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Highlights

 In lipids, mTSPO has several coexisting conformations in the absence of the ligand  Lipids and mTSPO spectra reveal flexible fragments even at low temperature  Partial assignment of residue types of apo mTSPO was obtained in lipids  Apo mTSPO shows partial structural identities with atomic solution NMR structure

Introduction

Membrane proteins are medically relevant entities and their structure determination is therefore essential for the understanding of the mechanisms of action and the design of inhibitors or biomarkers. Significant technological and sample preparation advances have been made over the years but their structure determination within their native or seminative environment [START_REF] Choy | A 10-year meta-analysis of membrane protein structural biology: Detergents, membrane mimetics, and structure determination techniques[END_REF] remains challenging by X-ray crystallography [START_REF] Kermani | A guide to membrane protein X-ray crystallography[END_REF], cryo-electron microscopy [START_REF] Thonghin | Cryo-electron microscopy of membrane proteins[END_REF] and solution NMR [START_REF] Danmaliki | Solution NMR spectroscopy of membrane proteins[END_REF]. The field of membrane proteins within lipid bilayers by solid-state nuclear magnetic resonance (ssNMR) has also seen a continuous and important progress during the last decades with various biologically and medically relevant systems investigated: ABC transporter BmrA [START_REF] Lacabanne | Flexible-to-rigid transition is central for substrate transport in the ABC transporter BmrA from Bacillus subtilis[END_REF][START_REF] Lacabanne | Solid-state NMR Reveals Asymmetric ATP hydrolysis in the Multidrug ABC Transporter BmrA[END_REF], -barrel AlkL [START_REF] Najbauer | Probing membrane protein insertion into lipid bilayers by solid-state NMR[END_REF], BamC lipoprotein [START_REF] Xiang | Divide and Conquer: A Tailored Solid-state NMR Approach to Study Large Membrane Protein Complexes[END_REF], envelope protein E of the SARS-CoC-2 [START_REF] Mandala | Structure and drug binding of the SARS-CoV-2 envelope protein transmembrane domain in lipid bilayers[END_REF], human VDAC [START_REF] Najbauer | Structure, gating and interactions of the voltage-dependent anion channel[END_REF] to give just few examples. The access to magnetic fields as high as 1.2 GHz and ultra-fast (above 100 kHz) spinning CPMAS probes fostered even more the investigation of such challenging biological systems [START_REF] Callon | Biomolecular solid-state NMR spectroscopy at 1200 MHz: the gain in resolution[END_REF][START_REF] Nimerovsky | Proton detected solid-state nmr of membrane proteins at 28 tesla (1.2 ghz) and 100 khz magic-angle spinning[END_REF]. Most of membrane protein structures determined by NMR were for systems in detergent and only few in membrane lipids [START_REF] Warschawski | Membrane protein structures determined by NMR[END_REF][START_REF] Loquet | Database of membrane protein structures determined by NMR[END_REF][START_REF] Warschawski | Solid-state NMR for the study of membrane systems: The use of anisotropic interactions[END_REF][START_REF] Habenstein | Solid-state NMR: An emerging technique in structural biology of self-assemblies[END_REF]. The structures of more than 1400 membrane proteins have been registered to date [START_REF] White | Membrane proteins of known 3D structure[END_REF] and it is expected that the combined use of the techniques mentioned previously together with mass spectrometry, small-angle neutron diffraction, molecular dynamics simulations [START_REF] Johansen | Mg2+-dependent conformational equilibria in CorA and an integrated view on transport regulation[END_REF] would contribute to a better understanding of their function and mechanisms of such challenging biological molecules which are the membrane proteins.

TSPO is an 18 kDa membrane protein highly conserved from bacteria to mammals [START_REF] Papadopoulos | Translocator protein (18 kDa): new nomenclature for the peripheral-type benzodiazepine receptor based on its structure and molecular function[END_REF]. Atomic structures of mouse TSPO (mTSPO) has been obtained by solution NMR in detergent after stabilization by the presence of a high affinity drug ligand, the PK11195 [START_REF] Jaremko | Structure of the mitochondrial translocator protein in complex with a diagnostic ligand[END_REF]. In the absence of the ligand, the protein is highly flexible and presents several coexisting conformations [START_REF] Jaremko | Conformational Flexibility in the Transmembrane Protein TSPO[END_REF] that prevent structure determination. When reincorporated in liposomes, the mTSPO exhibits high affinities for its ligands like PK11195 and cholesterol [START_REF] Lacapère | Structural and functional study of reconstituted peripheral benzodiazepine receptor[END_REF], and ssNMR studies have shown that cholesterol mediates allosteric regulations of the ligand bound protein [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF]. In 2021, Rivière et al. explored by ssNMR the impact of three different lipid composition on the structure of mTSPO embedded into lipid bilayers in the presence and in the absence of the ligand and further confirmed how cholesterol can affect the tertiary and quaternary mTSPO structure [START_REF] Rivière | Membrane-embedded TSPO: an NMR view[END_REF]. Despite these efforts, detailed high-resolution atomic data of mTSPO in its native-lipid environment without ligand, that would permit to directly characterize the structural changes mediated by ligand binding that are linked to TSPO functional properties, are still missing. It has to be mentioned that bacterial TSPO structures obtained by X-ray crystallography both in the absence (apo form) and in the presence (holo form) of ligands do not provide any information on the functional properties of the TSPO protein since the atomic structures do not reveal great changes between the ligand-free and ligand-bound structures [START_REF] Guo | Structure and activity of tryptophan-rich TSPO proteins[END_REF][START_REF] Li | Crystal structures of translocator protein (TSPO) and mutant mimic of a human polymorphism[END_REF]. As previously discussed, given the lack of changes between the X-ray structures of the apo and holo forms of TSPO, only dynamics aspects could explain how the ligand enters the binding cavity [START_REF] Lacapere | Insight into the structural features of TSPO: Implications for drug development[END_REF]. Indeed, this might be due to the fact that crystals formation captures only a specific conformation, such as that observed in the crystal packing of the Ca ATPase [START_REF] Toyoshima | Structure determination of the calcium pump of sarcoplasmic reticulum at 2.6 A resolution[END_REF].

Here, we attempt to study the mTSPO in a lipid environment in the absence of the ligand by ssNMR using proteoliposomes [START_REF] Lacapère | Structural and functional study of reconstituted peripheral benzodiazepine receptor[END_REF][START_REF] Teboul | Mouse TSPO in a lipid environment interacting with a functionalized monolayer[END_REF][START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF][START_REF] Ostuni | Overexpression of translocator protein in inflammatory bowel disease: Potential diagnostic and treatment value[END_REF][START_REF] Lacapere | Structural studies of TSPO, a mitochondiral membrane protein[END_REF] by providing complementary information to the work by Rivière et al. [START_REF] Rivière | Membrane-embedded TSPO: an NMR view[END_REF]. The tertiary structure determination by ssNMR of membrane proteins reconstituted in proteoliposomes first requires the acquisition of several types of two-dimension (2D) and three-dimension (3D) spectra (2D CC, NCO, NCA, CHHC, NHHC, 3D NCACX, NCOCX, CONCA) to identify spin systems and sequential assignments. The 3D heteronuclear experiments are essential as they remove correlation degeneracies and give intra-(NCACX) and inter-residue (NCOCX, CONCA) correlations required for the identification of backbone and sidechain connectivities. Generally, CC transfers rely on proton-driven spin diffusion (PDSD) or dipolar-assisted rotational recoupling (DARR) methods [START_REF] Takegoshi | 13C-1H dipolar-assisted rotational resonance in magic-angle spinning NMR[END_REF], depending on the spinning frequency and the magnetic field. Instead, one-bond NC transfers are often performed with SPECIFIC-cross-polarisation (CP) recoupling techniques [START_REF] Baldus | Cross polarization in the tilted frame: Assignment and spectral simplification in heteronuclear spin systems[END_REF]. Spinning frequencies as fast as 100 kHz combined with 1 H-direct detection methods lead to increased sensitivity and 1 H linewidths which rendered these protocols applicable to some of these challenging membrane proteins [START_REF] Gopinath | Proton-detected polarization optimized experiments (POE) using ultrafast magic angle spinning solid-state NMR: Multi-acquisition of membrane protein spectra[END_REF].

Improved sensitivity and spectral resolution can be achieved for membrane proteins if several experimental conditions are optimized. For example, the choice of lipid-toprotein ratio (LPR) depends on protein characteristics and can have critical consequences on the quality of NMR spectra. An isotopically labelled membrane protein co-purified with lipids (also labelled) brings strong lipid signals in the NMR spectra. Instead, a labelled membrane protein reconstituted in natural lipids (proteoliposomes) will give smaller lipid signals but remains nevertheless governed by the LPR used [START_REF] Lacapere | Structural studies of TSPO, a mitochondiral membrane protein[END_REF][START_REF] Sinnige | Solid-State NMR studies of full-length BamA in lipid bilayers suggest limited overall POTRA mobility[END_REF]. Once the NMR rotor filled with proteoliposomes [START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF], the best physical parameters (such as temperature) and the optimal pulse sequences for spectra recording need to be chosen in order to reach good sensitivity and spectral resolution. Previous data on GB1 and Vpu recorded at different temperatures have shown their importance for the optimization of NMR sensitivity [START_REF] Franks | Magic-angle spinning solid-state NMR spectroscopy of the β1 immunoglobulin binding domain of protein G (GB1): 15N and 13C chemical shift assignments and conformational analysis[END_REF][START_REF] Das | Dipolar Assisted Assignment Protocol (DAAP) for MAS solid-state NMR of rotationally aligned membrane proteins in phospholipid bilayers[END_REF]. Most of the ssNMR data acquired on membrane proteins in lipids are based on CP rather than the INEPT element [START_REF] Park | Structure of the chemokine receptor CXCR1 in phospholipid bilayers[END_REF][START_REF] Mandala | Structure and dynamics of membrane proteins from solid-state NMR[END_REF][START_REF] Gopinath | Solid-state NMR of membrane Proteins in lipid bilayers: to spin or not to spin?[END_REF] since dipolar coupling transfer (through space) is expected to be more efficient than scalar (through bond) one. Scalar-based methods such as INEPT and notably INADEQUATE have been shown to work well for microcrystalline super-oxide dismutase under ultrafast magic-angle spinning [START_REF] Webber | Combination of DQ and ZQ coherences for sensitive through-bond NMR correlation experiments in biosolids under ultra-fast MAS[END_REF]. The efficiency of dipolar-based transfers, such as SPECIFIC-CP, may be affected by molecular motions on intermediate timescale [START_REF] Sperling | Assignment strategies for large proteins by magic-angle spinning NMR: The 21-kDa disulfide-bond-forming enzyme DsbA[END_REF] and therefore lead to reduced sensitivity of ssNMR spectra when applied to non-crystalline samples, such as some membrane proteins and amyloid fibrils. Among the various experiments that can probe molecular dynamics by ssNMR, 13 C - 13 C double-quantum spectroscopy [START_REF] Schneider | Probing molecular motion by double-quantum (13C,13C) solid-state NMR spectroscopy: Application to ubiquitin[END_REF] appears particularly useful for 13 C-labelled biomolecules since it benefits of the high dispersion of the 13 C chemical shifts but also the increased resolution of the double-quantum (DQ) dimension. Combined with 1 H detection under ultrafast MAS, the DQ 13 C spectroscopy was notably successful for the sequential assignment of HET-s(218-289) amyloid fibrils [START_REF] Lends | Protein resonance assignment by solid-state NMR based on 1H-detected 13C double-quantum spectroscopy at fast MAS[END_REF].

We showed previously the successful reconstitution of apo mTSPO protein into DMPC/DMPE 9/1 liposomes with the first preliminary 13 C - 13 C DARR and NCO, NCA spectra [START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF][START_REF] Lacapere | Structural studies of TSPO, a mitochondiral membrane protein[END_REF]. We present herein magic-angle spinning ssNMR studies which explore the different transfer elements described previously on the mTSPO protein reconstituted in liposomes. We will also overview the protocol which lead to a stable and relatively homogenous mTSPO sample and the corresponding spectra. Chemical shift correlation spectra at 11.7 T (500 MHz 1 H Larmor frequency) and 10 kHz spinning frequency have been employed to perform a partial assignment of the different residue type regions. The effect of temperature on 13 C or 15 N CPMAS, 13 C - 13 C DARR or 15 N - 13 C correlation spectra is illustrated. Moreover, 13 C -13 C DQ -SQ 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 mTSPO and of the binding pocket [START_REF] Rao | Versatile dimerisation process of translocator protein (TSPO) revealed by an extensive sampling based on a coarse-grained dynamics study[END_REF] but also in the case of the dimer mTSPO in the presence of cholesterol [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF].

Material and methods

Mouse TSPO expression, purification and reconstitution in liposomes:

The protocols were described in detail elsewhere [START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF]. In summary, the recombinant mTSPO protein was expressed in Escherichia coli BL21 (DE3) bacteria in lysogeny browth (LB) medium (1% w/v tryptone, 0.5% yeast extract, and 0.5% NaCl) and purified by His-binding Ni-NTA chelation resin in the presence of 1% SDS. Expression protein level was estimated based on the absorbance measured at 280 nm wavelength (extinction coefficient 3.88 (mg/ml) - 1 cm -1 calculated from the mTSPO amino acid sequence including the polyhistidine tag) whereas the protein purity was verified by SDS-PAGE (12% acrylamide). The reconstitution of the mTSPO in a lipid environment is performed in three steps: i) solubilisation of the protein in the SDS detergent; ii) addition of lipids (DMPC/DMPE 9/1 w/w) to form a ternary protein-lipid-detergent complex; iii) SDS detergent removal in a controlled way using bio-beads [START_REF] Lacapère | Structural and functional study of reconstituted peripheral benzodiazepine receptor[END_REF]. Proteoliposomes were thus formed in few hours. Different reconstitutions have been performed with apo WT mTSPO at lipid-to-protein ratios were between 1 and 3 (w/w) (i.e., ~30 to 90 molar ratio). Since at high LPR ratio a strong 13 C lipid signal is present in the carbon spectra thus preventing a good protein signal detection, a LPR ratio of 1.5 w/w was used for the recording of all ssNMR spectra presented herein. Various methods have been used to validate the correct reconstitution of mTSPO into lipid bilayers: absorbance, intrinsic fluorescence, dynamic light scattering, cryoelectron microscopy and ssNMR) [START_REF] Lacapère | Structural and functional study of reconstituted peripheral benzodiazepine receptor[END_REF][START_REF] Teboul | Mouse TSPO in a lipid environment interacting with a functionalized monolayer[END_REF][START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF][START_REF] Lacapere | Structural studies of TSPO, a mitochondiral membrane protein[END_REF][START_REF] Ostuni | Characterization of membrane protein preparations: Measurement of detergent content and ligand binding after proteoliposomes reconstitution[END_REF]. Cryo-electron microscopy images at different steps of the reconstitution protocol have demonstrated the formation of proteoliposomes without aggregates [START_REF] Senicourt | Solid-state NMR of membrane protein reconstituted in proteoliposomes: the case of TSPO[END_REF]. The correct reconstitution of mTSPO into DMPC/DMPE lipid bilayers has been previously assessed by recording the 13 C - 13 C correlation spectra in the presence and in the absence of the high-affinity PK11195 ligand [START_REF] Lacapere | Structural studies of TSPO, a mitochondiral membrane protein[END_REF]. The addition of the PK11195 ligand has a dramatic effect on the 13 C - 13 C correlation spectrum by improved chemical shift dispersion and increased number of observed correlations which confirms the ligand induced structure stabilisation.

NMR spectroscopy:

All NMR data were recorded on a Bruker spectrometer (500 MHz 1 H Larmor frequency) equipped with a 4 mm triple resonance probe head. A 10 kHz MAS rate was used for all experiments. The sample temperature was regulated with a BCU-Xtreme cooling unit using either 270 l/h (above 295 K) and 935 l/h (below 295 K). For CPMAS experiments, a 2.58 s 1 H 90° pulse was followed by 800 s ( 13 C CPMAS) or 1 ms ( 15 N CPMAS) contact time with ramped shape pulse (ramp70100.100) on 1 H [START_REF] Günther | Ramped-amplitude cross polarization in magic-angle-spinning NMR[END_REF]. The recycle delay was set to 2 s. The 1 H CP field strength was set to 1 = 55 kHz ( 13 C CPMAS) or 35 kHz ( 15 N CPMAS) and matched to the +1 Hartman-Hahn sideband condition. Heteronuclear decoupling based on the SPINAL64 scheme [START_REF] Fung | An improved broadband decoupling sequence for liquid crystals and solids[END_REF] was active on the proton channel during acquisition at 97 kHz field strength. 13 C - 13 C spin diffusion assisted by proton irradiation or 2D DARR spectra were recorded at different mixing times [START_REF] Najbauer | Structure, gating and interactions of the voltage-dependent anion channel[END_REF][START_REF] Jaremko | Structure of the mitochondrial translocator protein in complex with a diagnostic ligand[END_REF][START_REF] Hohwy | Fivefold symmetric homonuclear dipolar recoupling in rotating solids: Application to double quantum spectroscopy[END_REF], 100 ms). The SPECIFIC-CP transfer between 15 N and 13 CO was performed with 30 kHz a 20% tangent ramp ( 15 N) and 20 kHz ( 13 C). 2D 13 C -13 C DQ -SQ SPC5 [START_REF] Hohwy | Fivefold symmetric homonuclear dipolar recoupling in rotating solids: Application to double quantum spectroscopy[END_REF] experiments at different mixing times were recorded at a 13 C radio frequency (rf) filed strength of 54 kHz. Data were processed with NMRPipe [START_REF] Delaglio | NMRPipe: A multidimensional spectral processing system based on UNIX pipes[END_REF] and visualized with the NMRFAM-Sparky distribution [START_REF] Lee | NMRFAM-SPARKY: Enhanced software for biomolecular NMR spectroscopy[END_REF]. FANDAS 2.0 software [START_REF] Gradmann | Rapid prediction of multidimensional NMR data sets[END_REF] served to create a peak list file readable by Sparky from the published solution NMR mTSPO BMRB (ID 19608) chemical shift assignment in DPC detergent. Assignment of the different amino acid types was performed based on the solution published assignment and estimations made with the PLUQ software [START_REF] Fritzsching | Practical use of chemical shift databases for protein solid-state NMR: 2D chemical shift maps and aminoacid assignment with secondary-structure information[END_REF] on the NMRBOX server [START_REF] Maciejewski | NMRbox: A Resource for biomolecular NMR computation[END_REF]. One-dimension (1D) and twodimension (2D) NMR data were acquired at 261, 267, 272, 278, 283, 289, 295, 300 and 306 K. The sample temperatures were calibrated with lead nitrate, Pb(NO3)2 [START_REF] Bielecki | Temperature dependence of 207Pb MAS spectra of solid lead nitrate. An accurate, sensitive thermometer for variable-temperature MAS[END_REF]. 13 C and 15 N chemical shifts were externally referenced using adamantane (( 13 C) = 38.5 ppm for methylene at 295 K) and glycine (( 15 N) = 32 ppm at 295 K).

Results

Temperature effect upon 1D and 2D MAS NMR spectra

Any NMR study of biomolecules involves suitable [ 13 C, 15 N]-labelled material for the protein of interest to resolve the various cross-peaks from the backbone and side-chain nuclei of the protein in the 2D and 3D correlation spectra. One-dimension (1D) 13 C CPMAS and INEPT spectra were recorded over a wide range of temperatures (from 261 to 305 K, see Fig S1 ) for DMPC lipid vesicles and liposomes containing uniformly [ 13 C, 15 N]-labelled mTSPO. Since 13 C CPMAS exploits the dipolar polarization transfer, these spectra largely report on the rigid domains of the protein or lipids whereas through bond 13 C resonances in the 20 to 30 ppm region, corresponding to the overlay of lipid and protein resonances, changes from sharp peaks (lipids) to a massive (protein). This suggests that lipids surrounding the protein are less mobile in the presence of the protein compared to the lipids alone. Indeed, most of the narrow carbon resonances disappear except for -CH3 choline and CH3 of aliphatic chain whose intensity only decreases. As expected, we observe an improved sensitivity of the as a function of temperature is consistent with the previously described gel to liquid phase transition of the DMPC lipids [START_REF] Purusottam | Probing the gel to liquidcrystalline phase transition and relevant conformation changes in liposomes by13C magic-angle spinning NMR spectroscopy[END_REF]. Therefore, the liposomes preserve the role of lipid phases. Moreover, the reduction of the of mTSPO and lipids intensity in 13 C CPMAS as a function of increasing temperature is associated to an increased overall mobility. Indeed, above the lipid-phase transition temperature membrane proteins reconstituted in proteoliposomes undergo rapid lateral and rotational diffusion about the bilayer normal [START_REF] Lewis | NMR structural analysis of a membrane protein: Bacteriorhodopsin peptide backbone orientation and motion[END_REF][START_REF] Park | rotationally aligned" membrane proteins in phospholipid bilayers give equivalent angular constraints for NMR structure determination[END_REF]. sensitivity of the 15 N CPMAS spectra, the characteristic Lys and Arg side chain nitrogens, as well as the Pro nitrogen [START_REF] Ohgo | Resolving nitrogen-15 and proton chemical shifts for mobile segments of elastin with two-dimensional NMR spectroscopy[END_REF] are not clearly visible within the temperature range explored. In complement to 1D spectra, tow-dimension (2D) 13 C - 13 C DARR and 15 N - 13 C NCO spectra were recorded at 267 and 306 K (Fig 3). We choose DARR because it performs better polarization transfer than PDSD notably at high spinning frequency and magnetic fields [START_REF] Takegoshi | 13C-1H dipolar-driven 13C-13C recoupling without 13C rf irradiation in nuclear magnetic resonance of rotating solids[END_REF]. DARR scheme relies on the 1 H low power rf irradiation fulfilling a rotary-resonance recoupling condition (here the 1 H rf power equals the spinning frequency) and has originally been developed for effective band-selective recoupling between carbonyl/aromatic carbons and aliphatic carbons [START_REF] Takegoshi | 13C-1H dipolar-assisted rotational resonance in magic-angle spinning NMR[END_REF]. displays the effect of the temperature on NCO spectra. Lowering the temperature increases the transfer between N and C since more peaks are observed. However, the crowded spectrum and the poor resolution avoid an easy assignment. The limited resolution arises from the loss of signal in the indirect dimension, due to a fast nitrogen signal decay, which reduces the transfer from nitrogens to carbons. Some 15 N -13 C cross-peaks observed at 306 K are not present at 267 K. The temperature variation induces changes in the local atomic environment owing to the protein alone or its interaction with lipids but, since the 13 C and 15 N nuclei are less sensitive to temperature variations than the 1 H, the disappearance of the peaks should have a different origin. Bauer et al. [START_REF] Bauer | Line-broadening in low-temperature solid-state NMR spectra of fibrils[END_REF] have shown by analysing the 13 C - 13 C DREAM spectra of the amyloid form of HET-s(218-289) that the solvent-exposed residues suffer most from the temperature-dependent broadening and can disappear completely from the spectrum. 

Assignment attempt of the residue type of apo TSPO

Like in solution NMR, a prerequisite for sequence-specific resonance assignment by solid-state NMR is the recording of multiple intra-and inter-residue connectivities which can be obtained using 2D and 3D correlation spectra. Transmembrane proteins, like TSPO, comprise structural elements like -helices which lead to little dispersion for the 13 C and 15 N resonances hence rendering the specific chemical shift assignment challenging. The task is even more laborious for samples with structural heterogeneity which impairs high resolution.

With 15 N CPMAS signal optimized at low temperature for the recording of 2D NCA and NCO spectra, we further attempted to acquire 3D spectra. 3D NCOCX experiments have initially been attempted at 306 K without being able to record an exploitable spectrum due to the fast 15 N decay in the nitrogen dimension. A NCOCX spectrum was recorded at 267 K (see Fig S2 for the NCO plane projection of the 3D NCOCX) but only few cross peaks have been observed in agreement with the 2D NCO spectra that showed reduced transfer from N to CO which further limits the transfer to the 3 rd dimension via the DARR transfer element. We also endeavoured another strategy (CXCON and CXCAN) starting on carbons, followed by DARR CC mixing with a final transfer from carbons (CO or CA) next to nitrogen by SPECIFIC CP but this failed.

Owing to all these experimental difficulties which have prevented us to get exploitable 3D 15 N -13 C - 13 C MAS correlation spectra essential for the sequential attribution, we have attempted another attribution strategy based on the use of DARR [START_REF] Franks | Magic-angle spinning solid-state NMR spectroscopy of the β1 immunoglobulin binding domain of protein G (GB1): 15N and 13C chemical shift assignments and conformational analysis[END_REF], DQ -SQ [START_REF] Schneider | Probing molecular motion by double-quantum (13C,13C) solid-state NMR spectroscopy: Application to ubiquitin[END_REF][START_REF] Hohwy | Fivefold symmetric homonuclear dipolar recoupling in rotating solids: Application to double quantum spectroscopy[END_REF] and PLUQ (PACSYlite Unified Query) [START_REF] Fritzsching | Practical use of chemical shift databases for protein solid-state NMR: 2D chemical shift maps and aminoacid assignment with secondary-structure information[END_REF] to predict amino-acid type regions (Fig 4). PLUQ and previously published solution NMR assignment of mTSPO/PK11195 in detergent have also been exploited to assign the different regions in the DARR spectra. DARR at various mixing times (10, 50 and 100 ms, see Fig 4a-d) were exploited to identify amino-acid specific signals. The amino acids Asp, Asn, Gln, Lys and Ile (Fig S3) have less than five occurrences in the mTSPO protein including the His-tag. Glu, His, Met Phe, Thr and Tyr have between 5 and 10 occurrences whereas Ala, Arg, Gly, Leu, Pro, Ser, Trp and Val have more than 10 occurrences (Fig S3). Cys is not present in the mTSPO sequence. At 10 ms mixing time, we have expected to observe only crosspeaks from one-bond and two-bond correlations. However, at 267 K sample temperature, DARR spectrum shows cross-peaks coming from polarization transfers up to the C for some side chains and aromatic residues, including CZ for Tyr (Fig 4a). As mentioned previously for GB1 [START_REF] Franks | Magic-angle spinning solid-state NMR spectroscopy of the β1 immunoglobulin binding domain of protein G (GB1): 15N and 13C chemical shift assignments and conformational analysis[END_REF] the assignment of mTSPO/PK11195 complex in DPC micelles [START_REF] Jaremko | Structure of the mitochondrial translocator protein in complex with a diagnostic ligand[END_REF] on the spectrum of mTSPO in proteoliposomes shows partial agreements (Fig S4 ) indicating that the PK11195 ligand considerably influences the structuration of the protein. In addition, it is also expected that the previously published assignment of mTSPO/PK11195 complex cannot be directly transposed to solid-state data owing to differences in environment (detergent micelles for solution NMR versus lipids for ssNMR). However, based on representative strip plots for a series of sequential amino acids of the membrane-embedded mTSPO/DAA1106 complex, Jaipuria et al. [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF] showed a correspondence between some resonances of the mTSPO/PK11195 complex in micelles and the mTSPO/DAA1106 system embedded into the membrane. This suggests that ligand binding constraints the mTSPO structure more strongly than lipid environment does.

2D 13 C - 13 C DQ -SQ spectra are obtained, as the name indicates, by combining a DQ 13 C spectrum, generated by the dedicated SPC5 scheme, in the indirect dimension with a SQ 13 C spectrum in the direct detection dimension. Fig 4d shows the corresponding spectrum recorded on apo mTSPO in lipids. If the SQ dimension is characterized by coherences evolving at the chemical shift of each individual nucleus, the DQ dimension instead corresponds to coherences that evolve at the sum of the chemical shifts of two 13 C nuclei. SPC5 polarization transfer efficiency is not considerably influenced by the chemical shift differences as in DARR but the intensity of the correlations can be affected by molecular dynamics. Double-quantum 13 C ssNMR spectroscopy is particularly insightful for probing molecular motion in biomolecules as previously shown on microcrystalline ubiquitin [START_REF] Schneider | Probing molecular motion by double-quantum (13C,13C) solid-state NMR spectroscopy: Application to ubiquitin[END_REF]. For uniformly 13 C-labelled biomolecules, the polarization transfer in the DQ-recoupling scheme is largely dominated by the strongest (i.e., single-bond) dipolar couplings [START_REF] Baldus | Correlation experiments for assignment and structure elucidation of immobilized polypeptides under magic angle spinning[END_REF] and can therefore provide information about molecular dynamics. For short mixing times, within 0.25 to 0.5 ms, only cross-peaks arising from one-bond transfers are expected. Indeed, we were not able to identify for mTSPO correlations corresponding to two-bond transfers within the aliphatics and only few two-bond transfers were observed between the carbonyls and the aliphatics. Based on the 2D 13 

Conformation heterogeneity and mobility

Conformational heterogeneity and mobility can be probed by DQ 13 C ssNMR spectroscopy as shown in Fig 5a on the 2D 13 C -13 C DQ-SQ spectra recorded on apo mTSPO in lipids at different mixing times. Indeed, the signal intensity increases with a mixing time from 0.25 (red) to 0.5 ms (blue) and reveals a higher mobility in particular in the CO region. For comparison, the experiment has also been recorded on a sample of GB1 microcrystals (Fig 5b ) under the same SPC5 recoupling conditions (i.e., rf irradiation frequency and mixing times) but at a higher temperature. The two spectra of GB1 are very similar, contrary to the mTSPO were only few cross peaks are observed at short mixing time (i.e 0.25 ms) and more correlations become visible by increasing the mixing time (i.e. 0.5ms). The simple evaluation of the intensity of most of the cross peaks show an increase with the mixing time and suggests that these cross-peaks describe mobile residues [START_REF] Schneider | Probing molecular motion by double-quantum (13C,13C) solid-state NMR spectroscopy: Application to ubiquitin[END_REF]. Since signals' intensity may be dominated by the CP efficiency or other contributions independent on the DQ excitation scheme, a more accurate analysis relies on the calculation of the cross-peak volumes at each mixing time. Fig 5c andd presents the experimental build up curves for apo mTSPO in lipids and GB1 microcrystals for two amino acid types. The availability of DQ -SQ spectra for mixing times as long as 1 ms for GB1 microcrystals allowed us to model and therefore estimate the order parameters (SCC) using the equation for a three spin system [START_REF] Schneider | Probing molecular motion by double-quantum (13C,13C) solid-state NMR spectroscopy: Application to ubiquitin[END_REF][START_REF] Hohwy | Fivefold symmetric homonuclear dipolar recoupling in rotating solids: Application to double quantum spectroscopy[END_REF][START_REF] Baldus | Correlation experiments for assignment and structure elucidation of immobilized polypeptides under magic angle spinning[END_REF]. The data gained for GB1 allows to identify regions with different mobility like A34 and T25 for example. In the case of mTSPO, we gained qualitative information on the existence of mobility in particular on the backbone since the CO region is particularly affected by the increase of mixing time. However, we were unable to get the Scc of the different region because we lack enough DQ -SQ spectra at mixing time above 0.5 ms under the same experimental conditions in order to accurately model the build-up curves for the double quantum profile.

Discussion

While the atomic structure of monomeric mTSPO bound to the high-affinity PK11195 ligand has been determined by solution NMR in DPC detergent micelles [START_REF] Jaremko | Structure of the mitochondrial translocator protein in complex with a diagnostic ligand[END_REF], ssNMR studies have revealed the dynamic monomer-dimer equilibrium of mTSPO complexed with DAA1106 ligand in DMPC lipids regulated by diamagnetic [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF] or paramagnetic [START_REF] Jaipuria | Insights into cholesterol/membrane protein interactions using paramagnetic solid-state NMR[END_REF] cholesterol, another ligand. Rivière et al. [START_REF] Rivière | Membrane-embedded TSPO: an NMR view[END_REF] studied the influence of 1,2-dinervonoyl-sn-glycero-3-phosphocholine (with an acyl chain monosaturated and longer than DMPC) or a mix of lipids but no resolution improvement of the TSPO/cholesterol 13 C - 13 C correlation spectra of the was observed for the protein reconstituted in the new membrane mimics. Cholesterol is also a key structural element of mitochondrial membrane and its concentration in the cell membrane varies between 30 and 50 % mole/mole of the entire lipids compounds. In liposomes, cholesterol has been reported to improve their stability and therefore to prevent aggregation. At high cholesterol-TSPO ratio, we may expect that cholesterol molecules will surround mTSPO and therefore displace the equilibrium monomer-dimer. Conversely, we don't know which is the effect of high-affinity cholesterol binding to the CRAC motif at low cholesterol-TSPO ratio with a 1:1 stoichiometry. The dimeric state revealed by Jaipuria et al. [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF][START_REF] Jaipuria | Insights into cholesterol/membrane protein interactions using paramagnetic solid-state NMR[END_REF] is in agreement with the different atomic structures gained by crystallography of two bacterial (Rhodobacter sphaeroides and Bacillus cereus) TSPO in lipid-cubic phase [START_REF] Guo | Structure and activity of tryptophan-rich TSPO proteins[END_REF][START_REF] Li | Crystal structures of translocator protein (TSPO) and mutant mimic of a human polymorphism[END_REF]. However, apo and holo forms of bacterial TSPO are very similar. This might be linked to the experimental condition since the X-ray data were collected at cryogenic temperatures which are suspected to favour a unique conformation and therefore hide structural ensembles in protein crystals [START_REF] Fraser | Accessing protein conformational ensembles using room-temperature Xray crystallography[END_REF].

Temperature is a key parameter to increase ssNMR signal by optimizing the dipolar transfer mechanism. It's worth noting that the regulated temperature is different from the effective sample temperature which increases owing to the heat generated by rotation (Fig S7). Lower is the chosen temperature, bigger the temperature gradient between the regulated temperature and the real sample temperature. Moreover, there is also a temperature gradient within the rotor that affects the homogeneity within the sample. In ssNMR studies, the slow decrease of sample temperature for systems with structural heterogeneity or disorder leads to the freezing of the whole range of coexisting conformations and therefore favour a considerable broadening of the resonances. However, working at temperatures below lipid phase transition, of DMPC in our case, around 20°C, contributes to the mTSPO signal increase (see Fig 3a,c,d) and therefore to the NMR sensitivity improvement. In addition, the increase of the bound water signal [START_REF] Böckmann | Characterization of different water pools in solidstate NMR protein samples[END_REF] may also contribute to the mTSPO signal enhancement and the efficiency of the polarization transfer and therefore of the cross peaks like clearly visible for the aromatics and the prolines (see Fig 3a). 1 H NMR spectra 313 and 267 K sample temperature (see Fig S8 ) show that the "free" water is not frozen under the lowest temperature conditions used herein, i.e. -6°C whereas the "bound" water signal broadens. This in agreement with previous studies on microcrystalline samples under very similar rotor size and spinning frequency conditions which show the disappearance of the "free" water signal at -20°C. If the mTSPO in reconstituted lipids has a similar binding cavity filled with water molecules as observed for the BcTSPO crystals [START_REF] Guo | Structure and activity of tryptophan-rich TSPO proteins[END_REF], this might contribute to the improvement of the polarization transfer under these temperature conditions.

The resolution of the 13 C - 13 C and 15 N - 13 C ssNMR spectra (Fig 3 and4) obtained for apo WT mTSPO in DMPC/DMPE 9/1 w/w liposomes (LPR 1.5 w/w) suggest a conformational-structural heterogeneity. The first term is attributed to a dimer-monomer equilibrium whereas the second describes the double orientation of the protein within the membrane which is characteristic to the reconstitution process, i.e., with almost 50% of the population facing the outside of the liposome and 50% the inside or different percentages depending on the charge of the lipids, pH, etc. In the cell, this could lead to other types of protein-protein interactions as inferred from molecular dynamics [START_REF] Rao | Versatile dimerisation process of translocator protein (TSPO) revealed by an extensive sampling based on a coarse-grained dynamics study[END_REF]. Additionally, it is expected that the protein-protein contacts are favoured and therefore the oligomerization. Nevertheless, the resolution of the obtained 13 C - 13 C spectra doesn't allow to clearly state if the mTSPO monomer form or dimer form or a monomer-dimer equilibrium is favoured in the absence of the ligand. Instead, the 2D NCO correlation spectra tend to suggest that the peaks appear by pair suggesting at least two conformations, an equilibrium between the monomer and dimer which are expected at the 1.5 w/w LPR used, in agreement with the results previous results by Jaipuria et al. [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF]. In the same work, for LPR < 1 w/w, the population of the dimer was estimated at 75% whereas for 1 < LPR < 3 the monomer and dimer forms are in equilibrium with the monomer slightly favoured (dimer ~45%, monomer 55%). In order to compare our 13 Compared to the detergent environment, our results suggest that the lipids environment induces a stabilization of the apo mTSPO protein but the lipids, by themselves, are not enough to determine the protein structure in the absence of the ligand. These results are in agreement with 2D 13 C - 13 C PDSD spectra at 5°C of mTSPO in DMPC at higher LPR (50:1, 20:1 molar ratio) in the absence of ligand [START_REF] Jaipuria | Cholesterol-mediated allosteric regulation of the mitochondrial translocator protein structure[END_REF]. It's worth noting that less than 50% of the backbone 1 H -15 N signals of the mTSPO are broad beyond detection without lipids and in the absence of the ligand independently of the detergent used [START_REF] Jaremko | Conformational Flexibility in the Transmembrane Protein TSPO[END_REF]. Comparison of various detergent environment has shown an important effect upon mTSPO 1 H - 15 N signals dispersion and intensities [START_REF] Jaremko | Conformational Flexibility in the Transmembrane Protein TSPO[END_REF]. Thus, further screening of membrane composition or mimics is definitely required to see if a suitable lipid composition capable to stabilize a unique conformation can be identified. Lipids with different lengths and saturation levels have revealed the conformational plasticity of another membrane protein [START_REF] Sinnige | Solid-State NMR studies of full-length BamA in lipid bilayers suggest limited overall POTRA mobility[END_REF]. More generally, membrane mimetics have been shown to be useful to improve ssNMR spectral resolution. Comparison of membrane protein reconstituted either in synthetic lipids or in bacterial cellular envelopes shows a decrease of resolution for the latter, which can be due to the presence of partners that very likely stabilizes different coexisting conformations important for the biological function [START_REF] Baker | Characterization of membrane protein function by solidstate NMR spectroscopy[END_REF]. TSPO functional state has been described to be linked to interaction with different partners [START_REF] Hiser | TSPO protein binding partners in bacteria, animals, and plants[END_REF]. Thus, the optimization of protein-lipids interactions and/or the presence of functional partner(s) might help in finding stabilizing conditions for mTSPO and in solving the structural heterogeneity.

Residue-specific ssNMR chemical assignments are required to characterize at atomic level the apo mTSPO reconstituted lipid liposomes. Further work exploiting advanced selective isotope labelling possibly combined with a rational optimization of the reconstitution protocol at slightly higher LPR may reduce the spectral crowding and therefore give access to high-resolution 2D and 3D ssNMR spectra. Then, conformational mobility would be better analysed knowing the assignment, in particular for sequential amino acids.

Conclusion and perspectives

We have presented herein the optimization of experimental conditions leading to the best currently achievable resolution of MAS ssNMR 13 C - 13 C and 15 N - 13 C spectra of the ligand-free WT mTSPO in DMPC/DMPE 9/1 w/w at a LPR of 1.5. Various ssNMR techniques have been tested and compared to probe the rigid and mobile regions of the lipids or of the protein reconstituted in lipids. Partial assignment of residue types indicates some agreements with the published solution NMR assignment of the PK11195-bound mTSPO in DPC detergent. Overall, the different 2D and 3D experiments recorded for the protein assignment clearly indicate that the apo mTSPO exhibits a high flexibility in a lipid environment. 13 C double-quantum NMR spectroscopy further confirmed this remarkable conformational flexibility, which may have significant implications on the recognition of the ligand and/or other protein partners. It has to be mentioned that solution NMR assignment of mTSPO amino acids directly involved in the PK11195 binding reveals the implication of over more than ten residues from the five transmembrane helices [START_REF] Jaremko | Structure of the mitochondrial translocator protein in complex with a diagnostic ligand[END_REF]. This could explain the gain of stability induced by the binding of the ligand. Moreover, the binding site of bacterial TSPO is also able to bind a very different ligand like porphyrin [START_REF] Li | Crystal structures of translocator protein (TSPO) and mutant mimic of a human polymorphism[END_REF]. This raises the question of the biological significance of such constraints for PK111195 binding site: does the apo form of the mTSPO need a large flexibility to bind so different ligands, such as isoquinoline and porphyrin? Among the biomolecules of medical interest, membrane proteins such as GPCR suffer from spectral crowding induced by conformational plasticity [START_REF] Laeremans | Accelerating GPCR drug discovery with conformation-stabilizing VHHs[END_REF] that, for most of them, limits their access for NMR investigation. High-magnetic field and MAS spinning above 60 kHz rotation frequency demonstrated that sensitivity and 1 H resolution can be significantly improved, notably for microcrystalline proteins available in small amounts [START_REF] Böckmann | Spinning proteins, the faster, the better?[END_REF] but also for membrane proteins [START_REF] Gopinath | Solid-state NMR of membrane Proteins in lipid bilayers: to spin or not to spin?[END_REF]. Selective 13 C-isotope labelling schemes should alleviate the spectral crowding induced by the high percentage of hydrophobic amino acids present in -helical membrane proteins and therefore, they could help the detection of conformational plasticity of biologically systems by solid-state NMR. Cell-free expression systems are also suited for the study of hydrophobic systems since they enable an amino acid specific labelling slightly more accessible than the use of auxotroph bacterial strains, and partial amino acid labelling like 13 C-methyl [START_REF] Bernhard | Cell-free expression-making a mark[END_REF][START_REF] Lazarova | Precursorbased selective methyl labeling of cell-free synthesized proteins[END_REF]. In addition, the introduction of 13 C DQ dimension in 3D proton-detected ssNMR experiments [START_REF] Lends | Protein resonance assignment by solid-state NMR based on 1H-detected 13C double-quantum spectroscopy at fast MAS[END_REF] above 60 kHz could facilitate the assignment of these challenging biological systems. Therefore, the combination of all these strategies with multidimensional correlation experiments at high magnetic field, should render accessible the study of even more membrane proteins.
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 13 INEPT experiments probe segments in fast motion. For lipid vesicles, we identified all 13 C resonances [57] in both INEPT and CPMAS spectra above 15 °C (Fig S1). 13 C INEPT spectra show the disappearance of the signals in agreement with lipids immobilization at low temperature (Fig 1a) except for -CH3 of choline (Fig 1e for DMPC chemical structure with nomenclature) whose intensity only decreases with temperature. For the 13 C CPMAS spectra, different behaviours are visible depending on the type of carbons (Fig 1b). The intensities of glycerol (G1, G2, G3) and choline -CH2 carbons decrease with temperature whereas CH3 of aliphatic chains increases due to lipid immobilization which leads to more efficient dipolar transfer. Instead, the spectra of proteoliposomes containing mTSPO show lipid resonances with an intensity which is, as expected, attenuated by the protein presence. The INEPT spectra display extra patterns coming from the protein in the region from 40 to 60 ppm (Fig 1c) whereas the profile of

13 C

 13 CPMAS spectra at low temperature (see CO region Fig 1d left) at the expense of the resolution (see aliphatic region Fig 1d right). The change in the chemical shift of 4-11 peak

Figure 1 :

 1 Figure 1: 1D 13 C INEPT (a, c) and CPMAS (b, d) spectra of lipid vesicles (a, b) and mTSPO1 in proteoliposomes (c, d) at two temperatures (272 and 306 K). (e) Chemical structure of DMPC with nomenclature and 13 C chemical shifts at 306 K for some carbon resonances highlighted on the spectra.

Figure 2 :

 2 Figure 2: 1D 15 N CPMAS spectra of mTSPO at 267 and 306 K sample temperature. The expected regions (based on BMRB data) of NH Pro, N and N Arg, N Lys are highlighted in grey.

  Fig 3 shows that the polarization transfer is, as expected, more efficient at low temperature, and allows the observation of more cross-peaks for various individual atom pairs. In particular, we clearly detect new cross-peaks correlations in the aromatic and serine regions (Fig 3a, boxed highlighted in blue and green, respectively). 1D traces extracted from the aromatic (Fig 3c) and the ensemble of C serine (Fig 3d) regions illustrate this transfer improvement. Fig 3e and 3f

Figure 3 :

 3 Figure 3: 2D 13 C -13 C DARR spectra recorded at 10 kHz MAS with 100 ms mixing (a, b) and 15 N -13 CO (e, f) of mTSPO at two temperatures (267 and 306 K). Regions with increased polarization transfer at 267 K are highlighted in blue and green on the DARR spectrum. Two rows (c, d) extracted from the DARR spectra at 267 and 306 K illustrate the improved transfer at 267 K. The following experimental parameters were used in the different spectra: 128 transients, 2s repetition delay for the DARR spectra (a, b); 512 transients, 2s repetition delay for the NCO spectra. The following apodisation functions have been used: cosine square function in the indirect dimension and exponential decay corresponding to 20 Hz line broadening factor for DARR and exponential decay corresponding to 20 Hz line broadening factor in both dimensions for the NCO spectra, respectively.

  , fluctuations in peak intensity as a function of side-chain topology are observed notably for Thr C-C (Fig 4b) for which the intensity is much weaker than that of other C-C cross-peaks region. Val C-C (Fig 4b) correlations instead seem to be less affected. The observation of cross-peaks coming from more than two-step dipolar transfers and side-chain dependent peak-intensity variation renders difficult the residue type identification in crowded regions. Good agreement with published chemical shifts in detergent is observed for Ala and Arg resonances (Fig 4b, Fig S4). Most of the observed Ala C -C cross-peaks correspond to an -helix structure. Indeed, if we display the Ala residues on the mTSPO/PK11195 structure (PDB ID 2MGY), except Ala102 located in the loop between TM3 & TM4 and Ala168 in the flexible N-terminus, all other Ala residues are in -helices (3 in TM1, 2 in TM2, 3 in TM3, 5 in TM4 and 4 in TM5). The overlay of

Figure 4 :

 4 Figure 4: Region assignment of aromatics (a) and aliphatics (b) in a 2D 13 C -13 C DARR spectrum at 10 ms mixing. c) Aliphatics region of 2D 13 C -13 C DARR spectra at 50 (c) and 100 ms (d) mixing times. e) 2D 13 C -13 C DQ -SQ spectrum at 0.48 ms mixing time using the SPC5 block for DQ excitation and reconversion. f-i) Excerpts from 13C -13C DARR at 10 ms mixing (f, g) and DQ -SQ (h, i) corresponding to TCBCG, VCACG (f), ACACB (g), TCG,CB+CG (h) and ACB,CA+CB. All spectra were recorded at 267 K sample

  C -13 C SPC5 spectrum (Fig 4d), we were able to identify correlations in the regions (CA, CA+CB) and (CB, CB+CA) for the following residues: Thr (8 cross peaks out of 9 expected), Val (6 out of 12), Ala (11 out of 19), Glu (2 out of 5). Despite the rare occurrence in the mTSPO sequence of Asp (3), Lys (2) and Ile (3) amino acids, they cannot be identified in the SPC5 spectrum. According to liquid NMR assignment (overlay Fig S5) of mTSPO we were able identify V118 CA, CA+CO correlations (Fig S6).

Figure 5 :

 5 Figure 5: Overlay of 2D 13 C -13 C SQ -DQ spectra at 0.25 (red) and 0.5 ms (blue) excitation and reconversion delays of length mix each in the SPC5 recoupling scheme for mTSPO reconstituted in liposomes at 267 K (a) and GB1 microcrystals at 280.5 K (b). Excerpts for AlaCB,CA+CB are shown on bottom right-side of each spectrum. Build-up curves for two 13 C mTSPO cross-peaks at 267 K (c) and same type 13 C GB1 cross-peaks at 295 K (d). The symbols represent the calculated cross-peak volume. All spectra were recorded at 2s repetition time, 512 (mTSPO DQ -SQ) or 128 transients (GB1 DQ -SQ) and 10 kHz frequency rate.

  C -13 C DARR spectra (100 ms) of apo WT mTSPO at 267 and 306 K with those obtained by Rivière et al. [24] (Fig 2 and 3 in their work) under similar temperature conditions, we present in Fig 6 the aliphatic regions of the spectra in Fig 3a and b processed with the same apodisation function in both direct and indirect dimension. Spectra on the right-side of Fig 6 show excerpts corresponding to the Val(CB, CG1/CG2) region and illustrate significantly more correlations at 267 K: if we consider only the Val(CB, CG1), 12 cross-correlation would have expected. Even at an LPR of 1.5 w/w, the lipid chain 4-11 signal with strong wiggles (~ 32 ppm) is observed with 20 Hz line broadening apodisation.

Figure 6 :

 6 Figure 6: Apo mTSPO 2D 13 C -13 C DARR spectra (100 ms) recorded at 10 kHz MAS and 306 (a) and 267 K (b). Val(CB,CG1,CG2) regions in each spectrum are shown on right side for each corresponding temperature together with a row at ~ 21 ppm. The following experimental parameters were used in the different spectra: 128 transients, 2s repetition delay for the DARR spectra, 20 Hz line broadening in both dimensions. The contour level parameters were: ± 65000 lowest intensity, 1.1 increment, 40 contour levels.

  

N CPMAS spectra (Fig 2)of the mTSPO protein were also recorded at 267 and 306 K sample temperature[START_REF] Park | Structure of the chemokine receptor CXCR1 in phospholipid bilayers[END_REF][START_REF] Ohgo | Resolving nitrogen-15 and proton chemical shifts for mobile segments of elastin with two-dimensional NMR spectroscopy[END_REF]. Cooling the sample temperature below the lipids gel to liquid-crystal phase transition leads to an increased sensitivity of the 15 N CPMAS spectrum due to an improved 1 H -[START_REF] Warschawski | Solid-state NMR for the study of membrane systems: The use of anisotropic interactions[END_REF] N dipolar cross-polarization transfer. However, owing to the low
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Appendix. Supplementary data

Supplementary data associated with this article can be found in the online version: 1D 13 C INEPT and CPMAS spectra of lipid vesicles and mTSPO in lipids over a range of temperatures; 3D NCOCX; 2D DARR with the solution NMR assignment overlaid; 2D SPC5 with the solution NMR assignment overlaid; Sample temperature versus sensor temperature for the triple 4 mm probe head used in this study.