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METHODS

Chemicals and reagents
Unless otherwise stated, chemical reagents were obtained from Sigma Chemical Co. (St. Louis, MO).  Modified sequencing grade trypsin from Promega (Madison, WI) was used for all protein digestion reactions.  The water and acetonitrile used in all sample clean up and HPLC applications was HPLC grade from Burdick & Jackson (Muskegon, MI) and the 98% formic acid used in these applications was purchased from EM Science (Darmstadt, Germany). 

Collection of biofilm samples

Several hundred grams of biofilm suspension were collected from the Richmond mine, near the downstream confluence of drifts AB and B (AB-End; Fig. S1).  A portion was fixed on-site (see below), while the rest was transported within the mine at ambient temperature and put on dry ice within an hour of collection, transported back to the laboratory, and then stored at -80° C.
Whole-cell rRNA oligonucleotide-based analysis

Samples were washed twice with 10 mM phosphate buffered saline (NaH2PO4, anhydrous, 1.9 mM phosphate, and ~ 150 mM NaCl, adjusted to pH 1.2 with H2SO4), fixed overnight with 3 volumes of 4% paraformaldehyde to 1 volume of sample, and stored at -20°C within 8 hrs of collection.  Hybridizations were performed on fixed samples as previously reported (S1), with incubation at 46°C and washing at 48°C for 15 min.  Probe ARC915 (S2) was used for Archaea, probe LF655 (S3) for all Leptospirillum groups, LF1253 (S3) for Leptospirillum group III, and EUB338 (S4) were used to visualize all bacteria members of the community.    

Preparation of biofilm protein fractions for mass spectrometry 

To prepare protein fractions, a sample of biofilm was thawed and processed at 4 °C.  Cells were suspended in 3 volumes H2SO4 (pH 1.1), washed by rotation for 30 min, and recovered by centrifugation at 12,000 x g for 20 min.  This wash was repeated once by resuspending the cell pellet in the same volume of sulfuric acid solution, and the two reddish-yellow supernatants were combined to form the extracellular fraction.  Cells were resuspended in 20 ml 0.1 M sodium acetate (pH 5.0), placed on ice, and lysed by sonication using a micro-probe at high power with 30 sec pulses for 10 min.  The suspension was centrifuged at 5,000 x g for 20 min, and the pellet containing cells and debris was re-extracted in the same manner.  The combined supernatants constituted the cellular fraction.  Centrifugation of the cellular fraction at 100,000 x g for 1 hr yielded a clear, yellowish supernatant enriched in soluble, cytoplasmic proteins.  The reddish, translucent pellet resulting from ultracentrifugation was washed once by resuspension in sodium acetate buffer, the ultracentrifugation step was repeated, and the supernatant was combined with the initial supernatant.  Fractions enriched for extracellular, whole cellular, and soluble proteins were precipitated with ice-cold 10% trichloroacetic acid, and the precipitates were rinsed with cold methanol and air-dried.  

To obtain membrane protein-enriched fractions, cells from an equivalent quantity of biofilm were first washed in H2SO4 (pH 1.1) as described above, resuspended, and split into two tubes.  Cells recovered by centrifugation at 12,000 x g for 20 min were then resuspended into 12 ml of either H2SO4 (pH 1.1) (for membrane sample “M1”), or 20 mM Tris-SO4 (pH 8.0) (for the membrane sample “M2”).  These were placed on ice and lysed by sonication as described above.  After centrifugation at 5,000 x g for 20 min, supernatants were diluted with 40 ml of either H2SO4 (pH 1.1) (“M1”) or 0.1M sodium carbonate (pH 11.0) (“M2”) and mixed by rotation for 30 min at 4°C.  These were centrifuged at 6000 x g to remove debris, and the supernatants were centrifuged at 100,000 x g for 1 hr.  The resulting membrane protein-enriched pellets were washed once by resuspension in the appropriate buffer, the ultracentrifugation step was repeated, and each membrane pellet was resuspended in 1 ml of the same buffer.
Each of the fractions was denatured and reduced in 6M guanidine-HCl, 10 mM DTT, at 600C for 1 hr.  Samples were diluted 6-fold in 50 mM Tris-HCl (pH 7.8). 10 mM CaCl2, sequencing grade trypsin was added at ~1:100 (w/w) and digestions were run with gentle shaking at 370C for 18 hrs.  This was followed by a second addition of trypsin at 1:100 and an additional 5-hr incubation.  The samples were then treated with 20 mM DTT for 1 hr at 370C as a final reduction step, and immediately de-salted using Sep-Pak Plus C18 (Waters, Milford, MA).  All samples were concentrated and solvent exchanged into 0.1% formic acid in water by centrifugal evaporation to ~10 (g/(L starting material, filtered, aliquoted, and frozen at -800C until LC-MS/MS analysis.

Mass Spectrometry Analysis

For the LCQ dataset, an Ultimate HPLC (LC Packings, a division of Dionex, San Francisco, CA) was used; for the LTQ dataset, a Surveyor HPLC (Thermo Finnigan, San Jose, CA) was used.  Each pump provided a flow rate of ~100 µL/min, which was split pre-column to provide an approximate flow of ~200-300 nL/min at the nanospray tip.  The split-phase columns were constructed as follows:  the back column was packed with approximately 3.5 cm of strong cation exchange material (Luna SCX 5 µm 100A Phenomenex, Torrance, CA) into a 100 um fused silica via a pressure cell followed by 3.5 cm of C18 reverse phase (RP) material (Aqua C18 5 µm 200A Phenomenex).  The sample was then loaded off-line onto the dual phase column.  For all samples, ~200-500 µg of protein was loaded onto the back dual phase column.  The loaded RP-SCX column was then positioned on the instrument behind a ~15 cm C18 RP column (Jupiter C18 5 um 300A Phenomenex) also packed via pressure cell into Pico Frit tip (100 µm with 15 um tip New Objective, Woburn, MA).  The entire column system was positioned directly in the nanospray source (Thermo Finnigan) on either the LCQ or LTQ mass spectrometers.  

All samples were analyzed via a 24-hr 12-step 2-dimensional analysis consisting of increasing concentration (0-500 mM) salt pulses of ammonium acetate followed by 2-hour reverse phase gradients from 100% aqueous solvent (95% H2O/ 5% ACN/ 0.1% formic acid) to 50% organic solvent (30% H2O/ 70% ACN/ 0.1% formic acid).  During the entire chromatographic processes, the LCQ or LTQ mass spectrometers operated in a data-dependent MS/MS mode detailed below.  The chromatographic methods and HPLC columns were virtually identical for all analyses.  The LC-MS system was fully automated and under direct control of the Xcalibur software system (Thermo Finnigan).  

The LCQ and LTQ mass spectrometers were both operated with the following parameters: nanospray voltage (2.4 kV), heated capillary temp 2000C, full scan m/z range (400-1700).  The LCQ data dependent MS/MS mode was set up with the following parameters:  4 MS/MS spectra for every full scan, 5 microscans averaged for full scans and MS/MS scans, 5 m/z isolation widths for MS/MS isolations and 35% collision energy for collision-induced dissociation.  The LTQ data dependent MS/MS mode was set up with the following parameters: 5 MS/MS spectra for every full scan, 2 microscans averaged for full scans and MS/MS scans, 3 m/z isolation widths for MS/MS isolations and 35% collision energy for collision-induced dissociation.  To prevent repetitive analysis of the same abundant peptides, dynamic exclusion was enabled with a repeat count of 1 and an exclusion duration of 1 min on the LCQ and 3 min on the LTQ.  All samples (5 biofilm fractions) were analyzed in triplicate on the LCQ with a single m/z range.  In addition, the NaCO3–treated membranes (M1) and the whole cell fraction were analyzed with a single 3 m/z range experiment which consisted of 3 individual 24-hr 2D analyses with three segmented m/z ranges (400-900, 850-1300, 1200-1700) on the LCQ.  All samples (5 biofilm fractions) were analyzed in triplicate on the LTQ with a single m/z range except the crude soluble fraction, which was analyzed a single time due to lack of available sample.

Proteome Bioinformatics

Five protein databases were used for this study, and each can be found at (http://compbio.ornl.gov/biofilm_amd/databases/).  The first database (Biofilm_db1) contained all predicted proteins, based on the community genomic analysis (S5) plus the Ferroplasma acidarmanus fer1 isolate genome (S6).  This database contained 12,148 entries and was the primary database used in all data analyses of the LCQ and LTQ datasets.  A subset of LCQ and LTQ data was searched against two alternative databases.  Biofilm_db2 was created by adding to Biofilm_db1 all proteins ≥100 amino acids encoded in regions of hypothetical genes after six-frame translation and consideration of alternative start and stop sites, resulting in 15,646 protein entries.  Biofilm_db3 was created by adding Shewanella oneidensis MR-1, Rhodopseudomonas palustris CGA009, Escherichia coli K-12, and Saccharomyces cerevisiae public protein databases to Biofilm_db1.  The purpose of this database search was to determine the level of false positive identifications using microbial species known not to be in the sample.  A subset of the LCQ data was searched against a database containing genomes from most sequenced microbes and two plant species in addition to the Biofilm_db1.  This database contained sequences from over two hundred microbes and two plants.  The AMD Biofilm_db1 database was attached to this database to give a final database which contained 978,849 protein entries (Biofilm_db1_Large).  The purpose of this database search was to determine the potential to differentiate the AMD community from the rest of microbial genome space and to determine the false positive level against a very large database.  The results from these alternative database searches can be found in the analysis webpage (http://compbio.ornl.gov/biofilm_amd/analysis/).  A final database (Biofilm_db1_snps_1) was created from the PCR information discussed in the main paper.  This database was exactly the same as Biofilm_db1 except for two amino acid changes and removal of the N-terminus of the protein LeptoII_scaff_14_GENE_20.  The new name for this protein is LeptoII_scaff_14_GENE_20_SNP1 in this database.  This new database was used for searching the extracellular proteome LTQ data in order to test the hypothesis of two amino acid changes and N-terminal processing of the protein.     

For all database searches, MS/MS spectra RAW files were first converted to mzXML format using ReAdW software program developed at the Institute for Systems Biology, Seattle, WA (http://www.systemsbiology.org), and available from SourceForge repository at http://sashimi.sourceforge.net.  The mzXML is an XML file format specification developed at ISB for complete spectral information contained in Thermo Finnigan RAW files.  The individual spectra for each RAW file were extracted from the mzXML file into corresponding DTA files (required as input to SEQUEST), using another software program from ISB, mzXML2Other.  The mzXML2Other program is capable of extracting the spectra into several different formats in support of the prevalent MS search tools like SEQUEST (S7) and MASCOT (S8).  The spectra were then searched using SEQUEST (Thermo Finnigan), with the following parameters: enzyme type trypsin; Parent Mass Tolerance, 3.0; Fragment Ion Tolerance, 0.5; up to 4 missed cleavages allowed.  Only fully tryptic peptide candidates were searched, non-specific cleavage was ignored due to potential false positive rates in large databases searched with the SEQUEST algorithm.  The output data files were then filtered and sorted with the DTASelect algorithm (S9) using the following parameters: fully tryptic peptides only, with delCN of at least 0.08 and cross-correlation scores (Xcorrs) of at least 1.8 (+1), 2.5 (+2) and 3.5 (+3).  DTASelect files from all proteome fractions analyzed by the LCQ and LTQ can be found in the analysis page (http://compbio.ornl.gov/biofilm_amd/analysis/) under the corresponding dataset.  All DTASelect files were filtered by requiring either (i)  1 or more peptides or (ii) 2 or more peptides per protein.  Results are available for download in a text format or an html version, where every identified spectrum can be viewed by clicking on the spectral number (first column, labeled by filename).  The DTASelect results from all proteome fractions were then compared with the Contrast program (S9).  The analysis page contains global contrast files (all the proteome fractions) filtered at 1 or more peptides, 2 or more peptides and 3 or more peptides per protein.  The global analysis file filtered at 2 or more peptides per protein from the LCQ dataset and the LTQ dataset were combined to give the final identified protein list that was used to create Tables S1 and S2.  The analysis page also contains inter-fraction contrast files (compares multiple runs on same sample with same instrument platform) filtered at 1 or more peptides and 2 or more peptides per protein, as well as pair-wise comparisons (compare replicates runs of different proteome fractions) at 1 or more peptides and 2 or more peptides per protein.    

Peptide sequencing of cyt579 from the AB-end biofilm


An aliquot of the extracellular fraction was solubilized by resuspension in standard protein gel electrophoresis loading buffer at pH 6.8, without any reducing agent.  To aid resuspension, samples were vortexed for 1 min in the presence of 0.5 mm silica beads (Biospec Products, Inc.).  After a 1 min centrifugation at 13,000 x g, supernatant derived from the equivalent of ~1 ml of packed biofilm (~109 cells) was loaded into several wells of a 12% acrylamide protein gel.  After electrophoresis, one sample lane was transferred to a Sequi-Blot PVDF membrane (Bio-Rad) and stained with Coomassie, as described on the website for the Protein Core facility at Columbia University (http://cpmcnet.columbia.edu/dept/protein/).  Another sample lane was stained with Coomassie without membrane transfer, and a third sample lane was stained without membrane transfer for heme-containing proteins using the o-dianisidine method (S10).  The gels stained without transfer are shown in Fig. S3.  The PVDF-transferred protein corresponding to the heme stained protein was analyzed by the Protein Core facility, using Edman degradation sequencing.

Recovery of DNA encoding cyt579 from the AB end biofilm
Genomic DNA that was recovered from the AB end biofilm by a modified phenol:chloroform extraction method (S11) was used as a template for PCR.  PCR was conducted using primers RR2 (5’-GCGACAGCGGATCCTGCAGAGCTCGATATTTTGAAA-3’) and RR3 (5’-TCGGGCGCACGGATCCCTAATGCGCGGATGCGACCCCGAT-3’), and High Fidelity Taq polymerase (Invitrogen), using conditions recommended by the manufacturer (with a 1 min extension time).  PCR products were digested with BamHI, cloned into pET15b (Novagen), and sequenced at the U. C. Berkeley DNA Sequencing Facility.  

RESULTS
Distribution of organisms in the biofilm

Using whole-cell rRNA oligonucleotide-based analysis, 872 cells counted from 6 fields of vision had the following distribution among organism types:  83% Leptospirillum group II, 9% Leptospirillum group III, 8% Archaea, and long, 1% rod-shaped bacterial cells likely to be Sulfobacillus.  In comparison, the set of confidently detected proteins had the following distribution:  68% Leptospirillum group II, 13% Leptospirillum group III, 17% Archaea, and 2% unassigned bacteria. 

Database tests
The analysis to test for incorrect ORF calls used a modified database (Biofilm_db2) that included predicted proteins encoded by all six reading frames in the vicinity of all hypothetical genes in Leptospirillum group II.  This database was also amended by ORFs for proteins of ≥100 amino acids that were not identified via automated annotation.  A subset of LCQ and LTQ data was searched against this alternative database (subset contained 1 run of each fraction from the LCQ and LTQ data sets).  Of the 1,438 confidently detected proteins in these fractions, 28 proteins were detected in alternative or overlapping reading frames and two were the result of the manual annotation (Table S2). 

We estimated false positive rates by comparing the number of unique peptides identified from the AMD database (Biofilm_db1) to unique peptides identified from species not in the AMD sample using the databases described above.  This slightly overestimates the false positive rate, since peptides which were originally unique to the AMD database can become non-unique as other peptides in the database have the same sequence.  A subset of these ‘false positives’ may correspond to homologs for which we have no genome sequence, yet are present in the biofilm. 

Of the 6,605 unique peptides identified by LCQ analysis of the five biofilm fractions using the Biofilm_db3 database, 12% were false positives.  Analysis of the 5,397 unique peptides that were derived from proteins for which at least two peptides were recovered revealed a false positive rate of only 2.8%.  A similar analysis of the data from the LTQ analysis revealed a false positive rate of 16% at the one unique peptide level and 6.2% after considering only unique peptides from proteins matched by at least two peptides.  

The false positive search with Biofilm_db1_Large used only the LCQ sub-dataset.  A total of 8,273 unique peptides were identified from the LCQ analysis of the five biofilm fractions, 39% of which were false positives.  Of the 4,925 unique peptides derived from proteins for which at least two peptides were recovered, only 4.5% were false positives.  These results clearly indicate why we chose the two peptide filter level.  While one peptide data would result in detection of many more proteins, the chance of false positives is too high to justify this level of filtering.
Purification and characterization of cytochrome579 from Leptospirillum ferriphilum isolate cultures


A pure culture of Leptospirillum ferriphilum strain P3A was grown autotrophically on soluble ferrous ions in an apparatus that permitted the in situ electrochemical reduction of the product ferric ions to achieve enhanced yields of the bacteria (S12).  The ferrous sulfate medium (S13) was adjusted to pH 1.6.  Cells were cultured in a 45-liter vessel for 30 days under an applied current of 30 A with a voltage that varied from 4 to 7 V.  This protocol yielded over 100 g of wet cell paste over the 30-day continuous culture period.  Cells were harvested by centrifugation, resuspended in 0.001 N H2SO4, and stored frozen at -20o C.


Frozen cells were thawed and collected by centrifugation at 10,000(g for 10 min.  Visible absorbance spectra of the red supernatant thus obtained indicated the presence of a cytochrome with a Soret absorbance peak at 426 nm in the thawed storage solution.  The cells were resuspended in 0.01 N H2SO4 (4 ml/g wet cell paste) and subsequently disrupted by sonic oscillation for 1 min/g wet cell paste at a power output of 125 watts.  Care was taken to maintain the temperature of the solution below 7o C.  Centrifugation of the sonicate at 10,000 x g for 10 min yielded a red pellet and a cloudy red supernatant.  The pellet was resuspended in 0.01 N H2SO4 (1.5 ml/g original wet cell paste) and centrifuged as described above.  All three red supernatants were combined and subjected to ammonium sulfate precipitation.  The bulk of the red cytochrome precipitated between 45% and 95% saturated ammonium sulfate.  A red pellet was obtained by centrifugation of the 95%-saturated solution for 20 min at 20,000 x g.  The pellet was dissolved in, and dialyzed against, 0.01 M sodium acetate (pH 5.5).  The preparation of red cytochrome was then applied to a column of carboxymethylcellulose equilibrated and developed with the same acetate buffer.  A yellow-green cytochrome with an -absorbance band at 579 nm (Soret peak at 441 nm) eluted from the column in the void volume.  This cytochrome exhibited a single band at an apparent molecular mass of around 16,000 daltons when analyzed by standard sodium dodecyl sulfate-polyacrylamide electrophoresis.  Oxidation of this purified protein yielded a red cytochrome whose visible absorbance spectrum was identical to that of the red cytochrome preparation that was applied to the column.  The source and identity of the reducing equivalents in the carboxymethylcellulose column were not determined.


Amino terminal microsequencing of the purified red cytochrome was accomplished as described previously (S14).  


Purified cyt579 was redox-active with soluble iron at pH 2.0.  The absorbance spectra of the oxidized and ferrous iron-reduced cyt579 are presented in Fig. S4.  The Soret peak of the cytochrome shifted from 426 nm in the oxidized state to 441 nm in the ferrous iron-reduced state.  Concomitantly, an absorbance band appeared with a maximum absorbance at 579 nm.  While the peak at 441 nm is reminiscent of that of a a-type cytochrome, the peak at 579 is considerably blue-shifted from that anticipated for a typical a cytochrome.  Alkaline pyridine hemochrome spectra of the oxidized and reduced cytochromes provided further spectroscopic evidence that the heme group in cyt579 is unusual and not of the typical a, b or c-type (S15).  

Ferrous ions are rapidly oxidized by bacteria that respire aerobically on iron.  Kinetic studies on intact cells of Leptospirillum species in acidic ferrous sulfate media yielded maximal rates of ferrous iron oxidation of 422 μg of ferrous iron oxidized per minute per mg of protein, with a corresponding KM value for soluble iron of 0.25 mM (S16).  If 5% of the total cellular protein expressed by L. ferriphilum  is assumed to be cyt579 (S17), then the apparent turnover number for the transfer of electrons from ferrous iron to molecular oxygen by whole cells may be expressed as approximately 40 s-1 per molecule of cyt579 in the cell.  Thus in order for cyt579 to serve as the primary initial electron acceptor in the iron-dependent respiratory chain, the apparent rate constant for the ferrous iron-dependent reduction of the cyt579 must be greater than or equal to the overall turnover number for the entire process, 40 s-1.  The inset in Fig S4 shows the change in absorbance at 579 nm as a function of time when 8.6 μM cyt579 was rapidly mixed with 60 mM ferrous ions in 0.2 M sulfate at pH 2.0.  The increase in absorbance at 579 nm, indicative of reduction of the cytochrome, was described by a single exponential function of time with a pseudo first order rate constant of 84 s-1.  Further, the ferric iron-dependent oxidation of the reduced cyt579 occurred under the same conditions (60 mM ferric ions, 0.2 M sulfate, pH 2.0) with a pseudo first order rate constant of 63 s-1 (S15).  If one assumes that the standard reduction potential of soluble iron in 0.2 M sulfate at pH 2.0 is 660 mV (S18), then the apparent standard reduction potential of the cyt579 may be calculated to be around 640 mV using these kinetic constants and the equation 

(RT/F) ln (kox/kred)  =  EoFe(II)/Fe(III)  –  Eocyt(II)/cyt(III) 

where R is the gas constant, T is the absolute temperature, and F is Faraday’s constant.  

Based on detected proteins, we inferred a possible arrangement of electron transport components associated with Leptospirillum group II (Fig. S5).  It has been proposed for other extreme acidophiles that the naturally steep proton gradient across the plasma membrane is counteracted by a large membrane potential in order to prevent the massive pool of protons in the environment from entering unrestricted through the ATP synthase and acidifying the cytoplasm (S19).  One possibility is that as oxygen is reduced by the terminal oxidase (a process dependent on iron oxidation), protons in the cytoplasm are consumed, allowing a transient influx of protons through the ATP synthase complex to maintain equilibrium.  This influx of protons is coupled to ATP production.  Therefore, it is not obvious whether any of the electron transport chain components still pump protons to the periplasm, as in classical neutrophilic transport chains.  In this model, quinones are inferred based on detection of UbiB, UbiC, and UbiE homologs.  Iron oxidation by soluble, acid-stable cyt579 localized in the periplasm is coupled to oxygen reduction and the generation of ATP.  Some electrons are siphoned towards producing NADH for use in biosynthetic pathways (arrows pointing to the left in Fig. S5).  Expressed proteins related to c-type cytochromes (possibly including cyt551, cyt553, and four other distinct types) could be involved in the production of NADH and/or serve as intermediates in the transfer of electrons from cyt579 to the terminal oxidase complex.
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FIGURE LEGENDS

Figure S1:  Map of biofilm sampling sites within the Richmond Mine, Iron Mountain, near Redding, California.

Figure S2:  Molecular weight (A) and isoelectric point (pI) distributions (B) of all proteins predicted from genomic analysis compared to those confidently detected by proteomic analysis.  This analysis is based on the dominant organism populations present in the biofilm: strains closely related to F. acidarmanus, Ferroplasma type II, Leptospirillum group II, Leptospirillum group III, and “G-plasma”.  The top panels are results for all proteins predicted in the genomic dataset and the bottom panels are the results for all proteins detected by proteomic analysis.  

Figure S3:  Confirmation that cyt579 is an abundant heme-containing protein in the extracellular fraction of the biofilm.  A portion of the extracellular fraction was resolved by gel electrophoresis and stained for all proteins with Coomassie (left) and for heme-containing proteins using o-dianisidine (right).  The protein band corresponding to the heme staining portion of the gel was sequenced by Edman degradation, and found to contain cyt579.  The migration of molecular weight standards is noted at the far left.  Proteins >40 kD were very weakly visible by Coomassie and heme staining relative to the smaller molecular weight proteins that are shown.
Figure S4:  Absorbance profile of purified cyt579 before (stippled line) and after (solid line) reduction by ferrous ions at pH 2.0.  The inset shows the change in absorbance at 579 nm as a function of time when the protein is rapidly mixed with ferrous ions at pH 2.0.  

Figure S5:  Working model for the electron transport chain of Leptospirillum group II, based on detected proteins.  IM and OM schematically indicate the inner and outer membranes, respectively.
Figure S6:  The distribution of isoelectric points (pI) for (A) all predicted Leptospirillum group II proteins and (B) proteins enriched in the extracellular fraction by more than a factor of two relative to other fractions (as determined by sequence coverage).

Table S1:  Proteins detected in the biofilm fractions.  Listed are proteins confidently detected at the two peptide level, categorized by the organisms, scaffolds, and genes from which they are derived.  Also shown are putative identities of proteins based on BLASTP (S20) scores, as well as their estimated molecular weights and isoelectric points.  The scores for top BLASTP matches are indicated (“top”), as well as the best scores for matches with a confident identification (“identity”).  Proteins in grey are encoded by genes that were duplicated in the database either because they were located on the ends of adjoining scaffolds that were originally separated due to strain variation, or because a single gene was previously split into two coding regions.  The percent of the protein sequence that is covered by all detected peptides is also indicated, followed by the average percent of the protein sequence covered by peptides in all runs from each biofilm fraction.  (M1 and M2 are membrane fractions, E is the extracellular fraction, W is the whole-cell fraction, and S is the cytoplasmic fraction).  The LTQ data is presented, except where proteins were only detected in the LCQ analysis (in which case only the LCQ data is presented).

Table S2:  Leptospirillum group II ORFs predicted from the community genome dataset. Scaffold and gene numbers are in column B.  Where possible, scaffolds were linked via overlap and mate pair information to make mega-scaffolds (numbered in column A).  In many cases linkage was possible because several genes at scaffold ends overlapped.  Heavy black horizontal bars separate mega-scaffolds and thin black lines indicate scaffold junctions.  Locations of tRNAs (purple text on orange bar), transposase type (black), and predicted (green) and detected (red) plasmid- or phage-like genes are shown in column C.  Genes for detected unique and conserved hypothetical proteins are highlighted in column D.  ORFs residing within the same operon are indicated in column E by light or dark grey boxes.  Functional annotations of proteins for which two or more unique peptides were recovered by proteome analysis are in bold and highlighted by cream bars in column E.  Red boxes indicate operons containing at least one gene for a detected hypothetical protein (yellow highlight indicates operons consisting entirely of detected predicted hypothetical proteins).  COG families are shown in column F (also see Fig. 5).  Scaffolds inferred to represent a possible (probably integrated) plasmid or phage are listed separately at the end of the spreadsheet.
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