
Preparation and cultivation primary porcine bronichal epithelial cells (PBEC). After 

revmoval of the lung, the bronchial tree was dissected, washed with phosphate-buffered saline 

(PBS) and cut into ~2 cm big pieces, followed by digestion in Dulbecco's Modified Eagle's 

Medium (DMEM, Gibco; Thermo Fisher, USA) supplemented with 1 mg/mL pronase (Roche, 

Switzerland), 10 μg/mL DNase I (AppliChem, Germany), 100 U/mL penicillin (Sigma-Aldrich, 

Germany), 100 μg/mL streptomycin (Sigma-Aldrich, Germany), 50 μg/mL gentamicin (Gibco; 

Thermo Fisher, USA), 1.25 μg/mL amphotericin B (Sigma-Aldrich, Germany) and 2 μg/mL 

fluconazole (Claris Lifesciences, UK) for 48 h at 4 °C with gentle shaking. Cells were harvested 

by scratching the inner site of the sections with a scalpel and expanded in cell culture flasks 

coated with collagen type I (PureCol; Advanced BioMatrix, USA) with PneumaCult-Ex 

medium (STEMCELL Technologies, Canada) at 37 °C and 5 % CO2 until they reached 70-

90 % confluency. The cells were then transferred to liquid nitrogen for storage. Cells were 

thawed at 37 °C and expanded in collagen type I coated flasks. 5 x 104 cells were transferred to 

collagen IV (Sigma-Aldrich) coated cell culture inserts (0.33 cm2, polyethylenterephtalate 

[PET] membrane, 0.4 μm pore size; Corning, USA) and incubated at 37 °C and 5 % CO2 with 

PneumaCult-Ex medium in both the basal and apical compartments insert until they reached 

confluency. The apical medium was then removed and the basal medium exchanged to 

PneumaCult-ALI medium (STEMCELL Technologies). To achieve complete mucociliary 

differentiation, the cells were cultured under air-liquid interface conditions for at least four 

weeks at 37 °C and 5 % CO2. ALI medium in the basal compartment was exchanged every 2-3 

days and the cell surface was washed once per week with Hanks′ Balanced Salt solution 

(HBSS). 

Preparation and measurement of MS samples. Protein extracts from the TriFast peqGOLD 

workflow (extraction according to the manufacturer’s protocol) were resuspended in 200 µl 

20 mM Tris-HCl, pH 7.4, 50 mM DTT, 1 % SDS and incubated at 100°C for 10 min. After 

centrifugation for 10 min at 10.000 g and 4°C, the supernatants were collected, protein 

concentrations were determined densitometrically with Coomassie-stained SDS-

polyacrylamide gels (1). Aliquots containing 150 µg were FASP (filter aided sample 

preparation) digested with trypsin (Promega #V5111, Madison, USA) as described (2) with an 

enzyme to substrate ratio of 1:50 (w/w) and 30 kDa cut-off ultrafilters (Vivacon 500, Satorius 

#VN01H22, Goettingen, Germany). The resulting peptides were desalted using Pierce C18 tips 

(Thermo Fisher, USA), vacuum dried, and resuspended in 0.1 % formic acid (FA). 

Per sample, 1 µg peptides were separated by nano reversed phase liquid chromatography using 

a nanoElute chromatography station together with an IonOpticks Aurora column (25 cm x 75 



µm inside diameter, 1.6 µm particle size, C18 stationary phase) at a temperature of 40 °C with 

a flow rate of 0.4 µl/min. Solvent A was 0.1 % FA and solvent B 0.1 % FA in acetonitrile. 

Peptides were eluted with a 115 min gradient from 2 % to 16 % solvent B (0-60 min), 15-24 % 

solvent B (60-90 min), 24 %-34 % solvent B (90 min–105 min), 35-95 % solvent B (105-

107 min) and 95 % solvent B (107-115 min). The TimsTOF Pro instrument (Bruker, Bremen, 

Germany) was equipped with a CaptiveSpray nano electrospray ion source and was operated in 

Parallel Accumulation and Serial Fragmentation (PASEF) mode using the standard method for 

proteome analysis (1.1sec cycle time) recommended by the manufacturer. The mass 

spectrometry proteomics data have been deposited to the ProteomeXchange Consortium 

(http://proteomecentral.proteomexchange.org) via the PRIDE partner repository (3) with the 

dataset identifier PXDxxxxxx and DOI 10.6019/PXDxxxxxx. 

Processing and analysis of MS data. Protein identification and label-free quantification (LFQ) 

were performed using MaxQuant (MQ) version 2.0.2.0 (4, 5) at standard conditions suggested 

for a timsTOF instrument (refer to List S1). The protein and peptide false discovery rates (FDR) 

were set to a maximum of 1 %. Oxidation of methionine and protein N-terminal acetylation 

were allowed as variable modifications, while carbamidomethylation of cysteine was set as 

fixed modification. Trypsin was chosen as protease, 2 missed cleavage sites were tolerated. A 

single sequence database was compiled from NiV (GenBank AF212302) and porcine (EMBL, 

S. scrofa version 11.1), protein sequences downloaded from Ensembl repository (6). The 

resulting MQ table with identified and quantified protein groups were processed using in-house 

R scripts (version 4.0.3, (R Core Team (7)) together with R studio (8) before analysis in Perseus 

version 1.6.15.0 (9), with the workflow depicted in the figure 1 shown below. The R-packages 

gProfiler2 version 0.2.1 (10) and ggplot2 version 3.3.5 (11) were used to reference protein 

identifiers to genes and enrichment analysis or data visualization, respectively. The von 

Neumann test (12) was performed in R with package DescTools (13). 

Tables for annotation of identified proteins and corresponding genes with experimental data 

(stages of infection, replicates), and data from public repositories KEGG (Kyoto Encyclopedia 

of Genes and Genomes) (14, 15) and GO (Gene Ontology) (16) were constructed in Perseus 

using in-house R scripts. KEGG and GO annotations of biological processes (GO:BP) and 

cellular components (GO:CC) were compiled from porcine annotations and annotations to the 

human orthologs of the identified porcine genes. For statistical analysis of Z-normalized gene 

expression levels in Perseus, the FDR was set to 5 % and S0 to 0 or 0.1 (default values) for t-

tests and Volcano plots respectively. 



Term enrichment analyses were performed as multi query based on up or down regulated 

differentially expressed genes (DEG) (see Table S1) using R together with the gProfiler2 

package (10) or in Cytoscape version 3.9.1 (17) using the Plug-in ClueGO (18). The detailed 

results can be found in table S2 and S3. 

 

 

Figure 1: Workflow for the analysis in Perseus. 
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