Table S1 Comparison of genome properties for 10 distinct bins identified from two
metagenomes. The mean coverage is calculated by dividing total read counts with read
length. ORF, open reading frame. Nearest neighbors are determined in the RAST v4.0. ND,
not determined.

Sequence Number # of marker ORFs, copy of 16S
Metagenome . . . ean GC #of . .
D Bin ID size (bp) of proteins coverage (%) ORFs unknown rRNA gene Nearest neighbor in RAST
contigs (%) g 0 function detected

Fen-75cm Fnl 1716974 90 95 (91) 38.2 56.3 1931 632 27 1 Nitrosopumilus maritimus
Fen-75cm Fn2 3105568 576 24 (77) 10.5 65.2 2939 ND 31 0 Syntrophobacter fumaroxidans
Fen-75cm Fn3 1706685 482 14 (45) 6.5 57.8 1655 ND 11 0 Syntrophobacter fumaroxidans
Fen-75cm  Fn4 2334861 529  11(35) 70 469 2272 ND 17 0 Ignavibacterium album
Fen-75cm Fn5 4008418 1082 21 (68) 7.5 47.7 4452 ND 13 0 Desulfuromonas acetoxidans
Fen-75cm Fn6 1692800 324 20 (65) 9.9 52.4 1652 ND 25 1 Dehalococcoides sp.

T3M75  Bgl 1781977 74  102(98) 205 67.5 1754 514 61 1 Aciduliprofundum boonei

T3M75 Bg2 2715205 631 22 (71) 7.5 56.1 2780 ND 30 0 Desulfuromonas acetoxidans

T3M75 Bg3 1912896 241 70 (67) 9.7 42.5 2286 ND 31 1 Thermococcus onnurineus

T3M75 Bgd 2596749 566 66 (63) 12.8 51.0 3431 ND 12 0 Methanosarcina acetivorans




Table S2 Name and EC number of enzymes present in Figure 2 of metabolic

reconstruction.
Enzyme# Enzyme name ECH# Enzyme# Enzyme name ECH
1 phosphoglucomutase 5.4.2.2 23 malate dehydrogenase 1.1.1.37
2 glucokinase 2.7.1.2 24 acetyl-CoA C-acetyltransferase 2.3.19
3 glucose-6-phosphate isomerase 5.3.1.9 25 aldehyde dehydrogenase (NAD+) 1.2.1.3
4 fructose-1,6-bisphosphatase 3.1.3.11 26 alcohol dehydrogenase 1.1.1.1
5 6-phosphofructokinase 2.7.1.11 27 transketolase 2.2.1.1
6 fructose-bisphosphate aldolase, class | 4.1.2.13 28 ribulose-phosphate 3-epimerase 5.1.3.1
I Idehyde-3-phosph h . .
7 glyceraldehyde-3-phosphate dehydrogenase 1.2.1.59 29 ribose 5-phosphate isomerase 5.3.1.6
(NAD(P))
8 phosphoglycerate kinase 2.7.2.3 30 ribose-phosphate pyrophosphokinase 2.7.6.1
9 2,3-bisphosphoglycerate-independent 5.4.2.12 31 long-chain acyl-CoA synthetase 6.2.1.3
phosphoglycerate mutase
10 enolase 4.2.1.11 32 acyl-coA dehydrogenase 1.3.8.7
11 pyruvate kinase 2.7.1.40 33 Enoyl-CoA hydratase 4.2.1.17
12 pyruvate ferredoxin oxidoreductase, alpha subunit  1.2.7.1 34 3-hydroxyacyl-CoA dehydrogenase 1.1.1.35
13 AMP-type acetyl-CoA synthetase 6.2.11 35 3-ketoacyl-CoA thiolase 2.3.1.16
14 phosphoenolpyruvate carboxykinase 4.1.1.32 36 NADH-quinone oxidoreductase 1.6.5.3
15 pyruvate carboxylase 6.4.1.1 37 Succinate dehydrogenase/fumarate 1.3.5.1
reductase
16 citrate synthase 2.33.1 38 ubiquinol-cytochrome c reductase 1.10.2.2
17 aconitate hydratase 4.2.1.3 39 F-type H+-transporting ATPase 3.6.3.14
18 isocitrate dehydrogenase (NAD+) 1.1.1.41 40 inorganic pyrophosphatase 3.6.1.1
19 ;—s})](:glutarate ferredoxin oxidoreductase subunit 1.2.7.3 41 sulfate adenylyltransferase 2.7.7.4
20 succinyl-CoA synthetase alpha subunit 6.2.1.5 42 thiosulfate sulfurtransferase 2.8.1.1
21 succm?te dehydrogenase (ubiquinone) flavoprotein 1.3.5.1 43 sulfur:oxygen oxidoreductase 1.13.11.18
subunit
22 fumarate hydratase 42.1.2 44 dissimilatory sulfite reductase 1.8.99.3




Table S3 Counts of genes representing each fermentation pathway.

End product

Pathway

KEGG for genes in pathway

Fen75 Fnl

T3M75 Bgl

Lactate

1

K00016, L-lactate dehydrogenase [EC:1.1.1.27]

0

H2

1

K06281, hydrogenase large subunit [EC:1.12.99.6]

K06282, hydrogenase small subunit [EC:1.12.99.6]

K05586, bidirectional [NiFe] hydrogenase diaphorase subunit [EC:1.6.5.3]
K05587, bidirectional [NiFe] hydrogenase diaphorase subunit [EC:1.6.5.3]
K00532, ferredoxin hydrogenase [EC:1.12.7.2]

K00533, ferredoxin hydrogenase large subunit [EC:1.12.7.2]

K06441, ferredoxin hydrogenase gamma subunit [EC:1.12.7.2]

Ethanol

K00128, aldehyde dehydrogenase (NAD+) [EC:1.2.1.3]

K01568, pyruvate decarboxylase [EC:4.1.1.1]

K13953, alcohol dehydrogenase, propanol-preferring [EC:1.1.1.1]
K13954, alcohol dehydrogenase [EC:1.1.1.1]

K00001, alcohol dehydrogenase [EC:1.1.1.1]

K00121, S-(hydroxymethyl)glutathione dehydrogenase / alcohol
dehydrogenase [EC:1.1.1.284 1.1.1.1]

K04072, acetaldehyde dehydrogenase / alcohol dehydrogenase
[EC:1.2.1.10 1.1.1.1]

O OO0 O0OO0OO0O0ODO0OOO0OOOoO o

o
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Propionate

K00932, propionate kinase [EC:2.7.2.15]

K01026, propionate CoA-transferase [EC:2.8.3.1]

K13923, phosphotransacylase

K01905, acetyl-CoA synthetase (ADP-forming) [EC:6.2.1.13]
K01908, propionyl-CoA synthetase [EC:6.2.1.17]

COo2

K00656, formate C-acetyltransferase [EC:2.3.1.54]
K00123, formate dehydrogenase, alpha subunit [EC:1.2.1.2]
K15827-32, formate hydrogenlyase subunit 2

Acetate

K00625, phosphate acetyltransferase [EC:2.3.1.8]
K00925, acetate kinase [EC:2.7.2.1]

Butyrate

RIN RPN RPIWN

K00248, butyryl-CoA dehydrogenase [EC:1.3.8.1]
K00634, phosphate butyryltransferase [EC:2.3.1.19]
K00929, butyrate kinase [EC:2.7.2.7]

O O Oo0O|O0|0OO0O Rr|OO OO O

O O Oo0O|Oo0j0OO0O Rr|OO OO O




Table S4 Counts of genes encoding glycoside hydrolases and other
carbohydrate active enzymes.

Pfam access# GH# Enzyme name Fnl Bgl
PFO0144.19 Other 10 Beta-lactamase 0 1
PF00206.15 Other 55 Fumarate lyase 2 2
PFO0534.15 Other51 Glycosyl transferases group 1 2 6
PF00535.21 Other52 Glycosyl transferases group 2 4 5
PF00723.16 GH15 Glycoside hydrolase family 15 0 1
PF03065.10 GH57 Glycoside hydrolase family 57 0 1




Fig S1 Emerging self-organizing map (ESOM) for two metagenomes (A. Fen-75cm, B. T3M-
75cm) and distinct taxonomic bins identified. The closest relatives for each bin are: Fnl-
Thaumarchaeota, Fn2-Syntrophobacteraceae, Fn3-Syntrophobacter, Fn4-lgnavibacteriae, Fn5-
Desulfuromonas, Fn6-Dehalococcoides; Bgl-Thermoplasmata TMEG, Bg2-
Syntrophobacterales, Bg3-Crenarchaeota C2, Bg4-Methanosarcinales.




Fig. S2 Plot of read coverage vs. G+C content for two metagenomes:
and T3M-75cm.

75 -
70 - *
'z’%’ 3,

gGE’ ] * @ r. o
=
g 60 - o
| o
S 55
Q (1™
O 50 - : + T3M-75¢cm Bgl

45 - = Fen-75cm Fn1l

40 T T T | I T 1 T T | I T T 1 T ]

0 50 100 150 200 250

Read coverage

Fen-75cm



100

" 100[

100

100

100

100

100

_|:Sulfolobus acidocaldarius DSM 639
100 Metallosphaera sedula DSM 5348

W: Acidilobus saccharovorans

100 _|: Thermosphaera aggregans DSM 11486
1joo Ignicoccus hospitalis DSM 18386

Thermofilum pendens Hrk 5

Ignisphaera aggregans DSM 17230

Fervidicoccus fontis Kam940

Caldisphaera lagunensis DSM 15908

Pyrobaculum arsenaticum DSM 13514
Thermoproteus neutrophilus V24 Sta

Candidatus Caldiarchaeum subterraneum

Candidatus Nitrososphaera gargensis Ga9-2

—— Cenarchaeum symbiosum

Candidatus Nitrosoarchaeum limnia BG20

100‘|_7[ Candidatus Nitrosopumilus koreensis AR1
100
_:A Fen75cm Fn1

100 Thaumarchaeota BS4

Pyrococcus furiosus DSM 3638

100 Picrophilus torridus DSM 9790
—

Nitrosopumilus maritimus SCM1

Ferroplasma acidarmanus Fer1

—— Thermoplasma volcanium GSS1
—— Aciduliprofundum boonei T469

A T3M-75cm Bg1
Methanomassiliicoccus luminyensis B10
Methanomassiliicoccus intestinalis
Thermoplasmata archaeon 2502171154
Methanomethylophilus alvus

Thermoplasmatales archaeon SCGC AB-539-N05

Crenarchaeota

Thaumarchaeota

Fig. S3 Genome tree of
Thaumarchaeota Fnl and
Thermoplasmata Bgl and their
nearest neighbors, calculated
based on >90 concatenated
archaeal marker genes.

Thermoplasmata



I GLYCOLYRIS / GLUCONEOGEMNESIS

ruetabolist
|
v

27141
o D-Glucose-1P
31310
3139
271127163
o-D-Glucose
2712 27118
513.15][ 5319
271127163  A-D-Glucose-dP
o > 5319 Op-D-Frustose-6F
B-D-Glurose 2712 ]2711m] & [3319] P P
entose
Aot 6P 31zt 27011 271 145] paﬁf,f,g‘;‘e
. 10T-!
ertrains O—{27 L o] —w-O—{3.21.36
- -D-Fructose-1,6F 2
(extracotiob O—1{27.1 0] —w0—{32136 P
Salicin-6F
¥ CHyreraldehyrle 3P
O (5311 ] ==
Glyeerone-F R
12112][12150 I
Glycerate—l,BPz“ |
sa24 0 [1210 1274 ] I
|
Glyrerate-2,3F2 © 27323 |
- |
Carbon fixation ) — _3'_1':113_ O ——— I
in photosymthetic organisios & Clycerate-3P |
s4211|[54212 I
|
¥ |
Glyerate- PO} ————— — — — — — I
|
|
|
o 411732 Phasphaenol I
Oxaloacetate | 41.1.49 - pymrvats |
|
|
__________ —
1241
— 11137 O LLactte
LELE Pymrrate |
v
Propanoate retabolisr
11; L2l o Rl
== T eg |
1128

00010 21814
(c) Kanehisa Lahoratories

Fig. S4
Glycolysis/gluconeogenesis
pathway detected in Fnl
genome. Green boxes indicate
enzyme commission number of
those detected in Fnl.



Fig. S5a Carbon fixation pathways for Thaumarchaeota Fnl. Green boxes indicate

those detected in Fn1l.
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Fig. S5b Carbon fixation pathways for Thermoplasmata Bgl. Green boxes indicate
those detected in Bgl.
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0i|500232209|ref|WP 011901805.1 Pyrobaculum arsenaticum
gi|504113998]ref|WP 014347984.1 Pyrobaculum oguniense
0i|500176376|ref|\WWP 011850801.1 Pyrobaculum calidifontis
gi|499316954|ref|WP 011007446.1 Pyrobaculum aerophilum
gi|500086411|ref|WP 011762424.1 Pyrobaculum islandicum
gi|503892780|ref|WP 014126774.1 Thermoproteus tenax
gi|503444775|ref[WP 0136794 36.1 Thermoproteus uzoniensis
gi|501266796|ref|[WP 012309814.1 Candidatus Korarchaeum cryptofilum
gi|499164532|ref|WP 010866085.1 Aeropyrum pernix
gi|500145343|ref|WP 011821346.1 Hyperthermus butylicus
gi|505045502|ref| WP 015232604 .1 Caldisphaeralagunensis
100 gi|503032381|ref| WP 013267357.1 Acidilobus saccharovorans
@ Thaumarchaeota Fn1
[ 100 — ¢gi|503370034|ref| WP 013604695.1 Vulcanisaeta moutnovskia
gi|503100644|ref|WP 013335436.1 Vulcanisaeta distributa
gi|501137902]|ref|WP 012186400.1 Caldivirga maquilingensis
100 gi|736527243]|ref|WP 034542153.1 Carboxydothermus ferrireducens
gi|499663543|ref|WP 011344277.1 Carboxydothermus hydrogenoformans
73 gi|502730757|ref|[WP 012965741.1 Ferroglobus placidus

100 gi|505404666|ref|[\WWP 015591768.1 Archaeoglobus sulfaticallidus
i

69

100

505045511 |ref|WP 015232613.1 Caldisphaeralagunensis
68 — gi|647810758|gb|AIC14459.1 Nitrososphaera viennensis EN76
100

gi|504832464|ref|WP 015019566.1 Candidatus Nitrososphaera gargensis

0i|503248280|ref|\WWP 01348294 1.1 Cenarchaeum symbiosum
97 o1

62

gi|497879954|ref|WP 010194 110.1 Candidatus Nitrosoarchaeum limnia
gi|501170761|ref|WP 012214644 .1 Nitrosopumilus maritimus
gi|495576539|ref|WP 008301118.1 Candidatus Nitrosopumilus salaria

100

gi|563488908|emb|CDI06289.1 Thaumarchaeotaarchaeon N4
gi|663513485|gb|AIF04022.1 marine thaumarchaeote KM3 16 G02
gi|742121971|gb|AJAS2977 .1 Candidatus Nitrosopelagicus brevis
Qi|494727138|ref|WP 007463004.1 Photobacterium sp. AK15
gi|506359815|ref|[WWP 015879534 .1 Tolumonas auensis
gi|736876368|ref|WP 034876002.1 Endozoicomonas montiporae
gi|497226045|ref|WP 009540307.1 Caenispirillum salinarum

99
53

100 1 gi|494509138|ref|WP 007298597.1 Rhodococcus imtechensis
100 gi|739374403|ref|WP 037235370.1 Rhodococcus wratislaviensis
0i|738483629|ref|[WP 036433737.1 Mycobacterium mageritense
100 0i|505100991|ref| WP 015288093.1 Mycobacterium canetti
92 gi|686046780|ref|[WP 031733057.1 Mycobacterium tuberculosis
gi|503766745|ref|[WP 014000821.1 Mycobacterium canettii
100 4i|518113770|ref|WP 019283978.1 partial Mycobacterium bovis
0i|685934503|ref|WP 031667318.1 Mycobacterium africanum

0.2

5 gi|499180645|ref|WWP 010878185.1 Archaeoglobus fulgidus
76 gi|728876834|gb|AlY91145.1 Geoglobus acetivorans
| _|: gi|2556513855|gb|EET90120.1 Candidatus Micrarchaeum acidiphilum ARMAN-2
%4 gil

gi|665993894|gb|AIF83654.1 Candidatus Nitrososphaera evergladensis SR1

gi|494814204|ref|WP 0075496121 Candidatus Nitrosoarchaeum koreensis

Fig. S6 Maximum likelihood tree of
succinate dehydrogenase /fumarate
reductase iron-sulfur protein

sequences for Thaumarchaeota Fnl
and its closest relatives.

gi|653077363|ref|WP 027327955.1 Marine Group | thaumarchaeote SCGC AB-629-123
gi|675341865|gb|KFM15060.1 Marine Group | thaumarchaeote SCGC AAA799-018



Fig. S7 Maximum likelihood tree of dsrA protein sequences for Thermoplasmata
Bgl and its closest relatives.
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