward the outside of the cell. (A) Transfection of HCT116 cells with the GFP-K8 construct and confocal 
microscopy. Direct visualization of GFP fluorescence (yellow signal) and IF analysis on non-permeabilized cells of GFP (anti-GFP antibody, green signal) 
and endogenous K8 (M20 antibody, red signal) localization. Three-dimensional (3D) reconstruction of merged images. Externalized GFP-K8 is indicated 
with white arrows. (B) Model of K8 anchorage and topology at the plasma membrane incorporating bioinformatics analyses of K8 structure and 
transfection experiments of GFP constructs. According to the bioinformatics analysis, alpha helices are represented by different colors (blue, green 
yellow, and red) and transmembrane domains are indicated with an asterisk (*). 
 

A
GFP-CK8

B

**



2nd$Plenary$meeting$of$the$APPICOM$group,$Lyon,$15=18$November$2021$

 

 

? 

? 

TrkA!interacts!with!CD44!

Peptide 

!
Therapeutic!potential!of!targeting!TrkA/CD44!interaction!!

in!triple!negative!breast!cancer!
!

Sarah'Trouvilliez'a,$Julien'Cicero$a,'Magnez'Romaina,'Bourette'Rolanda,'Adriaenssens'Erica,'Thuru'
Xaviera,'de'Ruyck'Jérômec,'Orian:Rousseau'Véroniqueb,'Le'Bourhis'Xuefena'&'Toillon'Robert:Alaina'

'
a$Univ.$Lille,$CNRS,$INSERM,$CHU$Lille,$UMR9020=U1277$=$CANTHER$=$Cancer$Heterogeneity$Plasticity$and$

Resistance$to$Therapies,$F=59000$Lille,$France$
b$Karlsruhe$Institute$of$Technology,$Institute$of$Toxicology$and$Genetics,$76344$Eggenstein=Leopoldshafen,$

Germany$
c$Univ.$Lille,$CNRS,$UMR$8576$=$UGSF$=$Unité$de$Glycobiologie$Structurale$et$Fonctionnelle,$F=59000$Lille,$France$

E=mail:$s.trouvilliez@gmail.com$
$
$

Even' though' breast' cancer' therapies' have' been' considerably' improved' thanks' to' target'
therapies,' triple' negative' breast' cancers' is' still' a' clinical' challenge.' In' fact,' standard' of' TNBC'
treatment' remains' surgery' and' chemotherapy' and' currently' results' in' locoregional' or' distant'
relapses.'Design'of'new'specific' therapy' is' still'needed.'Hence,'Nerve'growth' factor' (NGF)' induces'
growth'tumor'and'metastases' in'breast'cancers.'However,'the'NGF'pro:tumoral'effects'results'not'
only'of'the'phosphorylation'of'TrkA'but' increases'TrkA/CD44'[1].'To'target'TrkA/CD44'association,'
we'have' investigated'the'nature'of' this'association.'By'Proximity'Ligation'Assay'and'by'microscale'
thermophoresis'we'have'validated'TrkA/CD44'interaction'and'it'molecular'determinants.'Then,'using'
a'mimetic'petide'that'impedes'TrkA/CD44'we'investigated'the'biological'role'of'TrkA/CD44'in'breast'
cancer'cells' in$vitro'and' in$vivo.' In$vitro,'we'shown'that' inhibition'of'TrkA/CD44'decreased'survival'
and'abolished'NGF:induced'migration/invasion.'We'also'confirm'by'FRET'downstream'signaling.'At'
least,'in$vivo'inhibition'of'TrkA/CD44'decreased'tumor'growth'and'metastasis'of'breast'cancer'cells'
xenografted' in' SCID' mice.' To' conclude,' our' study' demonstrates' the' potential' of' targeting' direct'
interaction'TrkA/CD44'in'triple'negative'breast'cancer.''''
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Fig.'1:'Therapeutic'potential'of'targeting'TrkA/CD44'interaction'in'triple'negative'breast'cancer.'
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Potassium channels form the largest family of ion channels with more than 80 members 
involved in excitability, signaling and cellular homeostasis. Among them, two pore domain 
potassium channels (K2P) are characterized by a polymodal regulation responsible for the 
adaptation of potassium leak currents to cellular needs [1]. Plasma membrane localization and 
homomerization have long been considered the rules for normal K2P channel function. 
However, K2P channel trafficking is highly controlled and one third of K2P channels are 
present in intracellular compartments.  We have identified different trafficking signals and the 
mechanisms that control this intracellular localization [2]. The knowledge of these 
mechanisms allows a better understanding of their physiological functions. We have also 
contributed to demonstrate that heteromerization of K2P channels affects their function and 
contributes to the large diversity of native potassium currents [3]. Since heteromerization also 
affects the pharmacology of K2P channels, this understanding will help establish K2P 
heteromers as novel therapeutic targets for pathophysiological conditions. 
 
 

 
Figure: Regulation of THIK2 channel trafficking 

 

[1] Feliciangeli S., Chatelain F.C., Bichet D. and Lesage F. (2015). The family of K2P channels: 
salient structural and functional properties. J Physiol, 593 (12) : 2587-603.  
[2] Bichet D., Blin S., Feliciangeli S., Chatelain F.C., Bobak N. and Lesage F. (2015). Silent but 
not dumb: how cellular trafficking and pore gating modulate expression of TWIK1 and 
THIK2. Pflugers Arch, 467 (5) : 1121-31.  
[3] Khoubza L., Chatelain F.C., Feliciangeli S., Lesage F. and Bichet D. (2021). Physiological roles 
of heteromerization: focus on the two-pore domain potassium channels. J Physiol, 599 (4) : 
1041-1055. 
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In the management of chronic and severe pain, an interesting strategy in alternative to opioid 
treatment, and their associated side effects, is to target neurons located in the periphery and which 
convey pain signal from the skin and tendons to the central nervous system. The dorsal root ganglia 
(DRG) neurons play a crucial role in this process and are well known to express various families of 
transmembrane proteins, including ion channels and G-protein-coupled receptors (GPCRs) that were 
shown to be pivotal in the generation and/or propagation of pain. In this context, considerable efforts 
have been done to develop new potent analgesic drugs by targeting selectively peripheral nociceptors. 
Among them, small reticulated peptides found in animal venoms represent an original source of 
ligands that possess both high affinity and selectivity for their  targets and antinociceptive properties 
by targeting ion channels such as sodium, calcium, transient receptor potential (TRP) channels or acid-
sensing ion channels (ASICs), all known to be involved in pain transmission. In addition, the safety 
profile of these peptides is largely improved due to their inability to cross the blood-brain barrier. In 
the process of drug development, toxins can be exploited as lead compounds or as drugs themselves. 
The best known example of analgesic toxin that reach the market is the Prialt, a synthetic version of 
ω-conotoxin MVIIA that interacts selectively with CaV2.2 channel to treat severe refractory chronic 
pain.  

We performed screening experiments, functional characterization, structure-function analysis 
and structural modeling of toxin-channel complex both to identify new toxins with potential analgesic 
property and to better understand their mode of actions on different ion channels. Two examples, the 
mambalgin-ASIC and the CyrTx1a-NaV1.7 interactions, will be detailed in this presentation. 
Mambalgins are potent pain-relieving peptides that have been isolated from mamba venoms and 
characterized for their capacity to specifically inhibit ASICs [1]. By combining structure-activity 
relationships of both rASIC1a and Mamb-1, double-mutant cycle approach and molecular dynamics 
simulation, we obtained a detailed picture of this interaction [2, 3], that completes the low-resolution 
cryo-EM structure of this complex recently published [4]. In addition, the identification, structural 
characterization and pharmacological profile of a new ICK spider toxin highly potent for NaV1.7 channel 
subtype highlight the potency of this gating-modifier peptide as an analgesic compound [5]. 
 
 
[1] Diochot et al. (2012) Black mamba venom peptides target acid-sensing ion channels to abolish pain. Nature 

490, 552-555.  

[2] Mourier et al. (2016) Mambalgin-1 pain-relieving peptide, stepwise solid-phase synthesis, crystal structure, 

and functional domain for acid-sensing ion channel 1a inhibition. J. Biol. Chem. 291, 2616-2629.  

[3] Salinas et al. (2021) Mambalgin-1 pain-relieving peptide locks the hinge between α4 and α5 helices to 

inhibit rat acid-sensing ion channel 1a. Neuropharmacology. 185, 108453. 

[4] Sun et al. (2020) Structural insights into human acid-sensing ion channel 1a inhibition by snake toxin 

mambalgin-1. Elife 9.  

[5] Gonçalves et al. (2019) From identification to functional characterization of cyriotoxin-1a, an antinociceptive 

toxin from the spider Cyriopagopus schioedtei. Br. J. Pharmacol. 176, 1298-1314. 

 



2nd Plenary meeting of the APPICOM group, Lyon, 15-18 November 2021 

STRUCTURAL AND FUNCTIONAL CHARACTERIZATION OF A HUMAN POTASSIUM 
CHANNEL, KIR2.1  

 
D. Zuniga a, C.H. Fernandes a, C. Fagnen b, T. Bouceba c, A. Pozza d, F. Bonneté d, S. Bendahhou e, R. 

Wagner f, C. Venien-Bryan a 

 
a Institute of Mineralogy, Material Physics and Cosmochemistry, IMPMC, Sorbonne University, CNRS, UMR7590, Paris, Fr.  

b Normandy Center for Studies and Research on Drugs, CERMN, Normandie University UNICAEN, EA42583, Caen, Fr. 
c Institute of Biology Paris-Seine, IBPS, Molecular Interaction Platform, Sorbonne University, CNRS, FR3631, Paris, Fr.  

d Laboratory of Physical and Chemical Biology of Membrane Proteins, IBPC, University of Paris, CNRS, UMR7099, Paris, Fr.   
eLaboratory of Molecular PhysioMedicine, LP2M, University of Côte d’Azur, Faculty of Medicine, CNRS, UMR7370, Nice, Fr.  
f IMPReSs Facility, Biotechnology and Cell Signaling, University of Strasbourg, CNRS, UMR7242, Strasbourg, Fr.   

E-mail: dania.zuniga @sorbonne-universite.fr 
  

  
Inwardly rectifying potassium (Kir) channels selectively control the permeation of K+ ions in 

and out of the cell. The inward rectification allows them to be associated with the control of many 
vital physiological functions, including heartbeat.1-3 These channels open and close in response to 
modulators like phosphatidylinositol 4,5-bisphosphate (PIP2) – a lipid required for function in 
eukaryotic channels.2,4 Dysfunctions in Kir channels often lead to diseases called channelopathies. In 
our case, we are interested in Andersen’s syndrome, in which mutations of the human Kir2.1 protein 
are directly involved.5 

My PhD work aims to identify the differences between the wild type and two mutant channels 
in order to find links between the structure and the function of human Kir2.1 using a combination of 
biochemical, structural, and functional approaches. In this study, we produced full-length His-tagged 
human Kir2.1 in Pichia pastoris and purified it in detergent. We characterized the interaction between 
Kir2.1 (WT and loss-of-function mutant) and the essential activator PIP2 and explored detergent 
exchange techniques. The findings of our study provide a structural and functional base to better 
understand the mechanisms involved in Kir channels and the effects of their mutations. 

              

 
Fig. 1 : (A) Interaction between Kir2.1 and modulator PIP2 measured by surface plasmon resonance on a CM5 sensor chip 

using single cycle kinetics. (B) Functional expression of Kir2.1 WT: electrophysiological recordings of Kir2.1 WT 
reconstituted in lipid bilayers in the presence of PIP2. 

    
         

[1] Doupnik, Davidson, & Lester HA. (1995). The inward rectifier potassium channel family. Curr Opin 
Neurobiol 5: 268-77. 
[2] D’Avanzo, N. et al. (2010). Lipids driving protein structure? Evolutionary 
adaptations in Kir channels. Channels Austin Tex 4 (3): 139–141. 
[3] Bichet D, Haass FA, & Jan LY. (2003). Merging functional studies with structures of inward-rectifier 
K+ channels. Nature Rev Neuroscience 4:957-67. 
[4] Logothetis, D. E. et al. (2007) Transient receptor potential channels meet phosphoinositides. 
Pflugers Arch 455 (1): 83–95.  
[5] Bendahhou, S. et al. (2003). Defective Potassium Channel Kir2.1 Trafficking Underlies Andersen-
Tawil Syndrome. J. Biol. Chem. 278: 51779–51785.  
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In recent years, magic-angle spinning (MAS) NMR has developed as a powerful technique for 

membrane proteins, enabling the study of these systems in a native like lipid environment. In 

particular, faster MAS rates have paved the way for proton-detection in the solid state, allowing the 

acquisition of resolved proton resonances in fully protonated samples in sub-milligram amounts. This 

technical progress revolutionizes the atomic-level investigation of proteins, expanding the range of 

information exploitable for the determination of structures and opening new horizons for the 

investigation of dynamics. Here we demonstrate that MAS rates of 100 kHz and above, coupled to 

ultra-high magnetic fields, permit the site-specific measurement of observables connected to local and 

global dynamics in the bacterial divalent cation channel CorA reconstituted in lipid bilayers. CorA is a 

5x42 kDa pentamer comprised of two transmembrane helices and a large cytoplasmic domain hosting 

a metal binding site (usually Mg2+ or Co2+). Well-resolved spectra for backbone and side-chains allow 

resonance assignment which give information on structural elements. The measurement of residue-

specific dynamic parameters provides insights on the transport mechanism of cations through the 

CorA channel, challenging models previously formulated on the basis of static structures from cryo-

EM. 

  

 
Fig. 1: Fast magic-angle spinning allows high resolution solid-state NMR of large membrane proteins in lipid 

bilayers.  
 
  

  

[1] Nicolai T. Johansen, Marta Bonaccorsi, Tone Bengtsen, Andreas H. Larsen, Frederik G. Tidemand, 

Martin C. Pedersen, Pie Huda, Jens Berndtsson, Tamim Darwish, Anne Martel, Thomas Günther 

Pomorski, Andrea Bertarello, Mikaela Rapp, Ramon Crehuet, Tobias Schubeis*, Kresten Lindorff-
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https://doi.org/10.1101/2021.08.20.457080 
 
 

  



2nd Plenary meeting of the APPICOM group, Lyon, 15-18 November 2021 

 
VDAC interactions with lipids and their effect on isoform specificity  

 
Valentina Ebau, Jean-Pierre Duneau, Lucie Bergdoll 

 
Laboratoire d’ingénierie des Système Macromoléculaires, LISM, University of Aix-Marseille, CNRS, UMR7255, 

Marseille, France. 
E-mail: lbergdoll@imm.cnrs.fr 

  
The Voltage-Dependent Anion Channel (VDAC) is a b-barrel, the most abundant protein of the 
mitochondrial outer membrane, allowing passage of ions and metabolites (such as ATP, ADP, NADH…) 
in and out of the mitochondria. Besides its transport function, VDAC is also implicated in mitochondrial 
regulation with roles in apoptosis, calcium homeostasis or neurodegeneration. However, its role in 
those different pathways remains to be understood at the molecular level. 
 
VDAC possesses 3 isoforms in mammals, sharing 70% of sequence identity, similar architecture and an 
overlapping tissue distribution. They have identical transport function, and their isoform specificity 
reside in their role in mitochondrial regulation, where each isoform seems to have different roles and 
a different set of partners: VDAC1 is implicated in neurodegeneration (Parkinson disease), VDAC2 in 
apoptosis, VDAC3 in spermatogenesis.  
 
Preliminary data suggest that the three isoforms have different affinities for lipids, and that could 
contribute to the selection of interacting partners. We are using a combination of biochemistry, 
biophysics and molecular dynamic simulations to investigate the lipid organization around each VDAC 
isoforms, and their impact on VDAC function.  
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We are interested in understanding the molecular basis of multidrug transport. By combining 
functional and biophysical approaches we intend to characterize structure and dynamics of these 
transporters. Over the last years we have focused our efforts on LmrP from L. lactis, an exporter 
with remarkable diversity in substrate and extensive functional characterization. Several lines 
of evidence demonstrate that LmrP must visit different conformations to extrude its ligands. 
Our goal is to characterize these conformations at high resolution to decipher the transport 
cycle. 
 
We previously solved the structure of LmrP in presence of a substrate by X-ray crystallography 
at 2.9Å resolution. In those conditions, the protein was stabilized in the outward-open state. We 
now intend to characterize the other conformations, starting with the inward open state. 
 
We are attempting to stabilize the other conformations using nanobodies. Single Molecule 
FRET experiments have identified nanbodies (nb) that for instance stabilize the inward-open 
state.  We propose to use such conformational stabilizers in high resolution cryo-EM to resolve 
the missing states. 
 
Cryo-electron microscopy (cryo-EM) is now a high-resolution structural technique, but the 
individual particles must be large enough to generate sufficient contrast (at least ~100 kDa). 
One strategy for a medium-size proteins such as MFS transporters (~40-50 kDa) is to 
artificially increase the particle mass with engineered antibodies or nanobodies.  A recent 
example of this system are megabodies(MB), a fusion between a nanobody and a larger rigid 
protein scaffold of known structure. When using a conformation specific nanobody, the 
megabody increase the mass of the particle while stabilizing a conformation of interest. In 
addition, they may provide strong asymmetry due to the shape of the megabody, which would 
be of great use during particle orientation and classification. 
 
Based on previously isolated LmrP-specific nanobodies, we have obtained a first set of LmrP-
specific megabodies which have confirmed to be specific binder by ELISA. Size-exclusion 
chromatography has confirmed the formation of a stable complex. Initial Cryo-EM of LmrP-
Mb complexes shows the presence of individual particles of about 10nm. The first set of 2D 
classification and 3D refinement are promising even though they do not allow structure 
solving due to the complex mobility. 
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The most widely employed chemical tools to extract, solubilize and stabilize MPs so far have been the 
conventional detergents but they often failed to reach all the specific requirements for MPs handling. 
The common laboratory Chem2staB which associates our team (Avignon University) with a French 
biotech company CALIXAR (Lyon) has developed a large variety of new chemical tools that can be used 
as detergents or additives for the extraction and stabilization of therapeutic targets without 
denaturing them. 
 
Predominantly, we focused our synthetic approach on sugar-based amphiphilic molecules. Among 
them, an extensive work has been done on the diglucose methyl polar head (DG) to generated non-
ionic detergents. We associated it with a variety of hydrophobic part from fluorinated tails to 
hydrogenated moieties including aliphatic chains or cholesterol skeleton. [1-4] Very recent findings 
showed that two DG derivatives can directly assemble lipids and membrane proteins to form lipid-
bilayer nanodiscs rather than mixed micelles. [5] 
 

 
Fig. 1: Structures of diglucose detergents and additives.  

  
[1] M. Abla et al. (2012). A diglucosylated fluorinated surfactant to handle integral membrane proteins in 
aqueous solution. Journal of Fluorine Chemistry 134:63-71 
[2] P. Guillet et al. (2019). Hydrogenated diglucose detergents for membrane-protein extraction and 
stabilization. Langmuir 35: 4287–4295 
[3] G.N.M. Boussambe et al. (2018). Fluorinated diglucose detergents for membrane-protein extraction. 
Methods 147:84-94 
[4] G. Durand et al. (2021). Non-ionic Cholesterol-Based Additives for the Stabilization of Membrane Proteins. 
In preparation. 
[5] F. Mahler et al. (2021). Self-Assembly of Protein-Containing Lipid-Bilayer Nanodiscs from Small-Molecule 
Amphiphiles. Small, in press. 
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Abstract 

For most structural and functional in vitro investigations, membrane proteins (MPs) need to be 
extracted from biological membranes and purified in their native state. This is conventionally achieved 
using detergents. However, detergents can be responsible for protein destabilization.  

Over the past two decades, many alternatives to detergents have emerged to keep MPs water-
soluble and stable under their native form. Among these alternatives, amphipathic polymers such as 
amphipols [1] belong to the six most frequently used surfactants for determining high-resolution 
structures of MPs by single-particle electron cryo-microscopy (cryo-EM) [2]. Classical amphipols, such 
as A8-35, are typically used after purification of MPs in detergent because amphipols were thought to 
rarely allow direct extraction of MPs. In contrast, poly(styrene-maleic anhydride) copolymers (SMAs) 
have been shown to efficiently extract MPs along with their native lipids directly from membranes, 
obviating the need to use detergents [3]. 

In order to investigate the membrane-solubilizing properties of the amphipol of reference A8-
35 and SMAs, we have tested the hypothesis of a role of cyclic hydrophobic moieties in membrane 
solubilization by copolymers. For that, we have synthesized amphipols harboring cyclic rather than 
linear aliphatic side groups (CyclAPols) [4]. As references, A8-35, SMAs, and diisobutylene maleic acid 
(DIBMA) were compared with CyclAPols. Using as models the plasma membrane of Escherichia coli 
and the extraction-resistant purple membrane from Halobacterium salinarum, we show that CyclAPols 
combine the extraction efficiency of SMAs with the stabilization afforded to MPs by classical APols 
such as A8-35. 

 
 

 
[1] M. Zoonens & J.-L. Popot (2014), “Amphipols for each season”, J. Membr. Biol. 247:759-796 
[2] C. Le Bon et al. (2021), “Amphipathic environments for determining the structure of membrane 
proteins by single-particle electron cryo-microscopy”, Quarterly Reviews of Biophysics 54:e6 
[3] Z. Stroud et al. (2018), “Purification of membrane proteins free from conventional detergents: 
SMA, new polymers, new opportunities and new insights” Methods 147:106-117 
[4] A. Marconnet et al. (2020), “Solubilization and stabilization of membrane proteins by cycloalkane-
modified amphiphilic polymers”, Biomacromolecules 21:3459-3467. 
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NADPH oxidase complexes are dedicated to the production of reactive oxygen species (superoxide and 
hydrogen peroxide) in mammals. Their activity is involved in many physiological functions, in redox 
signaling, but also in pathological processes including oxidative stress related-ageing,  
carcinogenesis or inflammatory mechanisms. This multi-protein enzyme consists in an assembly of six 
subunits [1,2]: two membrane proteins (NOX2 and p22phox) and four cytosolic proteins (p47phox, 
p67phox, p40phox, Rac). The two transmembrane proteins NOX2 (encoded by the gene  
CYBB) and p22phox (encoded by the gene CYBA) are the heavy and light subunits of the phagocyte 
NADPH oxidase complex, respectively. The NOX2/p22phox heterodimer, also called flavocytochrome 
b558 (Cytb558), constitute the core of the enzyme and contains all the electron carriers to transfer 
electrons from one side to the other side of the membrane to reduce O2 into superoxide anion. The 
understanding of the molecular assembly of the different subunits of the NADPH oxidase complex and 
their activity presents growing scientific interest. Much work has been done to unravel the regions 
interacting with the soluble proteins. No structural data are known for the Cytb558 complex, either 
for NOX2 or p22phox individually. However, since no X-ray crystal structure is available for p22phox, 
there is still a lack of an appropriate topology models for light subunit of the NADPH oxidase. 
Controversy models are still proposed for the number of membranes spanning domains (2, 3 or 4). 
However, it is essential to note that the protein p22phox has a regulating role for the enzyme complex 
organization and its biological function [3-6]. The important role of p22phox is emphasized by the fact 
that it is also found in association with members of the NOX family (NOX1, NOX3 and NOX4) except 
NOX5(2). In this context, a better knowledge of the spatial organization of p22phox would shed new 
light on its role in the assembly and activity of the NADPH oxidase complex, high lighting its 
particularity preserved between the different members of the NOX family. Despite of its key functional 
roles, the X-ray crystal structure of the superoxide-generating NADPH oxidase (NOX) macromolecular 
complex is not completely known yet. The controlled growth of high-quality crystals of the protein 
subunits (or of their segments) appears to be crucial for the discovery of the corresponding three-
dimensional (3D) X-ray crystal structures at atomic resolution. X-ray crystallography is the most robust 
method for solving protein structures. It relies on the growth of high-quality crystals. However, protein 
crystals of water insoluble molecules, such as the transmembrane proteins, are challenging for 
preparation. The purpose of the thesis is to develop a biomimetic approach for determination of the 
structure of the superoxide-generating NADPH oxidase light chain subunit (p22phox) using lipid cubic 
phase media as host environment for protein ordering and crystallization. 
 
[1] Groemping, Y., and Rittinger, K. (2005) Biochemical Journal386, 401-416 
[2] Brandes, R. P., Weissmann, N., and Schroder, K. (2014) Free Radical Biology and Medicine76, 208-
226 
[3] DeLeo, F. R., Burritt, J. B., Yu, L. X., Jesaitis, A. J., Dinauer, M. C., and Nauseef, W. M. (2000) 
Journal of Biological Chemistry275, 13986-13993 
[4] Parkos, C. A., Dinauer, M. C., Walker, L. E., Allen, R.A., Jesaitis, A. J., and Orkin, S. H. (1988) 
Proceedings of the National Academy of Sciences of the United States of America85, 3319-3323 
[5] Dahan, I., Issaeva, I., Gorzalczany, Y., Sigal, N., Hirshberg, M., and Pick, E. (2002) Journal of 
Biological Chemistry277, 8421-8432 
[6]  Ezzine, A., Souabni, H., Machillot, P., Bizouarn, T., and Baciou, L. (2016) Process Biochemistry51, 
1239-1247 
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Membrane proteins (MPs) comprise about one third of the human proteome, playing 
critical roles in many physiological processes and associated disorders. Consistently, they 
represent one of the largest classes of targets for the pharmaceutical industry [1]. Their study 
at the molecular level is however particularly challenging, resulting in a severe lack of 
structural and dynamic information that is hindering their detailed functional characterization 
and the identification of novel potent drug candidates.  

Magic Angle Spinning (MAS) NMR is a reliable and efficient method for the 
determination of protein structures and dynamics and for the identification of ligand binding 
sites and equilibria. The recent development of very fast (up to 150 kHz) MAS probes has 
revolutionized the field of biomolecular solid-state NMR enabling higher spectral resolution 
and signal sensitivity with significant reduction of the required sample [2].  This last point is of 
particular importance for human membrane proteins since workable amounts are inherently 
difficult to produce. Reports for the use of Fast-MAS-NMR with MPs have already been 
published but with procedures still far from routine and resulted in complete structure 
determination for only very few bacterial or viral MPs, produced in E. coli cultures [3].  

We recently developed a set of accessible procedures for the isotopic labelling of 
human MPs produced with the Pichia pastoris expression system, and their subsequent 
purification and reconstitution into proteoliposomes for Fast-MAS 1H-detected NMR analyses. 
The methodology is illustrated here with the human copper uptake protein CTR1, a homo-
trimeric MP involved in the fine regulation of Cu homeostasis [4]. Detailed procedures and 
yields are presented, from the 15N-labelling culturing conditions, down to the protein 
purification in DM and their reconstitution in MLV particles, leading to preliminary Fast-MAS 
NMR analyses. 
 
 
[1] R. Santos, O. Ursu, A. Gaulton, A. P. Bento, R. S. Donadi, C. G. Bologa, A. Karlson, B. Al-Lazikani, A. 
Hersey, T. I. Oprea, J. P. Overington. (2017). A comprehensive map of molecular drug targets. Nat 
Rev Drug Discov 16:19-34 
[2] M. Schledorn, A.A. Malär, A. Torosyan, S. Penzel, D. Klose, A. Oss, M.L. Org, S. Wang, L. Lecoq, R. 
Cadalbert, A. Samoson, A. Böckmann, B.H. Meier. (2020). Protein NMR Spectroscopy at 150 kHz 
Magic-Angle Spinning Continues To Improve Resolution and Mass Sensitivity. Chembiochem 2020 
21(17):2540-2548.  
[3] T. Schubeis, T. Le Marchand, C. Daday, W. Kopec, K. Tekwani Movellan, J. Stanek, T. S. Schwarzer, 
K. Castiglione, B. L. de Groot,G. Pintacuda. L. B. Andreas. (2020). A β-barrel for oil transport through 
lipid membranes: Dynamic NMR structures of AlkL. Proc Natl Acad Sci USA 117(35):21014-21021 
[4] T. Mandal, S. Kar, S. Maji, S. Sen, A. Gupta. (2020). Structural and Functional Diversity Among the 
Members of CTR, the Membrane Copper Transporter Family. J Membr Biol 253:459–468 
 



2nd Plenary meeting of the APPICOM group, Lyon, 15-18 November 2021 

 
Study of the in vitro activity of the PvdRT OpmQ efflux pump  

from Pseudomonas aeruginosa. 
  

William Batista dos Santos, Nicolas Fix-Boulier, Martin Picard 
 

Laboratoire de Biologie Physico-Chimique des Protéines Membranaires, CNRS UMR 7099, Université de Paris, Paris, France. 
Fondation Edmond de Rothschild pour le développement de la recherche Scientifique, Institut de Biologie Physico-Chimique, 

Paris, France. 
E-mail: william.batista@ibpc.fr 

 
Under iron deficiency conditions, Pseudomonas aeruginosa secretes siderophores, small compounds 
with a high affinity for iron, into the external environment. Pyoverdine (PVD) is the major siderophore 
of Pseudomonas aeruginosa: it binds extracellular iron and the PVD-Fe3+ complex is internalized via a 
complex network of proteins. Pyoverdine can be synthesized de novo or recycled by PvdRT OpmQ after 
an initial supply of iron to the bacterium (Figure 1). The PvdRT OpmQ complex consists of three 
membrane proteins: OpmQ, an outer membrane porin; PvdR, a periplasmic adaptor protein; and PvdT, 
an inner membrane ABC (ATP binding cassette) transporter responsible for pyoverdine efflux through 
ATP hydrolysis. 
 

 

Fig. 1: PvdRT OpmQ within a network of membrane and periplasmic proteins involved in pyoverdine recycling. 

Our team has a certain expertise in the study of tripartite efflux pumps in lipid environments [1–3]. In 
particular, we work on the MacAB TolC pump from E. coli, for which I contributed to the development 
of a functional assay [3]. The knowledge accumulated from structural and functional points of views 
on MacAB TolC makes it a prototype of a tripartite ABC pumps [4,5]. I have built a model by homology 
of PvdRT OpmQ and highlighted structural singularities that will be the subject of later analyses. My 
project is to characterize PvdRT OpmQ in vitro to understand its specificity of transport, its assembly 
determinants and the possible role of additional protein partners. For this, I will build on the protocols 
we have developed for the functional characterization of MacAB TolC.  
 
[1] A. Verchère, M. Dezi, V. Adrien, I. Broutin, M. Picard, In vitro transport activity of the fully assembled MexAB-OprM efflux pump from 

Pseudomonas aeruginosa, Nature Communications. 6 (2015) 6890.  
[2] M. Glavier, D. Puvanendran, D. Salvador, M. Decossas, G. Phan, C. Garnier, E. Frezza, Q. Cece, G. Schoehn, M. Picard, J.-C. Taveau, L. 

Daury, I. Broutin, O. Lambert, Antibiotic export by MexB multidrug efflux transporter is allosterically controlled by a MexA-OprM 
chaperone-like complex, Nat Commun. 11 (2020) 4948. 

[3] H. Souabni, W. Batista dos Santos, Q. Cece, L.J. Catoire, D. Puvanendran, M. Picard, Quantitative real-time analysis of the efflux by 
the MacAB-TolC tripartite efflux pump clarifies the role of ATP hydrolysis within mechanotransmission mechanism, 
Communications Biology. (n.d.) 10.  

[4] A. Crow, N.P. Greene, E. Kaplan, V. Koronakis, Structure and mechanotransmission mechanism of the MacB ABC transporter 
superfamily, Proceedings of the National Academy of Sciences. 114 (2017) 12572–12577.  

[5] A.W.P. Fitzpatrick, S. Llabrès, A. Neuberger, J.N. Blaza, X.-C. Bai, U. Okada, S. Murakami, H.W. van Veen, U. Zachariae, S.H.W. Scheres, 
B.F. Luisi, D. Du, Structure of the MacAB?TolC ABC-type tripartite multidrug efflux pump, Nature Microbiology. 2 (2017) 17070.  
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NMDA receptors (N-Methyl-D-Aspartate) are ligand gated ionotropic channels belonging to the 

ionotropic glutamate receptor (iGluR) family central in the functioning of the central nervous system (CNS). 
Structurally NMDARs are tetramers, co-assembling subunits from a pool of 7 genes. The subunit GluN1 is 
necessary for co-assembly, in combination with four possible different GluN2 subunits (GluN2A-D), or with 
two GluN3 subunits (GluN3A-B). The most abundant NMDARs in the CNS are GluN2 containing receptors 
that respond to excitatory glutamatergic transmission and play a fundamental role in inducing long-term-
potentiation (LTP) [1]. The role of GluN3 subunits in the brain remained unclear until recently. In 
heterologous expression systems, di-heteromeric GluN3A\GluN1 have been shown to conduct excitatory 
currents upon application of glycine and not glutamate. Moreover, electrophysiological recordings of 
these receptors are very challenging, because of the small and quickly desensitizing current phenotypes 
[2]. However, in the last 3 years, we revealed in the lab that these surprising excitatory glycinergic currents 
play a key role in the function of hippocampus, cortex and amygdala [3].  

Currently, there is little information available on how GluN3A containing NMDAR functions. It is clear 
however that their functional mechanism differs in many aspects from those of the well-known GluN2 
containing NMDAR [4]. We checked if it was possible to transfer GluN2 functional properties to Glu3A. 
Structural and dynamic modelling allowed to identify key residues at interfaces homologous to those 
important for the function GluN2 containing NMDAR. We studied the impact of the mutation of these key 
residues using in vitro functional test by two electrodes voltage clamp recordings in heterologous 
expression systems.  

This approach allowed identify several residues that are critical for the function of GluN3A receptors. 
Mutating these residues give rise to rare gain of function phenotypes, making GluN3A receptors much 
easier to study in the presence of glycine only. We characterized the main biophysical properties of these 
new GluN3A mutants, among which steady state current levels, MTSEA-estimated PO [5], tail currents, 
CGP potentiation, desensitization kinetics, glycine off-relaxation kinetics, tonic activation and others. 
Cumulative effects are observed when different mutations are stacked together. Our research individuates 
some structural features underpinning the atypical behaviour of GluN3A, representing a step forward in 
our understanding of the differences with “canonical” GluN2As. Furthermore, our mutants can be used as 
a tool to more easily study the behaviour of GluN3A in future researchers, in light of the difficulties that 
are present when detecting the function of GluN3As WTs with electrophysiological means. 

 
[1]Paoletti, P. Molecular basis of NMDA receptor functional diversity. Eur. J. Neurosci. 33, 1351–1365 (2011). 

[2] Awobuluyi, M., Yang, J., Ye, Y., Chatterton, J. E., Godzik, A., Lipton, S. A., & Zhang, D. (2007). Subunit-specific 
roles of glycine-binding domains in activation of NR1/NR3 N-methyl-D-aspartate receptors. Molecular 
pharmacology, 71(1), 112-122. 

[3] Grand, T., Abi Gerges, S., David, M., Diana, M. A., & Paoletti, P. (2018). Unmasking GluN1/GluN3A excitatory 
glycine NMDA receptors. Nature communications, 9(1), 1-12. 

 
[4] Madry, C., Mesic, I., Bartholomäus, I., Nicke, A., Betz, H., & Laube, B. (2007). Principal role of NR3 subunits in 

NR1/NR3 excitatory glycine receptor function. Biochemical and biophysical research communications, 354(1), 102-
108.  
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Arginine-vasopressin (AVP) is a neurohypophysial peptide known as the antidiuretic 

hormone. It forms an active signalling complex with the V2 receptor (V2R) and the Gs protein, 

promoting a cAMP/PKA-dependent aquaporin insertion in apical membranes of principal cells of the 

renal collecting ducts and ultimately, water reabsorption. Molecular mechanisms underlying 

activation of this critical G protein-coupled receptor (GPCR) signalling system are still unknown. To 

fill this gap of knowledge, we report here the structure of the AVP-V2R-Gs complex using cryo-

electron microscopy [1]. Single-particle analysis revealed the presence of three different states. The 

two best maps were combined with computational and NMR spectroscopy constraints to reconstruct 

two structures of the ternary complex (Fig 1). These structures differ in AVP and Gs binding modes 

and could thus represent distinct complex conformations along the signalling activation pathway. 

Importantly, as compared to those of other class A GPCR-Gs complexes, the structures revealed an 

original receptor-Gs interface in which the Gsα subunit penetrates deeper into the active V2R, 

notably forming an ionic bond between its free C-terminal carboxylic function and the side chain of 

R137 in the V2R. Interestingly, the structures help to explain how V2R R137H or R137L/C variants can 

lead to two severe genetic diseases with opposite clinical outcomes, cNDI or NSIAD respectively. Our 

study thus provides important structural insights into the function of this clinically relevant GPCR 

signalling complex. 

 
Fig. 1: Structures of AVP-V2R-Gs-Nb35 complexes in L and T conformations. 

 
 

 [1] J. Bous et al. (2021). Cryo-electron microscopy structure of the antidiuretic hormone arginine-

vasopressin V2 receptor signaling complex. Science Advances 7(21): eabg5628.   
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Nicotinic acetylcholine receptors (nAChRs) are acetylcholine-activated ion channels composed of five 
subunits. They mediate rapid synaptic transmission in the peripheral nervous system [1]. In the human 
genome, 16 genes code for nAChR subunits, forming a wide variety of receptors.  
In the brain, the most abundant nAChRs are formed by the combination of α4 and β2 subunits and 
15% incorporate an accessory subunit α5. 
These nAChRs are strongly associated with nicotine addiction. A partial agonist of α4β2 nAChR 
(Varenicline; Champix®, Pfizer) is approved to aid smoking cessation [2]. 
Genome-Wide Association Study have showed that the accessory α5 subunit is associated with an 
increased risk of tobacco dependence as well as lung cancer, notably through the presence of a SNIP 
mutation (α5D398N), which is found in 37% of Europeans [3].  
Our aim is to develop a positive allosteric modulator that targets the interface between the α5 and α4 
subunits. This pocket is homologous to the orthosteric site present at the interface between the α4 
and β2 subunits and that binds nicotine. This approach has already been used with GABAA receptors, 
belonging to the same family as nAChRs, with the development of benzodiazepines [4].  
To develop those molecules, we generated a surrogate of the α5/α4 site using the acetylcholine 
binding protein, that is a soluble protein accessible to overexpression and crystallography. To develop 
a fragment-based drug design strategy, we screened a 1rst library of small fragments using RMN in 
collaboration with Isabelle Krimm (Lyon). Selected fragments were further fused by Click-Chemistry by 
the Delphine Joseph lab to generate more complex molecules with an increased specificity and affinity 
for the α5/α4 interface. 
To characterize those potential allosteric modulators, we currently measure the affinities by MST 
(Micro-Scale Thermophoresis), determine their binding mode by X-ray crystallography and study their 
function by electrophysiology.  
The final aim of the project will be to identify specific allosteric modulators, which will constitute a 
new class of pharmacological agents with direct application in the treatment of nicotine addiction. 
 
[1] A. Nemecz, MS. Prevost, A. Menny, P-J. Corringer. (2016). Emerging Molecular Mechanisms of Signal 
Transduction in Pentameric Ligand-Gated Ion Channels. Neuron 90(3):452-70 
[2] CJ. Jordan, Z-X. Xi. (2018). Discovery and development of varenicline for smoking cessation. Expert Opin 
Drug Discovery 13(7):671-83 
[3] L. Wen, K. Jiang, W. Yuan, W. Cui, MD. Li. (2016). Contribution of Variants in CHRNA5/A3/B4 Gene Cluster 
on Chromosome 15 to Tobacco Smoking: From Genetic Association to Mechanism. Mol Neurobiol 53(1):472-84. 
[4] S. Masiulis, R. Desai, T. Uchanski, I. Serna Martin, D. Laverty, D. Karia (2019). GABAA receptor signalling 
mechanisms revealed by structural pharmacology. Nature 565(7740):454-9. 
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Membrane proteins (MPs) present on the surface of living cells are involved in many biological 
processes such as viral infections or cellular immune response. Producing these proteins for structural 
or functional studies is a difficult task because of their instability once extracted from their original 
membrane. Currently, most processes involve the purification of these proteins in a detergent and 
their stabilization in artificial environments [1]. These costly and time-consuming methods do not 
always allow to preserve the natural architecture of these proteins. Most eukaryotic cells have the 
ability to produce extracellular vesicles (EVs). They are made of a lipid bilayer comparable to a plasma 
membrane that contains MPs and constitute true intercellular communication pathways [2]. 
In order to test the potential benefits of the use of EVs in the study of MPs, we have developed a 
process to rapidly obtain EVs covered with over-expressed MPs of interest produced from mammalian 
cells [3]. This method has been first developed and validated on the Ebola virus glycoprotein (GP) (Fig. 
1) and then extended to other types of MPs (ACE2, CD38, CD73). The functionality and high stability 
of the MPs incorporated in the EVs has been confirmed. Finally, EVs have been used for the generation 
and selection of nanobodies against the Herpes virus envelope glycoprotein B. We have been able to 
observe the considerable advantages brought by the use of vesicle-based MPs compared to the use of 
soluble ectodomains in terms of immunization efficiency and antigen presentation.  
Based on all these results, EVs definitely seem to be an advantageous tool for obtaining, storing and 
using MPs in an environment as close as possible to their natural state.  
 

 
  
 
 
 
 
 
 

 
 

Fig. 1: Electron microscopy images of EVs covered with Ebola GP by negative staining (left) and cryo-EM (right) 
 
 
[1] M. Yokogawa, M. Fukuda, and M. Osawa. (2019). Nanodiscs for structural biology in a 

membranous environment. Chem. Pharm. Bull., 67:321–326 
[2] G. Raposo and W. Stoorvogel. (2013). Extracellular vesicles: Exosomes, microvesicles, and 

friends.  J. Cell Biol., 200:373–383 
[3] V. Delauzun, B. Amigues, A. Gaubert, P. Leone, M. Grange, L. Gauthier, A. Roussel. (2020). 

Extracellular vesicles as a platform to study cell-surface membrane proteins. Methods., 180:35-
44 
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 The translocator protein (TSPO) is an 18kDa transmembrane protein highly conserved from 
bacteria to humans that was found to interact with various ligands such as porphyrins, cholesterol or 
benzodiazepines. TSPO is mainly located in the outer mitochondrial membrane but it was also found 
in Golgi apparatus, nucleus and plasma membrane. A wide range of functions (cholesterol transport, 
neuroinflammation, apoptosis, etc.) has been attributed to the TSPO protein but its main physiological 
function is still unclear. Bacterial and mammalian solved atomic structures have revealed that TSPO 
has a five helix-bundle fold with limited information about their dynamics.  
 Solid-state NMR (ssNMR) spectroscopy can solve the atomic structure of a membrane protein 
in lipids and describe its dynamic behaviour. However, sample preparation for ssNMR remains one of 
the difficult steps. Assignment of resonances in NMR spectra is a pre-requisite for the interpretation 
of the multidimensional spectra giving access to structural or dynamics information. Herein, we 
present magic-angle ssNMR studies of the TSPO protein reconstituted in liposomes. We will overview 
the protocol which lead to a stable and homogenous sample, and hence high quality ssNMR spectra. 
Chemical shift correlation spectra at 11.7 T (500 MHz 1H Larmor frequency) and 10 kHz spinning 
frequency have been employed to do partial assignment. The effect of temperature on 13C CPMAS and 
13C – 13C DARR spectra will be illustrated. Moreover, 13C – 13C SQ-DQ spectra have been recorded to 
probe molecular motion of different regions of the protein. The obtained results could provide 
possible answers to questions raised in previous works about flexible fragments of the monomeric 
TSPO and of the binding pocket but also in the case of the dimer TSPO in the presence of cholesterol.  
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Background and objectives: Equilibrative nucleoside transporter (ENT) 1/SLC29A1 is a widely-
expressed membrane drug transporter, handling nucleoside analogues as well as endogenous 
nucleosides. ENT1 has been postulated to be inhibited by some marketed tyrosine kinase inhibitors 
(TKIs). To obtain insights into this point, the interactions of 24 structurally-diverse TKIs with ENT1 
activity have been analyzed. 
Methods: Inhibition of ENT1 activity was investigated in vitro through quantifying the decrease of [3H]-
uridine uptake caused by TKIs in cultured HAP1 ENT2-knockout cells, exhibiting selective ENT1 
expression. TKI effects towards ENT1-mediated transport were additionally characterized in terms of 
their in vivo relevance and of their relationship to TKI molecular descriptors. Putative transport of the 
TKI lorlatinib by ENT1/ENT2 was analyzed by LC-MS/MS. 
Results: Of 24 TKIs, 12 of them, each used at 10 µM, were found to behave as moderate or strong 
inhibitors of ENT1, i.e., they decreased ENT1 activity by at least 35%. This inhibition was concentration-
dependent for at least the strongest ones (IC50 less than 10 µM) and was correlated with some 
molecular descriptors, especially with atom-type E-state indices. The anaplastic lymphoma kinase 
(ALK) inhibitor lorlatinib, used for the treatment of non-small cell lung cancers, was notably a potent 
in vitro inhibitor of ENT1/ENT2 (IC50 values around 1.0-2.5 µM) and was predicted to inhibit these 
nucleoside transporters at relevant clinical concentrations, without, however, being a substrate for 
them. 
Conclusion: Our data unambiguously add ENT1 to the list of drug transporters inhibited by TKIs, 
especially by lorlatinib. This point likely merits attention in terms of possible drug-drug interactions, 
notably for nucleoside analogues, whose ENT1-mediated uptake into their target cells may be 
hampered by co-administrated TKIs such as lorlatinib.  
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Membrane proteins (MPs) perform a wide variety of functions vital to the survival of 
organisms. They are involved in numerous pathologies and are thus important drug targets. 
In spite of their functional and biotechnological importance, their study remains difficult due 
to their hydrophobicity and low abundance in the cells. Their overexpression in heterologous 
systems is mandatory for their detailed structural and functional characterization. However, 
this strategy leads to numerous obstacles such as their toxicity to hosts and the quality of the 
MP produced in these systems, especially for structural studies.  
An original approach to produce MP-enriched vesicles was tested using the ability of a small 
membrane protein, caveolin 1β, to generate membrane vesicles within the cytoplasm when 
heterologously overexpressed in various hosts including insect cells and bacteria. Such 
structures have already been observed in Gram negative bacteria such as Escherichia coli and 
were named heterologous caveolae (h-caveolae) [1].  
The overexpression of caveolin 1β to produce h-caveolae has been tested in Gram positive 
bacteria, Lactococcus lactis, since these bacteria appeared to emerge as a good alternative to 
E. coli for MP overexpression [2,3] although they display a very different lipid composition 
[4,5]. Surprisingly, h-caveolae formation was noticed within L. lactis bacteria and displayed 
size comparable to E. coli h-caveolae. Biochemical and biophysical studies have been carried 
out to realize a deeper characterization of such nanovesicles prior to the use of this expression 
system for co-expression of MPs of pharmaceutical interest.  
 
[1] Parton RG et al. (2020). Caveolae: Formation, dynamics, and function [published online 
ahead of print, 2020 Mar 5]. Curr Opin Cell Biol. 65:8-16.  
[2] Kunji ER et al. (2003). Lactococcus lactis as host for overproduction of functional membrane 
proteins. Biochim Biophys Acta. 1610(1):97-108.  
[3] Bakari S et al. (2014). Lactococcus lactis: Recent Developments in Functional Expression of 
Membrane Proteins. In: Mus-Veteau I. (eds) Membrane Proteins Production for Structural 
Analysis. Springer, New York, NY.  
[4] Huijbregts PH et al. (2000). Topology and Transport of Membrane Lipids in Bacteria. 
Biochimica et Biophysica Acta (BBA) – Reviews on Biomembranes 1469(1):43-61. 
[5] Oliveira AP et al. (2005). Modeling Lactococcus lactis using a genome-scale flux model. BMC 
Microbiol. 5:39.  
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To maintain membrane proteins soluble in aqueous solution, amphipathic compounds are used to 

shield the hydrophobic patch of their membrane insertion, which forms a belt around the protein. This 

hydrophobic belt is seldom looked at due to the difficulty to visualize it. Cryo-EM is now offering this 

possibility, where belts are visible in 3D reconstructions. We investigated membrane proteins solved 

in nanodiscs, amphipols or detergents to analyze whether the nature of the amphipathic compound 

influences the belt size in 3D reconstructions. We identified belt boundaries in map-density 

distributions and measured distances for every reconstruction. We showed that all the belts create on 

average similar reconstructions, whether they originate from the same protein, or from protein from 

different shapes and structures. There is no difference among detergents or types of nanodisc used. 

These observations illustrate that the belt observed in 3D reconstructions corresponds to the 

minimum ordered layer around membrane proteins. 

 

 
Fig. 1: Visualization of the different types of hydrophobic belts surrounding membrane proteins. A/ General 

scheme of membrane protein purification from the membrane, kept in detergent (blue) or reconstituted in 

nanodisc (red) or amphipol (green), and imaged by cryo-EM to obtain a 3D reconstruction. The channel TRPV1 

is used as an example of reconstruction (EMD-8117), with belts colored accordingly. B/ Typical map-density 

distribution and representative density levels of reconstructions (EMD-20079). Level 0 corresponds to parts of 

the structure with strong density; the red bar shows the trans-membrane domain. Level 1 corresponds to the 

appearance of high density for the belt, depicted by the dotted arrow. Level 2 represents the maximum 

density observed at low-level density, depicted by the solid arrow. Level 3 corresponds to low density noise. 

 
 
[1] V. Zampieri, Gobet A et al. (2020). Nanodisc, amphipol or detergent belts in cryoEM reconstructions of membrane 

proteins are similar and correspond to a common ordered solvent layer. BioRxiv  
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The application of Low Pressure Focused Ultrasound (LPFU) on biological media
induces numerous therapeutic effects depending on the cell type and tissue structure:
increased cell growth, accelerated repair of bone fractures, reduction in resistance to
antibiotics, anti-cancer therapy or even reversible modulation of specific brain activity in vivo
[1, 2, 3, 4]. The physical and molecular mechanisms responsible for the effects induced by
LPFU are poorly understood and have been the subject of very few studies. LPFU could
modify membrane permeability by interacting with the lipid bilayer and / or by modulating
the activity of membrane transporters.

Our current efforts are focused on the validation of this new therapeutic concept
based on the use of LPFU to modulate membrane transport, taking as a study model the
AcrA-AcrB-TolC efflux pump system involved in resistance to antibiotics in Escherichia coli. In
the laboratory, we have developed an in vivo model in which the efflux activity of the
antibiotic nitrocefin is considered to vary inversely with its hydrolysis by periplasmic
ȕ-lactamase, which is measured [5]. Under these conditions, we showed a significant
inhibitory effect of LPFU both on the efflux by the AcrA-AcrB-TolC pump and on the
ȕ-lactamase activity. The various checks carried out indicate that this inhibition is not due to
a simple thermal effect.

As the bacterium is a complex model, additional in vitro studies are necessary to
confirm these results. Our aim is to work only on the transporter AcrB which has basal
activity in vitro independent of the other two components of the efflux complex. The
approach consists of using proteoliposomes where the membrane in which the AcrB protein
is inserted, either alone or in the presence of AcrA or AcrA and TolC, to be directly affected
by the LPFU [6, 7]. Different acoustic parameters will be tested.

The final goal is to demonstrate that the functioning of this pump is indeed
modulated by LPFU and to understand the mechanism at the molecular level. The tools that
we will be setting up during this thesis will be used to extend the study to other membrane
transporters involved in human pathologies.

References :
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The ongoing work of this PhD thesis at ULB consists in the discovery and understanding of bacteriocins 
(antimicrobial peptide produces by bacteria) who can selectively kill Staphylococcus populations. 
Recent studies show that each human skin carries its specific microbiome. Some of those microbes 
can protect the skin from infections, while others can induce them. This creates a need for the 
development of technologies able to selectively remove pathogens like Staphylococcus aureus while 
keeping important benefic bacteria like Staphylococcus epidermidis alive to help treat skin infections. 
Previously, bacteriocins have mostly been studied independently by different research groups. What’s 
different with this project, is the access to the PARAGEN collection (a collection of bacteriocins 
constructed by Syngulon). This access did enable a fast-screening process. The collection was tested 
against strains of Staphylococcus aureus and epidermidis, provided by Pr. Jacques Mahillon through a 
collaboration with the UCLouvain. Several bacteriocins displaying the desired properties have been 
identified through this process. The continuation of this work could lead to the development of new 
skin treatments, able to selectively remove Staphylococcus aureus infections while leveraging the 
healing properties of Staphylococcus epidermidis. 
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Gardos channel (KCNN4) is a calcium (Ca2+)-dependent potassium (K+) selective channel expressed in 
various cell types. It constitutively binds to calmodulin (CaM) and activates in response to increased 
intracellular Ca2+ levels [1]. CaM binding sites are located in KCNN4 extended intracellular domain 
which also forms a wide compartment (vestibule) below the membrane lower leaflet. Since 2015, a 
total of six hereditary missense mutations affecting KCNN4 channel have been identified in patient 
families suffering from Hereditary Xerocytosis [2-5], a rare dominant autosomal hemolytic anemia 
characterized by abnormal erythrocyte dehydration. Cryo-EM structures have recently captured the 
main part of the KCNN4/CaM complex in 3 distinct conformational states: an inactivated closed state 
with the CaM N-terminal lobes (N-lobe) evolving freely in solvent (state I) and two activated states 
with CaM N-lobe bound to KCNN4 and differing in pore opening width (closed/open, respectively 
states II and III) [1]. In order to better understand the functional mechanism of K+ transit for the wild 
type channel, we first built complete structures of the complex (Fig. 1) based on the 3 cryo-EM 
structures and then, investigated their behavior using microseconds molecular dynamics simulations 
in saturation conditions of Ca2+ to mimic the activation 
process. Starting from State I, in presence of Ca2+, the CaM 
N-lobes move towards the channel and bind to their binding 
sites in accordance to experimental data. These motions 
result in significant changes in the conduction pore shape. 
Interestingly, for the 3 states, 8 intracellular openings 
occurred. For State II and III, this allowed K+ diffusion 
towards the pore entrance. In the vestibule, the protein 
environment causes a high concentration of chloride (Cl-) 
ions, while excluding K+ ions. Thus, KCNN4 intracellular 
domain participates in the regulation of K+ access to the pore 
entrance, and as such is an additional checkpoint for ion 
conduction, not yet being described at molecular level. 
Moreover, we have examined the residue interaction 
network that takes place during the dynamics. These results 
highlight the putative allosteric pathways and the key 
residues making the link between CaM binding, K+ entry and 
complete channel gating.  
 
 
[1] Rapetti-Mauss et al., Haematologica., 2016, 101:432-435 
[2] Rivera et al., Am J Hematol., 2017;92(6):108-110. 
[3] Lee et al., Science. 2018, 360(6388):508-513. 
[4] Andolfo et al., Am J Hematol., 2015, 90(10):921-926. 
[5] Fermo et al., Blood Adv., 2020, 4(24):6336-6341. 

 

Session 8: Channels 

Figure 1: KCNN4 (orange) / CaM (cyan) 
complex embedded in membrane (blue). 
K+ (purple) and Cl- (green) ions in 
selectivity filter and vestibule are shown. 
Ca2+ is shown in white. 
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Optimisation of recombinant membrane protein production & 
purification in E. coli 

John Manzi 1, Manuela Dezi 1,2, Su-Jin Paik 1, Joanna Podkalicka 1, Patricia Bassereau 1, Daniel Levy 1 
 
Recombinant protein production and purification is a prerequisite for the study of 

protein structure, for defining interactions between proteins and for the characterisation of 
protein function. With the aid of molecular biology techniques, proteins can be 
recombinantly expressed in micro-organisms or eukaryotic cells in relatively high yields. A 
range of techniques are then used to purify the protein of interest from the mixture of 
proteins, exploiting the proteins’ properties including size, charge, hydrophobicity and 
specific affinities. After purification, different analytical techniques are used to check the 
integrity and activity of the protein. 

  
The purification of membrane proteins poses a particular challenge since they have 

limited solubility in aqueous solutions and tend to be unstable when not integrated into a 
lipid bilayer.  In this study we compared different recombinantly expressed membrane 
protein preparations from E.coli expression systems. We took several different approaches to 
increase yield and protein integrity, including optimisation of the expression step and protein 
solubilisation using a range of detergents.  

 
 

 
 

 
 
 
 
 
 



1st Plenary meeting of the APPICOM group, Lyon, 23-26 November 2020 

 
CELL-FREE PRODUCTION OF CAVEOLIN-1b IN THE PRESENCE OF DETERGENT AND 

LIPOSOMES  
 

N. Nguyen, Y. Martin, H. Germa, C. Jaxel, S. Fieulaine and N. Jamin 

 
Institute for Integrative Biology of the Cell (I2BC), CEA, CNRS, Université Paris-Saclay, Gif-sur-

Yvette, France  
E-mail: nadege.jamin@cea.fr 

 
 

Comprehensive understanding of the folding of caveolin-1 at the membrane interface remains a 
structural challenge. As a matter of fact, this small membrane protein (178 amino acids) belongs to 
the underrepresented class of membrane proteins (MPs) of structural databases i.e. the monotopic 
membrane proteins, do not possess any structural homologue, forms oligomers at the plasma 
membrane and adopts different folding according for example to the detergent used for its structure 
determination. In complex with LMPG, caveolin-1(62-178) do not adopt a stable tertiary fold, the N-
terminal domain is largely unstructured. Caveolin-1-DDM complexes extract from E.coli membranes 
and purified form oligomers viewed as small disks, toroidal structures of 15 nm diameter by TEM. 
Therefore, to gain insights into the folding of this “original” membrane protein, we undertook the cell-
free production of caveolin-1b (one of the two isoforms of caveolin-1, cav-1 (32-178)) in the presence 
of detergents and liposomes as membrane mimics and using wheat-germ cell extracts. We will present 
the results obtained for the expression of this MP in the presence of a range of detergents with 
different physico-chemical properties and small critical micellar concentration values as well as its 
production in the presence of glyco-diosgenin (a synthetic analog of digitonin) and characterization of 
these protein-detergent assemblies. Some lipids such as cholesterol and phosphatidylserine are co-
localized at the plasma membrane with caveolin-1. Thus, we also expressed caveolin-1b in the 
presence of POPC/Chol and POPS/POPC/Chol liposomes. Preliminary data showing the differences of 
the lipid-proteins assemblies obtained for such production are shown. 
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The heterologous expression in Sf21 cells of the isoform β of canine caveolin-1 (caveolin-1β) 

using a baculovirus-based vector yielded intracellular vesicles enriched in caveolin-1β 

visualized by transmission electron microscopy (Fig. A). We investigated whether such vesicles 

may serve as membrane reservoirs that in turn may promote the production of a co-expressed 

membrane protein (MP). hMGST1 (human gluthatione S transferase) belongs to the 

membrane-associated proteins in eicosanoid and glutathione metabolism (MAPEG) family of 

integral MPs, and catalyze glutathione-dependent modifications of lipophilic substrates 

present in the lipid membranes. MGST is the only membrane GST among the phase II 

metabolization enzymes, hence mainly directed against hydrophobic drugs. In addition to its 

pharmaceutical interest, it displays an easily measurable activity, the gluthatione S-

transferase (GST) activity. We have co-expressed hMGST1 and Caveolin-1β in Sf21 cells and 

followed the expressions by Western blots and their localization by immuno-detections using 

transmission electron microscopy. The co-localization could be observed on double-labelling 

imaging (Fig. B). We have prepared membrane fractions and quantified the GST activity as a 

function of the presence of caveolin-1β, being able to discriminate between the insect, 

constitutive microsomal GSTs and the cloned hMGST1. The GST activity is clearly higher in the 

presence of caveolin-1β. 

  

A, membrane vesicles induced by caveolin-1β 
expression in the cytoplasm of the insect cell 
observed four days post infection by baculovirus. 

B, Caveolin-1β (6 nm diameter gold nanobead) and 
hMGST1 (10 nm diameter gold nanobead). IMAGIF 
Platform 
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     The production and purification are the first steps required in any functional or structural study of 
a protein of interest. In the case of membrane proteins, these tasks can be difficult due to low 
expression levels and the necessity to extract them from their membrane environment. This works 
describes a convenient method based on GFP tagged to the membrane protein to facilitates these 
steps. Production is carried out in the yeast S. cerevisiæ and purification steps are carried out and 
monitored taking advantage of an anti-GFP nanobody. We show how GFP can be a very helpful tool 
for controlling the correct addressing of the protein and for probing and optimizing purification. These 
methods are described here for producing and purifying CaCdr1p, an ABC exporter conferring multi-
antifungal resistance to C. albicans. This purification method can be amenable to any other GFP-tagged 
protein. 
     ABC transporters are a large class of membrane proteins found across all kingdoms. They are 
capable of importing nutrients inside the bacterial cells or efflux a plethora of different compounds: 
antibiotics, anticancer drugs, lipids etc. [1], [2], [3]. Proteins of this class share a common topology 
consisting of two transmembrane domains (TMD) involved in substrate binding and translocation and 
two soluble nucleotide-binding domains (NBD), involved in ATP binding and hydrolysis.  However, in 
the case of Cdr1p, only one of the ATP-binding sites is capable of hydrolyzing it. Thus, the function of 
the non-catalytic site is yet to be elucidated. Here, we discuss about some mutants of Cdr1p [4,5] 
which may help in the understanding of the mechanisms underlying ATP hydrolysis and substrate 
translocation. We will present data from ATP hydrolysis activities, substrate binding and some 
preliminary data obtained by electron microscopy aiming to resolve Cdr1p atomic structure. We hope 
that this will enlighten the role of the non-catalytic nucleotide binding site and provide some insight 
on how this class of transporters carries on its physiological function.  
 
 
[1] Ward AB, Szewczyk P, Grimard V, Lee C-W, Martinez L, Doshi R, Caya A, Villaluz M, Pardon E, Cregger 
C, Swartz DJ, Falson PG, Urbatsch IL, Govaerts C, Steyaert J, Chang G (2013) Structures of P-
glycoprotein reveal its conformational flexibility and an epitope on the nucleotide-binding domain. 
Proc Natl Acad Sci U S A 110:13386–13391 .  
[2] Martinez L, Arnaud O, Henin E, Tao H, Chaptal V, Doshi R, Andrieu T, Dussurgey S, Tod M, Di 
Pietro A, Zhang Q, Chang G, Falson P (2014) Understanding polyspecificity within the substrate-
binding cavity of the human multidrug resistance P-glycoprotein. FEBS J 281:673–682.  
[3] Prasad R, Banerjee A, Khandelwal NK, Dhamgaye S (2015) The ABCs of Candida albicans Multidrug 
Transporter Cdr1. Eukaryot Cell 14:1154–1164. https://doi.org/10.1128/EC.00137-15 
[4] Banerjee A, Moreno A, Khan MF, Nair R, Sharma S, Sen S, Mondal AK, Pata J, Orelle C, Falson P, 
Prasad R. Cdr1p highlights the role of the non-hydrolytic ATP-binding site in driving drug 
translocation in asymmetric ABC pumps. Biochim Biophys Acta Biomembr. 1;1862(2):183131.  
[5] Banerjee A, Shah AH, Redhu AK, Moreno A, Falson P, Prasad R. W1038 near D-loop of NBD2 is a 
focal point for inter-domain communication in multidrug transporter Cdr1 of Candida albicans. 
Biochim Biophys Acta Biomembr. 2018 May;1860(5):965-972. 
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Pentameric ligand-gated channels (pLGIC) are transmembrane proteins expressed at the 
synapse. They are channel-receptors, gated by neurotransmitters, and modulated by a large 
number of drugs. They couple their receptor function to an ionic channel that lets ions cross 
the synaptic membrane upon activation, thereby creating the post-synaptic electric signal. 
Getting structural insights into those proteins allows to better understand their function but 
is also key to develop new ligands to target them, as they are involved in many neuronal 
processes and diseases. 
The bottleneck for membrane protein structural studies is to be able to produce and purify 
the protein in high quantity and with a good purity. It is even more challenging when the 
protein is a eukaryotic one and has a complex post-translational processing. I will here present 
how we developed a procedure to produce several subtypes of human nicotinic receptors, a 
class of pLGIC notably involved in addiction, Alzheimer’s disease and inflammation. I will then 
introduce the ongoing structural work we are conducting using cryo-electron microscopy to 
solve their high-resolution structure. Outcomes of this work will be important for our 
knowledge on nicotinic receptors and open the path to study other human pLGICs at high-
resolution in the lab. 
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The internal dynamics of proteins can be probed by liquid and solid state NMR 
spectroscopy on a wide range of time scales, but interpretation in terms of molecular 
motions remains challenging. Molecular dynamics simulations can be used to interpret 
NMR data on protein structure and dynamics [1, 2], but quantitative studies have been 
limited to solution state NMR. Recently, the group of Pintacuda obtained a nearly 
complete assignment of backbone signals for a large membrane protein, aquaporin 1 
(AQP1), in a lipid bilayer environment. AQP1 is a member of the aquaporin family of 
integral membrane proteins, allowing highly efficient and specific passive permeation 
of water across biological membranes [3]. The same group also developed novel 
methodology to measure, for the first time, order parameters (S2) and spin relaxation 
rates (R1, R1⍴) of protein backbone and side chains in a lipid bilayer environment. To 
enable quantitative interpretation of protein dynamics, here we developed a protocol 
to calculate NMR relaxation parameters (R1, R1⍴) from AA MD simulations, and we 
applied this protocol to the case of AQP1. First, we carried out microsecond time scale 
AA MD simulations of AQP1 under conditions mimicking SS-NMR experiments. Then we 
compared R1⍴ from experiments and simulations and extracted the protein rotational 
diffusion coefficient. We found that rotational diffusion of AQP1 is extremely slow 
under the experimental conditions tested here. Overall, the protein backbone dynamics 
is very limited in the transmembrane region, while loops appear more mobile. Overall, 
the agreement between NMR and simulations is reasonable, but discrepancies in the 
loop region are significant, and can probably be ascribed to limitations in the AA force 
field. The methodology developed here is general, and enables an atomic-level 
interpretation for protein dynamics as measured by solid-state NMR in lipid bilayer 
environment. 

        
 
[1] O. H. Samuli Ollila, H. A. Heikkinen, H. Iwaï. (2018). Rotational Dynamics of Proteins from Spin 
Relaxation Times and Molecular Dynamics Simulations. The Journal of Physical Chemistry B 122: 6559-
6569. 
[2] M. Javanainen, O. H. Samuli Ollila, H. Martinez-Seara. (2020). Rotational Diffusion of Membrane 
Proteins in Crowded Membranes. The Journal of Physical Chemistry B 124: 2994–3001. 
[3] P. Agre, M. Bonhivers, M. J Borgnia. (1998). The aquaporins, blueprints for cellular plumbing 
systems. Journal of Biological Chemistry 273:14659–14662.   
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Human noroviruses (huNoV) - in particular genogroup II genotype 4 (GII.4) variants - 
are the main pathogens responsible for foodborne epidemics and acute non-bacterial 
gastroenteritis worldwide. In 2016, WHO estimated that there were more than 600 
million cases of viral diarrhea and more than 200,000 deaths related to this virus. 
Like all single-stranded, positive-sense RNA viruses ((+)RNA viruses), the huNoV 
genome encodes an essential non-structural polyprotein known as the replication 
polyprotein (ORF1). huNoV ORF1 is proteolytically matured by a protease (NS6) 
internal to the polyprotein within the host cell. The maturation products have many 
roles to play during the viral cycle, including replication of the viral genome through 
an RNA polymerase function. Another major role of huNoV ORF1 is the alteration of 
the host cell endoplasmic reticulum membranes by the maturation product NS4, 
leading to the formation of replication vesicles in which the viral genome is replicated 
(Doerflinger et al., 2017). The mechanisms of membrane alteration are yet not fully 
described in the literature and we propose to study them by a structural biology 
approach by solving the three-dimensional structure of ORF1 and the NS4 product of 
huNoV GII.4. This poster will present the first results obtained for ORF1. 
 
Due to its size (191 kDa), its multi-domain architecture and its membrane assembly 
and alteration properties linked to the existence of hydrophobic and/or 
transmembrane domains, ORF1 cannot be expressed in classical cellular expression 
systems. However, we have shown that the polyprotein can be produced in an in vitro 
cell-free expression system using wheat germ extract (Habersetzer et al., 2020). 
Spontaneous maturation of ORF1 WT is easily inactivated by the introduction of a 
mutation in the protease domain NS6, leading to the production of the uncleaved 
polyprotein, which thus remains in its whole form. We have developed an expression 
and purification protocol that will allow us, after a few optimisations, to resolve the 
atomic structure of the polyprotein. 
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The human-specific pathogen Haemophilus influenzae (H. influenzae) can cause a wide range of 
infections in both adults and children, including otitis media, meningitis, pneumonia or epiglottitis [1]. 
Since H. influenzae lacks most enzymes of the heme biosynthetic pathway, it must acquire heme from 
its host to sustain aerobic growth [2]. Thus, like many other Gram negative bacteria, H. influenzae has 
evolved a series of heme uptake systems involving outer membrane TonB-dependent transporters 
(TBDTs) to acquire heme from the host environment [3-4]. Structurally, TBDTs consist of a 22-stranded 
beta-barrel with 11 surface-exposed loops and a plug domain inside the pore. TBDTs bind 
hemoproteins at the cell surface and transports heme across the outer membrane into the periplasm.  
Hgps (Hemoglobin/hemoglobin-haptoglobin binding proteins) are members of the TBDT family which 
have been shown to be necessary for H. influenzae heme acquisition from hemoglobin or the 
hemoglobin-haptoglobin complex. However, the molecular mechanism of heme transport by these 
proteins has never been investigated [5]. The goal of this study is to determine the mechanism of heme 
acquisition by the Hgp HI0712 from H. influenzae Rd KW20, using in vivo and structural approaches. To 
do so, we first reconstituted HI0712 activity in E. coli and constructed a structural model of the protein. 
The functional assay, together with the model, allowed us to gain insights in the functioning of HI0712 
and to identify residues and regions implicated in heme acquisition. In parallel, we are optimizing 
expression and purification conditions for structural studies. 

 
 

[1] Jin H, Ren Z,, Whitby P W, et al. (1999) Characterization of hgpA, a gene encoding a 
haemoglobin/haemoglobin-haptoglobin-binding protein of Haemophilus influenzae. 
Microbiology 145(4):905.  

[2] Evans N M,  Smith D D,  Wicken A J. (1974). Haemin and nicotinamide adenine dinucleotide 
requirements of Haemophilus Influenzae and Haemophilus Parainfluenzae. Journal of Medical 
Microbiology 7(3):359-65. 

[3] Fournier C, Smith A, Delepelaire P. (2011). Haem release from haemopexin by HxuA allows 
Haemophilus influenzae to escape host nutritional immunity. 2011, 80, 133-148. 

[4] Zambolin S,  Clantin B ,  Chami M , Hoos S, Delepelaire P. (2016) Structural basis for haem piracy 
from host haemopexin by Haemophilus influenzae. Nature Communications 7:11590. 

[5] Morton D J, Whitby P W, Jin H, et al. (1999). Effect of multiple mutations in the hemoglobin- and 
hemoglobin-haptoglobin-binding proteins, HgpA, HgpB, and HgpC, of Haemophilus influenzae 
type b. Infection & Immunity 67(6):2729-39. 
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The bacterial cell envelope is composed of polysaccharides (e.g. peptidoglycan, O-antigen, teichoic 
acids), whose biosynthesis relies on a lipid carrier, the undecaprenyl phosphate (C55-P), also referred 
as bactoprenol. The glycan sub-units are individually attached to the lipid on the inner side of the 
plasma membrane followed by their translocation across the membrane by specific flippases. Finally, 
the sub-units are transferred to the nascent polymer by glycosyltransferases, such as Penicillin Binding 
Proteins in peptidoglcayn biosynthesis, releasing the lipid carrier in the undecaprenyl diphosphate 
form (C55-PP). The latter must be rapidly recycled to fulfill the high rate of polymer synthesis. The 
recycling requires the dephosphorylation of C55-PP and the flip of the lipid back to the inner side of 
the plasma membrane. The recycling remained a black box in cell envelope biogenesis, until we 
identified several integral membrane proteins involved in this process. These proteins, which belong 
to two different protein families: PAP2 (type 2 phosphatidic acid phosphatases) and BacA, display C55-
PP phosphatase activity. The arsenal of proteins was defined in the model bacterium Escherichia coli 
(i.e. one BacA and three PAP2s: PgpB, YbjG and LpxT) and other bacteria, revealing multiple enzymes 
with apparent redundant functions raising the question of their respective roles. We then highlighted 
important functional features of PAP2 enzymes such as dual functions and phosphotransfer side-
activities. Indeed, PgpB is involved in the biosynthesis of both C55-P and phosphatidylglycerol via the 
hydrolysis of their respective precursors [1], while LpxT catalyses the transfer of the C55-PP β-
phosphate group onto lipopolysaccharides (LPS) [2]. Thus, these enzymes establish unexpected links 
between the biosynthesis of cell envelope polysaccharides and membrane lipids. The crystal structure 
of BacA was recently solved showing an unexpected inverted repeat topology, which was so far only 
reported for transporters, and the site for C55-PP phosphatase activity was found deeply embedded 
within the lipid bilayer [3]. We then hypothesized that BacA may flip the C55-P back to the cytoplasmic 
leaflet, in a coupled manner to its C55-PP phosphatase action, which remains to be biochemically and 
structurally demonstrated. This presentation will provide an overview of the structure and function of 
these essential classes of proteins, which are now considered as promising targets for the design of 
new antibacterials.  

[1] X. Tian, R. Auger, G. Manat, F. Kerff, D. Mengin-Lecreulx, T. Touzé. (2020). Insight into the dual 
function of lipid phosphate phosphatase PgpB involved in two essential cell-envelope metabolic 
pathways in Escherichia coli. Scientific Reports 10(1):13209.  
[2] X. Tian, G. Manat, E. Gasiorowski, R. Auger, S. Hicham, D. Mengin-Lecreulx, I.G. Boneca, T. Touzé. 
(2021). LpxT-Dependent Phosphorylation of Lipid A in Escherichia coli Increases Resistance to 
Deoxycholate and Enhances Gut Colonization. Frontiers in Microbiology 12:676596.  
[3] M. El Ghachi, N. Howe, C.-Y. Huang, V. Olieric, R. Warshamanage, T. Touzé, D. Weichert, P.J. 
Stansfeld, M. Wang, F. Kerff, M.Caffrey. (2018). Crystal structure of undecaprenyl-pyrophosphate 
phosphatase and its role in peptidoglycan biosynthesis. Nature Communication 9:1078. 
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Lysosomes are signaling hubs for the master growth regulator mTORC1[1]. The molecular mechanisms 
that lysosomes use to sense and transduce these signals are complex and multiple mechanisms seem 
to co-exist, being the cellular amino acid availability key for triggering some of them. Recent work has 
demonstrated that PQLC2, a lysosomal cationic amino acid transporter, is one of the sensors of cellular 
amino acid content [2][3]. In conditions of scarcity of PQLC2 substrates, PQLC2 recruits at the lysosome 
surface a complex formed by three proteins: two GTPase-activating proteins: C9ORF72 and SMCR8, 
and WDR41, the anchor between PQLC2 and the other two proteins. So far, the molecular mechanism 
that connects mTORC1 signaling and C9ORF72/SMCR8 activity is not well understood. Nevertheless, 
KO studies in different model organisms has stablished that the C9ORF72/SMCR8/WDR41 complex is 
important for normal lysosome function and that it has as well a direct impact on mTORC1 
regulation[4][5]. 
We are interesting on unravelling the structure and transport mechanism of PQLC2, and in 
understanding the molecular basis of PQLC2/WDR41 interaction, key for the recruitment of the 
C9ORF72/SMCR8/WDR41 complex at the lysosomal surface. To achieve this goal, we have cloned and 
expressed PQLC2 in the yeast Saccharomyces cerevisiae. Moreover, PQLC2 was purified by 
immobilizing the protein after detergent solubilization in agarose beads containing covalently 
attached anti-GFP nanobodies (GFP-Trap beads) [6], followed by a proteolytic cleavage by the HRV-3C 
protease in order to elute the protein.  The size of the detergent-purified PQLC2 micelles suggest that 
PQLC2 assembles as homotrimer, similar to other members of the PQ-loop family of transporters. 
Finally, we have reconstituted purified PQLC2 in proteoliposomes and functional experiments using 
radiolabeled ligands are currently being performed.   

 
[1] A. Ballabio and J. S. Bonifacino, (2020) Lysosomes as dynamic regulators of cell and organismal 

homeostasis. Nature Reviews Molecular Cell Biology,  21(2) 101–118. 
[2] J. Amick, A. K. Tharkeshwar, G. Talaia, and S. M. Ferguson, (2020) PQLC2 recruits the C9orf72 

complex to lysosomes in response to cationic amino acid starvation,” J. Cell Biol. 219(1), 
e201906076. 

[3] G. Talaia, J. Amick, and S. M. Ferguson, (2021) Receptor-like role for PQLC2 amino acid 
transporter in the lysosomal sensing of cationic amino acids. Proc. Natl. Acad. Sci. U. S. A. 118(8). 

[4] A. Corrionero and H. R. Horvitz, “A C9orf72 ALS/FTD Ortholog Acts in Endolysosomal 
Degradation and Lysosomal Homeostasis,” Curr. Biol., vol. 28, no. 10, pp. 1522-1535.e5, May 
2018, doi: 10.1016/j.cub.2018.03.063. 

[5] P. M. Sullivan et al.(2016). The ALS/FTLD associated protein C9orf72 associates with SMCR8 and 
WDR41 to regulate the autophagy-lysosome pathway. Acta Neuropathol. Commun. 4(1)  51. 

[6] A. Lamy et al. (2021). ATP2, The essential P4-ATPase of malaria parasites, catalyzes lipid-
stimulated ATP hydrolysis in complex with a Cdc50 β-subunit. Emerg. Microbes Infect. 10(1). 
132–147. 
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