Supplementary Information

|dentification of endoxylanase XynE from Clostridium thermocellum as
the first xylanase of glycoside hydrolase family GH141

Simon Heinze®, Matthias Mechelke?, Petra Kornberger?®, Wolfgang Liebl**, Wolfgang H. Schwarz?,
Vladimir V. Zverlov*®*

2Department of Microbiology, Technical University of Munich, Emil-Ramann-Str. 4, D-85354 Freising-
Weihenstephan, Germany

®|nstitute of Molecular Genetics, Russian Academy of Science, Kurchatov Sq. 2, 123182 Moscow,
Russia

* To whom correspondence should be addressed: vladimir.zverlov@tum.de, wliebl@wzw.tum.de

Supplementary table S1: Natural polysaccharide substrates tested and their final concentration

Substrate Concentration Source
[%, (w/v)]
Arabinan (sugar beet) 0.5 Megazyme (Bray, Ireland)
Arabinogalactan (larch) 0.5 Megazyme
Arabinoxylan (wheat, medium viscosity) 0.5 Megazyme
Barley-B-glucan (medium viscosity) 0.5 Megazyme
Curdlan 0.5 Serva (Heidelberg, Germany)
Galactan (lupin) 0.5 Megazyme
Galactan (potato) 0.5 Megazyme
Gummi arabicum (acacia) 0.5 Sigma-Aldrich (St. Louis, USA)
Inulin (Dahlia tubers) 0.5 Sigma-Aldrich
Laminarin 0.5 Alfa Aesar (Karlsruhe, Germany)
Levan (Serratia levanicum) 0.25 Sigma-Aldrich
Lichenan 0.5 Sigma-Aldrich
Mannan (ivory nut) 0.75 Megazyme
Pachyman 0.5 Megazyme
Pectic galactan (lupin) 0.5 Megazyme
Pectic galactan (potato) 0.5 Megazyme
Polygalacturonic acid 0.5 Sigma-Aldrich
Pullulan 0.5 ICN Biochemicals (Irvine, USA)
Rhamnogalacturonan | 1.0 Megazyme
Sinistrin 0.5 Fresenius Kabi Austria GmbH (Graz, Austria)
4-0-Methyl-glucuronoxylan 0.5 Sigma-Aldrich
Xylan (birch, hardwood) 1.0 Sigma-Aldrich
Xylan (oat spelt) 0.5 Sigma-Aldrich
Xylan (larch, Softwood) 0.5 ICN Biochemicals
Xyloglucan 0.5 Megazyme
Chitosan 0.5 Sigma-Aldrich
Avicel 0.5 Serva
PASC 0.5 Prepared from Avicel !

cMC 0.5 Sigma-Aldrich




Supplementary table S2: para-Nitrophenyl (pNP-) substrates tested. The final concentration was 2 mM in all cases.
Substrate Source

pNP-a-t-arabinofuranoside Carbosynth Limited (Compton, Berkshire, UK)

pNP-a-L-fucopyranoside Carbosynth
pNP-B-L-fucopyranoside Carbosynth
pNP-o.-D-glucopyranoside Sigma-Aldrich
pNP-B-p-glucopyranoside Carbosynth
pNP-a-D-galactopyranoside Serva
pNP-B-p-galactopyranoside Carbosynth
pNP-a-D-mannopyranoside Carbosynth
pNP-B-p-mannopyranoside Carbosynth
pNP-a-L-rhamnopyranoside Carbosynth
pNP-a-D-xylopyranoside Carbosynth
pNP-B-p-xylopyranoside Sigma-Aldrich
Sigma-Aldrich

pNP-[3-p-cellobioside

Supplementary table S3: XOS and AXOS mentioned in this study. Nomenclature with minor modifications adapted from

23, Blue hexagon: xylose, orange pentagon: arabinose. The rightmost hexagon symbol represents the reducing-end xylose
residue. The oligosaccharides listed here (purchased from Megazyme) were also used as substrates in experiments to
examine the substrate specificity of Xyn141E (final concentration 200 ug/mL), except X and AZ3XX. Table adopted with
changes from 4.

Name Schematic structure

X,X2-Xs (xylose, xylobiose, -triose, tetraose, pentaose) ]
E 1-4

A3X (32-a-L-arabinofuranosyl-xylobiose)

AZXX (23-a-L-arabinofuranosyl-xylotriose)

XA2XX (23-a-L-arabinofuranosyl-xylotetraose)

XA3XX (33-a-L-arabinofuranosyl-xylotetraose) O?_O_O

XAZ+3XX (23,33-di-a-L-arabinofuranosyl-xylotetraose)

AZ+3XX (23,33-di-a-L-arabinofuranosyl-xylotriose)
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Supplementary figure S4: Hydrolysis of xylo-oligosaccharides and arabinoxylo-oligosaccharides by Xyn141E. 200 pg/mL of commercially available xylo-oligosaccharides and arabinoxylo-
oligosaccharides were incubated with 100 pg/mL Xyn141E in 10 mM MOPS, pH 6.5, 50 mM NaCl, 10 mM CacCl, at 60 °C for 16 h in a total reaction volume of 100 uL. The analysis of the hydrolysis
products was performed by HPAEC-PAD. For nomenclature of the oligosaccharides see supplementary table S3. n.c. = negative control, no addition of Xyn141E. Inset: zoom into the relevant parts
of the chromatograms for the degradation of X4 and Xs.



Supplementary table S5: Characteristics of the mobile element (1S21 family) disrupting ORF cthe_2197 in C. thermocellum
ATCC 27405 compared to typical features of the 1S21 family, according to Mahillon and Chandler >.

C. thermocellum ATCC 27405 Typical Features for 1S21 Family
Mobile Elements

Genomic location of 1S21 disrupting ORF 2625557-2627975 )
cthe_2197

2383571-2385989
Genomic location of additional copies of IS21  2726668—-2729086 -

3345980-3348398

Length 2419 bp 1950-2500 bp

Direct target repeat in ORF cthe_2197 AGGTTTTT -

Length of direct target repeat 8 bp Usually 4 bp, sometimes 5 bp or 8 bp
Terminal base pairs TG TG

Terminal inverted repeats TGTTAATG yes

Number of ORFs 2 2

. . - . Clostridium clariflavum DSM 19732
Other species with a similar mobile element . . -
2 matches, 85% identity




ABZ71532.1 Caulobacter sp. K31
ASG25332.1 Nitrospirillum amazonense CBAmc
AOH83112.1 Sphingomonas panacis
AOF98022.1 Sphingobium sp. RACO03
ARU15749.1 Croceicoccus marinus
ACT60360.1 Hirschia baltica ATCC 49814
ASG25323.1 Nitrospirillum amazonense CBAmMc
—(:APR51248.1 Sphingomonas koreensis
SDH04126.1 Leifsonia sp. 197AMF
SHI58123.1 Streptomyces sp. 3124.6
—— AGL19174.1 Actinoplanes sp. N902-109
— ACU73790.1 Catenulispora acidiphila DSM 44928
__‘:ADJ45082.1 Amycolatopsis mediterranei U32
ANN17818.1 Amycolatopsis orientalis
SHH72455.1 Streptomyces sp. 3124.6
ANS62436.1 Streptomyces lincolnensis
AEB44770.1 Verrucosispora maris AB-18-032
SCF27230.1 Micromonospora chokoriensis
SCG45256.1 Micromonospora rifamycinica
ANZ43395.1 Lentzea guizhouensis
SB096796.1 Nonomuraea sp. ATCC 39727
AQZ70318.1 Nonomuraea sp. ATCC 55076
AGZ44097.1 Actinoplanes friuliensis DSM 7358
ANS70571.1 Streptomyces lincolnensis
CBG74908.1 Streptomyces scabiei 87.22
ACU73734.1 Catenulispora acidiphila DSM 44928
| — AGF60785.1 Streptomyces hygroscopicus subsp. jinggangensis TLO1
L BAC69117.1 Streptomyces avermitilis MA-4680
BAV33387.1 Sulfuricaulis limicola 5/8
— ANJ67962.1 Halothiobacillus sp. LS2
AHH94512.1 Kutzneria albida DSM 43870
] ——  ACU75572.1 Catenulispora acidiphila DSM 44928
ANH89769.1 Streptomyces sp. SAT1
_:AKU15638.1 Luteipulveratus mongoliensis
EADJ43299.1 Amycolatopsis mediterranei U32
AQW50577.1 Streptomyces hygroscopicus
ANS70258.1 Streptomyces lincolnensis
AQZ68932.1 Nonomuraea sp. ATCC 55076
EANN17873.1 Amycolatopsis orientalis
SDU16702.1 Amycolatopsis keratiniphila
SDS45761.1 Jiangella sp. DSM 45060
4(— SDS22682.1 Paenibacillaceae bacterium GAS479
ANE49726.1 Flavisolibacter sp. LCS9
SBV24963.1 Micromonospora krabiensis
SCE65869.1 Micromonospora chokoriensis
SCG36980.1 Micromonospora zamorensis
SCG56783.1 Micromonospora rifamycinica
AEB43262.1 Verrucosispora maris AB-18-032
CBG75844.1 Streptomyces scabiei 87.22
ADI13073.1 Streptomyces bingchenggensis BCW-1
CCK26032.1 Streptomyces davawensis JCM 4913
BAJ75087.1 Microbacterium testaceum StLB037
WP 009985128.1 Ruminococcus flavefaciens
ACL76007.1 Clostridium cellulolyticum H10
ABNS53397.1 Ruminiclostridium thermocellum ATCC 27405
ACL75355.1 Clostridium cellulolyticum H10
ANE45237.1 Paenibacillus swuensis
SHI44596.1 Streptomyces sp. 3124.6
ACX75367.1 Fibrobacter succinogenes subsp. succinogenes S85
CBK66672.1 Bacteroides xylanisolvens XB1A
ALJ42576.1 Bacteroides thetaiotaomicron
AND21968.1 Bacteroides dorei CL0O3T12C01
AAO76109.1 Bacteroides thetaiotaomicron VPI-5482
SCV09639.1 Bacteroides ovatus V975
ALJ62145.1 Bacteroides cellulosilyticus
ALA74596.1 Bacteroides dorei
SCD21491.1 Proteiniphilum saccharofermentans
ANHB80266.1 Niabella ginsenosidivorans
APU99294.1 Sphingobacterium sp. B29
ACU60215.1 Chitinophaga pinensis DSM 2588
BAV05177.1 Filimonas lacunae
ACU04975.1 Pedobacter heparinus DSM 2366
ARS42933.1 Sphingobacteriaceae bacterium GW460-11-11-14-LB5
SDT16678.1 Mucilaginibacter mallensis
ADZ78883.1 Sphingobacterium sp. 21
ADY52738.1 Pseudopedobacter saltans DSM 12145
AOW17861.1 Polaribacter vadi
ABQO07122.1 Flavobacterium johnsoniae UW101
AO0Z99216.1 Flavobacterium sp. PK15
AOWO08287.1 Flavobacterium gilvum
l EARO00018.1 Maribacter sp. HTCC2170
SCM58138.1 Petrimonas mucosa
— BAY12871.1 Calothrix sp. NIES-2098
ADE14481.1 Nitrosococcus halophilus Nc 4
SDF06602.1 Terriglobus roseus
I ARQO09474.1 Rhizobium etli
ANJ11236.1 Streptomyces parvulus
SDT08880.1 Streptomyces sp. TLI 053
SDT72794.1 Jiangella sp. DSM 45060
ARV16578.1 Polaribacter sp. SA4-12
SDU76727.1 Jiangella alkaliphila
AMO94410.1 Collimonas fungivorans
CAZ97588.1 Zobellia galactanivoran s
APU95994.1 Sphingobacterium sp. B29
AKH95822.1 Elizabethkingia anophelis FMS-007
AKA52698.1 Bacteroides fragilis
AOM78521.1 Pedobacter steynii
ALJ60260.1 Bacteroides cellulosilyticus
ALJ46442.1 Bacteroides ovatus

P
0.2

Supplementary figure S6: The best-scoring maximume-likelihood (ML) tree of family GH141.The sequences of GH141 family proteins
were obtained by the NCBI GenBank IDs deposited in the CAZy database. For tree construction, the 147 sequences in family GH141
were reduced to 99 by clustering them via the UCLUST algorithm® and the resulting sequences were aligned using Clustal Omega’.
Phylogenetic analysis was conducted using the Maximum Likelihood method based on the Poisson correction model® in MEGA7°. Initial
trees for the heuristic search were generated by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances
estimated using a JTT model, and then selecting the topology with superior log likelihood value. The tree with the highest inferred log
likelihood is shown. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. All leaves are
labelled by their GenBank accession numbers and species names. The leaves for BT1002 from Bacteroides thetaiotaomicron VPI-5482
and Xyn141E from Clostridium thermocellum ATCC 27405 are labelled with pink and green circles, respectively.
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