
Additional file 1 – Supplementary Figures and Tables 

 

Syntrophic acetate oxidation replaces acetoclastic methanogenesis during thermophilic 

digestion of biowaste 

 

Stefan Dyksma*, Lukas Jansen and Claudia Gallert 

 

Faculty of Technology, Microbiology – Biotechnology, University of Applied Sciences 

Emden/Leer, Emden, Germany 

 

 

 

 

* To whom correspondence should be addressed: Faculty of Technology, Microbiology – 

Biotechnology, University of Applied Sciences Emden/Leer, Emden, Germany 

Tel +49 4921 807 1483, stefan.dyksma@hs-emden-leer.de 

 

 

 

 

 

 

 



0 5 10 15 20 25 30 

NiFe group 1a 
 
 

NiFe group 3a 
NiFe group 3b 
NiFe group 3c 
NiFe group 3d 

 NiFe group 4b 
 NiFe group 4d 

NiFe group 4e 
 NiFe group 4g 

NiFe group 4h 

 FeFe group A1 
FeFe group A2 
FeFe group A3 
FeFe group A4 

FeFe group B 
FeFe group C1 
FeFe group C2 
FeFe group C3 

Fe 
 

Respiratory hydrogen uptake

Hydrogen oxidation in methanogens

Electron bifurcation

Bidirectional

Hydrogen evolving

Bidirectional

Unconfirmed role

Hydrogen oxidation in methanogens

Fermentative hydrogen evolution

Unconfirmed role

Electron bifurcating/confurcating

Unconfirmed role 

Hydrogen oxidation in methanogens

Bidirectional

Hydrogen evolving

Hydrogen evolving / electron bifurcation

Relative abundance (% of all hydrogenase reads)

Archaea Fe

Archaea NiFe

Bacteria NiFe

Bacteria FeFe

0.1% 3.5%
3.1%

93.3%

Figure  S 1. R e la tive  abundance o f hydrogenase c lasses identif ied  in  the  m etagenom e.  
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Figure  S 2. R e la tive  abundance  o f m etagenom ic 16S  rR N A  gene fragm ents  from  P FL9 
affilia ting  w ith  B acteria  and  A rchaea  as shown in  F ig . 1a  but the h ighest c lass ifica tion  rank  of 
the  m ajor g roups is  dep ic ted . 



AL A AEA
117 d 117 d 117 d 211 d 244 d 491 d

M ethanotherm ob ac ter  (Euryarc haeota ) 4 .3 5.7 0 4.3 4.2 0.1

M eth a n o sa r ci n a  (Eu r ya r ch a eo ta ) 0 11.8 24.3 3.9 17.4 14.4
C andidatus  Caldatr ibac ter ium (Atr ib ac ter ia ) 0 0 1.1 0 0 0

Lentim ic rob iac eae  (Bac tero idetes ) 0 2.1 8 0 0 0
Anaerol inea  (C hloroflex i ) 0 .4 0 1.9 0 0 0

Unc ultured Anaerol ineac eae  (C hloroflex i ) 0 4.3 1.9 1 0.6 14.6
Anaerol ineae SBR1031 (C hloroflex i ) 0 0.2 0.9 0.3 2.2 0

C andidatus  Sy ntrophos phaera (C loac im onetes ) 0 .6 2.5 0 0 0 0
C oprotherm ob ac ter  (C oprotherm ob ac teraeota ) 9 .2 0 0.2 0 0 0

Bac i l lus  (F irm ic utes ) 0 0 1.1 0 0 0
C andidatus  Des ulf orudis  (F irm ic utes ) 0 0 2.4 1.7 0 0

Unc. Clostridia  (Caldicoprobacter, F i r m i cu tes ) 0 0.2 15.5 63.4 25.2 31
Sym b iob ac ter ium  (F irm ic utes ) 0 0 0.4 1.3 15.6 7.2

D es ul fi tib ac ter  (F irm ic utes ) 0 .1 4.3 2.8 5.3 6.1 1.3
D es ul fo tom ac ulum  (F irm ic utes ) 8 .2 0.7 4.1 2.6 0.2 0.9

Ac etivib r io  (F irm ic utes ) 0 0 4.3 0 0 0
Syntrophom onas  (F irm ic utes ) 0 0 0 6.3 6.1 0.1

F irm ic utes  DTU014 (F irm ic utes ) 0 3.6 0.9 0 0.1 0
C los tr id ia  M55-D21 (F irm ic utes ) 0 0 1.5 0 0 0

Lim noc hord ia  MBA 03 (F irm ic utes ) 0 1.1 20.0 0 1 0

T ep i d a n a er o b a cter  (F i r m i cu tes ) 61.2 0 0.2 1.2 1.6 0
Unc las s if ied T herm oanaerob ac terac eae  (F irm ic utes ) 0 2.5 0 0 0 0

Syn tr o p h a cet i cu s  (F i r m i cu tes ) 0 19.4 0 0 0 0
Unc ultured T herm oanaerob ac terac eae  (F irm ic utes ) 0 0 0 0 2.9 0

Ps eudom onas  (Proteob ac ter ia ) 0 0 0 1.7 0 1.3
Ac etom ic rob ium  (Synergis tetes ) 10.4 39.9 3 5.9 15.3 28.7

D efluvi i toga  (T herm otogae ) 4 .9 0.2 1.7 0 0 0

iTags iTags iTags M eta M eta iTags

ENR-Ac

F igure  S 3. R e la tive  abundance o f bacteria l and archaea l g roups  tha t contribu ted  ≥1%  to  to ta l 
16S  rR N A  sequences in  a t least one sam ple  in  ace ta te-fed enrichm ent cu ltu res. T he m icrob ia l 
com m unity was e ither ana lyzed by 16S  rR N A  ge ne am plicon sequencing  (iT ags) o r 
m etagenom e sequencing  (M eta). 
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Figure  S 4 . A  s im p lif ied  overview  o f the  m etabo lic  functions reconstructed  from  F irm icu tes  
MAG-E 2. H yd, [FeFe] hydrogenase g roup A 3; Hdr, he terod isu lfide  reductase; R nf, N a +/H + 
trans locating  fe rredoxin :N A D + oxidoreductase ; Q , qu inone; ET F , e lectron transfer flavopro te in; 
E T F-Q  O R , e lectron transfer flavopro te in/qu inone oxidoreductase; FD H, fo rm ate  
dehydrogenase; D sr, d iss im ila to ry su lfite  reductase; C , D srC ; N ar, n itra te reductase; N ir, n itrite  
reductase; N or, n itric oxide  reductase; S D H , succ ina te  dehydrogenase;  G H , g lycosyl 
hydro lase ; E M , e lectron m ed ia tor; C M , cytop lasm ic m em brane . 



AJ310431 Desulfotomaculum kuznetsovii

AJ310432 Desulfotomaculum thermobenzoicum
    AF218452 Desulfobulbus propionicus

AF418192 Syntrophobacter wolinii
AF418193 Syntrophobacter fumaroxidans

AF418194 Desulfacinum infernum
AJ277293 Thermodesulforhabdus norvegica

AF334600 Desulfoarculus baarsii
AF482453 Desulfobacca acetoxidans

CP000612 Desulfotomaculum reducens
AY354923 Desulfotomaculum ruminis

AF273033 Desulfotomaculum aeronauticum
AF273032 Desulfotomaculum putei
    AY015499 Desulfotomaculum nigrificans

AF418195 Desulfotomaculum alkaliphilum
AY626024 Desulfotomaculum halophilum

NC018017 Desulfitobacterium dehalogenans
NC011830 Desulfitobacterium hafniense

AF271767 Desulfosporosinus orientis
NZ_AAWL00000000.1 Thermosinus carboxydivorans

DsrAB Firmicutes MAG-E2
NC007503 Carboxydothermus hydrogenoformans

AB077818 Thermodesulfobium narugense
AB154391 Pelotomaculum sp. MGP

AF334599 Thermodesulfovibrio islandicus
U58122 Thermodesulfovibrio yellowstonii

Oxidative type DsrAB 158

0.10

Reductive
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Figure  S 5. M axim um  L ike lihood  (R A xM L) tree  o f d iss im ila to ry su lfite  reductase genes (D srA B) 
recovered from  F irm icu tes  MAG-E 2. C losed c irc les ind ica te bootstrap support ≥70% . T he 
reference database used for phylogenetic  reconstruction  conta ined 340 sequences of D srA B 
pro te ins (Loy e t a l., 2008; E nviron. M icrob io l. 11 : 289-299). 



P F L 1 a P F L 1 b P F L 1 c P F L 2 P F L 3 P F L 4 P F L 5 P F L 6 P F L 7 P F L 8 P F L 9
A c tinobac teria 0.9 0.7 0.9 0.2 0.2 0.2 0.1 0.3 0.7 0.3 0.3

A tribac teria 0.2 0.2 0.2 0.5 0.3 0.2 0.3 0.4 0.8 0.6 2

B ac teroidetes 5.8 3.9 5.6 4.4 16.8 21.1 13.5 15.6 14.4 11.4 14.5

Firm ic utes 75.7 79.9 77.3 79.3 64.6 62.7 68.6 70.7 74.2 76.1 69.3

H alanaerobiaeota 4.5 4.2 4.4 1.2 0.5 0.3 0.7 0.9 0.7 0.2 2

P roteobac teria 0.6 0.2 0.6 0.4 0.2 0.2 0.1 0.1 0.5 0.3 0.2

S y nergis tetes 1.5 1.3 1.3 1.2 2.5 1.6 2.5 1.8 2 2.9 3.3

Teneric utes 2 1.7 2.9 3.8 2.1 3 1.1 2.6 1.9 2.9 1.9

Therm otogae 8.4 7.4 6.6 8.9 12.7 10.6 13 7.4 4.7 5.2 6.4

O ther phyla 0.5 0.5 0.2 0.1 0.1 0.1 0.1 0.2 0.1 0.1 0.1

Figure  S 6. M icrob ia l com m unity com position  in  n ine  fu ll-sca le  therm oph ilic  b iowaste  d igesters 
sum m arized a t phylum  leve l. T he re la tive  abundance was revea led  by 16S  rR N A  gene 
am plicon sequencing . 
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Figure  S 7. T o ta l am m onia  n itrogen (g  N H 4
+-N /kg ) and pH  in  P FL1 and P FL8. 



Table S1. General statistics about MAGs recovered from the reactor PFL9 and from the 

enrichment culture. Overall, 57% of the reads from the reactor metagenome were aligned to the 

14 MAGs R1-R14 and 28% of the reads from the enrichment metagenome were aligned to the 

MAGs E1 and E2. 

MAG 
Completeness 

(%) 
Contamination 

(%) 
Coverage 

(x fold) Phylum 

Syntrophomonas MAG-R1 95.8 0.9 6.8 Firmicutes 

Syntrophaceticus MAG-R2 63.9 0.3 4.1 Firmicutes 

Limnochordia MAG-R3 94.9 3.0 29.9 Firmicutes 

Limnochordia MAG-R4 94.2 1.9 13.7 Firmicutes 

Firmicutes DTU014 MAG-R5 94.1 1.0 15.1 Firmicutes 

Firmicutes DTU014 MAG-R6 87.8 0.5 23.1 Firmicutes 

Dethiobacteria MAG-R7 89.4 1.3 15.0 Firmicutes 

Halanaerobiaceae MAG-R8 67.1 0.0 4.9 Halanaerobiaeota 

Caldatribacterium MAG-R9 89.0 0.2 6.1 Atribacteria 

Dysgonomonadaceae MAG-R10 61.5 0.3 5.1 Bacteroidetes 

Sphingobacteriales MAG-R11 72.1 1.1 15.8 Bacteroidetes 

Acetomicrobium MAG-R12 88.1 3.4 8.1 Synergistetes 

Defluviitoga MAG-R13 88.8 14.3 17.0 Thermotogae 

Methanoculleus MAG-R14 99.5 97.2 10.3 Euryarchaeota 

Firmicutes MAG-E1 97.6 0.0 96.9 Firmicutes 

Firmicutes MAG-E2 92.2 1.3 53.5 Firmicutes 

 

Table S2. Overview of the sampled biogas reactors and performed experiments. 

Reactor Fraction Sampling date Performed experiments 

PFL1a liquid 2018-11-15 Amplicon sequencing 

PFL1b not separated 2018-11-15 Amplicon sequencing 

PFL1c not separated 2017-10-10 Amplicon sequencing 

PFL2 not separated 2017-11-08 Amplicon sequencing 

PFL3 not separated 2017-11-03 Amplicon sequencing 

PFL4 not separated 2017-11-08 Amplicon sequencing 

PFL5 not separated 2017-10-05  Amplicon sequencing, enrichment cultures 

PFL6 not separated 2017-11-08 Amplicon sequencing 

PFL7 not separated 2017-11-07 Amplicon sequencing 

PFL8 not separated 2017-11-07 Amplicon sequencing 

PFL9 not separated 2017-11-07 Amplicon sequencing, metagenomics 

 

 

 



Table S3. Number of quality trimmed 16S rRNA gene amplicons kept for taxonomic classification. 

Sample 
No. of 16S rRNA gene amplicons kept for 

classification 

PFL1a 97,661 

PFL1b 87,823 

PFL1c 50,743 

PFL2 38,255 

PFL3 42,643 

PFL4 57,443 

PFL5 27,569 

PFL6 25,705 

PFL7 40,807 

PFL8 36,606 

PFL9 45,188 

 

Table S4. Comparison of alpha diversity measures determined for the nine biogas reactors. 

Measure 

Reactor PFL 

1a 1b 1c 2 3 4 5 6 7 8 9 

No. OTUs0.97 1169 1050 969 793 829 871 822 742 918 959 829 

Subsampled 
(n) reads 

22124 

Simpson 0.93 0.90 0.90 0.91 0.93 0.94 0.92 0.94 0.93 0.94 0.94 

Shannon 4.06 3.77 3.86 3.59 3.81 3.75 3.73 3.86 3.93 4.07 3.90 

Evenness 0.05 0.04 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 

Fisher 263.1 229.3 207 160.8 170 180.9 168.2 148 193.3 204.3 170 

Chao-1 2110 1982 1638 1434 1469 1516 1248 1062 1393 1576 1285 

 


