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Supplemental Table S1. Characteristics that differentiate strain mel9T

Thermoanaerobacterium.

from other species of

Strain mel9T T.
Characteristics

thermosaccharolyticum *

T.
aotearoense *

T.

saccharolyticum *

T.
thermosulfurigenes *

T.

xylanolyticum *

37.7 29-32
5.0-8.0 6.5-8.5
Optimum pH 6.8-7.0 7.8
Optimum temp (°C) 62-65 55-60
Maximum temp (°C) 69 62
Spore formation - +

G + C content (mol%)
pH range

Fermentation

End Products*
Lactate -
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Butyrate
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Butanol

CO2

H> + +

+ o+ o+ o+ o+
+ o+ o+ o+

+
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65.7
+

+ o+

+

+
+

36

5.0-7.5

6.0
60

68-70

+

32.6

4.0-7.6 5.

5.5-6.5
60
75
+

36.1
0-7.5
6.0
60
70
+

*From liu et al. [63], “From Lee et al. [44], except data on T. thermosaccharolyticum from Jones and Woods [64].

Supplemental Table S2. Amino acid sequence identities among the enzymes in the hemi-cellulase gene
clusters from T. bryantii (T.b), T. xylanolyticum (T.x) and T. thermosaccharolyticum (T.t).

Sequence Identity Agu67 HEOA HEOB Xyl52 Xyl39 Axel
T.b-T.x 86.5%  91.5%  958% 89.3% 86.6% 92.5%
T.b-T.t 91.3%  951%  91.9%  92.0% 95.0%  99.4%
T.b-T.s 84.8%  902%  91.6% 86.0% 89.0% 92.5%




Supplemental Table S3. End products of synergistic hydrolysis of different xylan-containing plant

biomass by the seven enzymes encoded by the T. bryantii hemicellulase gene cluster2<

Enzymes End-Products (mM)

End-Products (mM)

Combination  upstrates X1 X2 X3 Substrates X1 X2 X3
1 01+00 35+00 2002 ND 05+02 04+0.1
2 08+00 39+01 16+0.1 17+02 12+02 05+0.1
3 106+04  0.8=0.0 <0.1 21406 07+05 0302
4 115+06 06+0.1 <0.1 43402 05+00 0200
5 129+15 0400 ND 76+06 11+02 03+02
6 BeeWX  125+16 0300 ND BWX 97+01 1300 030.0
7 138409  0.3%0.0 ND 125+05 13+01 0200
8 188+1.1  04+0.1 ND 161+03 1.0+02 02+0.1
9 144+08 0201 ND 152+07 06+00  <0.1
10 17.8+12  07+0.1 ND 170404 11+02 02+0.0
1 ND 08+01 05+00 <0.1 17+02 1.0+01
2 1.0+01 0703 0200 09401 1702 0700
3 23403  03+0.0 <0.1 2901 07+00 03%0.0
4 30405  03+0.0 <0.1 33+00 07+00 02+0.0
5 57401  03+0.0 ND 55+02 0.7+01 02+0.0
6 OSX 56+01  03%0.0 ND LAX 57+06 09+0.1 0200
7 64+08  02+0.0 ND 59+02 07+00 0.1+00
8 66+03  02+0.0 ND 76+07 05+01 0101
9 83+0.0  02+0.0 ND 73+01 06+00 0200
10 74+11  02+0.0 ND 63+02 06+01 0.1+00
1 01+01 1101 0500 02+00 07+00 ND
2 04+02 11+03 0300 12402 <0.1 ND
3 12402  10+02 0201 14+02 ND ND
4 13+00 08+00 0200 2.0+0.0 ND ND
5 13+03  09+01 02+00 . 22402 ND ND
6 WAX 16401  10+00 02+00 Miscanthus . 5, ND ND
7 19+02  11+01 0300 21+0.1 ND ND
8 19+01  09+01 0100 3.0+03 ND ND
9 18+01  1.0+00 0100 25402 ND ND
10 20403 11+00 0200 29+0.1 ND ND

2 Enzymes combination 1: TbXynl0A; 2: TbXynl0A and TbXyl39A; 3: TbXynl0A and TbXyl52A; 4:
TbXyn10A, TbXyl39A and TbXyl52A; 5: TbXyn10A, TbXyl39A, TbXyl52A and TbHEOA; 6: TbXyn10A,
TbXyl39A, TbXyl52A and TbHEOB; 7: TbXynl0A, TbXyl39A, TbXyl52A, TbHEOA and TbHEOB; 8:
TbXyn10A, TbXyl39A, TbXyl52A, TbHEOA, TboHEOB and TbAgu67A; 9: TbXyn10A, TbXyl39A, TbXyl52A,
TbHEOA, TbpHEOB and TbAxelA; 10: TbXyn10A, TbXyl39A, TbXyl52A, TbHEOA, TbHEOB, TbAgu67A
and TbAxelA; ® ND: not detected. < Abbreviations were X1: xylose; X2: xylobiose; X3: xylotriose.



Supplemental Table S4. Conservations of two adjacent oxidoreductases (TbHEOA and TbHEOB) from T.

bryantii in other bacteria.

Source

Predicted Function

Amino Acid Identities

Strains GenBank no. TbHEOA TbHEOB
Thermoanaerobacterium thermosaccharolyticum ADL68510.1 oxidoreductase domain protein 95% /
DSM 571 ADL68511.1 P / 96%
. . AEF17767.1 . . . 91% /
Thermoanaerobacterium xylanolyticum LX-11 AEF17766.1 oxidoreductase domain protein / 92
Thermoanaerobacterium saccharolyticum AFK86456.1 oxidoreductase domain protein 90% /
JW/SL-YS485 AFK86457.1 P / 92%
e ADDO01506.1 . . . 75% /
Thermoanaerobacter italicus Ab9 ADDO1507 1 oxidoreductase domain protein / 81%
. ADH60019.1 . . . 74% /
Thermoanaerobacter mathranii subsp. ADH60020.1 oxidoreductase domain protein / 81%
o EES74063.1 . 63% /
Paenibacillus sp. oral taxon 786 str. D14 BES74062.1 oxidoreductase / 64%
o ACT03815.1 . . . 63% /
P . JDR-2
aenibacillus sp. | ACT03814.1 oxidoreductase domain protein / 63%
ADW?72798.1 . . . 60% /
Rahnella sp. Y9602 ADW72799.1 oxidoreductase domain protein / 64%
. . EHM43730.1 . 60% /
H, AT 187 tative dehyd
afnia alvei ATCC 51873 EHMA43731 1 putative dehydrogenase / 62%
. . EFV40373.1 . 60% /
Enterobacteriaceae bacterium 9_2_54FAA EFV40372.1 oxidoreductase / 62%
EFC53861.1 . 60% /
Enterobacter cancerogenus ATCC 35316 EFC53860.1 oxidoreductase / 64%
. ZP_09036120.1 hypothetical protein 59% /
E L 2571 -
nterobacter mori LMG 25706 ZP_09036121.1 EmorL2_03392 / 65%
. EGK61318.1 . 58% /
Enterobacter hormaechei ATCC 49162 EGK61319.1 oxidoreductase / 65%
Enterobacter cloacae subsp. cloacae ATCC ADF60186.1 . . 58% /
h h 1 ECL 2l
13047 ADF60185.1 ypothetical protein ECL_00620 / 65%
AEW71857.1 . 58% /
Enterobacter cloacae EcCWSU1 AEW71856.1 glucose--fructose oxidoreductase / 64%
EIB96373.1 . 57%
Pantoea sp. Scl EIB96374.1 oxidoreductase / 63%
Pantoea stewartii subsp. stewartii EHU00915.1 oxidoreductase domain protein 56% /
DC283 EHUO00916.1 p / 62%
Lachnospiraceae bacterium EGN35098.1 hypothetical protein 53% /
3_1_57FAA_CT1 EGN35097.1 HMPREF0994_04650 / 63%
Clostridiales bacterium EEQ58458.1 oxidoreductase domain-containing 48%
1.7 A7FAA EEQ58457.1 protein / 54%
. o EHE96106.1 hypothetical protein 48% /
Clostridium citroniae WAL-17108 EHE96107.1 HMPREF9469 04981 / 56%
. . ABS02075.1 . . 49% /
Kineococcus radiotolerans SRS30216 ABS02074.1 Oxidoreductase domain / 579
Xylanimonas cellulosilytica DSM ACZ30672.1 oxidoreductase domain protein 49% /
15894 ACZ30671.1 P / 60%
o ABX40986.1 . . . 46% /
Clostridium phytofermentans ISDg ABX40987 1 oxidoreductase domain protein / 579%
ADY11936.1 . . . 45% /
Sphaerochaeta globus str. Buddy ADY11935.1 oxidoreductase domain protein / 529,




Supplemental Table S5. Nucleotide sequences of primers used for cloning of the genes in the

hemicellulase gene cluster.

Gene Primer Primer sequences 2
direction
TbXyn10A Forward 5-GACGACGACAAGATGCCTTCAAAGGGAAAAATG-3'
Reverse 5-GAGGAGAAGCCCGGTTAAAAATCAACTATGCTGTAAAAG-3'
TbAgu67A Forward 5-GACGACGACAAGATGTACGACTGCTGGCTTAGGTATAAG-3
Reverse 5-GAGGAGAAGCCCGGTTATTCATAAATTTTCCTTCCATG-3'
TbHEOA Forward 5-GACGACGACAAGATGATTAATATAGCCATTATTGGCGC-3'
Reverse 5-GAGGAGAAGCCCGGTTACTTAATATCTCTTCCAAATG-3'
TbHEOB Forward 5-GACGACGACAAGATGAGCAAAGAAAACGGCATGTAC-3
Reverse 5-GAGGAGAAGCCCGGTCATTCTACCTTTATTGCATTTG-3'
TbXyl52A Forward 5-GACGACGACAAGATGATAAGTAAATCTTTTITATGCGC-3'
Reverse 5-GAGGAGAAGCCCGGTTATTTCATCCACAGTATGCTGG-3'
TbXyl39A Forward 5-GACGACGACAAGATGATAAAAATAAAGATACCAAAAAATTC-3'
Reverse 5-GAGGAGAAGCCCGGTCAATATCCGTTTATCTTGCTATC-3'
TbAxelA Forward 5'-GACGACGACAAGATGGGACTTTTTGATATGCCATTAC-3'
Reverse 5-GAGGAGAAGCCCGGTTAAAGCTCCAGTAAAAATTGC-3'

a: Underlined nucleotides are added to facilitate ligation-independent cloning into a pET46-Ek/LIC vector.
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Supplemental Figure S1. Hydrolysis of birchwood xylan (BWX) by a single enzyme (TbXynlOA,
TbXylI39A, TbXyl52A, TOHEOA, TbHEOB, TbAgu67A or TbAxelA) in the gene cluster as analyzed by
reducing sugar assay (A) and TLC (B). Five mg/mL of BWX was incubated with each enzyme (10 nM
TbXyn10A, 10 nM TbXyl39A, 5 nM TbXyl52A, 100 nM TbAgu67A, 100 nM TbAxelA, 100 nM TbHEOA or
100 nM TbHEOB) at 60 °C in a citrate buffer (pH 5.5) for 16 h, in the presence or absence of cofactors (1 mM
NADH and 1 mM MnSOs).



. eeowe

g11-
E 101 2w - w
Es' X3 8 .

6
Eu‘- X4 - B 5 = S
E X8
< 24 X6
g | eeesnessssoe
SEs == = = = = ++++ + 4+ 5FS == = = = = + 4+ttt
Regli = + = ==+ = == = ¢ Reght = = = = 4 = 4 = = = ¢
Mn?* = = 4 =4+ ==+ =+ + Mp* = = 4 =4+ 4= =4 =+ +
NADH = = =+ + + ===+ + + NADH = = =+ + + = = =+ + +

Supplemental Figure S2. Effects of redox-active cofactors and Mn?" ion on the capacity of two new
oxidoreductase-like proteins (TbHEOA and TbHEOB) to enhance hydrolysis of BWX by three enzymes
mixture composed of TbXyn10A, TbXyl39A, and TbXyl52A. The end products were analyzed by reducing
sugar assay (A) and TLC (B). Five mg/mL BWX was incubated with and without five enzymes mixture (10
nM TbXyn10A, 10 nM TbXyl39A, 5 nM TbXyl52A, 50 nM TbHEOA, and 50 nM TbHEOB) at 60 °C in a
citrate buffer (pH 5.5) in the presence or absence of cofactors (1 mM NADH, 1 mM Mn?* or 0.5 mM Re-glu)
for 20 h. 5Es: 5 enzymes mixtures (TbXynl0A, TbXyl39A, TbXyl52A, TbHEOA, and TbHEOB). Other
abbreviations were as follows: X1: xylose; X2: xylobiose; X3: xylotriose; X4: xylotetraose; X5: xylopentaose;
X6: xylohexaose.
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Supplemental Figure S3. The synergistic effect of the seven enzymes encoded in the T. bryantii
hemicellulase gene cluster during hydrolysis of heterogeneous xylans (A-E) and Miscanthus (F). The
enzymatic reactions were carried out at 60 °C in a pH 5.5 citrate buffer supplemented with 1.0 mM NADH
and 1.0 mM Mn2*. The substrates (BeeWX, BWX, LWX, and OSX) at 5 mg/mL were incubated with different
combinations of the seven enzymes for 16 h. In the case of WAX, a lower concentration of substrate (2.5
mg/mL) was incubated with a lower concentration of enzymes (5 nM TbXyn10A, 5 nM TbXyl39A, 2.5 nM
TbXyl52A, 50 nM TbAgu67A, 50 nM TbAxelA, 25 nM TbHEOA, and 25 nM TbHEOB) for 16 h. Miscanthus
was incubated at a higher concentration of substrate loading (10 mg/mL) with higher concentrations of
enzymes (1 uM TbXyn10A, 0.5 uM TbXyl39A, 0.5 uM TbXyl52A, 2 uM TbHEOA, 2 uM TbHEOB, 2 uM
TbAgu67A, and 2 uM TbAxelA) for a longer period of 21 h. The end products were analyzed by TLC. (B):
is a control of substrate without enzyme.
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Supplemental Figure S4. Multiple sequence alignment of Tb)HEOA and TbHEOB with three characterized
Oxidoreductases. GFO (PDB accession number: 10FG): a glucose-fructose oxidoreductase from Zymonomas
mobilis; IDH: an inositol dehydrogenase from Bacillus subtilis; MocA: a rhizopine catabolism protein from
Rhizobium meliloti L5-30. The conserved motif EKP is highlighted by rectangle.
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ADF60185.1/1-355 ZRV$IGGTLSDI GEHO TEOJTLEYIGHSN AN V7] DAY LKEENGAS D PDGL3Y R Mk 288
AEW71856.1/1-355 ZRYICCTLeDIGEHO TEQOJLFYUIGINA s DAY TKEENGAS D PDCL3Y R Mk 288
EFC53860.1/1-355 ERD! GGIL!DIGEHQIEQ\ B TENHEIHIVAS DALTREENCAS D PDGL3Y R DLTRVEE]
EGK61319.1/1-355 ERD! GGIL!DIGEHQIEQHLFY NRDEXT\VAS| DA LKEENGAS D PDGL33Y R D My 288
ZP_09036121.1/1-355 R GGIL!DIG HO TEOLEYiIGIE A & V\ZEl0A DA TKEENGAS D PDGL33Y R D My 288
EIB96374.1/1-354 ERV43CCILSDI CEHO IEO LY YIGIN AL VI DAL LIXSENGA D PDCL:SY R D il 288
EHU00916.1/1-354 2R GGIL!DIG i[O ROIFI 4 (T ENSOLRIYVAS ALTINSENGA D P T R D Mty 288
EHM43731.1/1-357 KO GGIL!DIG HO TEQLEYUAINNIARVIFIA UA (BINGA D P T R DITRLL
EFV40372.1/1-357 2 KOl GGILEDIG HOTEQLEYIANINN AN VIFIA A (ERNGA D p T R D 288
ADW72799.1/1-355 RER GGIL!DIGEHQIEQ\ LEYRGRENAD ASA KeDNCA D P T| R Mk 288
ABS02074.1/1-362 REQ] \GGILEDIG HNY DO LEYHG AGH S D DRCA D PDGL ¥y R A 288
ACZ30671.1/1-360 KER GGIL.DIGEHQIEQI LE¥IGAS A D DNGA D PDGL Yy R gic 288
EGN35097.1/1-359 KDK GGIL!DIGEHQIEQ\ LYYHGAINIA D (ENNGA D PDGL33Y R WA 291
ACT03814.1/1-357 REK GGIIEDIGEHQIEQHLEYHG AD DNGALA D PDGLEHY R D MiA 289
TbHEOB/1-356 KDK GGILADIGEHQIEQ\ LYYiGAIYA JEEDNGA D PDCL & R D VA 288
ADL68511.1/1-356 it CC1LEDT GRHOTEOJT FERGALGA DNGA D PDCL & R SAUA 288
AEF17766.1/1-356 b NG TL DT GEHO TEQJL.FFIGALA JCEDNGA D PDCL & R D b\iA 288
AFK86457.1/1-356 KDK! GGILiDIG HOTEOJT YYUGALSA JEEDNGA D PDGL &Y R WA 288
ADD01507.1/1-356 KEK GGIL.DIGEHQIEQ\ LE¥YIGALOA DNGA D PDCL & R WA 288
ADH60020.1/1-356 KEK GGIL!DIGEHQIEQ\ LE¥YHGALA DNGA D PDCL & R WA 288
EES74062.1/1-360 PDC GGIL!DIGEHQIEQ\ LEVAGAIA DNCAING D PDCL & R D IA 290
EHE96107.1/1-359 KSR GGIL\-DIGOHQIEQﬂLYiG AN VI (EDNGIGA D PD R D WA 290
EEQ58457.1/1-363 Bl o CCT DT CRHO TEOST Y SCALRIAY A DNGAKY D PD R VPG 295
ABX40987.1/1-362 B ENGGT, DIGEHQIEQ\ A0} S{e DS THS T DNGAj™ D PD R D 291
ADY11935.1/1-361 KEKF{&leags nIl;!HQIDgaLHY SoHLYTASK) DAST D D R wiA 289
ThHEOA/1-386 PKE eCCUMNEANHE TD NiTHAMCiZTE VA STRTIRIVK S HGH =0 A P St 263
ADL68510.1/1-386 :-KE!GG $UAN:ANH: TD S THAMGC i EVReA STRTIR YRS HGHZ0! A P £ 263
AEF17767.1/1-386 :-KE!GG SUINANE: TD Qi THAMC g EvEeA ERIANLRNEANGA HGHZ0! A P £ 263
AFK86456.1/1-386 :-KE!GG SUINANE: TD Qi THAMG g EvEeA STEATIRYKS& HGH =0 A P £ 263
ADD01506.1/1-385 :-RE!GG TTLLUHAT {EMPE Ay OF ERIANLENEINGA HGH =0 A £ 263
ADH60019.1/1-385 Fm e [EMPE A} R IANLENINGA HGH =0 A P 5 263
EES74063.1/1-383 =-KE!GG T HS GlIZAE VA 3 AMARMDNGA S A P ASEVIY]
ACT03815.1/1-385 F R CEACTT [eRPT 218 OLIF M S TR UFV HGHZ0! OA P 262
EHM43730.1/1-397 PRENGC RN A VPSS SART: HGHYOL A 263
EFV40373.1/1-397 :-KEHGG T VPSS SART: HG] A 263
ADW72798.1/1-391 :-KERGG TTLUH FPSaY-VS SART: HG] A 263
ZP_09036120.1/1-389 :-KE!GG 'T: A FPS YV SALT] HGI A 264
ADF60186.1/1-394 :-KE!GG T UHS IR VYA SART: HG] A 264
AEW71857.1/1-405 H T TP SV SRR HG] A 2717
EFC53861.1/1-404 :-KE!GG T TP SV SRR HG] A 276
EIB96373.1/1-389 =-KE!GG T APT Ay VT3 SRR HG] A 264
EHU00915.1/1-389 F R CEACTT APTIAY VT SAHT: HE] A 264
EGN35098.1/1-387 G AN TD TQEELPERNY-TS ST HGEZ0 CEKI: 265
ABS02075.1/1-391 E!GG TL WA TR, eAPRSYY - Tr SV HGERCL! A 262
ACZ30672.1/1-388 E!GGI' D AL APRSY-TI SV HGHZ0] A 261
EEQ58458.1/1-383 F ARG RCTE TH VAL F g (LM [EDL.DES S SLS' HG] 262
ABX40986.1/1-383 =-KE!GG SETHLWVHERLFJRLM 124Y-TS: SIT HGH=0! TOL 262
EHE96106.1/1-385 BSSFTSHSV HARBIL.L. O MM — eMPES|— M WVENYPla-Lh HGEZ0! OTE 262
ADY11936.1/1-384 EOHAHSIF TS HSV]iY) ANLMOMLF -{EMPKEY)—Of ~TN; ]?EVFT 3-K TSS————-] 1RSHGEKOQ! A Prsfjssy 261
ADF60185.1/1-355 XeOy CFIZFF G TIIDELGINTE - TQ)-”\AI'KAAE CURIZEMTINATA 355
AEW71856.1/1-355 S VCEFrCaa Ty LA TONAGRAAET SVIIACUIEA LT 355
EFC53860.1/1-355 IR CFFrCaI Tl Nhale AL AR MT ZINA G 355
EGK61319.1/1-355 RGOS B A LT ORN: AR AAET SV AQLIIA VYA 355
ZP_09036121.1/1-355 RGO P geELRY] A LT OLV: AIZKAART VI AQLIRA JLY.YY 355
EIB96374.1/1-354 T\ SCE&4PIge0T JIK] A LT OLN AIGKAAFT SVIXAQILIRA V.Y 354
EHU00916.1/1-354 AGT\[& 3P geOr i H T@m-m}: CRIRIACMLERNAY. 354
EHM43731.1/1-357 JVGF\iYE‘F I AT ORN: AIRKAAE IVHAQ NONOLT- 357
EFV40372.1/1-357 _VGFEYFF M AT ORN AIFKA ART WVIZAQK 357
ADW72799.1/1-355 NCFSFFCRIT A LT O AIFKAAET & T AQILIRA| 355
ABS02074.1/1-362 DCE| el geor ] ALTORLARAVET ATEAQH 362
ACZ30671.1/1-360 R EDV g VY S IV i VT O AR A AR T AV AQIRIA 360
EGN35097.1/1-359 i) !VGFEY}E‘F i N A ;E’ggag LIARKVE. 359
ACT03814.1/1-357 s CIgErog B N LA RME 357
TbHEOB/1-356 DV CEISFF G T N ') TKVE 356
ADL68511.1/1-356 LIBN KGR e P e ET Y N TKVE 356
AEF17766.1/1-356 FII%) SGHY S AP R Qe DIE] N KINTKVE 356
AFKB86457.1/1-356 LI KCKY P e DL ] N TKVE 356
ADD01507.1/1-356 P U CFISF O T N TKIE 356
ADH60020.1/1-356 {8V CFIFFFGa IE N TKIE 356
EES74062.1/1-360 5 Y DSV CYI3¥ FGINS T DULYGTE ™ AQATRIETD-———————————————————— 360
EHE96107.1/1-359 G IGF!F}E‘F' bR L#TD DD TEFLAN a0 SIEL S LAINER TEG 359
EEQ58457.1/1-363 0 wGFiF}E‘F 113 DULALTE TR EHIF DT AT ACEA SRAEY 363
ABX40987.1/1-362 !FFF IH IHTE — '«AIT;ilg\iAIEAg INEMTPTTI - 362
ADY11935.1/1-361 NT\{& 3P eRFRIRNCISDH 2 —— LN E{OE Y TLEMAPN TN KMIITR TSEERQ— 361
TbHEOA/1-386 Y'1Y~QIDD¥LHAHE~LVI'IGI' 9 T %1 Y KA T TREVKLJSLNKDDPFYTVDGIMSSVP 362
ADL68510.1/1-386 V4» SLEETKy45GHTPORA lnuLﬁAHBLvs IGHALELI MY KAINTTREAWK IZLEKDDPFYTVDGIMARVE 362
AEF17767.1/1-386 b4» SLEETKMTGHTPOM -DvLﬁAHE\Lvs IG*AIELIHAI AT TKEAYK L)L EKDDPFYTVNGIMARVP 362
AFKB86456.1/1-386 }4» SLDVTRMTGHTPOL rDva IGWIELIHAI AT TREMYK L)L EKDDPFYTVDGIMARVP 362
ADD01506.1/1-385 }4) KLPD)FRMKGHTAQY D¥L lGHALELIHAI SIS TROPWKLIZLSERDPFYTVSGIRANVP 362
ADH60019.1/1-385 M KL P DUEKEIKGHTACR D¥L IGFALELIHAI SIS TEQRWK LIZLSERDPFYTVLGIRANVP 362
EES74063.1/1-383 ALY EQPE FRVEGHRGORS "D'I‘L -,GEELIQAI 0SS TGOTYKLFLGPDSPFYTROGILONAT 360
ACT03815.1/1-385 PRUNEGHIGORD Vi HS eRATIfAM S ehi YK SIS TCERY TFIFL. TADDPFYTROGIODNVP 360
EHM43730.1/1-397 GOMD) FIRHTIATGTAPIAYD e Asd T Si YK SIAT TRS YU S IET GADDPYYQOTGGLISLAP 363
EFV40373.1/1-397 JGORID LEAHE TIPIRYD KSIITRAYWSLIETGADDPYYQTGGLISLAP 363
ADW72798.1/1-391 HTGORDUFIFT-\LJATGTAPINID KSIITRS IS LILSPEDPFYOTGGLVSLAP 363
ZP_09036120.1/1-389 HTGORNSLIFY I \TIFHGTAPIAYD KSINITRAVYSLIZT GRDDPEYRTGGTNALAP 364
ADF60186.1/1-394 n_lhnﬂL A NFHCTAPIAYD KSEWTRCVYSLIZT ORDDPFYRTGGTNALAP 364
AEW71857.1/1-405 glhnc JRL.S TIZRGTAPIRYD KSR\ TRTV\SLIZT PRODPFYRTGGINTLAP 377
EFC53861.1/1-404 HTCORNSLIBD IEOCTARIRID KSSITRAVY/SLIZT LHDDPFYRTGGTNALAP 376
EIB96373.1/1-389 GO DINFF SETIZHOR TPIRYDGEQ SKISSINAl i W1 Y KSEVT VRST\YSLIZT ARDDTFYRTGGLIASAP 364
EHU00915.1/1-389 GOMDIFFs2ATIZ@00RAPIAYDGEQEKOS! ELIHAI KSELTHTTYTLIT ASNDTFYRTGGLIASAP 364
EGN35098.1/1-387 M) TED/#P)4! .-vaL JZNGTRPELEIGED R\ BIT. IV KACFORRTYS LI L KEDEYYTMEGTLRNAV 365
ABS02075.1/1-391 g A HRPIHTGHRGO ID¥L JH{TGCRPINYDGHD eRISTLIAN TN Y RAST ERRTYYDLIFL. SGDDPYARPGTLAERAP 362
ACZ30672.1/1-388 HEPISRHEGHTGQIFDIVIFTI\VASGRAPEN DGE A ERIET U A TN QAN ERRAWDLIST PPDSPWY TGEALLARAP 361
EEQ58458.1/1-383 13> SGEVIFRS z:[m“:[w TDPIRIRGTE SRS EEI \ YOS TGTRYKLIZMSAKDPF Y TREGLLKKAV 360
ABX40986.1/1-383 )4\ SFPEIAS)TEECGORIE) MY/ TMPif £ GEDERIAT ZFIM eaiY OSIYF TGKPYOFIMTERDLF Y TKEGFMSKVI 360
EHE96106.1/1-385 KL M1.STPE /RREGHEAQRIG | FIl EALPTSGEE sRiSSIaats V-8V K S TORTWK LIZL ACDDPFYSKSTMIREMP 360
ADY11936.1/1-384 KRY{SELPAFELEGHPAQIIL|IFIER KEALJNDGNVERQTIIARIH. NIV KSIVLORPDLLESTDPFYTKEGLVOKMP 359




ADF60185.1/1-355 355

AEW71856.1/1-355 355
EFC53860.1/1-355 355
EGK61319.1/1-355 355
ZP_09036121.1/1-355 355
EIB96374.1/1-354 354
EHU00916.1/1-354 354
EHM43731.1/1-357 357
EFV40372.1/1-357 357
ADW72799.1/1-355 355
ABS02074.1/1-362 362
ACZ30671.1/1-360 360
EGN35097.1/1-359 359
ACT03814.1/1-357 357
TbHEOB/1-356 356
ADL68511.1/1-356 356
AEF17766.1/1-356 356
AFK86457.1/1-356 356
ADD01507.1/1-356 356
ADH60020.1/1-356 356
EES74062.1/1-360 360
EHE96107.1/1-359 359
EEQ58457.1/1-363 363
ABX40987.1/1-362 362
ADY11935.1/1-361 361
TbHEOA/1-386 HFYEKKTFVENFNDER-ITFGRDIK————————— 386
ADL68510.1/1-386 HFYEKKTFVENFNDER- ITFGREIK—— - 386
AEF17767.1/1-386 HFYEKKTFVENFNDER-ITFGRDIK—— - 386
AFK86456.1/1-386 HFYEKKTFVENFNDER-ITFGREIK—— - 386
ADD01506.1/1-385 YFHKKKTF IENFDDEN-ITFGRII— - 385
ADH60019.1/1-385 YFYKKKTF IENFDDEN-ITFGRII— - 385
EES74063.1/1-383 YFYERKTSIENFSDNT-ITSGGNS— - 383

ACT03815.1/1-385 HFYEKGASVENFQDRA-ITTGSNLRG———————— 385
EHM43730.1/1-397 HFYEKSASVENFSDEGEIPLGKDMDKDMSSEVSA 397
EFV40373.1/1-397 HFHEKSASVENFSDEGEIPLGKDMDKDMSSEVSA 397
ADW72798.1/1-391 HFYEKSASVENFANEDATPLGKNMDKGA-————— 391
ZP_09036120.1/1-389 RFYEKSASVANFSEVGAIPLGKDLD
ADF60186.1/1-394 RFYEKSASVANFSEVGAIPLGKDLDEGVIP-—-—- 394
AEW71857.1/1-405 RFHEKSASVANFSEVGAIPLGKDLDRGI-—
EFC53861.1/1-404 RFYERSTSVANFSEVGATPLGKDLDRGV-
EIB96373.1/1-389 HFYERQCSVENFADVDDIPLGKNFA————————— 389
EHU00915.1/1-389 HFYEKQASVENFADEDAIPLGENFA—————————

EGN35098.1/1-387 HFYERSASVENFTSGE-ITVGNY - ——————
ABS02075.1/1-391 RFFAKSASVTDLAGSTISVPGSGAGIGAGR-

ACZ30672.1/1-388 RYFTKTGSVDE——————— PGEGTYTYGGSPAPTF 388
EEQ58458.1/1-383 RFNEKKKSVENYADTG-IKVGGTL—————————— 383
ABX40986.1/1-383 KFNKKTKSVENFQDIG-ISVGGTL— - 383
EHE96106.1/1-385 HFFEKTKSVENFEKVE-ITLGRDVGK———————— 385
ADY11936.1/1-384 RFHTKGKSVDNFSTSK-ITLGRDFNA———————— 384

Supplemental Figure S5. Multiple sequence alignment using Clustal Omega of the two HEOs from T.
bryantii with putative functional homologs occurring as adjacent genes in other bacteria. GenBank accession
numbers of the oxidoreductase-like proteins are the same as listed in Supplemental Table 5. The amino
acids are shaded based on conservation. Residues with 50% or more identity in the aligned sequences are
shaded in black. Amino acids with similar properties (grouped as GAVLI, FYW, CM, ST, KRH, DENQ, P)
in 50% or more of the aligned sequences are shaded in grey.



