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Methods for extraction of total microbial RNA

In order to extract the total microbial RNA, the protocol previously described by [19] was applied. Briefly,
the following steps were carried out: 4.5 g fermenter sample and 2.5 ml TE-buffer (4 °C) were applied on
a falcon filter (pore size 40 um; BD, Belgium) and spun at 4000 x g for 2 min. Equal volumes (1 ml) of
acid phenol (4 °C) and of glass beads (diameter 0.1 mm) were added to the filtrate and vortexed two
times at maximum speed for 4 min, interrupted by cooling on ice for 1 min in between. The mixture was
then centrifuged at 5500 x g for 5 min; and the upper phase used for the further processing with the
Qiagen RNeasy Midi kit according to manufacturer's instructions. Finally, the RNA was eluted in 150 pl
RNAse-free water.

The remaining DNA within the RNA sample was removed twice using DNase | (Roche) as well as the
DNase and the RNeasy Mini kit (Qiagen). In short, the following steps were performed: 80 pl RNA
solution were mixed with 10 yl DNase | and 10 yl DNase buffer (Roche) and incubated for 1.5 h at room
temperature under constant shaking at 400 rpm. Subsequently, 350 pl supplied RTL buffer and 250 pl
ethanol (100 %) were added; and the mixture was applied on the supplied columns. After centrifugation
(13000 rpm, 30 sec), 250 ul RW1 buffer (Qiagen) were applied on the column and centrifuged again.
Subsequently 10 ul DNase and 70 yl DNase RDD bhuffer (Roche) were added on the column membrane
and incubated for 15 min at room temperature, followed by another washing step with RW1 buffer. Two
additional washing steps were carried out with 500 ul RPE buffer (Qiagen) and the membrane was dried
by centifugation (13000 x g, 2 min) followed by RNA eluation in 40 ul RNase-free water (13000 x g, 1
min).

The successful treatment with DNase was verified by PCR applying the universal primer pair Arch-0519-
a-S-15 / S-D-Bact-0785-b-A-18 (5' — 3 CAGCMGCCGCGGTAATWC / TACNVGGGTATCTAATCC)
targeting the 16S rRNA gene [104]. Concentrations of the DNA-free RNA samples were determined
using the RNA 6000 Pico Chip kit (Agilent, Waldbronn, Germany).



Methods for isolation of Bacteria and Archaea

Isolation strategy (1) targeting mesophilic pathogenic Bacteria: The samples were analyzed with
qualitative and quantitative methods under microoxic and anoxic culture conditions at 37 °C growth
temperature. From each sample, a serial dilution up to 10° was prepared in buffered peptone water. 100
ul of each dilution were plated four times on Columbia Blood Agar (CSB), Columbia Blood Agar with
Neomycin (NEO), Columbia Blood Agar with Gentamycin (GENTA), Plate Count AGAR (PC), Polymyxin
Egg Yolk Mannitol Bromothymol blue Agar (PEMBA), and Sabouraud Dextrose Agar with
Chloramphenicol (SABC). One set of plates, i.e. duplicates, was cultivated for 48 h under microoxic
conditions. The other set of plates, for (facultative) anaerobic bacteria, was cultivated under anoxic
conditions for 48 h. The anaerobic culture conditions were generated using the AnaeroGen 2.5
(Atmosphere Generation System, Thermo Scientific, Oxoid Basingstoke, UK). All plates with colonies in
the countable range from the same dilution were analyzed. All colonies with similar morphology were
counted and identified using the MALDI-TOF MS method. Therefore, the MALDI-TOF MS sample
preparation was performed similar to [31].

Isolation strategy (2) targeting thermophilic pathogenic Bacteria: Similar to strategy (1), with the following
modification: All samples were cultivated at 50 °C.

Isolation strategy (3) targeting cellulolytic Bacteria: For cultivation of cellulolytic microorganisms, GS2
medium [32] or mineral medium [33] were used under anoxic conditions (Supplementary Figure S1). The
media were supplemented with 0.5 % (w/v) Avicel in liquid cultures and 0.5 % (w/v) phosphoric acid
swollen cellulose (PASC) [34] or Avicel on solid agar plates to enrich for cellulolytic bacteria. Additionally,
clarified cattle rumen content or digestate from a biogas plant was added either before autoclaving or
sterile filtrated in different concentrations to support growth. A total of 1 ml of the sludge was suspended
in 50 ml NaCl solution (0.2 M) and freshly inoculated into autoclaved medium. The culture was incubated
at 55 °C until filter paper stripes (Whatman No. 1) showed obvious degradation and again transferred
into the same medium. After four to six repetitions the resultant enriched culture was serially diluted up to
107, An aliquot (0.1 ml) of the dilutions was plated on agar plates (2 % agar) in an anaerobic chamber
(95 % N, + 5 % H,; Coy Laboratory Products) and overlaid with GS2 Agar (2 % w/v) containing 0.5 %
(w/v) Avicel or PASC. The agar plates were incubated anoxically at 55 °C. Colonies with different
morphology were streaked to single colonies three times. Single colonies were picked and inoculated to
the same medium with 0.5 % (w/v) filter paper to confirm cellulose degradation and purity.

Isolation strategy (4) targeting cellulolytic Bacteria: Isolation strategy (4) is comparable to the strategy
described by [35], with some modifications. Briefly, 1 ml digester sludge was suspended in 50 ml NacCl
solution (0.2 M) and serially diluted to 10°®. Each dilution was freshly inoculated into GS2 medium with
0.5 % (w/v) filter paper (Whatman No. 1) as sole carbon source and 0.5 % (v/v) rumen extract to enrich
cellulolytic microbes. The culture was incubated at 55 °C under anoxic conditions until the filter paper
substrate showed obvious degradation. The highest dilution with filter paper degradation was diluted to
10® and transferred into the same medium. After four repetitions of dilution and growth in fresh medium,
the resultant enriched culture was serially diluted up to 10™. Cultivation on solid medium and isolation
was performed as described for isolation strategy (3).

Isolation strategy (5) targeting cellulolytic Bacteria: Similar to strategy (3), with the following
modifications: the dilution of the suspended sludge was directly plated on agar plates containing 0.05 %
(w/v) of cellobiose as carbon source and overlaid with GS2 Agar (2 % w/v) containing 0.5 % (w/v) Avicel
or PASC. Colonies producing clear halos due to cellulolytic activity were streaked to single colonies three
times under anoxic conditions.



Isolation strategy (6) targeting acidogenic/acetogenic Bacteria: Acidogenic bacteria were isolated with
emphasis on acetic acid, propionic acid and butyric acid forming bacteria. For the isolation from the
thermophilic biogas plant, a minimal medium, i.e. modified DSMZ medium 287 [36] was used, which was
supplemented with one carbon source (6 g I'* of Na*-DL-lactate, succinate, glucose or a mixture of the
following six amino acids: L-alanine, L-serine, L-threonine, L-cystein, L-glutamic acid, and L-methionine).
These substrates are potential primary fermentation products of anaerobic hydrolysis of polymeric
biomass, which can be converted by microorganisms to acetic acid, propionic acid, or butyric acid.
Detailed information about the isolation and identification of acid forming bacteria are described by [37].
Anoxic procedures such as preparing of nutrition media and isolation of acid forming bacteria were
performed in an anaerobic chamber (Coy Laboratory Products, USA). Firstly, acidogenic bacteria were
enriched by the addition of 500 mg of reactor sample to 9 ml minimal medium containing the
corresponding carbon source. The incubation was performed at 54 °C. To obtain pure cultures, the deep
agar shake method was applied for the mentioned nutrition media. Formation of acetic acid, propionic
acid and butyric acid in bacterial cultures was analyzed by high performance liquid chromatography
(HPLC, Shimadzu, Kyoto, Japan) with the column Hpx87 (size: 300 x 7.8 mm, 9 um patrticle size;
BioRad, Germany) and the RI-Detector RID-10A (Shimadzu, Germany).

Isolation strategy (7) targeting acidogenic/acetogenic Bacteria: Similar to strategy (6), with the following
modification: instead of the deep agar shake method, plating was performed on the above mentioned,
anoxic nutrition media to obtain pure cultures of acid producing bacteria.

Isolation strategy (8) targeting different anaerobic thermophilic Bacteria: To isolate a variety of different
bacteria, anoxic media with different substrates were used: (a) R2A medium, which contained complex
substrates such as yeast extract, peptone and casamino acids as well as glucose, starch and pyruvate,
was prepared according to [38] with addition of (I'*) 0.75 g MgCl,* 6 H,0, 0.5 g cysteine-HCI * H,O and 1
mg resazurin; pH was adjusted to 7.2. (b) Nitrate broth medium, containing the substrates peptone,
acetate, ethanol and propionate, was prepared as described by [39]. It was supplemented with (I'*) 0.5 g
cysteine-HCI * H,O and 1 mg resazurin. The pH value was adjusted to 7.0. (c) The minimal medium as
described by [38] was prepared with 5.35 g NH,NO; and 0.42 g NaNO; (I'') and supplemented with 0.68
g sodium formate, 1.8 g glucose, 0.5 g cysteine-HCI * H,O and 1 mg resazurin. The pH value was
adjusted to 7.1. (d) The BM/NO* medium, containing succinate as sole substrate, was prepared
according to [40] and supplemented with (I') 0.5 g cysteine-HCI * H,O and 1 mg resazurin. The pH value
was adjusted to 7.5. (e) The DSMZ medium 287 [36] was modified according to [41] and supplemented
with 1 mg I Na,WO,*H,0, sodium acetate and formate (10 mM each), 0.5 % methanol and 5 % reactor
sludge.

Sludge was prepared as described for DSMZ medium 119 [105]. Cultivation was performed on solid and
in liquid media. All solid media contained 15 g™ agar, liquid media were prepared under anoxic
conditions, filled in hungate tubes and autoclaved under N, gas atmosphere (80 % H, and 20 % CO, gas
mixture in case of DSMZ medium 287). For isolation of bacteria the reactor sample was diluted 10" to
10’ fold in the media (a) - (d). Aliquots of the dilutions were spread on pre-reduced agar plates of the
respective medium and incubated anoxically at 50 °C. Single colonies were picked and re-streaked
several times for purification. The liquid assays were incubated for two to four weeks at 50 °C.
Afterwards aliquots of the cultures were transferred to fresh medium. After the seventh transfer, 100 pl of
enrichment culture were spread on BBL™ Columbia Agar Base medium (Th. Geyer, Germany)
supplemented with 5 % laked horse blood (Oxoid, Germany). Agar plates were incubated anaerobically
at 50 °C; and colonies were re-streaked for purification. Medium (e) was only used for liquid cultures.
The medium was inoculated in triplicates with 50 pl reactor material and incubation occurred at 50 °C.
After four weeks of incubation, aliquots of the cultures were transferred into the same medium
supplemented with two antibiotics (100 pg ml™ vancomycin * HCl and 60 pg ml™ streptomycin). After
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incubation of four weeks, the cultures were transferred into medium containing another combination of
antibiotics (100 ug ml™ sodium ampicillin and 60 pg mi™* kanamycin) and after another incubation period
fresh medium with vancomycin * HCI and sodium ampicillin (100 pug ml™* each) was used. Incubation with
different combinations of antibiotics was repeated three times. Afterwards, isolation of bacteria occurred
on BBL™ Columbia Agar Base medium supplemented with 5 % horse blood as described above.

Isolation strategy (9) targeting facultative anaerobic thermophilic Bacteria: To isolate facultative
anaerobic bacteria 10 % DEV nutrient agar (Merck, Germany) was used. Therefore, 10 % of the
recommended amount of the medium was used per liter and 4.5 g NaCl and 16.2 g agar (I"') were added
to adjust the salt and agar concentrations to that of the non-reduced medium. The reactor sample was
diluted 10* and 10° fold, plated on 10 % DEV nutrient agar plates and incubated under exposure to air
oxygen at 50 °C. Single colonies were picked and re-streaked for purification.

Isolation strategy (10) targeting methanogenic Archaea: A cultivation technique for strictly anaerobic
microorganisms was performed in accordance to the recommendations by [42], but without usage of an
anaerobic chamber. H, (80 %) and CO, (20 %) were fed to the gas phase of cultivation vials with up to 2
bar overpressure. For cultivation of hydrogenotrophic methanogens, a medium containing following
components were used: 10 mM imidazole buffer adjusted with HCI to 7.0, 5 mM MgCl, * 6 H,O, 30 mM
NacCl, 18.6 mM NH4CI, 0.5 mM CacCl, * 2 H,0O, 64.1 mM KCI, 1 mM sodium polyphosphate (NaPO,),
(chain length n about 100). 0.5 uM ZnCl,, 0.1 uM MnCl, * 4 H,O, 0.1 uM H3BO3, 0.1 puM CuCl, * 2 H,0,
0.1 uM NawO, * 2 H,0, 0.5 uM CoCl, * 6 H,0, 0.5 uM NICl, * 6 H,0, 0.1 uM Na,SeO; * 5 H,0O, 0.1 uM
Na,MoO, * 2 H,0, 10 uM Fe(lINCl; * 6 H,O, and vitamin solution according to [106]. 5 mM NaHCOs;, 5
mM sodium acetate, 10 mM sodium formate, 8 uM resazurin, 0.43 mM cysteine, 1 mM Na,S and 0.083
mM titan citrate adjusted to pH 7.0. The reducing agents cysteine, Na,S and titan citrate were finally
added as separate solutions. For the isolation of target methanogens in liquid medium, dilution series
and repetition of transfer to fresh medium were conducted. During this procedure, the most dominant
methanogens remained in the culture. The culture with the added antibiotics was first incubated at 37 °C
for one or two days to let the antibiotics work before moving to the selective cultivating temperature, e.qg.
53 °C. In the first dilution step, a combination of five antibiotics was used, i.e. 20 pg ml™* cefoxitin, 4 pg
ml™ cefsulodin, 20 ug ml™ vancomycin, 20 pg ml™* bacitracin, and 50 ug ml™* ampicillin, together with
fresh medium. After the third dilution step the antibiotics bacitracin and ampicillin were omitted and after
the fifth transfer only vancomycin was applied as antibiotic, mainly to sustain the homogeneity of the
apparently pure culture. Further details on the cultivation procedures were previously published by [107].
Growth and purity of the cultures were confirmed microscopically and by molecular identification.

Isolation strategy (11) targeting methanogenic Archaea: The techniques for cultivating strict anaerobes
described by [42] were used throughout the study. At first colonies picked from deep agar shake were
incubated at 55 °C and then moved to the selective cultivating temperature, e.g. 65 °C. A combination of
the antibiotics ampicillin and vancomycin (final concentration 100 pg ml™") was used. The deep agar
shake method was performed in medium DSMZ 287 [36] supplemented with an amino acid solution (I'")
1.115 g L-arginine-HCI, 1.875 g DL-asparagine, 0.755 g L-cysteine, 0.915 g L-glutamate, 0.915 g L-
glutamine, 1.01 g L-histidine-HCI, 0.82 g L-leucine, 1.14 g L-lysine-HCI, 0.93 g L-methionine, 0.82 g L-
isoleucine, 1.03 g L-phenylalanine, 0.72 g L-proline, 0.655 g L-serine, 1.5 g DL-threonine, 1.28 g L-
tryptophane, 1.18 g L-tyrosine, 1.46 g L-valine) in 1 : 1000 (v/v) dilution.



Methods for identification of isolates

Genomic DNA of the bacteria isolated with strategies (3), (4), and (5) was extracted from the culture
using a bacterial genomic DNA kit (Molzym, Germany) according to manufacturer’s guidelines. The
purity of each isolate was examined by PCR of the 16S rRNA gene with the bacteria-specific
oligonucleotide primers 616F and 630R, as described by [108]. PCR amplification and sequencing of the
16S rRNA genes were carried out as described previously [65]. Genomic DNA of the Bacteria and
Archaea isolated with strategies (6), (7), and (11) was extracted using the DNeasy blood and tissue kit
(Qiagen, Germany) according to the protocol for gram positive Bacteria. Thereafter, 16S rRNA genes
were amplified with the primer set PurEubak5 and PurEubak3 for Bacteria [37], or with the primer set
Met86f and Met1340r for methanogenic Archaea [41], and cleaned up with USB® ExoSAP-IT® PCR
product cleanup kit (Affymetrix, USA). Subsequently, the PCR products were sequenced (LGC
Genomics, Germany). To sequence the 16S rRNA genes of the isolates obtained with strategies (8) and
(9), colonies of the isolates were suspended in 50 pl molecular biological grade nuclease-free water and
cells were cracked by consecutive freezing and thawing three times. Amplification and subsequent
sequencing of the almost complete 16S rRNA gene of the strains was carried out using the primer pair
27F and 1492R as described by [99]. For identification of the Archaea isolated with strategy (10),
genomic DNA was extracted from 1 - 2 ml of liquid culture using the Gene Matrix stool DNA purification
kit (Roboklon, Germany). The archaeal 16S rRNA gene fragment was sequenced by GATC Biotech
(Germany) using the primers w017 (F) and w002 (R) [109].
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Table S1: Statistics of quality-controlled metagenomes sequences data for the microbial community of the thermophilic production-scale biogas plant.

Protocol used for Number of obtained DNA Total sequence Q3o6 value of Number of merged
microbial DNA extraction  sequences (i.e. reads) data [bp] sequenced bases [%] paired-end reads
Al 4054984 1058350824 88.71 1777661
B? 5521480 1441106280 89.62 2689150
c? 5975856 1559698416 89.34 2890795
D* 3933006 1026514566 89.10 1793876
= 2803170 731627370 89.92 1323234

! A: FastDNA Spin Kit for Soil (MP Biomedicals, France)

2 B: NucleoSpin Soil (Macherey-Nagel, Germany)

% C: PowerLyzer DNA Isolation Kit (MoBio, USA)

“ D: PowerSoil DNA Isolation Kit (MoBio, USA)

% E: Classical chloroform-isoamyl alcohol DNA extraction [8]
® Probability of an incorrect base call 1 in 1000 times



Table S2: Statistics of taxonomically classified sequences obtained from the metagenome and metatranscriptome datasets.

Taxonomic Metagenomic dataset Metatranscriptomic dataset
affiliation
All sequences’ 16S rRNA gene sequences’ All sequences™® 16S rRNA sequences’
Number of Relative Number of Relative Number of Relative Number of Relative

sequences [-] abundance [%] sequences [-] abundance [%] sequences [-] abundance [%] sequences [-] abundance [%]

Total sequences 6500000 100 21888 100 1149525 100 547373 100
Domain 1162586 18 18817 86 793815 69 532381 97
Phylum 1012738 16 10271 47 731560 64 339680 62

Class 978234 15 7019 32 706392 61 247415 45
Order 953369 15 6099 28 705086 61 223389 41
Family* 910747 14 4985 18 693057 60 187071 34
Genus 910844 14 3842 18 685588 60 134563 25

! Taxonomic composition was determined by means of lowest common ancestor (LCA) algorithm implemented in MGX applying BLASTN against NCBI database.
2 Taxonomic assignment were obtained applying BLASTN against RDP database implemented in MGX.
3 Including 16S rRNA, 5S rRNA, 23S rRNA, mRNA, and other RNA species

4 Currently some reference genera have no exact assignment at family level leading to their underrepresentation in the number of taxonomically identified sequences.



Table S3: Number of 16S rRNA sequences and corresponding percentages of bacterial and archaeal genera within the analyzed metagenome and
metatranscriptome datasets. The number of metatranscriptome-derived 16S rRNA sequences, i.e. 532381, was normalized to the number of metagenome-
derived sequences, i.e. 18817. Only genera with at least 10 (normalized) sequences in one of the datasets were considered. ND = no sequences were
determined in the dataset.

Taxonomic classification Metagenome® Metatranscriptome2
Domain Phylum Class Order Family Genus Number of Relative Number of Relative
sequences [-] abundance [%] sequences [-] abundance [%]
Archaea Euryarchaeota Methanobacteria Methanobacteriales Methanobacteriaceae Methanobacterium 97 0.52 ND
Methanothermobacter 154 0.82 5 0.02
Methanomicrobia Methanomicrobiales Methanomicrobiaceae Methanogenium 22 0.12 3 0.01
Methanosarcina 69 0.37 ND
Methanoculleus 519 2.76 1067 5.67
Bacteria Firmicutes Bacilli Lactobacillales Lactobacillaceae Lactobacillus 19 0.10 ND
Clostridia Clostridiales Caldicoprobacteraceae Caldicoprobacter 10 0.05 ND
Clostridiaceae Cellulosibacter 6 0.03 44 0.24
Clostridium sensu stricto 348 1.85 48 0.26
Clostridium cluster 111 288 1.53 909 4.83
Tepidimicrobium 126 0.67 94 0.50
Defluviitaleaceae Defluviitalea 42 0.22 21 0.11
Symbiobacteriaceae Symbiobacterium 16 0.09 3 0.01
Syntrophomonadaceae Syntrophomonas 12 0.06 1 <0.01
Dethiobacter 12 0.06 3 0.02
Halanaerobiales Halanaerobiaceae Halothermothrix 32 0.17 2 0.01
Halanaerobiales Halanaerobiaceae Halocella 660 3.51 342 1.82
Thermoanaerobacterales Thermoanaerobacteraceae Tepidanaerobacter 78 0.41 214 1.14
Family 111 incertae sedis Syntrophaceticus 31 0.16 2 0.01
Tissierellia Tissierellales Tissierellaceae Tissierella 4 0.02 11 0.06
Peptoniphilaceae Peptoniphilus ND 10 0.06
Proteobacteria Gammaproteobacteria  Alteromonadales Atribacteria® 10 0.05 ND
Spirochaetes  Spirochaetia Spirochaetales Spirochaetaceae Sphaerochaeta 11 0.06 2 0.01
Synergistetes  Synergistia Synergistales Synergistaceae Anaerobaculum 33 0.18 158 0.84
Thermotogae  Thermotogae Petrotogales Petrotogaceae Defluviitoga 1040 5.53 1734 9.21

! In total, 18817 classified 165 rRNA gene sequences
2 In total, 532381 classified 16S rRNA sequences

% genera incertae sedis
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Figure S1: Exemplary work-flow illustration of the different strategies for the isolation of cellulolytic
bacteria. Isolation strategy (3): direct enrichment and isolation using different media. Isolation strategy
(4): serial dilution (i.e. dilution to extinction) in liquid medium. Isolation strategy (5): direct plating on solid
medium without previous enrichment in liquid culture.
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Taxonomic classification of 16S rRNA gene sequences derived from the metagenome dataset
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Figure S2: Relative abundance of the 25 most abundant families within the biogas microbial community
of the thermophilic biogas plant as deduced from 16S rRNA gene sequences of combined metagenome
datasets (>= 0.05 % of the sequences in the metagenome). Taxonomic assignments of the 16S rRNA
gene sequences were obtained applying BLASTN against the RDP database applying MGX.

12



Taxonomic classification of 16S rRNA sequences derived from the metatranscriptome dataset
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0 2 4

6 8 10 12 14

Relative abundance in the metatransciptome dataset [%o]

Figure S3: Relative abundance of the 25 most abundant families within the biogas microbial community
of the thermophilic biogas plant as deduced from 16S rRNA sequences of the metatranscriptome
datasets (>= 0.05 % of the sequences in the metatranscriptome). Taxonomic assignments of the 16S
rRNA sequences were obtained applying BLASTN against the RDP database applying MGX.
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Class Species

Substrate

Fermenter

Digestate

Actinobacteria Streptomyces albus

Bacteroidia Bacteroides coprosuis

Flavobacteria Wautersiella sp.

Bacilli Bacillus amyloliquefaciens
Bacillus cereus

Bacillus licheniformis

Bacillus oleronius

Bacillus thermoamylovorans

Bacillus spp.

Lysinibacillus fusiformis / Ly. sphaericus
Aneurinibacillus spp.

Brevibacillus borstelensis

Paenibacillus macerans

Ureibacillus thermosphaericus
Enterococcus sp.

Enterococcus faecium

Lactobacillus amylovorus / Lb. kitasatonis
Lactobacillus reuteri

—

Clostridia Clostridium bifermentans
Clostridium cochlearium
Clostridium perfringens
Clostridium sordellii
Clostridium sporogenes
Clostridium spp.

B-Proteobacteria Hydrogenophaga spp.

Escherichia coli
Providencia retigeri
Klebsiella pneumonia
Morganella morganii
Proteus mirabilis

Proteus penneri / vulgaris
Salmonella enterica

y-Proteobacteria

 —

| ———
—————
I ————————
——
| —

]

—
S
S

—

—

—

Unknown Bacteria Unknown spp.

Fungi Various spp.

Figure S4: Cultivable microbial species applying the isolation strategies (1) - (2) and corresponding cell
counts in samples of substrate (i.e. swine manure), fermenter content (i.e. main fermenter), and
digestate (i.e. second fermenter). The cultivation temperature was 37 °C (white bars) or 50 °C (black

bars), respectively.

——

10% 10° 10* 10° 10° 107

102 10° 10 10° 10° 107

102 10° 10 10° 10° 107

Cultivable microbial species cell counts [log CFU g"]
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Supplementary Figure S5: Light- (a) and fluorescent (b) microscopic picture of Methanothermobacter
marburgensis isolated from the thermophilic biogas plant.
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Methanomicrobia

Isolate V2.1
AB065297, Methanaculleus thermophilus

Methanomicrobia

4 Methanomicrobiaceae

‘{ 3 Methanosarcinales and Methanocellales

Methanobacteria

4 Methanobacteriaceae

AB104858, Methanothermobacter wolfei
Isolate SIV6

X15364, Methanothermobacter marburgensis
Isolate Viersen-HAW

Methanobacteria

0.01 2 Methanobacteriaceae

@)

AYB08961, Geobacillus thermodenitrificans subsp. thermodenitrificans
Isolate J2B

[~ L27478, Bacillus thermoamylovorans
Isolate Neu19

4'_— U20385, Bacillus infernus
Isclate E2C

CP000002, Bacillus licheniformis
Isolate L2C
— Isolate M1A
L AB271752, Bacillus coagulans
LAY1G?B14‘ Paenibacillus barengoltzii
Isolate YP4-6A J

— lIsolate MV1
L X98395, Clostridium isatidis
X71849, Clostridium ceilulovorans
Isolate Neu23
L X72869, Clostridium thermopalmarium
Isolate Neud
X72868, Clostridium thermobutyricum

L FR870448, Thermoanaerobacterium thermosaccharolyticum
Isclate Iso6/1b

[ AB101594, Ureibacillus thermosphaericus
Isolate AGA

Bacilli

[ X73436, Clostridium aminovalericum

L Isolate T3/55
HQ020487, Defiuviitalea saccharophila

Isolate GRX3
[ AB186360, Lutispora thermophila
Isolate XV1
EF116488, Frofeiniborus ethanoligenes
“— lIsolate BA2-13
Isolate GRC4
EF522948, Tepidimicrobium xylanilyticum
Isolate GRX2
= AYB56718, Tepidimicrobium ferriphilum
Isolate DG3
FR749955, Tissierella crealinini
AF358114, Sporanaerobacter acetigenes
Isolate XP2-13-3
— L09177, Clostridium ceilulosi
Isolate DGS
Y18180, Clostridium thermosuccinogenes
Isolate Iso4/1b
FJ815191, Cellulosibacter alkalithermophilus

Firmicutes

Clostridia

— Isolate K50/5
AB186359, Clostridium clariffavum
Isolate HAW2/1

CP000568, Clostridium thermacelium
AB125279, Clostridium straminisolvens
Isolate Neu18

AJ310082, Clostridium stercorarium subsp. stercorarium
Isolate Neu14

AB221372, Clostridium caenicola

Isolate Neu21

r lIsolate L14
M96665, Desulfotomaculum australicum
AB106353, Tepidanaerobacter syntrophicus
Isolate AS34 E d
FR850164, Defluviitoga tunisiensis J
— lIsolate L3

Thermotogae

0.01

(b)

Figure S6: Phylogenetic tree of selected archaeal (a) and bacterial (b) isolates in relation to
corresponding type species. The 16S rRNA gene sequences from closely related type species were
obtained from the SILVA database [45]. The isolate T3/55" represents the type strain for a novel genus
and species, namely Herbinix hemicellulosilytica, which was recently described by [33].
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Figure S7: Fragment recruitment of metagenome sequences derived from the microbial community of
the analyzed thermophilic biogas plant to the genomes of the strains Clostridium cellulosi str. DG5 (a),
Herbinix hemicellulosilytica str. T3/55" (b) and Defluviitoga tunisiensis str. L3 (c). Only metagenome
sequence reads with more than 75 % sequence identity (y-axis) to the corresponding genome were
mapped. Percent identity (y-axis) of a mapped metagenome read was plotted against the mapping
position on the genome sequence (x-axis) of H. hemicellulosilytica str. T3/55" or D. tunisiensis str. L3.
The x-axis represents the extension (scale) of the C. cellulosi str. DG5, H. hemicellulosilytica str. T3/55"
or D. tunisiensis str. L3 genome. Sequence coverage is visualized by gray scale intensity (right margin).
Matching sequence read length is indicated by the diameter of the circle representing the mapping

position (scale is given on the top right).
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