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Cross-linking of β-lactoglobulin enhances allergic sensitization through changes in cellular uptake and processing
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MATERIALS AND METHODS 

Cell culture media
Cell cultures and incubations were maintained at 37°C in a humid atmosphere of 5% CO2. Splenic cells and the co-culture of BMDCs with T cells were incubated in complete medium consisting of RPMI 1640 glutamax (Gibco, Life Technologies, Breda, The Netherlands) supplemented with 10% fetal bovine serum (FBS; Multicell, Wisent inc, St-Bruno, Quebec, Canada), 1% Penicillin/Streptomycin (Pen/Strep, Gibco). BMDCs were cultivated in RPMI 1640 glutamax, 10% FCS, 1% Pen/Strep, 1% Na-pyruvate (Gibco), 1% non-essential amino acids, (Gibco), 50 µM 2-mercaptoethanol (Gibco). Caco-2 cells were cultured in a medium composed of DMEM containing 4.5 g/l glucose (Gibco) supplemented with 10% FCS, 1% non-essential amino acids, 1% 200 mM L-glutamine (Gibco), 1% Pen/Strep. 
CL-BLG preparation
β-lactoglobulin (BLG) was isolated from raw bovine milk (Stojadinovic et al., 2012). Cross-linked BLG (CL-BLG) was prepared as published before (Stanic-Vucinic et al., 2012). First, BLG tertiary structure was disturbed by sonication with Branson Sonifier 150 (20 kHz frequency, 120 µm amplitude, Branson Ultrasonic Corp., Danbury, CT, USA) for 60 min without cooling, raising the sample temperature from 25 to 65°C by the ultrasound treatment itself. Output power was 9.5 W or 135 W/cm2.After the treatment 0.95 mg/ml of sonicated BLG was cross-linked for 3 h at 37°C with 1 mg/ml of laccase from Trametes versicolor (30.6 U/mg, Fluka, Sigma-Aldrich, Taufkirchen, Germany) and 1 mM caffeic acid (Sigma-Aldrich) as an auxiliary compound at pH 4.5 (100 mM sodium acetate buffer). Reaction was stopped by immediate freezing at -80°C. Both BLG and CL-BLG were extensively dialyzed against PBS before being used in the following experiments.
Agarose gel electrophoresis

Agarose gel electrophoresis was performed to determine approximate molecular weight of CL-BLG. Electrophoresis and preparation of mouse muscle protein extract (MMPE, soleus and gluteus) were done as published before (Warren et al., 2003). MMPE proteins: myosin, nebulin and titin were used as high molecular weight protein markers. Before application MMPE was diluted 10x with reducing sample buffer (with the addition of 2-mercaptoethanol). Fifteen µl of MMPE and 10 µl of CL-BLG (1 mg/ml in reducing sample buffer) were applied per well.

Scanning electron microscopy (SEM)

The study on CL-BLG morphology was performed at the University of Belgrade – Faculty of Mining and Geology, using a JEOL JSM–6610LV scanning electron microscope with a W filament gun(JEOL Ltd., Tokyo, Japan). Samples were placed on carbon adhesive tape over the aluminum holder, dried in desiccator and then gold coated (d=15 nm, ρ=19.2 g/cm3) using a Leica EM SCD005 sputter coater (Leica Microsystems GmbH, Wetzlar, Germany). Secondary electron images were obtained at 30 kV of acceleration voltage in high-vacuum mode (15-30 μPa of pressure in the sample chamber).

Measurement of BLG‐specific antibodies 
Plates (highbond 3590; Costar, Cambridge, MA, USA) were coated overnight at 4°C with 100 µl of  10 μg/l BLG (for IgG1 and IgG2a detection)  or 1.0 μg/ml purified rat anti-mouse IgE (clone R35-72, BD Pharmingen, San Diego, CA, USA) in PBS, followed by 1 h blocking (37°C) with PBS-Tween/0.5% BSA. Serum samples were applied in several dilutions and incubated for 2 h at room temperature (RT). A positive pool of sera derived from BLG sensitized mice was used to make standard curve and calculate Arbitrary Units (AU), taking into account that the first dilution of the reference pool is equal to 1000 AU.
 For detection of IgG1 and IgG2a AP-conjugated antibodies (Southern Biotech, Birmingham, AL, USA) were added (1 h at 37°C). Subsequently, 1 mg/ml of p-nitrophenylphosphate in diethanolamine buffer (Sigma-Aldrich) was used for the color reaction, and absorbance was measured at 405 nm. 

To measure BLG-specific IgE, BLG-DIG conjugate solution was added (1 h at 37°C). The coupling of DIG to BLG was performed according to the manufacturer’s instructions (Roche, Mannheim, Germany). After incubation (1 h at 37°C) with peroxidase-conjugated anti-DIG fragments (Roche), a tetramethylbenzidine substrate solution (Sigma-Aldrich) was used and the color reaction was stopped with 2 M H2SO4. Absorbance was measured at 450 nm. 
T cell ex vivo restimulation

Spleens were homogenized in RPMI1640 glutamax (Gibco) by pressing with a sterile syringe plunger against Petri dish bottom. After passing through a 70 µm cell strainer, single cell suspensions were washed, resuspended and counted using Coulter Counter (Coulter Electronics, Luton, UK). Cells (3.75*105 in 200 µl per well) were incubated in complete medium in the presence or absence of 50 µg/ml BLG in 96‐well plates for 72 h. After the incubation, 50 µl of culture supernatants were withdrawn and stored at ‐20°C until analysis and 0.5 µCi of 3H-thymidine (Amersham, GE Healthcare, DiegemBelgium; specific activity: 40-60 Ci/mmol) was added per well. Cells were labeled for 6 h at 37°C after which plates were harvested with a cell harvester (Packard filtermate harvester, Perkin-Elmer, Boston, Ma, USA) onto filter paper (unifilter GF/C) and dried. The filter paper was placed into a bag containing scintillation fluid and 3H-Thymidine incorporation was measured with a beta-plate liquid scintillation counter (Packard Topcount NXT, Perkin-Elmer). In the culture supernatants, levels of IFN‐γ, IL‐5 and IL‐13 were determined by commercially available sandwich ELISA (e‐Bioscience, Austria), according to the instructions of the manufacturer.
LC-ESI MS/MS analysis of BLG peptides originating from endolysosomal degradation 

Peptides were analyzed on EASY nLC II system coupled with LTQ Orbitrap XL (Thermo scientific Inc., MA, USA). In total 240 ng of proteins were injected onto EASY-Spray PepMap C18 Column (150x0.075 mm, 3 μm partical size). Solvent A was 0.1% formic acid aqueous solution, solvent B was 0.1% formic acid in acetonitrile. A 50 min gradient from 5-70% of solvent B was applied using 300 nl/min flow rate. CID Normalized Collision Energy value was 35.0%. Parameters of Nanoelectro Spray Ionization (NSI) were: spray voltage +3.91 kV, capillary voltage 6.00 V, capillary temp 275.00°C, tube lens 100V. Spectra were recorded in positive mode in a range of m/z 500-2000. Five most intense monoisotopic peaks in the spectra were fragmented using collision-induced dissociation and measured in the linear ion trap. MS data analysis was performed with SEQUEST search engine and Proteome Discoverer 1.3.0339 software (Thermo Scientific) under following conditions: FASTA database, Bos Taurus reviewed from Uniprot; enzyme, nonspecific; missed cleavages, 2; peptide tolerance, ±10 ppm; MS/MS tolerance, ±0.5 Da; variable modifications, oxidation of M. 

Figures and figure legends
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Figure E1. Time kinetics of endolysosomal degradation of Holo-HRP. After 0, 0.5, 1, 3, 5 and 24  h reaction was stopped and samples were analyzed on 14% SDS-PAGE under reducing conditions. 
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