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Material and methods

Protein identification

For peptide sequencing, purified AaGE1 was digested with either trypsin or chymotrypsin
using the filter-aided sample preparation (FASP) method (Wisniewski et al. 2009). Samples
were desalted using PepClean C18 spin columns (Thermo Fisher Scientific) according to the
manufacturer’s guidelines prior to analysis on Orbitrap Fusion Tribrid mass spectrometer
(Thermo Fisher Scientific) interfaced with Easy nL.C 1000 liquid chromatography system.
Peptides were separated using an in-house constructed C18 analytical column (300x0.075 mm
L.D., 3 um, Dr. Maisch, Germany) using a gradient from 5% to 25% acetonitrile in 0.1%
formic acid for 30 min and finally from 25% to 80% acetonitrile in 0.1% formic acid for 5
min. Precursor ion mass spectra were acquired at 120 000 resolution and MS/MS analysis was
performed in a data-dependent mode where CID spectra of the most intense precursor ions
were recorded in ion trap at collision energy setting of 30 for 3 s (‘top speed’ setting). Charge
states 2 to 7 were selected for fragmentation, dynamic exclusion was set to 30 s.

Data analysis was performed utilizing Proteome Discoverer version 1.4 (Thermo Fisher
Scientific) against a database including the protein sequence. Mascot 2.3.2.0 (Matrix
Science) was used as a search engine with precursor mass tolerance of 5 ppm and fragment
mass tolerance of 500 mmu. Tryptic and semi-tryptic (peptide with one tryptic and one non-
enzymatic cleavage site) peptides were accepted with one missed cleavage, while for
chymotrypsin three missed cleavages were accepted. Methionine oxidation and cysteine
alkylation were set as variable modifications. The detected peptide threshold in the software
was set to 1% false discovery rate by searching against a reversed database and identified
proteins were grouped by sharing the same sequences to minimise redundancy.



Table S1. Proteins used for phylogenetic analysis.

Order, family (according to

Protein Organism Phylum! NCBI TaxonomyBrowser) Locus tag/protein ID> CBM*  UniprotID  Reference
A) Previously characterised CE1S5 proteins (in chronological order).
Cip2 Trichoderma reesei A Hypocreales, Hypocreaceae AAP57749 CBM1 GORV93 Lietal., 2007
PcGEl Phanerochaete chrysosporium B Polyporales, Phanerochactaceac _m_ 130517 v. v:o_,:,_ Lm&ooqmd v. Phchr2 CBMI1 POCT87 _Hu—:w:c/\w etal., 2009a,b
PcGE2 jgi6482 v. Phehrl, jgi2912243 v. Phchr2.2 POCTS8 Duranova et al., 2009a,b
StGE2  Myceliophthora thermophila A Sordariales, Chactomiaceae MYCTH_55568, jgi2308381 v. Spoth2 G2QIJR6 Topakas et al., 2010
PcGCE  Phanerochaete carnosa B Polyporales, Phanerochaetaceae AFM93784, jgi247750 v. Phacal K5XDZ6 Tsai et al., 2012
rScGE  Schizophyllum commune B Agaricales, Schizophyllaceae XP_003026289, jgi238770 v. Scheol, jgi2754043 v. Schco3 D8QLP9 Wong et al., 2012
PaGEl  Podospora anserina A Sordariales, Lasiosphaeriaceae XP_001903136, jgi2637 v. Podan2 CBMI B2ABS0 Katsimpouras et al., 2014
CuGE Cerrena unicolor B Polyporales, Polyporaceae ATY 68500, jgi364105 v. Cerun2 CBMI AOAOA7EQR3 d'Errico et al., 2015
cesA Ruminococcus flavefaciens Bac Firmicutes, Clostridiales, Ruminococcaceae CABS55348 QI9RLB8 Biely et al., 2015
MZ0003 uncultured bacterium Bac CDW92038 deSanti et al., 2016
NcGE Neurospora crassa A Sordariales, Sordariaceae NCU09445.7 Q7S1X0 Huynh et al., 2016
B) CEI5 proteins selected in this study (in alphabetical order).
AaGEl  Acremonium alcalophilum A Glomerellales, Plectosphaerellaceae AOT21131, jgil078265 v. Acral2 CBM1 this study
LfGEl jgi384728 v. Lenfll this study
LfGE2  Lentithecium fluviatile A Pleosporales, Lentitheciaceae jgi311197 v. Lenfll this study
LfGE3 jgi349146 v. Lenfll this study
PcGEl  Phanerochaete chrysosporium B Polyporales, Phanerochaetaceae jgil30517 v. Phehrl, jgi3007273 v. Phchr2 CBM1 Martinez et al., 2004, this study
ScGE2  Schizophyllum commune B Agaricales, Schizophyllaceae jgi2517462 v. Schco3 DSQLS2 Ohm et al., 2010, this study
WcGELl  Wolfiporia cocos B Polyporales, Coriolaceae BK009982, jgi23632 v. Wolcol Floudas et al., 2012, this study
C) Additional CE1S5 proteins covering a wide taxonomic range (in alphabetical order).
Acremonium alcalophilum A Glomerellales, Plectosphaerellaceae Acral2 10789783
Alternaria alternata A Pleosporales, Pleosporaceae xw\oﬂm\wmmomm A0A177DJUS
Arthrobotrys oligospora A Orbiliales, Orbiliaceae EGX47404 CBM1 GI1XHL6
Aspergillus fumigatus A Eurotiales, Aspergillaceae EDP55347, jgi99197 v. Aspfu_A1163_1 BOXMA3 Nierman et al., 2005
KDQ18272 CBM1 AO0A067N2B1
Botryobasidium botryosum B Cantharellales, Botryobasidiaceae KDQ11090 CBM1 A0A067M8Q8
KDQ19074 CBM1 AO0A067TMTY7
Cerrena unicolor B Polyporales, Polyporaceae 721392659 v. Cerun2
Dactylellina haptotyla A Orbiliales, Orbiliaceae XP_011114526 CBMI S8A3X4
. A . . XP_008087696, GLAREA_02289 S3CIR1
Glarea lozoyensis Helotiales, Helotiaceae
A XP_008084971, GLAREA_04403 S3CM63
Grifola frondosa B Agaricales, Schizophyllaceae OBZ79634
Leptosphaeria maculans A Pleosporales, Leptosphaeriaceae XP_003844265, LEMA_P019160.1 ESAAUS
CBX90574 E4ZH04
Magnaporthe oryzae A Magnaporthales, Magnaporthaceae MGG _03128 G4NAWO
Myceliophthora thermophila A Sordariales, Chactomiaceae MYCTH_96309, jgi2119719 v. Spoth2 G2QII5 Berka etal., 2011
Neofusicoccum parvum A Botryosphaeriales, Botryosphaeriaceae XP_007585921 RIEGG4
Oidiodendron maius A Leotiomycetes, Myxotrichaceae W*Zomqmm, _miwomow v. Oidmal CBM1 AOAOC3HK64 Kohler et al., 2015
Oidmal_44280
Parastagonospora nodorum A Pleosporales, Phacosphaeriaceae SNOG_09306, jgi2908 v. Stano2 QOUGO8
Penicillium chrysogenum A Eurotiales, Aspergillaceae Pc13g07350, CAP91804 B6H3U7
?:\cxsc..%.»exw Q,SS / B Sebacinales, Serendipitaceae CCA74892, PIIN_08862 CBM1 G4TU99
Serendipita indica ;
Phanerochaete chrysosporium B Polyporales, Phanerochactaceae mrwoﬁ\_mqoﬁ_u
Phacal_179285°
Podospora anserina A Sordariales, Lasiosphaeriaceae mOU>me.m\.~ 1620, jgi7838 v. Podan2 B2API8 Espagne ctal., 2008
Pa_1_780, jgi25 v. Podan2 AOA090CBG6 Espagne et al., 2008
Pseudogymnoascus verrucosus A Leotiomycetes, Pseudeurotiaceae XP_018132613, VEO1_03452 CBM1
Rhytidhysteron rufulum A Hysteriales, Hysteriaceae _Amﬁ 11612 v. Rhyrul I Ohm et al., 2012
jgil16370 v. Rhyrul 1
Sugiyamaella lignohabitans A Saccharomycetales, Trichomonascaceae ANB15160, AWJ20 2784 AOA161HH17

" A Ascomycota, B: Basidiomycota, Bac: Bacteria

2 Protein identifiers are given: NCBI accession numbers or locus tags, or U.S. Department of Energy Joint Genome Institute (DOE JGI) identifiers including genome version

? These proteins were not included in the final phylogenetic tree, because their gene models could not be verified
* CBM: carbohydrate-binding module



AaGE1 (full length)
Length: 496 aa
Molecular weight (incl. signal peptide, excl. N-glycans): 51.6 kDa

Molecular weight (excl. signal peptide, excl. N-glycans): 49.8 kDa

> AaGEl

1 AN - - S ' S PPP TS PP TTPPET
76 SPPPTSPPPTSPPPTSPPPTSPPPTSPPPTSPPPTSPPPTSPPPTSPPPSSGSCPSTPGGLGSGNQ

151
226
301
376
451 QSGGGTTSILRTERNHGSFNLAEWTPWNVPNLR*

LfGE1 (full length)

Length: 404 aa

Molecular weight (incl. signal peptide, excl. N-glycans): 43.1 kDa
Molecular weight (excl. signal peptide, excl. N-glycans): 41.3 kDa

> LfGE1

1 APTPESVFERMLDLLPROAJVTCPATPNPMPKAAACPSY
76
151
226
301
376 TTTRNYDDLGSWKAMPEAY PWATDLPKGK*

LfGE2 (full length)

Length: 388 aa

Molecular weight (incl. signal peptide, excl. N-glycans): 40.5 kDa
Molecular weight (excl. signal peptide, excl. N-glycans): 38.7 kDa
> LGE2

1 PLESRQAACNVPTTEFPTTANS

76

151
226
301 QODANTANIEKGPSAD
376 VASYIDWTAPTLT*

LfGE3 (full length)
Length: 387 aa
Molecular weight (incl. signal peptide, excl. N-glycans): 42.2 kDa

Molecular weight (excl. signal peptide, excl. N-glycans): 40.5 kDa
> LfGE3

1 OAPSCPNLPASINYAANP

76
151
226
301 KDTKTDVWKTDGKFTIDE
376 RRWIDWAVPSLS*

PcGE1 (full length)
Length: 472 aa
Molecular weight (incl. signal peptide, excl. N-glycans): 49.2 kDa

Molecular weight (excl. signal peptide, excl. N-glycans): 47.2 kDa
> PcGEL
1 MKSAAYLAALAAVLPAYVNA SQCLPGTATTAPPPPPPPPTSVS

376 DONVDTNVETTN
NQFGGATWTQSSWINWSTPTLS*

ScGE2 (full length)

Length: 389 aa

Molecular weight (incl. signal peptide, excl. N-glycans): 41.6 kDa
Molecular weight (excl. signal peptide, excl. N-glycans): 39.5 kDa

> ScGE2

1 QCAELPSTLPGVDDLDALN
76
151
226
301 FGTETDRDYHDISP
376 FTAHEETFPFAAPE*

WcGEL1 (full length)
Length: 408 aa
Molecular weight (incl. signal peptide, excl. N-glycans): 44.1 kDa

Molecular weight (excl. signal peptide, excl. N-glycans): 42.2 kDa
> WcGEL

1 LPPSQVVPRAACATPSTVPGYNND

76
151
226
301
376 DDVSTDYFTTNYQFGT

Figure S1. Protein sequences and annotation of putative fungal GEs

r (predicted by SignalP v4.1)
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redicted by dbCAN v4.0)
(predicted by NetNGlyc 1.0)




YinOYang 1.2: predicted O-p-GIcNAc sites in Sequence
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Figure S2. Prediction of O-glycosylation of GEs with YinOYang 1.2. The orange
bar indicates the location of the proline-rich linker region between CBM 1
and catalytic CE15 domain.
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— 100
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101
SGGSGSKSPAITAYGAPSIPVPNGVATIRFNNDDIAAQQSGSSRGQGKEFYNLYGSGHSAGAMTAWAWGVARIIDALEKTPAAGIDPTRVGVTGCSRNGKG

201
AMVAGALEPRIALTIPQESGSGGSACWRISNWQGQOQGONVQTPAQI ITENVWLGPVENNHANNVNALPEFDHHQLAGLTIAPRALYVIENSDMEWLGWTATY
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Figure S3. Protein sequencing of AaGE1. The complete sequence of secreted AaGEI (i.e. without signal peptide) is shown.
Peptides (created by digestion with chymotrypsin and trypsin) found and matched to the AaGE1 sequence are
underlined. The proline-rich linker region between CBM1 and the catalytic CE15 domain is shaded in grey.
Percentage of covered parts: 73%. Of the 139 aa not covered, one stretch of 90 aa stretches over most of the
proline-rich linker region.



Colour assignments:

Unconserved IIIIII 6 III. Conserved

PcGE1l_JGI300727
ScGE1_XP_003026
PcGE2_JGI6482
CuGE_AIY68500
WCcGE1l_JGI23632
RAaGEl_JGI107826
Cip2_ AAP57749
JGI40592_Oidma
LfGE3_JGI349146
CCA74892_Serin
XP_011114526_Da
PaGEl_XP_001903
EGX47404_Artol
KDQ19074_Botbo
KDQ11090_Botbo
PcGCE_JGI247750
JGI392659_Cerun
ANB15160_Sugli
XP_007585921_Ne
NcGE_NCU09445
JGI7888_Podan
XP_003844265_Le
XP_018385058_Al
SNOG_09306_Parn
Rhyrul_ 111612
XP_008084971_Gl1
XP_008087696_G1
Rhyrul_116370
XP_018132613_Ps
JGI99197_Aspfu
Pc13g07350_Penr
LfGE2_JGI311197
StGE2_JGI230838
MGG_03128_Magor
AOA090CBG6_Poda
MYCTH_96309_Myc
CBX90574_Lepma - ---
OBZz79634_Grifr
LfGE1_JGI384728
KDQ18272_Botbo
ScGE2_JGI251746
CAB55348_Rumfl
MZ0003_CDW92038
Consistency

PcGE1l_JGI300727
ScGE1_XP_003026
PcGE2_JGI6482

CuGE_AIY68500

WcGE1l_JGI23632
AaGEl_JGI107826
Cip2_AAP57749

JGI40592_Oidma
LfGE3_JGI349146
CCA74892_Serin

XP_011114526_Da
PaGE1_XP_001903
EGX47404_Artol
KDQ19074_Botbo
KDQ11090_Botbo
PCcGCE_JGI247750
JGI392659_Cerun
ANB15160_Sugli

O UUUUIOUOMIOIORUUOUUOUODU



XP_007585921_NeNDPLEE-TAK LPDPFTFAN- ----------
NCGE_NCU09445 NYPTAA-VSK LPDPFTTAA- ------—--—-—
JGI7888_Podan NYPTON-NSK EPDPFTSAS- ---------- -———-—-—-—---
XP_003844265_LeTFPTTA-NAK EPNPFKFFD- -------—-—-- -——————-——
XP_018385058_AlTFPTTA-NAK EPNPFKFFD- ---------- ———-——-——-
SNOG_09306_ParnTFPSAT-NAK EPNPFKFFD- ---------- -——-—-—-—-—-—--
Rhyrul_111612 TAPTTS-NAK EPDPFTFID- ---------- -—-—-—-—--—-—--
XP_008084971_GINYQPPS-ITT EPDPFTFIN- ---------- -—-———-—-—-——
XP_008087696_GLNYAYSPBISSK LPDPFTFAD- ---------- ————————
Rhyrul_116370 NPAYSA-NTK EPDPFLSIS- ---------- ——c—o-----
XP_018132613_PsSINPPS-VAT LNDPFTPLS- --------—-- ————————
JGI99197_Aspfu SPOLOS-ITT LPDPFSWYP- ----------
Pcl3g07350_PenrSPOLOS-ITT EPDPFSWHP- ----------
LfGE2_JGI311197TFPTTA-NSK EPNPFKFFN- ---------- ——------
StGE2_JGI230838NYPTVN-SAK EPDPFTTAS- --------—-=- -———----—--
MGG_03128_Magor NFPAVS -ERQ EPDPWKMAS- - -----——-—-—- ———————-—
AOA090CBG6_Poda
MYCTH_96309_MycWOELPL-0SS MPDPFLPLANENE-------

CBX90574_Lepma ASAFPS-VKT MPDPFFYLD- ---------- -———————-———
OBZ79634_Grifr VDGLPS-IPT EPDPWTFFD- ---------- ——————-—-—-—--
LfGEl_JGI384728AAACPS/-VKT MPDPFLYLD- -------—--- ———o-eooe—o
KDQ18272_Botbo GASLPV-TAT EPDPWTFYG- --------—-- ——c--—-----
ScGE2_JGI251746VDDLDA-LNT EPDPFTFYN- ---------- -—-—-—-—-—--—--
CAB55348_Rumfl VNOLKS-SKD EPDPFIFMD- --------—-- -—-——-—---
MZ0003_CDW92038QVP----K¥T EPDPLVMVD- -------—-——- -———————-
Consistency
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ScGE1l_XP_003026
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NcGE_NCU09445
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XP_003844265_Le
XP_018385058_Al
SNOG_09306_Parn
Rhyrul_111612
XP_008084971_Gl1
XP_008087696_G1
Rhyrul_ 116370
XP_018132613_Ps
JGI99197_Aspfu
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ScGE1_XP_003026
PcGE2_JGI6482
CuGE_AIY68500
WcGE1l_JGI23632
AaGEl_JGI107826 - -
Cip2_AAP57749 --
JGI40592_Oidma --
LfGE3_JGI349146 - -
CCA74892_Serin - -
XP_011114526_Da - -
PaGEl_XP_001903 - -
EGX47404_Artol
KDQ19074_Botbo
KDQ11090_Botbo
PCcGCE_JGI247750
JGI392659_Cerun
ANB15160_Sugli ---T
XP_007585921 _Ne---T
NcGE_NCU09445 ---T

JGI7888_Podan ---N
XP_003844265_Le---S§
XP_018385058_Al---S

SNOG_09306_Parn---8§
Rhyrul_ 111612 ---8§
XP_008084971_Gl---1I
XP_008087696_Gl---8S
Rhyrul 116370 ---8§
XP_018132613_Ps---T
JGI99197_Aspfu ---H
Pcl3g07350_Penr - - -K
LfGE2_JGI311197 - - -T
StGE2_JGI230838---§
MGG_03128_Magor ---G
AOA090CBG6_Poda---T
MYCTH_96309_Myc---T
CBX90574_Lepma ---T
OBz79634_Grifr ---T
LfGEl_JGI384728 ---K
KDQ18272_Botbo ---T
ScGE2_JGI251746 T
CAB55348_Rumfl -
MZ0003_CDW92038
Consistency
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Pcl3g07350 Penr-—---———--—-= oo m mmmmmm—— -
LfGE2_JGI311197 ------=-=-== —c- - mmmm e o mmmmmm -
StGE2_JGI230838 - - -~ = - —— - = m e e e e e e m e e e e m e mmmm oo
MGG_03128_Magor——-—-—=-=—=—=== =————————o— e mmmmmm ——mm——
AOAO9OCBG6_Poda-——————=——== - oo mmmm o m e e e e e mmm —mmmmm -
MYCTH 96309 MyC--—-—— - == - = e e e e e e e e e e e e e o —m e e mm o
CBX90574_LepMa ——=-———=—=== —— - - mmmm mmmmmmmmmm o mm——— -
OBZ79634_Grifr —----com e m e e e e e e o —mmmm oo
LEfGEl_JGI384728 - - ------- - —mmmmm e e e mmmmm e mmm mmmmmm -
KDQ18272 BOtbO — - - - - o e e e e o e o e m mmm oo
SCGE2_JGI251746 - —————— === —— - - mmmmm M mmmmmmmmm mmmmmmm— o
CAB55348 Rumfl - - —— - ————-- —— - mmmmm— ———m————— = ———————
MZ0003_CDW92038
Consistency

Pac<nvYHHHH

oHHLWEPEPPABPEHESHSH

PcGE1l_JGI300727 T¥SNSDMAQQO TDTSS----- -—----—-----
ScGE1_XP_003026 SFQNSAMGKQ DSTSS----- --—--——--—-—-
PcGE2_JGI6482 TYDNSAMAEQ NDOSS----- --—---—-----
CuGE_AI¥Y68500 TYSNSDMAQQ NSASS----- -—----—--—--
WcGE1l_JGI23632 VY¥NNDDIAQE NDLSS----- —--—--------
AaGEl_JGI107826 RENNDDIAAQ 0OSGSS----- ----------
Cip2 AAP57749 NFNNDNIAAQ VNTGS----- ---—--————-
JGI40592_Oidma NFNCDDMAAQ VSTSS----- ----------
LfGE3_JGI349146 TYONFEMAAD NG-------=- -——-c—--—----
CCA74892_Serin TFNNDDIAAQ ONSGS----- -—-----—----
XP_011114526_DaNFNNDEIAAQ TNTGS----- -----—-----
PaGE1l_XP_O001903NFNNDDIAQQO OGGSS----- ----------
EGX47404_Artol SFSIADIAAQ TNTGS----- -—--—---—-—---
KDQ19074_Botbo NY¥NNDNIGQO NSGSS----- -—--—-------
KDQ11090_Botbo NY¥NNDNIAQQO SSTSS----- -—-----—----
PcGCE_JGI247750TY¥DNSAIGEQ NDQOTS----- ----------
JGI392659_CerunFY¥DNSGMAQO NDLSS----- - ---—-—-—-—-——
ANB15160_Sugli V
XP_007585921_NeTFNNDDIAAQ TNTGS----- ------—----

NcGE_NCU09445 TFPNDDFAQQO SGTSS----- ----------

JGI7888_Podan TFGNDAFGAQ SGMGS----- ----------

XP_003844265_LeTFNNDEIGOO OGGNS----- -——----—-----

XP_018385058 A1TFNNDEIGQO 0OGGSS----- -—--—-------

SNOG_09306_ParnTENNDDIGOQ SGGSS----- ------—----

Rhyrul_ 111612 TFNNDOMGAQ SGGSS----- -——----—-----
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Figure S4. Multiple sequence alignment of CE15 domain containing proteins. The conservation scoring was performed
by PRALINE (http://www.ibi.vu.nl/programs/PRALINEwww/; Simossis & Heringa, 2005). The scoring
scheme works from 0 (blue) for the least conserved alignment position, up to 10 for the most conserved
alignment position (red). The conserved CE15 consensus motif G-C-S-R-x-G, containing the catalytic serine,
as well as the catalytic histidine and aspartic acid residues are labelled.
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