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2. Materials and Methods
[bookmark: _Hlk528853797]2.1. Targeting of AdipoR-12C by phage display and phage clone characterization
[bookmark: _Toc127252549][bookmark: _Toc134901936][bookmark: _Toc137811574][bookmark: _Toc137815011][bookmark: _Toc160173181]2.1.1. Phage display panning and DNA sequencing of the selected phage clones
Bovine serum albumin (BSA) was used as a control protein during the preselection steps of the panning rounds to exclude non-specific phages. To immobilize BSA on Dynabeads, its disulfide bonds were reduced with Tris [2-carboxyethyl] phosphine hydrochloride (TCEP) reagent (Immobilized TCEP Disulfide Reducing Resin, Thermo Fisher Scientific, Erembodegem, Aalst, Belgium) according to the manufacturer instructions. Both AdipoR-12C and BSA coupled Dynabeads were blocked for 1h with the blocking buffer (0.5% BSA in sodium Phosphate Buffered Saline (NaPBS, for 1L): 0.262 g NaH2PO4·H2O, 2.901 g Na2HPO4·10 H2O, 0.88 g NaCl, pH 7.4). To increase the specificity and stringency of the selected phage clones, the incubation time with the target (at an estimated concentration of 102 µM) was reduced stepwise during the 3 panning rounds (120, 90 and 60 min); the incubation times with BSA were increased stepwise (60, 90, 120 min), while the Tween-20 concentration was increased at each panning round from 0.1% to 0.5% in the incubation and rinsing buffer.
[bookmark: _GoBack]The phenol extraction – ethanol precipitation protocol was used to purify DNA of the selected phage clones, which was then sequenced by the company Beckman Coulter Genomics (Grenoble, France).

[bookmark: _Hlk528853890]2.1.2. Binding of phages to AdipoR-12C and AdipoR1
To evaluate the phage binding to AdipoR-12C, this last one was immobilized (50 µg/mL in NaPBS containing 10 mM EDTA, pH 7.2; 150 µL/well) in the wells of a Pierce® maleimide activated 96-well ELISA plate (Thermo Fisher Scientific) according to the manufacturer instructions. The control wells were coated with BSA (50 µg/mL), with disulfide bonds reduced as described above. After 2.5 hours of incubation, the plate was rinsed with NaPBS pH 7.2 (0.05% Tween-20) and then blocked with 10 µg/mL of cysteine-HCl (Thermo Fisher Scientific) prepared in the same buffer as AdipoR-12C and incubated (200 µL/well) for 1h at room temperature (RT). After rinsing, the phage samples (5x1011/120 µL of NaPBS pH 7.2, 0.05% Tween-20) were incubated with AdipoR-12C or BSA coated wells for 1h at RT. The plate was then rinsed, and HRP-conjugated anti-M13 antibody (Amersham Pharmacia Biotech Benelux, Roosendaal, The Netherlands) diluted 1:5000 in NaPBS pH 7.2, containing 5 mg BSA/mL was added to detect phages bound to the target. 2,2´-Azino-bis(3-Ethylbenzothiazoline-6-sulfonic acid), diammonium salt (Sigma-Aldrich, Bornem, Belgium) (ABTS) solution completed with 0.05% H2O2 was employed to develop the staining reaction of HRP conjugated to anti-M13 antibody. The OD405 was measured using a microplate reader (StatFax-2100, Awarness Technology, Fisher Bioblock Scientific, Tournai, Belgium).
The binding to human AdipoR1 (Origene Technologies, Sanbio B.V., Uden, The Netherlands) was evaluated after protein immobilization (10 µg/mL, NaHCO3 0.1 M, pH 8.6; 100 µL/well; 4°C overnight) in the wells of a medium binding Microlon® ELISA plate (Greiner Bi-One, Wemmel, Belgium). After blocking the wells with blocking buffer (0.5% BSA in NaHCO3 0.1 M, pH 8.6; 300 µL/well; 2h, 4°C), the wells were rinsed (rinsing/incubation buffer: NaPBS pH 7.2, 0.5% Tween-20) and then incubated (2h, RT, mild agitation at 350 rpm) with phages diluted in the rinsing/incubation buffer at 5x1011 virions/100 µL, or a range of concentrations (1012 to 2x109 virions/100 µL) for the estimation of the apparent dissociation constant (K*d): the phage binding to AdipoR1 (test wells) and to BSA (control wells) was assessed concomitantly. The wells were then rinsed again, and the bound phages were detected as described above.

2.2. In vitro evaluation of the selected AdipoR-binding peptides
2.2.1. Binding of peptides to AdipoR1/R2 expressed by mouse muscle and liver and by human pancreas
After routine processing and paraffin embedding, 5 µm thick sections were cut. The tissue sections were then dewaxed and rehydrated before blocking the endogenous biotin with a blocking kit (Vector Labconsult, Brussels, Belgium), followed by the blockage of non-specific epitopes with 1% BSA in potassium PBS (KPBS, for 1L: 0.2 g KCl, 0.2 g KH2PO4, 2.31 g NaH2PO4·12H2O, 8 g NaCl, pH 7.4). To assess the binding of biotinylated peptides, they were incubated (overnight, 4°C) with tissue sections at a concentration of 20 µM diluted in KPBS. The bound peptides were revealed by incubation (1h, RT) with 10 μg/mL of anti-biotin antibody made in goat and with 10 μg/mL of fluorescein anti-goat IgG made in rabbit (both from Vector Labconsult) both diluted in phosphate buffer (for 1L: 0.305 g Na2HPO4·12H2O, 1.26 g NaH2PO4·H2O, 8.77 g NaCl, pH 7.8), supplemented with 0.05% Tween-20 and 0.5% BSA for the secondary antibody. The tissue sections were finally mounted with Vectashield Mounting Medium containing 4’,6-diamidine-2’-phenylindole dihydrochloride (DAPI, Vector Labconsult).
To confirm AdipoR1 (skeletal muscle and pancreas) and AdipoR2 (liver) binding, peptides were co-incubated with AdipoR1/R2-specific antibodies on the same tissue sections, which were submitted to the same pretreatment as described above. The slices were co-incubated (overnight, 4°C) with 20 µM of biotinylated peptides and 4 µg/mL of goat anti-AdipoR1 or anti-AdipoR2 IgG (Santa Cruz Biotechnology, Heidelberg, Germany). Next day, the sections were incubated (1h, RT) with 10 µg/mL of mouse anti-biotin antibody (Vector Labconsult) diluted in phosphate buffer pH 7.8, followed (1h, RT) by a coincubation with 20 µg/mL of hoarse anti-mouse IgG conjugated to Texas Red and 10 µg/mL of rabbit anti-goat IgG conjugated to fluorescein (both from Vector Labconsult) both diluted in phosphate buffer supplemented with 0.05% Tween-20 and 0.5% BSA. The samples were mounted and observed as explained above.

2.2.2. Fluorescent colocalization of peptides with insulin on human pancreas
After dewaxing and rehydration, the human pancreas sections were treated with 10 mM sodium citrate (pH 6.0; 0.05% Tween-20) to unmask the epitopes. The endogenous biotin and non-specific epitopes were blocked as described above, followed by overnight coincubation at 4°C with 20 µM of biotinylated peptides and 2 µg/mL of mouse anti-human insulin IgG (Abcam, Cambridge, GB). Then, the sections were incubated (1h, RT) with 10 µg/mL of goat anti-biotin antibody (Vector Labconsult) diluted in phosphate buffer pH 7.8, followed (1h, RT) by a coincubation with 20 µg/mL of hoarse anti-mouse IgG conjugated to Texas Red and 20 µg/mL of rabbit anti-goat IgG conjugated to fluorescein (both from Vector Labconsult) both diluted in phosphate buffer pH 7.8 completed with 0.05% Tween-20 and 0.5% BSA. The samples were mounted and observed as explained above.

2.2.3. Fluorescent colocalization of AdipoR1/R2 or of peptides with slow myosin in skeletal muscle
Slow myosin was colocalized with AdipoR1/R2 on histologic sections from skeletal muscle of NMRI mice. The tissue sections were pretreated as described at point 2.2.2. (excluding the biotin blocking) and then they were co-incubated (overnight, 4°C) with 20 µg/mL of mouse anti-slow myosin IgG (Abcam) and 4 µg/mL of goat anti-AdipoR1 or anti-AdipoR2 IgG (both from Santa Cruz Biotechnology) diluted in KPBS. Next day, the sections were co-incubated (1h, RT) with 20 µg/mL of Texas Red hoarse anti-mouse IgG and 20 µg/mL of fluorescein rabbit anti goat IgG (both from Vector Labconsult) diluted in phosphate buffer completed with 0.05% Tween-20 and 0.5% BSA.
To colocalize biotinylated peptides with slow myosin, the tissue sections were pre-treated identically (but biotin blocking was included) to those used for AdipoR1/R2 colocalization with slow myosin. Then, tissue sections were co-incubated (overnight, 4°C) with 20 µM of biotinylated peptides and 20 µg/mL of mouse anti-slow myosin IgG (Abcam) diluted in phosphate buffer pH 7.4 containing 0.1% Tween-20. Next day, the sections were incubated (1h, RT) with 5 µg/mL of goat anti-biotin antibody (Vector Labconsult) diluted in phosphate buffer pH 7.8, followed (1h, RT) by co-incubation (1h, RT) with 20 µg/mL of Texas Red hoarse anti-mouse IgG and 20 µg/mL of fluorescein rabbit anti goat IgG (both from Vector Labconsult) diluted in phosphate buffer completed with 0.05% Tween-20 and 0.5% BSA.
The samples were mounted and observed as explained above.

2.2.4. Evaluation of peptides on cell models
2.2.4.1. Culture conditions and induction
HepaRG cells were cultivated (37°C, 5% CO2) in Williams’ E medium supplemented with 10% Fetal Bovine Serum (FBS), 1% glutaMAX and 13% Thaw, Plate & General Purpose Supplement (TPGPS). For cellular tests, HepaRG cells were grown in this culture medium for 96 hours (renewed after 48h). Then, the cells were grown for 72 hours in the culture medium comprising the Maintenance/Metabolism Medium Supplement at the place of TPGPS, according to the manufacturer instructions. Finally, the cells were incubated in the culture medium comprising the Induction Medium Supplement (all from Life Technologies) instead of TPGPS, in addition to the tested compounds as described below.
C2C12 cells were grown (37°C, 5% CO2) in DMEM medium containing high glucose concentration (4.5 g/L) and glutamine and supplemented with 10% FBS and 1% penicillin/streptomycin (all from Life Technologies). For various experiments, C2C12 cells were grown in this culture medium for 5 days until confluent, when differentiation was induced by three days incubation in the same medium comprising 2% horse serum instead of FBS. After 72h, 33% of the current differentiation medium was removed and completed with an equal amount of fresh differentiation medium comprising various compounds as described below.
Once HepaRG and C2C12 cells were prepared for experimental procedures, they were induced for 15, 60 and 135 min in the final culture medium comprising a supplement of 14 mM glucose (25 mM total glucose for HepaRG and 39 mM total glucose for C2C12) or a solution of free fatty acids and cholesterol (FFAC, Chemically Defined Lipid Concentrate, Life Technologies) or both. The FFAC solution was diluted 100 times in the induction medium to obtain 1.18 mM saturated FFA, 1.53 mM unsaturated FFA and 5.69 mM cholesterol. Excepting the control samples, the induction medium furthermore included 40 µM of one of the assessed non-biotinylated peptides (P16, P17, P18) or a commercial AdipoR agonist (AgoAdipoR; compound 112254, Santa Cruz Biotechnology) at a concentration of 2 µM.
For immunofluorescence studies, the cells were seeded (2x105 HepaRG cells/200 µL; 8x104 C2C12 cells/200 µL) on microscope coverslips pre-coated with 200 µL of 200 µg collagen/mL (type I collagen from rat tail, Sigma-Aldrich, Diegem, Belgium) placed in 6-well culture plates (CellStarTM, Greiner BioOne). For the measurement of phosphorylated AMPKα [pT172] (Life Technologies), the cells were seeded (105 HepaRG cells/120 µL/well; 5x104 C2C12 cells/120 µL/well) in 96-well culture plates (Greiner BioOne). Then, the cells were grown and induced as described above.

2.2.4.2. Quantification of phosphorylated AMPKα [pT172]
The AMPKα phosphorylated on Thr172 [pT172] (AMPKα-pT172) was quantified on cell samples using a sandwich ELISA kit (Life Technologies), comprising two anti-AMPKα-pT172 antibodies, one for the antigen capture and the second one for detection. The cells were cultured and induced as described at point 2.2.4.1, and then total proteins were extracted with an extraction buffer (Life Technologies) containing a protease inhibitor cocktail (Sigma-Aldrich) and the serine protease inhibitor phenylmethylsulfonyl fluoride (PMSF, Sigma-Aldrich), according to the manufacturer instructions. For protein extraction, the buffer was incubated (50 µL/well, 30 min, 4°C) with cells, the culture plate being agitated vigorously every 10 min. The cells were furthermore removed from each well surface by vigorous individual pipetting. Finally, the plate was centrifuged for 5 min at 3000 rpm and 4°C, and the supernatant was transferred in Eppendorf tubes to be again centrifuged for 10 min at 13.000 rpm and 4°C. The cell lysates were stored at -80°C before their use for AMPKα-pT172 quantification, which was performed according to the supplier’s instructions, using a calibration curve to obtain AMPKα-pT172 concentration in U/mL. The results were normalized to the protein concentration of each sample, as estimated with the PierceTM BCA Protein Assay kit (Thermo Fisher Scientific).

2.2.4.3. Immunofluorescent detection of glucokinase and succinate dehydrogenase
Glucokinase (GK) and succinate dehydrogenase (SDHA) were detected concomitantly by immunofluorescence on cell samples cultured and induced as explained above (point 2.2.4.1), with the sole difference that cells were induced for only 60 min. Subsequently, the cell samples were fixed (-20°C, 10 min) with 2 mL/well of 100% methanol, followed by rinsing with 1 mL/well of KPBS and blockage/permeabilization (1h, RT) with 1% BSA and 0.3% Triton-X100 in KPBS. GK was detected with 5 µg/mL of rabbit anti-GK antibody, while SDHA was labeled with 5 µg/mL of mouse anti-SDHA antibody (both from Abcam), both diluted in KPBS. After overnight incubation at 4°C, the bound primary antibodies were detected by co-incubation of cells (1h, RT) with 20 µg/mL of Texas red conjugated anti-mouse IgG developed in horse and 20 µg/mL of fluorescein conjugated anti-rabbit IgG developed in goat (both from Vector Labconsult) diluted in phosphate buffer pH 7.8 containing 0.5% BSA. Finally, the cell samples were mounted and observed at microscope as described above.

2.2.4.4. MTT protocol for cytotoxic evaluation of P17
To evaluate the eventual cytotoxic effects of P17, HepaRG cells were seeded (1.4·104 cells/well) in 96-well culture plates and incubated for 2h and 24h with P17 at a concentration of 40 µM or 400 µM diluted in the culture medium; cells incubated in the culture medium alone represented the negative control. After rinsing the cells with PBS, they were incubated (3h, 37°C) with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solution (In vitro toxicology assay kit MTT based, Sigma-Aldrich). The formazan crystals were dissolved with dimethyl sulfoxide (DMSO) and absorbance was measured at 570 nm and 690 nm (differential filter). The percentage ratio of OD measured for treated cells over the OD of control cells allowed to calculate the percentage of viable cells.

2.3. In vivo evaluation of peptide P17
2.3.1. Immunofluorescent detection of AdipoR1/R2, AMPKα-pT172, PPARα-pS12, insulin, glucagon and of activated caspase-3
The tissue sections (liver and skeletal muscle) of 5 µm were dewaxed and rehydrated before blocking (1h, RT) the non-specific epitopes with Protein-Free (TBS) Blocking Buffer (Pierce, Thermo Fisher Scientific). In the case of AdipoR1/R2 detection, the non-specific epitopes were blocked (1h, RT) with 1% BSA in KPBS.
AdipoR1 and AdipoR2 were detected with 4 µg/mL of goat anti-AdipoR1 or anti-AdipoR2 IgG (Santa Cruz Biotechnology) incubated overnight at 4°C. Next day, the sections were incubated (1h, RT) with 10 µg/mL of horse anti-goat IgG conjugated to fluorescein (Vector Labconsult) diluted in phosphate buffer supplemented with 0.05% Tween-20 and 0.5% BSA.
To stain AMPKα-pT172, tissue sections were incubated (overnight, 4°C) with 2 µg/mL of rabbit anti- AMPKα-pT172 antibody (Santa Cruz Biotechnology), followed by 15 µg/mL of Dylight 488 conjugated anti-rabbit IgG developed in horse diluted in phosphate buffer comprising 0.05% Tween-20 and 0.5% BSA.
PPARα-pS12 was observed by incubating (overnight, 4°C) tissue sections with 5 µg/mL of rabbit anti-PPARα-pS12 (Thermo Fisher Scientific), followed by 0.02 µg/mL of horse anti-rabbit IgG coupled to fluorescein (Vector Labconsult) diluted in phosphate buffer containing 0.5% BSA.
Activated caspase-3 was stained on liver sections by incubation (overnight, 4°C) with 5 µg/mL of rabbit anti-activated caspase-3 antibody (Thermo Fisher Scientific). Apoptotic livers from Balb/c mice injected i.v. with 1 mg/kg b.w. of anti-Fas antibody (clone Jo2, isotype λ2, BD Biosciences Pharmingen, Erembodegen, Belgium) were used as positive controls. Then, sections were incubated (1h, RT) with 15 µg/mL of Dylight 488 conjugated anti-rabbit IgG made in horse, diluted phosphate buffer containing 0.5% BSA.
Finally, all tissue sections were mounted with Vectashield Mounting Medium with DAPI before observing at microscope.
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