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RESULTS

Structural comparison of Tth MGL with cinnamoyl and feruloyl esterases

The relations of cinnamoyl esterase from Lactobacillus johnsonii (UNIPROT code
D3YEX6, PDB code 3S2Z, plus additional codes of the same sequence) and feruloyl
esterase from Butyrivibrio proteoclasticus (UNIPROT code D2YW37, PDB code
2WTM, plus additional codes of the same sequence) to the sequence and structure of
Tth MGL are at a comparable level, as illustrated by rmsd values of 1.2-1.3 A and
structure-based sequence identities of 30-32 % (Figure 6, Supplementary Figure S2,
Supplementary Table S8). The lid domain in these three structures comprises a
virtually identical two-stranded antiparallel B-hairpin (residues 163-165 and 170-172 in
the Tth MGL), which is connected by a short hairpin motif of five or less residues
(Figure 1C, Figure 6A). This hairpin shields a highly conserved histidine-glycine-
phenylalanine (HGF) motif within the catalytic domain loop connecting -strand 3 and
a-helix B (residues 35-37 in the Tth MGL structure) and the small a-helix B’ (residues
77-79 in the Tth MGL structure) next to the active site (Figure 6B, Supplementary
Figure S2). Helix B’ comprises a phenylalanine-serine-glutamate/aspartate (FSE/D)
motif that is conserved in the sequences of the related esterases from L. johnsonii, B.
proteoclasticus, and T. siderophilus (Tth) but not in other related esterase/lipases
(Supplementary Figure S2). Phe37, Phe77 and Phe/Tyr175 from the C-terminal lid
domain helix a-LC form a highly conserved aromatic residue cluster in these structures
and play a crucial role in shaping the substrate-binding sites of the respective enzymes

(Figure 3A, Supplementary Figures S2 & S$10).

Based on these relations it is surprising that Tth MGL did not show measurable activity
against phenylpropanoid FA ester substrates of the esterases from L. johnsonii and B.
proteoclasticus (Figure 6A) *'4, Inspection of their structures revealed a plausible

explanation of the distinct substrate specificities: First, in these esterases, there is an



additional second small B-hairpin interaction following the first lid helix a-LA, which is
not found in any other HBH esterase/lipase lid domains including the structure of Tth
MGL (Figure 6A, Supplementary Figure S10). This hairpin hovers over the central
part of the active site of these two esterases to shield bound substrates and thereby
further restricts the size of the substrate binding pocket. In the Tth MGL this hairpin
structure is replaced by a second lid helix a-LB, which is more distal to the enzyme’s
active site (Supplementary Figure $10, left panel). Secondly, there are two residues
in the Tth MGL lid structure, Leu145 from the N-terminal lid helix a-LA and Phe175
from the C-terminal lid helix a-LC that are replaced by residues with functional polar
groups, aspartate (Asp138, only in the sequence of the L. johnsonii esterase
sequence) and tyrosine (Tyr169 in the L. johnsonii and B. proteoclasticus esterase
sequences) respectively (Supplementary Figure S$10). Structures of the esterase
from L. johnsonii in the presence of several ferulate derivatives (3PFB, 3PFC, 3S2Z7)
demonstrate the distinct roles of these residues in substrate binding, and removal of
the polar side chain of Asp138 strongly impairs substrate turnover . In conclusion,
the absence of these functional residue groups in the Tth MGL well explains the lack

of any measurable activity towards hydroxycinnamic esters.



Supplementary Table S1: Thermostability of Tth variants

Tth lipase variant Tm (°C) ATn(°C)
wi 77.2+0.16

wt-PMS 77.1 £0.04 -0.1
ALid 82.8 +0.01 +5.6
E43A 76.1 £0.02 -1.1
E43K 77.9 £0.21 + 0.7
E72R 75.7 £0.05 -1.5
S113A 81.8 £0.07 +4.6
Y154A 78.3+0.14 +1.1
Y154R 78.3+0.10 +1.1

Legend Supplementary Table S1: We did not detect significant changes in thermostability
(< 2 degrees changes), except for a variant without the lid domain (A140-183) that revealed
an increased melting temperature of 83 °C, which is 6 °C higher than one found for the wt Tth
MGL (Figure 1B). This was within the melting temperature of the wt Tth MGL (Figure 1B).
This was within expectation as the lid domain is highly exposed and presents the most
dynamic part of the overall Tth MGL structure (Figures 1 & 3). Interestingly, we have also
observed a similar level of thermal stabilization in the Tth MGL S113A active site mutant. The
most plausible explanation is that a mutation of this active site residue could lead to a relieve
of the high-energy e-conformation of Ser113 found in both wt enzymes in the presence and

absence of PMSF (Supplementary Figure S3).



Supplementary Table S2: X-ray structure determination and refinement

Se-Met peak SeMet inflection PMSF derivative
PDB identifier 7Q4J 7Q4H
Crystal data
Space group P43212 P43212 P4322
Unit cell parameters (A) a=b=137.5, c=67.8 a=b=85.8, c=157.5
Mosaicity (deg.) 0.25 0.25 0.90

Data collection
Beam line BM14, ESRF BM14, ESRF BM14, ESRF
Wavelength (A) 0.97873 0.97903 0.95372
Resolution range 50.0-2.56 (2.60-2.56) 20.0-1.91 (1.94-1.91) 30.0-2.00 (2.05-2.00)
Rsym (%) 0.059 (13.1) 5.1 (64.2) 8.2 (51.4)
l/o (1) 35.3 (19.3) 21.4 (2.03) 24.0 (1.65)
Reflections measured/unique 482,920/21,648 543,030/49,383 728,975/38930
Redundancy 10.4 (10.0) 3.3(2.9) 5.1 (2.7)
Completeness (%) 99.7 (100.0) 97.1 (82.2) 98.1 (82.2)
Refinement
Program Phenix, TLS Phenix, TLS
R / Reree (%) 17.09/19.93 18.72/24.72
Reflections (work/test sets) 46,554/1,457 38,285/1,200
Protein atoms 4,190 4,148
Ligands* 1xSTE, 1 xD10, 7 x 1x OLC, 1 xCI, 5x
GOL, 4 x SO4* GOL, 3 x SO4*

Solvent molecules 303 157
r.m.s.d. bonds (A) 0.007 0.017
r.m.s.d. angles (deg) 1.446 1.894
Average B values for main chain 39.45 46.46
atoms (A?)
Average B values for side chain 45.37 49.84

and solvent molecules (A?)
Model quality (Ramachandran plot)

Most favored (%) 90.8 89.5
Additionally allowed (%) 8.3 9.2
Generously allowed (%) 0.9 0.9
Disallowed (%) 0.0 0.4

*STE: stearic acid; D10: decan; GOL.: glycerol; OLC: (2R)-2,3-dihydroxypropyl (9Z)-octadec-
9-enoate



Supplementary Table S3: /n vitro activity data

Figure 6A, left panel

Tth MGL (wt) activity towards pNP substrate [U mg™]

C2 C4 C5 C6 C8 C10
1.23£0.06 3.46 £0.15 3.56 £0.24 277 +£0.18 249+0.16 1.67 £0.13
c12 C14 C16 C18 ferulate
0.98 £0.05 0.55+0.04 0.04 £0.01 0.01 £0.01 0.03£0.03
Figure 6A, central panel
Tth MGL variant activity towards pNP substrate [U mg™]
C5 C6 C8 C10 C14
wit 3.53+0.13 2.64 £ 0.02 2.14 £ 0.05 1.50 £ 0.04 0.46 £ 0.02
E43A 13.94+0.51 11.04 £0.47 8.13+0.14 6.90 £ 0.10 0.62 £ 0.06
S113A 0.01 £0.02 0.01£0.01 -0.01 £0.02 0.00£0.01 -0.01%0.02
E72R 4.47 +0.31 3.84 £0.30 1.26 £ 0.08 1.28 £ 0.04 0.01 £0.01
ALid 0.01 £0.02 0.01£0.02 -0.02+0.00 0.00 £0.00 0.00 £ 0.01
Y154A 4.67 £0.11 3.58 £ 0.08 2.88+£0.13 211+ 0.1 0.59 £ 0.07



Supplementary Table S4: Water solubility of p-nitrophenyl FA esters used for Tth

MGL activity measurements

Water solubility

Name Corresponding acid

(mg ml")!
4-Nitrophenyl acetate (pbNP-C2) Acetic/ethanoic acid 1160
4-Nitrophenyl butyrate (bNP-C4) Butyric/Butanoic acid 24
4-Nitrophenyl valerate (pPNP-C5) Valeric/Pentanoic acid 9
4-Nitrophenyl hexanoate (obNP-C6) Caproic/Hexanoic acid 15
4-Nitrophenyl octanoate (pNP-C8) Caprylic/Octanoic acid 1.513
4-Nitrophenyl decanoate (pNP-C10) Capric/Decanoic acid 0.1515
4-Nitrophenyl laurate (pNP-C12) Lauric/Dodecanoic acid 0.01504
4-Nitrophenyl myristate (pbNP-C14) Myristic/Tetradecanoic acid 0.001481
4-Nitrophenyl palmitate (pPNP-C16) Palmitic/Hexadecanoic acid 0.0001449
4-Nitrophenyl stearate (bNP-C18) Stearic/Octadecanoic acid 0.00001409

' Source: ChemSpider (http://www.chemspider.com/)



Supplementary Table S5: Steady-state kinetics of Ttl MGL variants with p-

nitrophenyl substrates of different chain lengths

pNP-C2 Ku [mM] Keat [5°'] Kea/Kat (M ST (Kea/Kaarient o
wt 23+0.3 6.1+0.7 2.7+0.5x 10 1.0
E43A 19+0.3 1.7 +£0.2 x 10* 8.7+1.5x10° 3.3
E43K 6.3+0.6x10% 1.0+£0.1 1.6 +0.2x 10° 0.6
E72R 7.1+0.7x10% 42+0.2 6.0+0.6x10° 2.2
Y154A 1.4+1.1x10? 2.5+1.8x 10! 1.8+1.9x10° 0.7
Y154R 2.0+0.3 1.5+0.2 x 10* 7.5+1.4x10° 2.8
pNP-C4 Kv [mM] Keat [$™"] Keat/Ki [M™ 871 (Keat/Ki)variant /ut
wt 7.1+0.7x10% 1.0+ 0.1 x 10* 1.4+0.2 x10* 1.0
E43A 6.7+19x10* 1.7 £ 0.3 x 10* 2.5+0.8x 10* 1.7
E43K 8.2+0.8x10% 46+0.2 5.6+0.6x 10° 0.4
E72R 14+20 58t54 4.0+6.8x10° 0.3
Y154A 3.4+0.6 1.5+0.2 x 10* 45+1.0x10° 0.3
Y154R 7.2+19x10% 1.4+0.2 x10* 1.9+ 0.6 x 10* 13
pNP-C5 Ku [mM] Keat [5°'] Kea/Kat (M ST (Keat/Kaarent o
wt 8.3+13x10? 9.9+0.8 1.2+0.2 x10* 1.0
E43A 6.5+1.6x10" 1.5+0.2 x 10* 2.3+0.6x10* 1.9
E43K 4,5+0.8x101 34+03 7.6+1.5x10° 0.6
E72R 9.4+33x10? 1.2+0.2 x 10! 1.2 +£0.5x 10* 1.0
Y154A 1.4+0.2 1.3+0.1x10?* 9.6+1.9x10° 0.8
Y154R 8.8+2.2x10% 1.6 +0.2 x 10* 1.8+0.5x10* 1.5
PNP-C6 Kv [mM] Keat [87'] Keat/Km [M7' 8] (Keat/Ki )variant fwt
wt 3.6+0.8x10% 58+0.5 1.6+0.4 x10* 1.0
E43A 7.1+3.0x10% 1.3+0.3x10?! 1.8+ 0.9 x 10* 1.1
E43K 3.2+09x10% 29+0.3 9.1+2.8x10° 0.6
E72R 6.3+3.4x10? 87+23 1.4+0.8 x 10* 0.8
Y154A 4.8+0.8x101 6.7+0.5 1.4+0.3x10* 0.9
Y154R 7.5+3.6x10% 1.4+0.3 x 10! 1.8+1.0x10* 1.1



PNP-C8 Kv [mM] Keat [87'] Keat/Km [M7 8] (Keat/Ki )variant fwt
wt 49+1.5x10" 6.5+0.9 1.3+0.4x 10* 1.0
E43A 5.2+3.4x10% 1.2 +0.3 x 10! 2.3+1.6x10* 1.7
E43K 4.6+1.3x107 3.7+0.5 8.0+2.5x10° 0.6
E72R 5.1+2.2x10% 6.7+1.3 1.3+0.6x10* 1.0
Y154A 6.2+23x10? 76t14 1.2 +0.5x10* 0.9
Y154R 8.2+4.4x10% 1.3+0.4x 10! 1.6+1.0x10* 1.2
PNP-C10 Kv [mM] Keat [87'] Keat/Km [M7 8] (Keat/Ki )variant fwt
wt 3.0£0.7x10" 5.2+0.5 1.7+0.5x 10* 1.0
E43A 2,7+1.0x 10" 75+t1.0 2.7+1.1x10* 1.6
E43K 33+1.1x10% 3.0£04 89+3.1x10° 0.5
E72R 1.3+0.7x10? 25+04 1.9+1.1x10* 1.1
Y154A 2.2+0.6x 10" 34+03 1.6 +0.5x 10* 0.9
Y154R 39+1.1x10% 9.1+1.1 2.3+0.7x 10* 13
pNP-C12 Kv [mM] Keat [$™"] Keat/Ki [M' 871 (Keat/Ki)variant /ut
wt 1.1+0.1x 10" 23+0.1 2.1+0.3x10* 1.0
E43A 1.0+0.1x 10" 34+0.1 3.4+0.5x10* 1.6
E43K 53+1.3x10? 1.0+£0.1 1.9+0.5x10* 0.9
E72R 1.7 +0.6 x 107 4.1+0.3x10? 2.5+0.9x 10* 1.2
Y154A 6.4+0.9x10? 1.3+0.0 2.0+0.3 x 10* 0.9
Y154R 1.2+0.2x 10" 3.31£0.1 2.8+0.4x 10* 13
pNP-C14 Kv [mM] Keat [$™"] Keat/Ki [M™ 871 (Keat/Ki)variant /ut
wt 1.2+0.1x10? 5.9+0.2x10% 5.0+0.5x10° 1.0
E43A 1.0+0.1x10? 8.6 +0.2x10% 8.5+0.8x10° 1.7
E43K 43+1.2x10? 1.8+0.1x10? 41+1.2x10° 0.8
E72R 4.4 +1.4x10? 3.5+0.3x10% 8.0+2.7x10° 1.6
Y154A 9.0+1.3x107? 4,5+0.2x101 5.0+0.8x10° 1.0
Y154R 1.7+0.7x10? 1.2+0.2 7.3+3.1x10° 1.5



Supplementary Table S6: FAME data

Activity (mg FAMEs/g bacteria)

WT Lid E43A E43K S113A Y154R WT2 Y154A
0,4499 0,2568 0,8950 0,4008 0,2835 0,6647 2,6032 2,7885
0,4132 0,3726 0,8710 0,3757 0,2933 0,7022 2,4927 2,5948
0,4515 0,3500 0,7370 0,2559 0,1822 0,3148 3,4162 3,0043
0,4360 0,2076 0,2575 2,5359
0,3826 0,3964
0,3663 0,2682

0,1863

Normalized activity (Ratio mutant/WT)

WT Lid E43A E43K S113A Y154R WT2 Y154A
1,080 0,616 2,148 0,962 0,680 1,595 0,917 0,983
0,992 0,894 2,091 0,902 0,704 1,686 0,879 0,915
1,084 0,840 1,769 0,614 0,437 0,756 1,204 1,059
1,046 0,498 0,618 0,894
0,918 0,952
0,879 0,644

0,447

Normalized activity (Ratio mutant/WT)

WT Lid E43A E43K S113A Y154A Y154R
1,080 0,616 2,148 0,962 0,680 0,983 1,595
0,992 0,894 2,091 0,902 0,704 0,915 1,686
1,084 0,840 1,769 0,614 0,437 1,059 0,756
1,046 0,498 0,618 0,894
0,918 0,952
0,879 0,644

0,447

Normalized activity (Ratio mutant/WT) REPORTED ON the GRAPH

1,000 0,699 2,003 0,774 0,607 0,963 1,346 MEAN
0,086 0,198 0,204 0,184 0,148 0,075 0,513 SD
0,0055 <0,0001 0,0288 0,0013 0,4985 0,1285 p value vs WT
wok rokxk * *E ns ns p value summary
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Supplementary Table S7: Sequences producing significant alignments with Tth (UNIPROT code: 19KU82)

Score E Value Phylum
UR50:UniRef50_G2MWQ3 Alpha/beta hydrolase fold containing protein ... 513 0.0 Clostridia
UR50:UniRef50_AO0A1I5TFW2 Hydrolase_4 domain-containing protein n=1... 266 5,00E-87  Clostridia
UR50:UniRef50_AOA1M6CI71 Peptidase_S9 domain-containing protein n=... 263 2,00E-85 Firmicutes
UR50:UniRef50_AO0A1W1X6Q3 Hydrolase_4 domain-containing protein n=5... 245 2,00E-78  Clostridia
UR50:UniRef50_UPI0O00B980ED8alpha/beta fold hydrolase n=1 Tax=Petr... 229 2,00E-72  Clostridia
UR50:UniRef50_A0A177ZKP7Alpha/beta hydrolase n=17 Tax=Firmicutes ... 228 7,00E-72 Firmicutes
UR50:UniRef50_A0A355RZC9Alpha/beta hydrolase n=1 Tax=Clostridiace... 223 4,00E-70  Clostridia
UR50:UniRef50_AOA0C2UJT1 Peptidase_S9 domain-containing protein n=... 221 6,00E-69 Cohnella
UR50:UniRef50_TOBRH7 Hydrolase_4 domain-containing protein n=40 Ta... 216 5,00E-67  Firmicutes
UR50:UniRef50_A0A353N5E8AIpha/beta hydrolase n=6 Tax=Firmicutes T... 216 6,00E-67  Firmicutes
UR50:UniRef50_AOA0A8X650Alpha/beta superfamily hydrolase n=3 Tax=... 214 2,00E-66  Firmicutes
UR50:UniRef50_AO0AG660RIT6AIpha/beta hydrolase n=4 Tax=Thermotogae ... 209 2,00E-64  Thermotogae
UR50:UniRef50_AO0A660TFB6AIpha/beta hydrolase n=2 Tax=Spirochaetes... 209 3,00E-64  Spirochaetes
UR50:UniRef50_A0A285CSW9 Hydrolase_4 domain-containing protein n=5... 208 5,00E-64  Firmicutes
UR50:UniRef50_UPI000A26B42Dalpha/beta hydrolase n=1 Tax=Clostridi... 205 1,00E-62  Clostridia
UR50:UniRef50_AOABN7M3G8Alpha/beta fold hydrolase n=3 Tax=root Ta... 201 3,00E-61
UR50:UniRef50_D1CF13 Dienelactone hydrolase n=1 Tax=Thermobaculum ... 200 6,00E-61 Chloroflexi
UR50:UniRef50_AO0A1M6MO0X5 Hydrolase_4 domain-containing protein n=7... 200 6,00E-61
UR50:UniRef50_A0A1G6GNU3 Hydrolase_4 domain-containing protein n=3... 200 8,00E-61 Firmicutes
UR50:UniRef50_AO0A112SBI9 Hydrolase 4 domain-containing protein n=4... 197 7,00E-60  Firmicutes
UR50:UniRef50_A0A173U362 Acetoin dehydrogenase E2 subunit dihydrol... 194 2,00E-58  Firmicutes
UR50:UniRef50_A0A101IKX3 Hydrolase of the alpha/beta superfamily-I... 193 3,00E-58  Parcubacteria
UR50:UniRef50_H8XW45 Carboxylesterase n=8 Tax=Bacteria TaxID=2 Rep... 192 5,00E-58
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UR50:UniRef50_C7N773 Peptidase_S9 domain-containing protein n=29 T... 187 1,00E-55  Actinobacteria

UR50:UniRef50_AO0A7C2XQZ5AIpha/beta fold hydrolase n=5 Tax=root Ta... 185 4,00E-55
UR50:UniRef50_UPI0004788E77alpha/beta hydrolase n=1 Tax=Alicyclob... 183 4,00E-54  Firmicutes
UR50:UniRef50_AO0A0S7X983 Peptidase_S9 domain-containing protein n=... 182 9,00E-54  Planctomycetes
UR50:UniRef50_AO0A7C3MWS3Alpha/beta fold hydrolase n=1 Tax=Firmicu... 181 1,00E-53  Firmicutes
UR50:UniRef50_A0A2V9K2M2Alpha/beta hydrolase n=8 Tax=Acidobacteri... 180 4,00E-53  Acidobacteria
UR50:UniRef50_A0A350X132Alpha/beta hydrolase n=1 Tax=Firmicutes b... 179 7,00E-53  Firmicutes
UR50:UniRef50_AOA1F7FLL2 Hydrolase_4 domain-containing protein n=1... 178 3,00E-52
UR50:UniRef50_AO0A7C6UT48Alpha/beta fold hydrolase n=1 Tax=Firmicu... 177 5,00E-52  Firmicutes
UR50:UniRef50_AOAOL8BF3EOQ Hydrolase_4 domain-containing protein n=2... 176 8,00E-52  Clostridia
URS50:UniRef50_B8E2K8 Dienelactone hydrolase n=8 Tax=Dictyoglomus T... 177 8,00E-52  Firmicutes
UR50:UniRef50_X1B567 Peptidase_S9 domain-containing protein n=1 Ta... 173 7,00E-51
UR50:UniRef50_AOA3Q9HNM1 Peptidase_S9 domain-containing protein n=... 174 1,00E-50  Firmicutes
UR50:UniRef50_AOA1W9SG40 Peptidase_S9 domain-containing protein n=... 174 2,00E-50
UR50:UniRef50_AO0A1F9X5K1 Peptidase_S9 domain-containing protein n=... 173 3,00E-50  Elusimicrobia
UR50:UniRef50_A0A1G9XO0F9 Hydrolase_4 domain-containing protein n=3... 172 7,00E-50  Firmicutes
UR50:UniRef50_AO0A660R9K6AIpha/beta hydrolase n=1 Tax=Thermotoga s... 172 7,00E-50  Thermotoga
UR50:UniRef50_B9EOE1 AB hydrolase-1 domain-containing protein n=6 ... 172 7,00E-50  Clostridia
UR50:UniRef50_A0A1T4P9G4 Peptidase_S9 domain-containing protein n=... 171 1,00E-49  Firmicutes
UR50:UniRef50_AOA1H8CGU1 AB hydrolase-1 domain-containing protein ... 171 2,00E-49  Firmicutes
UR50:UniRef50_A0A386H414Alpha/beta hydrolase n=2 Tax=unclassified... 171 2,00E-49  Clostridia
UR50:UniRef50 _D7RU28 Ferulic acid esterase n=2 Tax=Lactobacillus b... 170 3,00E-49  Firmicutes
UR50:UniRef50_A0A1V6BNQ8 Non-heme bromoperoxidase BPO-A1 n=1

Tax=T... 169 9,00E-49  Tenericutes
UR50:UniRef50_AOA0G2ZFB4 Peptidase_S9 domain-containing protein n=... 165 2,00E-47  Thermotogae
UR50:UniRef50_A0A143WVC9 Putative aminoacrylate hydrolase RutD n=2... 162 2,00E-46  Clostridia
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UR50:UniRef50_AO0A7C6N4Z9Alpha/beta fold hydrolase n=1 Tax=Acholep...
UR50:UniRef50_AO0A7C5K5D5AIpha/beta fold hydrolase n=2 Tax=Verruco...
UR50:UniRef50_B1BZ56 Hydrolase_4 domain-containing protein n=54 Ta...

UR50:UniRef50_AO0A3D6D8K7Alpha/beta hydrolase n=14 Tax=Thermotogae...

UR50:UniRef50_AO0A7C5IFROAIpha/beta hydrolase n=1 Tax=bacterium Ta...
UR50:UniRef50_AO0A3M2F2UOAIpha/beta fold hydrolase n=1 Tax=Candida...
UR50:UniRef50_AOA0S8HFAO Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A2H5WXV4 2-succinyl-6-hydroxy-2, 4-cyclohexadiene-...
UR50:UniRef50_A0A6J4MJQO Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_AO0A1F5UGK4 Uncharacterized protein n=1 Tax=Candidatu...
UR50:UniRef50_A0A1V4QWG9 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_AO0A7C1E965AIpha/beta fold hydrolase (Fragment) n=1 ...
UR50:UniRef50_AO0A1Y4GATO Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_AOA399FFEO Esterase EstD n=1 Tax=Meiothermus granati...

UR50:UniRef50_A0A1G9G1K1 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_A0A496ABF8AIpha/beta hydrolase n=7 Tax=Candidatus P...
UR50:UniRef50_C9Z377 AB hydrolase-1 domain-containing protein n=30...
UR50:UniRef50_AO0A2H5V4E2 2-succinyl-6-hydroxy-2, 4-cyclohexadiene-...
UR50:UniRef50_UPI000C1BB749alpha/beta fold hydrolase n=1 Tax=Mini...
UR50:UniRef50_AOA1HETBQS8 Hydrolase_4 domain-containing protein n=5...
UR50:UniRef50_AOA1F9XBG6 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_COCTES6 Hydrolase_4 domain-containing protein n=5 Tax...
UR50:UniRef50_A0A1V5Z28D4 Phosphoribosylformylglycinamidine cyclo-I...
UR50:UniRef50_A0A4R2RPK9 Hydrolase_4 domain-containing protein n=5...
UR50:UniRef50_AO0A3R7ASFOAlpha/beta fold hydrolase n=9 Tax=Candida...
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162
163
162
162
162
163
161
160
159
157
157
159
156
156
155
155
153
151
150
149
149
147
154
146
145

2,00E-46
3,00E-46
3,00E-46
4,00E-46
6,00E-46
1,00E-45
1,00E-45
2,00E-45
7,00E-45
2,00E-44
2,00E-44
4,00E-44
9,00E-44
1,00E-43
2,00E-43
4,00E-43
1,00E-42
4,00E-42
2,00E-41
4,00E-41
4,00E-41
3,00E-40
4,00E-40
1,00E-39
2,00E-39

Firmicutes
Verrucomicrobia
Firmicutes
Thermotogae

Planctomycetes
Chloroflexi
Firmicutes
Synergistetes
Deinococcus
Actinobacteria
Actinobacteria
Miniphocibacter
Deinococcus
Elusimicrobia

Actinobacteria

Firmicutes



UR50:UniRef50_AOA1F3XTK4 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_S9UDCO Hydrolase_4 domain-containing protein n=13 Ta...
UR50:UniRef50_AOA0Q3VY12 Hydrolase_4 domain-containing protein n=4...
UR50:UniRef50_A0A559IWC1Alpha/beta fold hydrolase n=3 Tax=Paeniba...
UR50:UniRef50_A0A410QE23Alpha/beta fold hydrolase n=2 Tax=Tissier...
UR50:UniRef50_AO0A3D5RJWS5 Hydrolase_4 domain-containing protein n=4...
UR50:UniRef50 W4QO095 Peptidase S15 n=1 Tax=Bacillus wakoensis JCM ...
UR50:UniRef50_UPI000C2348F2alpha/beta fold hydrolase n=1 Tax=Baci...
UR50:UniRef50_S2ZQT5 Hydrolase_4 domain-containing protein n=65 Ta...
UR50:UniRef50_A0A511N521Alpha/beta hydrolase n=4 Tax=Deinococcus ...
UR50:UniRef50_EOSNK?2 Dienelactone hydrolase n=3 Tax=Ignisphaera ag...
UR50:UniRef50_AOABL3VAP3Alpha/beta hydrolase n=3 Tax=Bacillales T...
UR50:UniRef50_F7JM98 Hydrolase_4 domain-containing protein n=3 Tax...
UR50:UniRef50_AO0A3R7AJM1Alpha/beta fold hydrolase n=1 Tax=Candida...
UR50:UniRef50_AOABN7INWS5AIpha/beta fold hydrolase n=2 Tax=Desulfo...
UR50:UniRef50_UPIO009EC19CCalpha/beta fold hydrolase n=1 Tax=Limn...
UR50:UniRef50_A0A562QML1 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AO0A7C4YG41Alpha/beta fold hydrolase n=5 Tax=Bacteri...
UR50:UniRef50_AOA2D5YTES Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A7C2Z7G5Alpha/beta fold hydrolase n=1 Tax=Armatim...
UR50:UniRef50_UBSV57 Peptidase_S9 domain-containing protein n=4 Ta...
UR50:UniRef50_AO0A7C5W765Alpha/beta fold hydrolase n=1 Tax=Plancto...
UR50:UniRef50_AO0A1V5Y0OE8Fermentation/respiration switch protein n...
UR50:UniRef50_AO0A1W1VKA4 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_X1UDAG6 Peptidase_S9 domain-containing protein (Fragm...
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145
145
144
143
142
142
141
141
140
139
139
140
139
142
139
139
138
137
137
139
135
135
134
133
133

2,00E-39
2,00E-39
6,00E-39
1,00E-38
2,00E-38
3,00E-38
7,00E-38
8,00E-38
2,00E-37
2,00E-37
2,00E-37
2,00E-37
3,00E-37
4,00E-37
6,00E-37
6,00E-37
1,00E-36
2,00E-36
3,00E-36
7,00E-36
9,00E-36
9,00E-36
3,00E-35
5,00E-35
5,00E-35

Proteobacteria
Firmicutes
Firmicutes
Firmicutes
Firmicutes
Actinobacteria
Firmicutes
Firmicutes

Deinococcus

Firmicutes
Firmicutes

Thermodesulfobacteria

Planctomycetes
Armatimonadetes
Firmicutes
Planctomycetes

Deinococcus



UR50:UniRef50_UPIO009EB71D7alpha/beta fold hydrolase n=2 Tax=Lagi... 133 9,00E-35 Firmicutes

UR50:UniRef50_AO0A7C6Y8R1Alpha/beta hydrolase n=1 Tax=Acholeplasma... 132 1,00E-34  Firmicutes
UR50:UniRef50_A0A517YSM1Fermentation/respiration switch protein n... 132 1,00E-34  Planctomycetes
UR50:UniRef50_L1PMY®6 Hydrolase_4 domain-containing protein n=37 Ta... 132 2,00E-34  Bacteroidetes
UR50:UniRef50_A0A4S8QDR3AIpha/beta fold hydrolase n=1 Tax=Glycomy... 134 2,00E-34  Glycomyces
UR50:UniRef50_A0A2V9JLXT7Alpha/beta hydrolase (Fragment) n=1 Tax=A... 128 4,00E-34  Acidobacteria
UR50:UniRef50_AOA090CYN4 Peptidase_S9 domain-containing protein n=... 132 4,00E-34  Chlamydiae
UR50:UniRef50_C2BEES Hydrolase, alpha/beta domain protein n=20 Tax... 130 1,00E-33  Clostridia
UR50:UniRef50_AOAOE2H8K7 Hydrolase_4 domain-containing protein n=2... 129 1,00E-33
UR50:UniRef50_AO0A7C6HYB2AIpha/beta hydrolase n=2 Tax=Acholeplasma... 129 2,00E-33  Firmicutes
UR50:UniRef50_A0A094YYJ9 Hydrolase_4 domain-containing protein n=4... 129 2,00E-33  Firmicutes
UR50:UniRef50_UPI000DC1D062alpha/beta fold hydrolase n=1 Tax=Meso... 129 3,00E-33  Thermotogae
UR50:UniRef50_AOA2SOUCN1 Hydrolase_4 domain-containing protein n=5... 130 3,00E-33  Firmicutes
UR50:UniRef50_UPI000854E465alpha/beta fold hydrolase n=1 Tax=Cand... 129 3,00E-33
UR50:UniRef50_AOA6M2A136 Esterase FrsA n=1 Tax=Chlamydiae bacteriu... 129 4,00E-33  Chlamydiae
UR50:UniRef50_A0A2M7QX46 Peptidase_S9 domain-containing protein n=... 128 4,00E-33
UR50:UniRef50_UPI0002F3A25Dalpha/beta fold hydrolase n=2 Tax=Anae... 128 8,00E-33  Clostridia
UR50:UniRef50_A0A2Z4Y4K2Alpha/beta superfamily hydrolase n=2 Tax=... 127 2,00E-32
UR50:UniRef50_AOA5N7IN55AIpha/beta hydrolase n=1 Tax=Clostridium ... 124 2,00E-32  Clostridia
UR50:UniRef50_AOAOA0C164Alpha/beta hydrolase n=2 Tax=Cellulomonas... 127 2,00E-32  Actinobacteria
UR50:UniRef50_FORJ91 Hydrolase, putative n=4 Tax=Deinococcus TaxID... 126 3,00E-32  Deinococcus
UR50:UniRef50_AOA2N2PNJ1 AB hydrolase-1 domain-containing protein ... 127 5,00E-32
UR50:UniRef50_D6YWC6 Peptidase_S9 domain-containing protein n=2 Ta... 125 7,00E-32  Chlamydiae
UR50:UniRef50_UPI00145F20CAalpha/beta fold hydrolase n=1 Tax=Bifi... 125 7,00E-32  Actinobacteria
UR50:UniRef50_A0A644TNS7 2-succinyl-6-hydroxy-2, 4-cyclohexadiene-... 125 2,00E-31
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UR50:UniRef50_A0A072MVI16 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_A0A256XMB4 Hydrolase_4 domain-containing protein n=4...
UR50:UniRef50_E6K0Z8 AB hydrolase-1 domain-containing protein n=6 ...
URS50:UniRef50_A0A2X2RLV4 Dihydrolipoyllysine-residue acetyltransfe...
UR50:UniRef50_AOA3G1KRL6 AB hydrolase-1 domain-containing protein ...
UR50:UniRef50_A3XNO04 Hydrolase of alpha-beta family protein n=2 Ta...
UR50:UniRef50_Q6MCU6 Hydrolase_4 domain-containing protein n=6 Tax...
UR50:UniRef50_A0A564TCI22-succinyl-6-hydroxy-2,4-cyclohexadiene-1...
UR50:UniRef50_AOAO0A6VINT7Alpha/beta hydrolase n=3 Tax=Bacillus Tax...
URS50:UniRef50_AO0A7C11SM4Alpha/beta hydrolase (Fragment) n=1 Tax=F...
UR50:UniRef50_S7SRT6AIpha/beta hydrolase family protein n=7 Tax=B...
UR50:UniRef50_A0A410QEI4Alpha/beta fold hydrolase n=2 Tax=Tissier...
UR50:UniRef50_UPI0011F069F2alpha/beta hydrolase n=2 Tax=Cellulomo...
UR50:UniRef50_AO0A7C6Z9V6Alpha/beta hydrolase n=3 Tax=Bacteria Tax...
UR50:UniRef50_AOA1M3CT29 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_S5ZG56 Hydrolase 4 domain-containing protein n=8 Tax...
UR50:UniRef50_AO0A7C2VOMOAIpha/beta fold hydrolase n=2 Tax=TACK gr...
UR50:UniRef50_UPI00047F6EODalpha/beta fold hydrolase n=1 Tax=Dein...
URS50:UniRef50_AOAOFOLDC52-hydroxy-6-oxononadienedioate/2-hydroxy-...
UR50:UniRef50_AO0A0X8JGLO Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_C2CIF9 Hydrolase_4 domain-containing protein n=6 Tax...
UR50:UniRef50_A0A1J4WQ76 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_A0A318S4U1 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_AO0A7C2LD26Alpha/beta fold hydrolase n=1 Tax=Thermof...
UR50:UniRef50_A0A256XSA7 AB hydrolase-1 domain-containing protein ...
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124
124
124
124
124
124
123
122
123
120
122
122
122
124
122
121
121
117
121
120
120
120
119
124
119

2,00E-31
2,00E-31
2,00E-31
3,00E-31
4,00E-31
7,00E-31
7,00E-31
8,00E-31
8,00E-31
1,00E-30
1,00E-30
1,00E-30
1,00E-30
1,00E-30
1,00E-30
2,00E-30
2,00E-30
2,00E-30
3,00E-30
5,00E-30
7,00E-30
9,00E-30
1,00E-29
2,00E-29
2,00E-29

Actinobacteria

Bacteroidetes
Bacteroidetes
Firmicutes
Bacteroidetes
Chlamydiae
Actinobacteria

Firmicutes
Firmicutes
Firmicutes

Chlamydiae

Deinococcus
Actinobacteria
Actinobacteria
Clostridia

Deinococcus



UR50:UniRef50_AOA2G9IN4W?7 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_F8KZH9 Hydrolase_4 domain-containing protein n=3 Tax...

UR50:UniRef50_A0A4V4HPV7Alpha/beta fold hydrolase n=1 Tax=Glycomy...

UR50:UniRef50_A0A517YUI7Alpha/beta hydrolase family protein n=1 T...
UR50:UniRef50_J2I3F4 Hydrolase_4 domain-containing protein n=20 Ta...
URS50:UniRef50_AOA7C5DQC2Alpha/beta fold hydrolase (Fragment) n=1 ...

UR50:UniRef50_AO0A2M8TDWO9AIpha/beta hydrolase n=1 Tax=Clostridium ...
UR50:UniRef50_A0A4P6M108 Aminoacrylate hydrolase RutD n=10 Tax=Ter...
UR50:UniRef50_A0A2JOKW78 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOA0G0A911 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_UPI00096DB779alpha/beta hydrolase n=1 Tax=Paenibaci...
UR50:UniRef50_UPI000D19F70Dalpha/beta fold hydrolase n=1 Tax=Stre...

UR50:UniRef50_AOA3A0CXX4 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_A0A662G586 Hydrolase_4 domain-containing protein n=2...
URS50:UniRef50_UPI0006931F 19alpha/beta fold hydrolase n=1 Tax=Clos...
UR50:UniRef50_AO0A7C4VHZ4Alpha/beta fold hydrolase (Fragment) n=1 ...
UR50:UniRef50_I3E8P1 PGAP1 family protein n=3 Tax=Bacillus TaxID=1...

UR50:UniRef50_A0A1V5HKMS8 2-hydroxy-6-oxo-6-(2'-aminophenyl)hexa-2,...

UR50:UniRef50_A0A396KRWOAIpha/beta fold hydrolase n=3 Tax=Terraba...

UR50:UniRef50_AO0A1G9L876 AB hydrolase-1 domain-containing protein ...
UR50:UniRef50_AO0OA1U7NRK1 Dienelactone hydrolase n=5
Tax=Deinococcu...

UR50:UniRef50_I9NRE5 Hydrolase_4 domain-containing protein n=1 Tax...
UR50:UniRef50_C0Z4X2 Hydrolase_4 domain-containing protein n=63 Ta...
UR50:UniRef50_AO0A117IGP7 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A497FIW7 Peptidase_S9 domain-containing protein n=...
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119
119
120
119
118
120
117
117
117
117
117
115
118
116
117
112
116
115
115
115

115
115
115
114
114

3,00E-29
3,00E-29
5,00E-29
5,00E-29
7,00E-29
7,00E-29
9,00E-29
9,00E-29
1,00E-28
1,00E-28
1,00E-28
1,00E-28
1,00E-28
3,00E-28
3,00E-28
4,00E-28
4,00E-28
4,00E-28
5,00E-28
5,00E-28

5,00E-28
7,00E-28
8,00E-28
1,00E-27
1,00E-27

Chlamydiae
Actinobacteria
Planctomycetes
Firmicutes

Clostridia
Actinobacteria
Parcubacteria

Firmicutes
Actinobacteria
Planctomycetes

Clostridia

Actinobacteria
Actinobacteria
Actinobacteria

Deinococcus
Firmicutes

Clostridia



UR50:UniRef50_A0A662Q0B5 Peptidase_S15 domain-containing protein n..

UR50:UniRef50_C2ER94 Hydrolase_4 domain-containing protein n=1 Tax...

URS50:UniRef50_AOA380NMF6 Acetoin dehydrogenase E2 subunit dihydrol...

UR50:UniRef50_R5VL94 Uncharacterized protein n=1 Tax=Clostridium s...
UR50:UniRef50_G9QHS89 AB hydrolase-1 domain-containing protein n=15...

UR50:UniRef50_AO0A1M3BBP6 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_A0A4V2I6X8Alpha/beta hydrolase n=1 Tax=Alteromonas ...

UR50:UniRef50_AOAO0Q3WN81 Hydrolase_4 domain-containing protein n=5...

UR50:UniRef50_AOABN6L3B6AIpha/beta fold hydrolase n=1 Tax=Chlorof...

UR50:UniRef50_AO0A1H8RZ11 Hydrolase_4 domain-containing protein n=4...
UR50:UniRef50_A0A6M8SQ21Alpha/beta fold hydrolase n=3 Tax=Deefgea...

UR50:UniRef50_AO0A1H617Y9 Hydrolase_4 domain-containing protein n=3...

UR50:UniRef50_A0A0J1JD40 Peptidase_S15 domain-containing protein n...
UR50:UniRef50_A0A5J6YNP1Alpha/beta fold hydrolase n=2 Tax=Deinoco...

UR50:UniRef50_A0A111JJ50 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_D1QPES8 Antioxidant, AhpC/TSA family n=20 Tax=root Ta...

UR50:UniRef50_UPI0005C4D4D5alpha/beta hydrolase n=1 Tax=Prevotell...

UR50:UniRef50_AOA089LPB3 DLH domain-containing protein n=14 Tax=Fi...

UR50:UniRef50_AO0A150LL17 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_C3MSB7 Hydrolase of the alpha/beta superfamily n=6 T...

UR50:UniRef50_AO0A1F5Z3K4 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_UPI001177A7F4alpha/beta fold hydrolase n=2 Tax=uncl...

UR50:UniRef50_AOA1H7GTL4 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_UPI100101D386Balpha/beta fold hydrolase n=1 Tax=Bact...
UR50:UniRef50_AOAOE3H183 Feruloyl esterase n=1 Tax=uncultured micr...
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114
114
115
114
114
114
113
112
112
112
111
112
112
114
111
114
111
113
110
110
110
111
110
113
110

2,00E-27
2,00E-27
2,00E-27
2,00E-27
2,00E-27
2,00E-27
5,00E-27
8,00E-27
9,00E-27
1,00E-26
1,00E-26
1,00E-26
2,00E-26
2,00E-26
2,00E-26
2,00E-26
3,00E-26
3,00E-26
3,00E-26
5,00E-26
5,00E-26
6,00E-26
6,00E-26
6,00E-26
7,00E-26

Firmicutes
Firmicutes
Clostridia
Firmicutes
Chlamydiae
Proteobacteria
Firmicutes
Chloroflexi

Proteobacteria

Proteobacteria
Deinococcus

Bacteroidetes
Firmicutes
Firmicutes

Clostridia
Firmicutes
Bacteroidetes



UR50:UniRef50_U2BHA2 Hydrolase, alpha/beta domain protein n=9 Tax=... 109 7,00E-26  Firmicutes

UR50:UniRef50_A0A2D57891 Peptidase_S9 domain-containing protein n=... 109 8,00E-26  Bacteroidetes
UR50:UniRef50_A0A101X5F5 Peptidase_S9 domain-containing protein n=... 110 8,00E-26
UR50:UniRef50_A0A497G9WO0 Hydrolase_4 domain-containing protein (Fr... 107 1,00E-25
UR50:UniRef50_AOA3N5SCD3Alpha/beta fold hydrolase (Fragment) n=1 ... 105 1,00E-25  Chloroflexi
UR50:UniRef50_AOAOM9GUS80 Hydrolase_4 domain-containing protein n=3... 109 1,00E-25  Firmicutes
UR50:UniRef50_A0A2D5V1B3 Hydrolase_4 domain-containing protein n=1... 109 1,00E-25
UR50:UniRef50_A0A133Z6N3 X-Pro dipeptidyl-peptidase n=1 Tax=Bacter... 109 1,00E-25  Bacteroidetes
UR50:UniRef50_UPI100166C434Dalpha/beta fold hydrolase n=2 Tax=Paen... 109 1,00E-25  Firmicutes
UR50:UniRef50_UPI00105DDEB9alpha/beta fold hydrolase n=4 Tax=Cand... 111 1,00E-25
UR50:UniRef50_U1QU38 Hydrolase_4 domain-containing protein n=11 Ta... 110 2,00E-25 Actinobacteria
URS50:UniRef50_X0V080 Hydrolase_4 domain-containing protein (Fragme... 107 2,00E-25
UR50:UniRef50_E6K5Q2 Hydrolase_4 domain-containing protein n=15 Ta... 110 2,00E-25 Bacteroidetes
UR50:UniRef50_AOA3DON7L6 Uncharacterized protein n=1 Tax=Armatimon... 105 3,00E-25  Armatimonadetes
UR50:UniRef50_G6AH16 Hydrolase_4 domain-containing protein n=3 Tax... 109 3,00E-25  Bacteroidetes
UR50:UniRef50_AOA1F7Y214 Hydrolase_4 domain-containing protein n=3... 108 3,00E-25
UR50:UniRef50_AOA4R1NQQ4 Peptidase_S15 domain-containing protein n... 108 4,00E-25
UR50:UniRef50_AOA2H6EVTOAIpha/beta hydrolase family protein n=2 T... 107 4,00E-25
UR50:UniRef50_AO0OA1M6HZIO Hydrolase_4 domain-containing protein n=>5... 108 4,00E-25  Clostridia
UR50:UniRef50_AO0A0V8J792 Peptidase_S9 domain-containing protein n=... 108 4,00E-25 Firmicutes
UR50:UniRef50_A0A3S4VC53 Non-haem bromoperoxidase BPO-A2 n=86

Tax=... 107 5,00E-25  Actinobacteria
UR50:UniRef50_A0A1X7LL25 Hydrolase_4 domain-containing protein n=1... 108 5,00E-25 Proteobacteria
UR50:UniRef50_A0A4P6JQU8AIpha/beta fold hydrolase n=1 Tax=Ktedono... 107 6,00E-25  Chloroflexi
UR50:UniRef50_AOA1HBSYR9 Hydrolase_4 domain-containing protein n=2... 108 6,00E-25  Firmicutes
UR50:UniRef50_UPI00068FCB42alpha/beta fold hydrolase n=1 Tax=Haem... 108 7,00E-25  Proteobacteria
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UR50:UniRef50_AOAOR1T798 Alpha beta fold family hydrolase family p...
UR50:UniRef50_A0A380JFQ6 Cinnamoyl ester hydrolase n=22 Tax=Strept...

UR50:UniRef50_AOA1H5RRD6 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_AOA0GOKOB6AIpha/beta hydrolase fold protein n=6 Tax...
UR50:UniRef50_A0A255SZ799 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_A0A223HZC4Alpha/beta superfamily hydrolase n=1 Tax=...

UR50:UniRef50_A0A165WGNS5 Hydrolase_4 domain-containing protein n=7...

UR50:UniRef50_AO0A3A9C967Alpha/beta fold hydrolase n=1 Tax=bacteri...
UR50:UniRef50_A0A271JE86 Hydrolase 4 domain-containing protein n=1...

UR50:UniRef50 AOA1H6F7Y1 Esterase n=1 Tax=Thiotrichales bacterium ...
UR50:UniRef50 A0A081C1G4 Peptidase S15 n=4 Tax=Bacteria TaxID=2
Re...

UR50:UniRef50_A0A4Q5NDKT7Alpha/beta hydrolase n=1 Tax=bacterium Ta...
UR50:UniRef50_AO0A2G8DDL3 Peptidase_S15 domain-containing protein n...

UR50:UniRef50_A0A292YFF2 Permease n=3 Tax=Bacillales TaxID=1385
Re...

UR50:UniRef50_AOAO0G1NYN3 Dienelactone hydrolase n=2
Tax=Microgenom...

UR50:UniRef50_A0A111U6X8 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A6M1ZSY0 2-succinyl-6-hydroxy-2, 4-cyclohexadiene-...
UR50:UniRef50_R5PAKS8 Hydrolase_4 domain-containing protein n=3 Tax...
URS50:UniRef50_A0A2X0RBE42-succinyl-6-hydroxy-2,4-cyclohexadiene-1...
UR50:UniRef50_AO0A3N2MZV7Alpha/beta fold hydrolase n=4 Tax=Muribac...
UR50:UniRef50_A0A0761S58Alpha/beta fold hydrolase n=6 Tax=Bactero...
UR50:UniRef50_A0A5J5HT44Alpha/beta hydrolase n=2 Tax=Bacillus Tax...
UR50:UniRef50_A0A353BU96 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOABN7XJW8Alpha/beta fold hydrolase n=1 Tax=Clostri...
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107
107
107
107
108
102
107
107
106
106

106
105
107

106

105
105
105
105
105
108
107
105
101
104

8,00E-25
8,00E-25
9,00E-25
9,00E-25
9,00E-25
1,00E-24
1,00E-24
2,00E-24
2,00E-24
2,00E-24

2,00E-24
2,00E-24
2,00E-24

3,00E-24

3,00E-24
3,00E-24
4,00E-24
4,00E-24
4,00E-24
6,00E-24
6,00E-24
6,00E-24
7,00E-24
8,00E-24

Firmicutes
Firmicutes
Firmicutes
Bacteroidetes
Bacteroidetes
Firmicutes
Firmicutes

Proteobacteria

Mesotoga

Firmicutes

Firmicutes
Chlamydiae
Bacteroidales

Bacteroidetes
Bacteroidales

Firmicutes
Clostridia



UR50:UniRef50_A0A370AVS2 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOA2M8KL77 Hydrolase_4 domain-containing protein n=3...

UR50:UniRef50 A0A137SUL4 Putative esterase n=1 Tax=Clostridiales b...
UR50:UniRef50_AO0A7C5LB81Alpha/beta hydrolase n=1 Tax=Deltaproteob...

UR50:UniRef50_AOAODOSH11 TWA4_scaffold00001, whole genome shotgun

UR50:UniRef50_A0A1M5C420 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A4Y9FM63Alpha/beta hydrolase n=5 Tax=Streptococcu...

UR50:UniRef50_UPI00168B8E03alpha/beta fold hydrolase n=1 Tax=Baci...

UR50:UniRef50_AOAQU2W8A5AIpha/beta hydrolase n=2 Tax=Paenibacillu...

UR50:UniRef50_D9ZEN7 Peptidase_S9 domain-containing protein n=4 Ta...
UR50:UniRef50_AO0A1F91336 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_I2F4G1 LysM domain-containing protein,prolyl oligope...

URS50:UniRef50_F3P8S0 Carboxymuconolactone decarboxylase family pro...

UR50:UniRef50_A0A318KX93 Uncharacterized protein YhfF n=2 Tax=Diel...
UR50:UniRef50_AO0A3P3XQ87 Peptidoglycan-binding lysin domain protei...

UR50:UniRef50_A0A2M7LW84 Hydrolase_4 domain-containing protein n=6...

UR50:UniRef50_UPI000783B427alpha/beta fold hydrolase n=1 Tax=Mass...

UR50:UniRef50_AO0A1G7LLD5 Hydrolase_4 domain-containing protein n=6...

UR50:UniRef50_A0A564T726Fermentation/respiration switch protein n...
UR50:UniRef50_L1P102 Hydrolase_4 domain-containing protein n=2 Tax...

UR50:UniRef50_AOA1HOBRCO Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_A0A661IDL4 Hydrolase_4 domain-containing protein n=7...
UR50:UniRef50_H3NGP5 Hydrolase_4 domain-containing protein n=5 Tax...
UR50:UniRef50_AOA6M1UEP4AIpha/beta hydrolase n=2 Tax=unclassified...

UR50:UniRef50_AOA1HISNG66 Peptidase_S9 domain-containing protein n=...
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UR50:UniRef50_AO0AG6P1AI72 Prolyl oligopeptidase family serine pepiti...
UR50:UniRef50_UPI0006CF9B7Dalpha/beta fold hydrolase n=1 Tax=Thal...

UR50:UniRef50_AOA3EOJMI5Alpha/beta hydrolase (Fragment) n=1 Tax=P...
UR50:UniRef50_AOA2E3QXW6Alpha/beta hydrolase n=1
Tax=Rhodothermac...

UR50:UniRef50_AOA6L3BG93 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_AOABN9I3X8Alpha/beta fold hydrolase n=2 Tax=Lactoba...

UR50:UniRef50_AOA5A7RTX7Alpha/beta fold hydrolase n=9 Tax=Thermop...
UR50:UniRef50_A0A2Z4L6Y5 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AO0A7C3Z5F7Alpha/beta hydrolase n=1 Tax=Deltaproteob...

UR50:UniRef50_AOA1F6GWG6 Hydrolase_4 domain-containing protein n=8...

UR50:UniRef50_A0A357APR6 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A024KFU3Alpha/beta superfamily hydrolase n=17 Tax...

URS50:UniRef50_F9ED99 Feruloyl esterase n=10 Tax=Actinomyces TaxID=...
UR50:UniRef50_UPI0012D8CA25alpha/beta fold hydrolase n=1 Tax=Paen...
UR50:UniRef50_A0A1G9S4D7 Hydrolase_4 domain-containing protein n=8...

UR50:UniRef50_AOAO0G1HOAS8 Carboxylesterase n=3 Tax=Parcubacteria gr...

UR50:UniRef50_D9SNU3AIpha/beta superfamily hydrolase n=2 Tax=Clos...
UR50:UniRef50_J4VLUO Peptidase, SQA/B/C family, catalytic domain p...
UR50:UniRef50_AOA6M2ADF 3 Multifunctional-autoprocessing repeats-in...

UR50:UniRef50_A0A345Z1H0 Est1E (Fragment) n=52 Tax=Bacteria TaxID=...

UR50:UniRef50_AOAQU1P777 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_R5EN90 Hydrolase_4 domain-containing protein n=2 Tax...
UR50:UniRef50_WOFQDS8 Feruloyl esterase n=1 Tax=uncultured bacteriu...
UR50:UniRef50_UPI10014029154alpha/beta fold hydrolase n=1 Tax=Subd...
UR50:UniRef50_UPI00174C1BADalpha/beta fold hydrolase n=1 Tax=Cand...
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UR50:UniRef50_S5XZS6 AB hydrolase-1 domain-containing protein n=16...

URS50:UniRef50_UPI000C7C2368alpha/beta fold hydrolase n=1 Tax=Pygm...
UR50:UniRef50_AO0A2G9IN5X2 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AO0A2D6LJQ3 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_AOA2HOTBIO Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOA7C5TGY3Alpha/beta fold hydrolase (Fragment) n=2 ...
UR50:UniRef50_AO0A7C4BFQOAIpha/beta fold hydrolase (Fragment) n=1 ...
UR50:UniRef50_AO0A7C3HHR4 Hydrolase_4 domain-containing protein (Fr...

UR50:UniRef50_AO0A7D5Z3X2Alpha/beta fold hydrolase n=5 Tax=Chromob...

UR50:UniRef50_UPI1001370834Balpha/beta hydrolase n=1 Tax=Clostridi...

UR50:UniRef50_AOA1M5JF38 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_C6LBC1 Acetyl xylan esterase (AXE1) n=11 Tax=Bacteri...
UR50:UniRef50_U2LY33 Acetyl xylan esterase n=2 Tax=Treponema lecit...
UR50:UniRef50_A0A223HZ34Alpha/beta superfamily hydrolase n=1 Tax=...
UR50:UniRef50_UPI0006B67ADEalpha/beta fold hydrolase n=1 Tax=Niam...

UR50:UniRef50_AOA3N9NNQO Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_A0A1C5ZT52 Prolyl tripeptidyl peptidase n=12 Tax=Clo...

UR50:UniRef50_A0A3S4WJW1 Acetoin dehydrogenase E2 subunit dihydrol...

UR50:UniRef50_AOAOP9DTF9AIpha/beta hydrolase family protein n=1T...
UR50:UniRef50_M2NDT4 Peptidase_S9 domain-containing protein n=3 Ta...
UR50:UniRef50_IBAKBO PGAP1 family protein n=1 Tax=Fictibacillus ma...
UR50:UniRef50_EOE1U4 Hydrolase 4 domain-containing protein n=3 Tax...
UR50:UniRef50_Q822R5 Hydrolase 4 domain-containing protein n=71 Ta...
UR50:UniRef50_A0A555ZF 10Alpha/beta fold hydrolase n=5 Tax=Pantoea...
UR50:UniRef50_AOA3R8MITOAIpha/beta fold hydrolase n=1 Tax=Biberst...
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UR50:UniRef50_A0A4R4PJ68Alpha/beta fold hydrolase n=2 Tax=Strepto...

UR50:UniRef50_A0A329NCT8Alpha/beta fold hydrolase n=19 Tax=Aeroco...

UR50:UniRef50_A0A1V6GYMOAIpha/beta hydrolase family protein n=1T...
UR50:UniRef50_A0A114HQ83 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_A0A380K4G1 Cinnamoyl ester hydrolase n=2 Tax=Strepto...
UR50:UniRef50_A0A135YPIO 3-dehydroquinate dehydratase n=5 Tax=Pept...

UR50:UniRef50_J6HBL6 Peptidase, SOA/B/C family, catalytic domain p...
UR50:UniRef50_AOA0GOPZX8 Hydrolase of the alpha/beta superfamily n...
UR50:UniRef50_UPI0009340A05alpha/beta fold hydrolase n=1 Tax=Lact...

UR50:UniRef50_A0A437SCN9 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_UPIO00F7782A8alpha/beta fold hydrolase n=1 Tax=Lact...

UR50:UniRef50_AOA2EQOL7X2Alpha/beta hydrolase n=1 Tax=Anaerolineac...

UR50:UniRef50_UPIO009E6DB92alpha/beta hydrolase n=4 Tax=Leptotric...
UR50:UniRef50_Q97923 Acyltransferase family n=7 Tax=Chlamydia Taxl...

UR50:UniRef50_AOA0G115A7 Hydrolase n=2 Tax=Parcubacteria group Tax...
UR50:UniRef50_A0A554MFT6 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_UPI0003F95ED9alpha/beta fold hydrolase n=1 Tax=Alic...

UR50:UniRef50_S3XCK4 Hydrolase_4 domain-containing protein n=13 Ta...
UR50:UniRef50_D3R4MO0 Cinnamoyl ester hydrolase n=42 Tax=Bifidobact...
UR50:UniRef50_UPI0009DBBE97alpha/beta hydrolase n=1 Tax=Butyrivib...

UR50:UniRef50_A0A259UH65 Putative aminoacrylate hydrolase RutD n=8...

UR50:UniRef50_R5XBI4 Uncharacterized protein n=1 Tax=Anaerotruncus...

UR50:UniRef50_AOA0G1UCW1 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_UPI0012B7D3BEalpha/beta hydrolase n=1 Tax=Paenibaci...
UR50:UniRef50_R5QHM6 Feruloyl esterase n=1 Tax=Ruminococcus sp. CA...
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UR50:UniRef50_AO0A7C4SRC4Alpha/beta fold hydrolase n=1 Tax=Candida...

UR50:UniRef50_AOA6L3TJKBAIpha/beta hydrolase n=2 Tax=Vibrionaceae...
UR50:UniRef50_AOA3COIYR8AIpha/beta hydrolase n=3 Tax=Firmicutes b...
UR50:UniRef50_AO0A1YOFS27 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_M8DB53 Hydrolase_4 domain-containing protein n=11 Ta...

UR50:UniRef50_A0A4S3B3M6Alpha/beta fold hydrolase n=2 Tax=Vagococ...
UR50:UniRef50_UPIO009FE83ABalpha/beta fold hydrolase n=1 Tax=Deme...

UR50:UniRef50_A0A0J11Q41 Hydrolase_4 domain-containing protein n=6...
UR50:UniRef50_UPI0009F92FE1alpha/beta fold hydrolase n=1 Tax=Alic...
UR50:UniRef50_AB6VR29 Cinnamoyl ester hydrolase n=1 Tax=Actinobacil...

UR50:UniRef50_AO0A260EDK6AIpha/beta hydrolase n=1 Tax=Rhodococcus ...

UR50:UniRef50_A0A1T51U94 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_AO0A3D2N8D8 Thioredoxin domain-containing protein (Fr...

UR50:UniRef50_A0A496Q2A4 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_AO0A353SAF3 Cinnamoyl ester hydrolase n=2 Tax=Bacteri...

UR50:UniRef50_UPI00160DE3FAalpha/beta fold hydrolase n=1 Tax=Cate...
UR50:UniRef50 I3PVEY Ferulic acid esterase 3 n=1 Tax=uncultured ba...

UR50:UniRef50_AO0A1M4MW?73 Putative alpha/beta hydrolase n=4 Tax=Don...

UR50:UniRef50_C2EMB3 Feruloyl esterase n=53 Tax=Lactobacillus Taxl...

UR50:UniRef50_A0A1D2X1C7 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_UPI0004145E31alpha/beta hydrolase n=1 Tax=Ruminococ...

UR50:UniRef50_D1NU52 Hydrolase_4 domain-containing protein n=4 Tax...
UR50:UniRef50_UP100040108C7alpha/beta fold hydrolase n=1 Tax=Alic...
UR50:UniRef50_AOA3B9FYI3Alpha/beta hydrolase n=1 Tax=Erysipelotri...
UR50:UniRef50_AOAO0Q5GFR9 AB hydrolase-1 domain-containing protein ...
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UR50:UniRef50_C5ESK4 Hydrolase_4 domain-containing protein n=11 Ta...

UR50:UniRef50_AOAONOGPES5 Putative aminoacrylate hydrolase RutD n=4...

UR50:UniRef50_A0A520KX16Alpha/beta fold hydrolase n=4 Tax=Candida...

UR50:UniRef50_UPI0015EF4CE9 hypothetical protein n=1 Tax=Paenactin...
UR50:UniRef50_AO0OA1F7UVWO0 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_AO0A1Y4KALS8 Hydrolase_4 domain-containing protein n=3...

UR50:UniRef50_AO0A6B1E4X9Alpha/beta hydrolase n=1 Tax=Chloroflexi ...
UR50:UniRef50_C5NUMS Feruloyl esterase n=5 Tax=Terrabacteria group...

UR50:UniRef50_AOAOLOBGU9 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_A0A1G2U5D4 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_A0A561N4N3 Peptidase_S15 domain-containing protein n...

UR50:UniRef50_A0A136LZ38Alpha/beta hydrolase family protein n=1T...

UR50:UniRef50_AO0A0V8S178 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_F9VK43 Hydrolase_4 domain-containing protein n=18 Ta...
UR50:UniRef50_A0A3G9JWI1 Cinnamoyl ester hydrolase n=1 Tax=Intesti...
UR50:UniRef50_A0A329LBX6Alpha/beta hydrolase n=1 Tax=Paenibacillu...
UR50:UniRef50_F6LQK6 Feruloyl esterase Il n=1 Tax=Cellulosilyticu...

UR50:UniRef50_UPI0003F61EF9alpha/beta fold hydrolase n=2 Tax=Fuso...
UR50:UniRef50_UPI0008F96E33alpha/beta fold hydrolase n=1 Tax=Trao...
UR50:UniRef50_AOA2N5M6E 1Alpha/beta hydrolase n=2 Tax=Peribacillus...

UR50:UniRef50_AOA1H1LNM3 Hydrolase_4 domain-containing protein n=2...
UR50:UniRef50_AO0A559NLZ7 Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_A0A177XJV8 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_AO0A1D7QRA3AIpha/beta superfamily hydrolase n=1 Tax=...
UR50:UniRef50_AOA1FILWW8 Hydrolase_4 domain-containing protein (Fr...
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UR50:UniRef50_R7CWQ7 Hydrolase_4 domain-containing protein n=17 Ta...

UR50:UniRef50_UPIO00F794EF8alpha/beta fold hydrolase n=1 Tax=Agri...
UR50:UniRef50_S3JS07 Peptidase_S9 domain-containing protein n=9 Ta...
UR50:UniRef50_A0A112U708 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_A0A497N1W1 Hydrolase_4 domain-containing protein (Fr...
UR50:UniRef50_UPI00166AE99Falpha/beta hydrolase n=1 Tax=Paenibaci...

UR50:UniRef50_D7CN41 Putative hydrolase n=1 Tax=Syntrophothermus I...

UR50:UniRef50_A0A662FA48 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_UPI0015FC81A4alpha/beta fold hydrolase n=1 Tax=Limo...

UR50:UniRef50_A0A202DGJ1 Uncharacterized protein n=1 Tax=archaeon ...
UR50:UniRef50_AOA1H7FMX4 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_UPI0011E59630alpha/beta fold hydrolase n=2 Tax=Neis...

UR50:UniRef50_AOAOR1W5M7 Alpha-beta superfamily hydrolase n=2 Tax=...
UR50:UniRef50_AOA1GINTZ2 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOAOM2PHI3 Hydrolase_4 domain-containing protein n=5...

UR50:UniRef50_UPI0013694A57alpha/beta fold hydrolase n=1 Tax=Lact...

UR50:UniRef50_AOA1F9C1G2 Hydrolase_4 domain-containing protein n=6...

UR50:UniRef50_UP10004149386alpha/beta hydrolase n=3 Tax=unclassif...

UR50:UniRef50_AOA1FE6HBES Hydrolase_4 domain-containing protein n=9...
UR50:UniRef50_AOA1E5XPH1 Peptidase_S15 domain-containing protein n...
UR50:UniRef50_AOA2HOSXAS8 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_A0A4P8LOE3Alpha/beta fold hydrolase n=2 Tax=Desulfo...

UR50:UniRef50_AO0A1Q5PUBG6 Hydrolase_4 domain-containing protein n=3...

UR50:UniRef50_A0A2N0Z197Alpha/beta hydrolase n=2 Tax=Bacillus nea...
UR50:UniRef50_Q74J82 Hydrolase_4 domain-containing protein n=32 Ta...
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UR50:UniRef50 AOA5R8QFL6 Uncharacterized protein n=1 Tax=Firmicute... 90.9 7,00E-19  Firmicutes

UR50:UniRef50_UPI100143C4720alpha/beta fold hydrolase n=1 Tax=Anae... 91.3 7,00E-19  Firmicutes
UR50:UniRef50_AOA3DOXXE5 Hydrolase_4 domain-containing protein n=1... 91.3 7,00E-19  Clostridiales
UR50:UniRef50_AO0A2T6DB01 Hydrolase_4 domain-containing protein n=1... 93.2 8,00E-19  Verrucomicrobia
UR50:UniRef50_A0A430JHL9AIpha/beta fold hydrolase n=1 Tax=Paeniba... 94 .4 8,00E-19  Firmicutes
UR50:UniRef50_WOFJ07 Cinnamoyl ester hydrolase n=1 Tax=uncultured ... 90.9 8,00E-19
UR50:UniRef50_A0A2K1P362 Peptidase S9 domain-containing protein n=... 92.0 9,00E-19  Thermotogae
UR50:UniRef50_AO0A074LQC2 Peptidase_S9 domain-containing protein n=... 91.3 9,00E-19  Actinobacteria
UR50:UniRef50_AO0A2HOV175 Hydrolase_4 domain-containing protein n=1... 90.5 1,00E-18
UR50:UniRef50_P94315 Cinll n=3 Tax=Lachnospiraceae TaxID=186803 Re... 91.3 1,00E-18  Firmicutes
UR50:UniRef50_AO0A2N1SD64 Peptidase_S9 domain-containing protein n=... 91.3 1,00E-18  Spirochaetes
UR50:UniRef50_AO0A3D0Y834 Hydrolase_4 domain-containing protein n=1... 91.3 1,00E-18  Clostridiales
UR50:UniRef50_AOA0GOYHJ5 PGAP1 family protein n=1 Tax=candidate di... 90.5 1,00E-18
UR50:UniRef50_S3KMF3 Hydrolase_4 domain-containing protein n=17 Ta... 91.7 1,00E-18  Spirochaetes
UR50:UniRef50_AOA1F7HDY9 Hydrolase_4 domain-containing protein n=1... 90.5 1,00E-18
UR50:UniRef50_AOA1F5YRD1 Hydrolase_4 domain-containing protein n=2... 89.7 1,00E-18
UR50:UniRef50_X1B6J5 Hydrolase_4 domain-containing protein n=1 Tax... 90.1 2,00E-18 metagenome
UR50:UniRef50_AOAOE1XTM6Phospholipase/carboxylesterase n=11 Tax=F... 90.1 2,00E-18  Firmicutes
UR50:UniRef50_UPI0018964F2Aalpha/beta fold hydrolase n=1 Tax=Clos... 91.3 2,00E-18  Clostridia
UR50:UniRef50_AO0A3N5X457Alpha/beta fold hydrolase n=2 Tax=Acidoba... 90.5 2,00E-18  Acidobacteria
UR50:UniRef50_A0A350J963Alpha/beta hydrolase n=1 Tax=Clostridiale... 90.9 2,00E-18  Clostridiales
UR50:UniRef50_A0A397S100 Hydrolase_4 domain-containing protein n=1... 89.7 2,00E-18  Tenericutes
UR50:UniRef50_F7V472 Hydrolase_4 domain-containing protein n=2 Tax... 90.9 2,00E-18  Clostridiales
UR50:UniRef50_A0A357FXM6 Uncharacterized protein n=1 Tax=Rhodospir... 90.5 2,00E-18  Proteobacteria
UR50:UniRef50_AOAOMOG2K1 AB hydrolase-1 domain-containing protein ... 90.1 2,00E-18  Actinobacteria
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UR50:UniRef50_I8R858 Lysophospholipase L2 n=276 Tax=Firmicutes Tax...
UR50:UniRef50_AOA1F6GXQ6 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_A0A116KBM2 Uncharacterized protein n=2 Tax=Clostridi...

UR50:UniRef50_AO0A1F6JWO03 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_UPI1001302B074alpha/beta fold hydrolase n=1 Tax=Neie...
UR50:UniRef50_B9JMY9 Peptidase S15 domain-containing protein n=34 ...

UR50:UniRef50_AOAOR1M4F8 Hydrolase_4 domain-containing protein n=4...
UR50:UniRef50_AO0OA2D6NUQ7 Hydrolase 4 domain-containing protein n=1...
UR50:UniRef50_AO0A1G1WQF5 Peptidase_S9 domain-containing protein n=...

UR50:UniRef50_AO0A7C3E629AIpha/beta fold hydrolase n=2 Tax=Proteob...
URS50:UniRef50_J8ZQX3 DLH domain-containing protein n=7 Tax=Bacilla...
UR50:UniRef50_A0A661KJ40 Hydrolase 4 domain-containing protein n=5...
UR50:UniRef50_B9Y2M8 Hydrolase_4 domain-containing protein n=4 Tax...

UR50:UniRef50_A0A3A4QXA2AIpha/beta hydrolase n=1 Tax=Candidatus A...

UR50:UniRef50_UPI10005094091alpha/beta fold hydrolase n=1 Tax=Haem...

UR50:UniRef50_AO0A3N2D7Y1 Hydrolase_4 domain-containing protein n=3...

UR50:UniRef50_AOA2HORIPS Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_AOA3D9TET4 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_AO0A367GEL2 AB hydrolase-1 domain-containing protein ...

UR50:UniRef50_AO0A2J0KVP3 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_A0A2M7V3Q0 Hydrolase_4 domain-containing protein n=1...

UR50:UniRef50_UPI10017489C35alpha/beta fold hydrolase n=2 Tax=Cand...

UR50:UniRef50_A0A259T3W1 Hydrolase_4 domain-containing protein n=7...

UR50:UniRef50_A0A559Q117 Hydrolase_4 domain-containing protein n=6...
UR50:UniRef50_A0A358M881 Uncharacterized protein n=1 Tax=Clostridi...
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UR50:UniRef50_AO0A1F6ZG60 Uncharacterized protein n=1 Tax=Candidatu...

UR50:UniRef50_AOA3A4KEE1Alpha/beta hydrolase n=1 Tax=Myxococcales...

UR50:UniRef50_A0A173XYS6 Trifunctional nucleotide phosphoesterase ...
UR50:UniRef50_A0A256ZTN4 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A4V1ALQ1Alpha/beta fold hydrolase n=1 Tax=Acetila...

UR50:UniRef50_A0A1Y4RKX6 Uncharacterized protein n=1 Tax=Lachnoclo...

UR50:UniRef50_R2XTCO Hydrolase_4 domain-containing protein n=2 Tax...
UR50:UniRef50_R7KXYO0 Uncharacterized protein n=2 Tax=environmental...
UR50:UniRef50_AOABLOHLT7Alpha/beta fold hydrolase n=1 Tax=Lachnos...
UR50:UniRef50_AO0A1Q4AZQ5 Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_AO0A1A5I0W9 Hydrolase_4 domain-containing protein n=6...
UR50:UniRef50_A0A383S8V0 Acetoin dehydrogenase E2 subunit dihydrol...
UR50:UniRef50_AO0A1Q6PVLO Hydrolase_4 domain-containing protein n=1...
UR50:UniRef50_AOAOR2LSNO Hydrolase_4 domain-containing protein n=3...
UR50:UniRef50_A0A114W7R2 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_M2NGO07 Hydrolase 4 domain-containing protein n=3 Tax...

UR50:UniRef50 AOAB6GOZTI9 Lipase 1 n=2 Tax=Andreprevotia TaxID=3972...

UR50:UniRef50_AOA0GO0JDF6 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_A0A387BUD8AIpha/beta fold hydrolase n=2 Tax=Microba...
UR50:UniRef50_A0A646JSY2AIpha/beta hydrolase n=3 Tax=Lactobacilla...
UR50:UniRef50_A0A151BXR6 AB hydrolase-1 domain-containing protein ...

URS50:UniRef50_AOAB6N9Q4P4Alpha/beta hydrolase n=2 Tax=Chengkuizeng...
UR50:UniRef50_AO0A3G8ZMP4 Hydrolase_4 domain-containing protein n=2...

UR50:UniRef50_A0A351U0D7 Peptidase_S9 domain-containing protein n=...
UR50:UniRef50_AOAOK9R3E3 Hydrolase_4 domain-containing protein n=1...

30

88.2
88.2
91.3
88.2
87.8
90.5
89.0
90.9
86.3
87.8
88.6
87.8
88.2
87.8
88.2
88.2
87.4
87.4
88.6
87.4
87.4
87.8
89.0
87.4
87.4

9,00E-18
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
1,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17
2,00E-17

Proteobacteria

Firmicutes
Clostridia
Firmicutes

Firmicutes
Firmicutes
Proteobacteria
Actinobacteria
Firmicutes
Firmicutes
Bacteroidetes
Firmicutes

Actinobacteria
Firmicutes
Actinobacteria

Actinobacteria
Proteobacteria



UR50:UniRef50_UPI00067B2E5Balpha/beta fold hydrolase n=1 Tax=0Olse... 87.8 2,00E-17  Actinobacteria
UR50:UniRef50_AO0A0S2W8M7 5'-nucleotidase n=8 Tax=Clostridiales Tax... 90.1 3,00E-17  Clostridiales

Legend Supplementary Table S7: A search against the UniProtKB50 protein sequence data base revealed the top scoring 1000 sequence families

with a minimal threshold score of 70 and an E value of 7 x 10-and archaeal phyla, to the extent organisms of origin were unambiguously determined.
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Supplementary Table S8: Tth MGL sequence/structure relations to other a/f§ hydrolases

Sequence ID Protein name Organism Phylum Reference Score®E value® PDB Q Rmsd® Seq. Lid® Lid Assembly
IDPe score identity® type length®
b

[9KU82 Monoacylglycerol T. siderophilus Firmicutes 7Q4J HBH 43 Dimer
lipase

D3YEX6 Cinnamoyl L. johnsonii Firmicutes 14 117,00 1,00E-31 3S2z* 0,72 1,18 0,32 HBH 46 Dimer
esterase

D2YW37 Feruloyl esterase B. proteoclasticus Firmicutes 3 102,00 1,00E-25 2WTM* 0,68 1,31 0,30 HBH 46 Dimer

DOMHY8 Osmotically R. marinus Bacteroidetes ' 82,00 2,00E-17 5CML 0,44 2,22 0,23 HBH*™™ 48 Dimer
inducible protein C

BOJYM4 Hydroxymuconic  A. vitis Proteobacteriaunpublished 55,80 9,00E-09 3LLC 0,56 1,88 0,22 HBH 50  Monomer
semialdehyde
hydrolase

Q6PE15 Palmitoyl-protein M. musculus (Vertrebrate) 1'© 51,60 3,00E-07 6NY9 0,52 1,99 0,20 HBH 51 Monomer
thioesterase A

Q83AV9 Alpha/beta C. burnetii Proteobacteria'” 47,40 4,00E-06 3TRD no Monomer
hydrolase

030361 Xylan esterase T. saccharolyticum Firmicutes unpublished 39,30 0,003 3FCY 0,32 2,1 0,20 HB 43 Trimer

Q65EQ1 Carboxylesterase B. licheniformis  Firmicutes unpublished 38,50 0,005 6NKG HB 54 Monomer

Q1QEU6 Triacylglycerol P. cryohalolentis  Proteobacteriaunpublished 37,40 0,014 4NS4 0,36 2,03 0,22 HB 54  Monomer
lipase
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AOABIBWFT7 Monoacylglycerol P. ferrophilus

lipase
BOV9K7 Dienelactone A. baumannii Proteobacteriaunpublished
hydrolase
AOAG6L8NUAS5 Bromoperoxidase B. anthracis Firmicutes unpublished
P82597 Monoacylglycerol Bacillus sp. Firmicutes '8
lipase
007427 Monoacylglycerol M. tuberculosis  Actinobacteria 1°
lipase
AOAOB5WSQ6 Lysophospho- B. coagulans Firmicutes %
lipase
JAWAT9 AB hydrolase-1  B. bassiana Ascomycota %!

Euryarchaeotaunpublished

34,70

34,70

33,50
32,70

30,40

28,90

0,1

0,089

0,23
0,41

2,30

7,7

6QE2

40PM

3FOB
4KES8*

6EIC

507G*

7D79*

0,45

0,45

0,39

0,49

2,16

1,86

2,13

2,00

0,21

0,18

0,15

0,19

HBH

HB

HB
HBH

HBH

HB

HBH

66

70

80
51

70

88

84

Dimer

Dimer

Trimer

Dimer

Trimer

Monomer

Dimer

A BLAST search using the Tth MGL sequence (AOA111X7Z7) against UniProtKB restricted to sequences with known 3D structures revealed 106

hits. From this pool of sequences, 15 non-redundant validated targets were selected (Figure 7A). These sequences were further analyzed by

structural superposition using the PDBeFold server '°. For ten out of fifteen selected hits, PDBeFold produced a reliable structure-based alignment

for both catalytic domain segments (Supplementary wS2). In addition, an a/p hydrolase from Beauveria bassiana (JAWAT9) was included, which

was detected in the PDBeFold search but not in the BLAST search (Supplementary Table S8).

@ Taken from Supplementary Table S7.

® Taken from PDBeFold output using the structure of Tth MGL as template against the PDB.
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¢, *, indicates PDB code cited represents multiple structures deposited in PDB of the same sequence.

d, for further details see Figure 7A; **, indicates a non-canonical HBH lid domain (for further details, see text)
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D2YW37 Bproteoclasticus - k F e d h t - - --LFKWLTNILAVVDYAK--K-Ld-fVt--dIYMAGHSQGEGELSVMLAAAMERGG------ - ITKALIPLSPA-S-A- 746)
DOMHY8 R marinus D e e e oo oo oo NFEDLRAACRFLS--AQqY---Ep--pALLIGHSLGGAAVLAVAGEFP - - - - - - - EVKAVATIGAP C Tas)
BIIYM4  Avitis -aFrdgt----- ISRWLEEALAVLDHFEK--P-E---K----AILVGS/SMEGGWIALRLIQELKarhdnptQVSGMVLIAPAdEGJ 50) Helix-Sheet-Helix
Q6PEL5  Mmusculus -nLaect----- VgkWRKDVLSILDDVA--E-G---P----QILV|GSSLEGEWLMLEAAIARPE G - - - - - - KVIALIGIATAdAG T51) Helix-Sheet-Helix
030361 Tsaccharolyticur - - D v g g vt [18] - fr h IFLDTAQLAGIVM--N-Mp-eVdedrVGVMGPIS0GEGLSLACAARLEP - - -RVRKVVSEYPFSLS T43) Helical Bundle
Q1QEU6 Pcryohalolentis - - K pma a - - = = - dyhSEAQATRLHELLQakG-La-s8----IHVGENSMEGEAISVAYAAKYTPKk- ~-EVEKSLWLIDSATEGHTE 754) Helical Bundle
P82597  Bacillussp. edMertt----- FHDWVASVEEGYGWLK--Q-R---Cqgq--tIFVTELSMEGETLTLYLAEHHP----- - - DICGIVPINAA-V - 751) Helix-Sheet-Helix
007427 Mtuberculosis - r V1 v rd - - = = - iseYTADFDTLVGIAT--R-E---YpgckRIVLEGHSMEGEGGIVFAYGVERPG----- - NYDLMVLSAPAaAaVa 770) Helix-Sheet-Helix
AOAOBSW B coagulans gnWgdwgd---gymtMAEDEHTLRKIVQ--E-Q---YpdlpYFMFGHSMGESMIARGYAATHG - - - - - — GLSGLILCGTSTGHT 88) Helical Bundle
JAWATY  Bbassiana PKN1lid=------ PLJQQAEDLADIVTHIS --S-LpsvDss-kITLWGMSFGGTVSACAAARVDRG- - - - - - - RVKALVMVCPISLS T84) Helix-Sheet-Helix
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I9KU82  Tsiderophilus L----NI----FelsK-Gy---dKKVLIVHGTNBDEAVEYKVSDRILKeVY------ gdATRVTI-ENaDHT--F--KsleweKKAIEESVEFFEKkellk
D3YEX6 L johnsonii L----PI----YevsA-0Q0Qf---tKPVCLIHGTDBDTVVSPNASKKYDOQ-TIY----- gqnSTLHLI-EGaDHC--F--5Sds-ygKNAVNLTTDFLODNS- - - -
D2YW37 Bproteoclasticus I - - - - R V - -EdfvD-Ky---tKPVLIVHGDQBDEAVPYEASVAFSK-0Y- - ---nNCKLVTI-PGAdTHC--Y--Dhh--1ELVTEAVKEFMLeqgiak
DOMHY8 R marinus Ler-vNL- -EdqQVR-Tm---rRPLLLFHSPTDOQiVGIENaACLFQ-AA----rhpKSFVSL-DQaDHL--L--5SnsddaAFVGEVLGAWARTYVGg-
BIIYM4  Avitis N----RV- -MagmI-Dt---gCPVHILQGMABPDVPYQHALKLVE-HL- - PaddVVLTLV-RDgDMHR--L--SrpgdiDRMRNAIRAMIE--- - -
QGPEIS Mmusculus H - - - -CL----LhspI-Pv---tCPVRLLHGMKDEiVPWOQRSLOVAD-RIvV---5pdVDVILR-KOQgDHR--M--KekadiHLLICTIDDLIDEKLS---
030361 Tsaccharolyticur¥ i d vk NL - - - -A---K-Ri---kGDVLMCVGLMDPOQVCPPStVvFAAYN-NI----0sKKDIKVYpDY-GHE--P--M----- RGFGDLAMOQFMLelys -
QIQEU6 Pcryohalolentis D n - - -VE----Qr-aK-ViteyniPTLVVWGEEDKvVIKPeTVILIKE-TII---- pqSQVITM-PKiGHV--PmiEa---vKDTANDYKAFREGLEK--
P82597  Bacillussp. Lm--a2aQT----KaklD-Ri---vCPALIFVSDEDHVVPPGNADIIFQ-GI---35ssteKEIVRL-RNsYHBV--AtlDyd--gqPMIIERSLETFFAkha--
007427 Mtuberculosis Vg - -eTM----PrraP-Al---tAPLLVLHGTDBDRLIIPIEGSRRLVE-CVg---5aDVQLKEY-PGLYHBE--VfnEpe--rNQVLDDVVAWLTer1l--
AOAOBSW B coagulans Mm--eIIvgteWa--EkVpv--sIPIYNIAGDOQDP-VGqyGeYAVSN-WL1vgqtghhVEKTRKVY-PGhRHE--IThnDrd-irDEVEEGIISFING GG iiv-
JAWATS  Bbassiana Qpk-eIL----K1-vD-K-=----- TPVLMVTPELDTmSPPEEeQKAARAFE-LF----pgqTKKFLEA-KGKGHLtvVL--Sge-gsVEVVDAMTEFIRenvag

Alignment of 12 CD sequences, for which an overall structure-based alignment was possible. UNIPROT codes
and organisms of aligned sequences are indicated to the left. Structurally aligned residues are shown in capital
letters and respective aligned positions are shaded in grey; other residues are in small letters. As a structure-
based alignment of the lid domain segment, inserted into the N-terminal and C-terminal part of each CD
sequence, was not possible due to high level of sequence and structural diversity, instead the length and type of
lid domains of all chosen esterase/lipases are indicated. HBH-type lid domains with structural relations to the Tth
MGL lid domain are colored in magenta. Sequence numbers indicated in 10-residues intervals on top of the
alignment refer to the Tth MGL sequence. Helices and B-strands, indicated by cylinders and arrows, respectively,
are taken from the Tth MGL coordinates. The coloring codes of these secondary structural elements are as in
Figures 1 & 2. Long insertions of single sequences are shown by numbers, indicating the length of the inserted
sequence. Conserved residue positions are highlighted in red (invariant) or yellow (highly conserved). Residues
involved in ligand interactions (glycerol, C18 mono-acyl) in the Tth MGL structure without PMSF are indicated by
green circles on top of the alignment: hydrogen bond interactions, dark green; other interactions, light green.
Residues involved in Tth MGL dimer interactions are indicated by orange circles: hydrogen bond interactions,
dark orange; other interactions, light orange.
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Alignment of the HBH lid domains of three two sequences closely related to Tth MGL, for which a structure-
based alignment was possible. The color codes are as for panel A, except residues involved into lid domain dimer
interface interactions are highlighted with magenta circles according to the color codes from Figure 2 on top of
the alignment. Residues with changed properties for active site ligand binding are boxed.
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Ramachandran plot of Tth MGL structures, in the absence and presence of PMSF. In both structures, Glu43
and Ser113 have unusual dihedral angles, due to functional reasons (for details, see text).
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Reverse phase chromatography analysis of bound ligands in Tth MGL crystals in the absence of PMSF.
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Dynamic substrate tunnel opening in the Tth MGL lid domain (cf. Figure 3D-E). Spatial differences of the Ca
positions of the Tth MGL structures, with and without PMSF. Color codes are as in Figures 1-3. The approximate

positions of secondary structural elements are indicated (Figure 1C, Supplementary Figure S2). The comparison
indicates peak movements of lid domain residues next to the tunnel opener Tyr154.
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Analytic SEC profiles of all Tth MGL variants investigated. The respective elution profiles — except the ALid and
E72R mutants — were interpreted as showing a dimeric state of the enzyme.
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CD spectra for all MGL Tth variants investigated, showing no significant deviations from wt Tth MGL.
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A, Schematic workflow of sample preparation and lipid cell-based data analysis. E. coli cultures were
transformed with Tth MGL variants, induced with IPTG for 60 min. Bacterial pellets were used to prepare total
lipid extracts (TLE) following CHCI3/CH30H extraction). Lipid extracts were methylated to yield Fatty Acid
Methyl Esters (FAMEs), further purified though florisil columns and the resulting enriched FAMEs were
analyzed by high-pressure thin-layer chromatography (HPTLC) and quantified. Plate visualization was realized
using primuline dye and scanning. Fluorescence associated with FAME bands was quantified, and normalization
to TLE and bacterial mass was performed to correct for variations across samples. B, representative gas

chromatogram used for FAME analysis.
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Actinobacteria
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Alicyclobacillus
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Bifidobacterium
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bacteria
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Taxonomic analysis of most closely related 496 sequence groups as defined in UniprotKB50, indicating
that all related sequences (to the extent unambiguously assigned) are either of bacterial or archaeal
origin. The statistics for different bacterial phyla are shown in alphabetic order and in alternating colors
(red, orange). Statistics of unclassified or tentatively assigned bacterial sequences are shown in yellow,
archaeal sequences in blue, and unclassified sequences are in grey. The complete list of sequence groups
is in Supplementary Table S7.

B

Phylogenetic tree presentation of sequences with known 3D structures and distant relations to Tth MGL,
indicating the respective PDB ID codes (cf. Supplementary Table S8). Sequences containing a HBH lid
domain are highlighted in pink (cf. Figure 7), other sequences with helical lid domains are in grey. The
precise phylogenetic distances are not reliable because of only distant relations and hence have no
meaning in this presentation. Conditions for target selection: a) presence of a complete o/B hydrolase
catalytic triad (Ser113, Asp203, His233 in the Tth MGL sequence) to discard any false-positive hits with
unrelated function, b) coverage of both the N-terminal and C-terminal segments of the Tth MGL domain
with the lid domain inserted in the resulting pairwise sequence alignments.
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Structural comparison of the ligand bound HBH lid domains and active site area for Tth MGL in the presence
of C18 monoacyl (left) and the esterase from L. johnsonii (PDB code: 352Z) in the presence of ferulate
(right), indicating different substrate specificities. Two residues critical for specific hydrogen bond
interactions with ferulate in structure of the esterase from L. johnsonii (Asp138, Tyr169) are substituted by
hydrophobic residues in Tth MGL (equivalent residues Leu145, Phel75). Other key residues with critical
roles for substrate binding are also shown. In the structure of the esterase from L. johnsonii, an additional
N-terminal lid B-sheet is formed (colored in blue) that hovers over the CD active site. At the end of the short
turn connecting the two B-strands, there is a highly exposed residue, which is GIn145 in this structure.
Residues that are part of the conserved HGF motif (residues 35-37 in Tth MGL, residues 32-34 in the L.
Jjohnsonii esterase) and less conserved FSE/D motif (residues 77-79 in Tth MGL, residues 70-72 in in the L.
johnsonii esterase) are labeled in red (Supplementary Figure S2).
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