Supplementary material

Microbial functionality as affected by experimental warming of a temperate mountain forest soil –

a metaproteomics survey

1. Full methodological descriptions

      1.1 Site description

The study site is located at 910 m a.s.l. in the North Tyrolean Calcareous Alps, near Achenkirch, Austria (11°38’21’’ East; 47°34’50’’ North). The 130-year-old mountain forests consist of Norway spruce (Picea abies) with inter-spread of European beech (Fagus sylvatica) and silver fir (Abies alba). The climate is cool, humid, with maximum precipitation during summer. Snow-free periods are typically from April or May to November or December. Mean annual air temperature and precipitation were 6.9 °C and 1506 mm, respectively (1992-2012, ZAMG). Soils were shallow Chromic Cambisols and Rendzic Leptosols with high spatial variability. The dominant humus form is mull followed by thick A-horizons that reach up to 10—20 cm in Chromic Cambisols and 60 cm in Rendzic Leptosols. Dolomite formed the bedrock Schindlbacher et al., 2011()
. More details on the site and soil are given in Supplementary Table S1 and  in Herman et al. 2002()
.
1.2 Soil warming

Three experimental plots with warmed- and control- subplots (2 × 2 m) were installed in 2004. Within the warmed plots resistance heating cables (Etherma, Salzburg) were installed at a soil depth of 3 cm and with 7.5 cm space between the cable lines. To account for potential disturbance effects, the same cables were installed in control plots but without heating. The temperature difference between control and warmed plots was set to 4 °C at 5 cm soil depth. Soil was warmed during snow-free seasons. Soil temperature and moisture of each subplot were measured year-round at 5 and 15 cm soil depth and data were stored on data-loggers at half-hourly intervals. A detailed description of the experimental setup is given in Schindlbacher et al. 2015()
.
1.3 Soil sampling
For soil analysis the Ah horizon (0—5 cm) was sampled with a 2 cm diameter soil-corer. Three replicates were sampled on 3rd October 2012 from each of the six 2 × 2 m subplots (three warmed and three controls). The samples were stored in cooling boxes and transported to the laboratory in Vienna where the soil samples were homogenized with 2 mm mesh sized sieves and stored frozen at -80 °C. Prior to laboratory analysis, soil water content was determined gravimetrically by drying soil samples at 105 °C for 24 h. 

1.4 Protein extraction

Proteins were extracted from the three biological replicates of the control and warmed plots respectively, according to the method described by Keiblinger et al., 2012()
 Cell disruption and purification from humic substances were performed by mixing soil samples with 10% (w/w) polyvinylpolypyrrolidone (PVPP), and grounding in liquid nitrogen. The disruption of soil aggregates was performed by ultra-sonicating the sample on ice for 1 min continuous energy at 10% level, followed by shaking at 150 rpm and 20 °C (30 min). Protein extraction was performed by using a phenol SDS-phenol buffer (1:1 (v:v) 50 mM Tris, 1% SDS pH 7.5 + phenol (pH 8.0)). The purified phenol phases were combined and proteins were precipitated with ammonium acetate by centrifugation 10640 g for 20 min at 4 °C. The pellets were washed with 100% pre-chilled acetone by vortexing and a further centrifugation step. To remove substances which interfere (i.e. humic substances) with further processing (protein digestion, peptide separation and MS analysis), we precipitated the samples with the 5-fold amount of 0.1 M ammonium acetate in methanol (p.a) over night at −20 °C. Before polyacrylamide gel electrophoresis , the protein pellets were resuspended in a maximum of 1 ml 0.5 M TEAB buffer containing 10 mM dithiothreiol (DDT), 6 M urea and 1 M thiourea by vortexing and gentle shaking over night at 4 °C Keiblinger et al., 2012()
. The resulting supernatant was used for further processing. Extracted proteins were loaded on SDS gels (5% polyacrylamide (stacking gel) + 12% polyacrylamide (separating gel) Laemmli, 1970()
, to pre-fractionate the proteins and to finally get rid of humic substances that can interfere with protein quantification.
1.5 Protein digestion
After electrophoresis, the obtained gel was stained with Coomassie Brilliant Blue-G-250 (Sigma-Aldrich, Steinheim, Germany) and protein lanes were cut into 10 pieces of equal size (10 fractions), each piece were then cut into small dices. To remove Coomassie Brilliant Blue dye, the chopped small dices were carefully transformed into 1.5 ml AP tubes, and then washed with a 500 µl pipette by repeated sucking and releasing of the destining liquids (200 mM NH4HCO3 in 30% acetonitrile), until get colourless dices); dried in a vacuum centrifuge and the gel slices were digested by employing 2 µg ml-1 sequencing grade modified trypsin (Promega, reference V5111) over night at 37°C. The resulting peptide mixtures were C-18 purified (Zip-tip, Millipore, Billerica, MA, USA) according to the indoor protocol and analysed by mass spectrometry.
1.6 Mass Spectrometry analysis 
For mass spectrometric analyses an Easy-nLC II (Thermo Fisher Scientific, Waltham, U.S.) was coupled to an LTQ Orbitrap Velos mass spectrometer (Thermo Fisher Scientific, MA). Chromatographic separation of peptides was achieved using a 100 min gradient with buffer A (0.1% (v/v) acetic acid) and buffer B (99.9% (v/v) acetonitrile, 0.1% (v/v) acetic acid) and a flow rate of 300 nL min-1 on a self-made C18 column (Luna 3n, 100 μm i.D. × 200 mm column, Phenomenex, Aschaffenburg, Germany). The mass spectrometer was operated in data-dependent MS/MS mode using wideband activation and lock mass option for the 445.120025 ion. The resolution of the full scan in the Orbitrap analyzer was recorded at R = 60,000. After the survey scan MS/MS data were acquired for the 20 most intensive precursor ions in the linear ion trap using collision induced dissociation (CID) for fragmentation. Charge state screening was employed to select for ions doubly charged or higher and rejecting ions in single-charge state.

1.7 Data base searches, processing and validation
Raw data files were converted into mgf files using MS-converter (www.proteowizard.sourceforge.net), and then searched with Mascot (Matrix Science Version 2.4.1) against the NCBInr database (44828168 entries) (state 25th June 2014). The following settings were selected: tryptic cleavage with a maximum of two missed cleavage sites; fragment ion tolerance: 0.50 Da (Monoisotopic) and peptide tolerance: 10.0 ppm; variable Modifications: +16 on M (Oxidation). False discovery rate (FDR) was calculated by Scaffold (Proteome Software, Version 4). Following filters were used: peptide probability min. 95 % as specified by the Peptide Prophet algorithm (Keller et al., 2002) (FDR <1.2%, Prophet), protein probability (min. 99 %) was assigned by the Protein Prophet algorithm Nesvizhskii et al., 2003()
(FDR< 0.4%, Prophet) and at least one unique peptide per protein. Protein Grouping Strategy was experiment-wide grouping with binary peptide-protein weights. 
       1.9 Assignment of data to phylogenetic and functional groups
Before assigning to functional and taxonomic classes protein groups were checked for homology. Heterogeneous groups were excluded from further analysis. Based on Scaffolds protein report, homologous protein hits obtained by the database searches were assigned to phylogenetic and functional groups and assignments were done by a newly developed perl-script based PROteomics result Pruning & Homology group ANotation Engine (PROPHANE) Schneider et al., 2011()
 workflow (http://www.prophane.de/). Homology was checked by Prophane using MAFFT Katoh et al., 2002()
.
Supplementary Table S1 Site and Soil characteristics of the investigation site, Achenkirch
	Achenkirch
	

	Location
	11°38‘21‘‘ East; 47° 34‘ 50‘‘ North

	Vegetation
	dominated by Norway spruce (Picea abies)

	Exposition, elevation
	NNE, 910 m asl

	MAT; MAP
	6.9 °C, 1506 mm, (1992-2012, ZAMG)

	Soil Acidity pH(CaCl2)
	5.8-7.1a 

	Soil Type
	mosaic of shallow Chromic Cambisols and Rendzic Leptosols

	Bedrock
	Dolomite

	CEC (0-10cm)
	200-400 µmolc g-1 b


a Kitzler et al., 2006()

b Englisch, 2001()
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