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Table S1

Supplementary Table 1. Peptides from L.similis induction secretomic data identified by EST MS/MS

I Observed Mr(expt)  Mr(calc) ppm Peptide  Peptide

aa. aa score sequence

22 (49 ]1502.2344(3002.4543 [3002.4543 [-0.01 (86 VPSSNAPVTDIESDDIICNTGFIQPVSK
50 |70 |1001.0167(2000.0189 [2000.0228 |-1.97 |55 TVAAVPAGGTVIAHFHHTSAG

72 |94 |788.7539 (2363.2397 |2363.2373 |1.04 (27 VGPDPSDPLDPTNKGPVLAYLAK

76 [94 ]666.0292 [1995.0658 |1995.0677 |-0.93 (47 PSDPLDPTNKGPVLAYLAK

79 (94 |566.3251 [1695.9533 |1695.9559 |-1.54 |45 PLDPTNKGPVLAYLAK

82 |94 ([457.9369 |1370.7889 |1370.7922 |-2.34 | 128 PTNKGPVLAYLAK

86 |94 [466.2835 |930.5524 |930.5538 |-1.55 |57 GPVLAYLAK

86 107 | 748.4152 (2242.2238 |2242.2209 | 1.28 (27 GPVLAYLAKVPDATQSDVTGLK

92 107 | 548.3045 (1641.8916 | 1641.8938 |-1.32 |28 LAKVPDATQSDVTGLK

95 107 | 665.8448 |[1329.6751 |1329.6776 |-1.93 |79 VPDATQSDVTGLK

95 110 ]597.9813 [1790.9219 [1790.9203 [0.9 136 VPDATQSDVTGLKWEFK

108 [121]590.3009 [1767.8808 [1767.8733 [4.24 (32 WFKIWQDGYTPATR

111 [121]654.3212 [1306.6279 |1306.6306 |-2.04 |55 IWQDGYTPATR

152 (182 ]1119.229 ([3354.665 |[3354.6554 [2.86 (97 VESISLLNAEQYPGAQFFLSCGQINITGGNK
169 (182 ]754.8781 [1507.7416 |1507.7453 |-2.48 |65 FLSCGQINITGGNK

Amino acid (aa). The protein sequence coverage was 58%.
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Table S2

Supplementary Table 2. Comparison of AA9 structures with LsAA9B

Structure_chain  Number of = Number of percentage of Sequnce  rmsd
residues aligned residues  residues aligned  identity (A)
LsAA9B_A 221 221 100 100 0.0
3EJA_A 208 154 74 42.9 1.79
4B5Q_A 217 192 88 35.9 1.45
SACH_A 235 200 85 37.0 1.44
4D7TU_A 227 214 94 45.8 1.04
4EIR_A 223 213 96 45.1 1.09
4QI8_A 214 154 72 422 1.80
SFOH_A 218 166 76 47.6 1.62
4EIS_A 225 198 88 39.9 1.46
3ZUD_A 228 199 87 33.7 1.50
2VTC_A 228 201 88 28.4 1.59

Superpose in CCP4 suite was used for calculation of RMSD C, trace using
Secondary-structure matching (SSM) (1,2)




Table S3

Supplementary Table 3. Quantitation of selected elements from PIXE analysis for LsAA9B

Element
16 S 15 P 29 Cu 30 Zn
Relative | No. of Relative No. of Relative No. of Relative No. of
Conc* atoms LODf Conc* atoms LODY Conc* atoms LODY Conc* atoms LODY
LsAA9B Point 1 | 12864.9 4% 0.045 3600.7 1.16 0.027 68.7 0.011 0.0030 22.8 0.0035 0.0051
LsAA9B Point 2 | 10125.2 4% 0.047 2781.3 1.13 0.032 274 0.0055 0.0050 14.6 0.0028 0.0050
LsAA9B Avg 4% 0.046 1.15 (#0.03) | 0.030 0.0082 (£0.0039) | 0.0040 0.0032 (£0.0030) | 0.0051

* Measured concentration (relative units, see ref (3))
+ LOD = Limit of detection (atoms/protein molecule)

I Assumed values from protein sequence
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Table S4

Supplementary Table 4. Glycosidic torsion angles

Reducing end Non-reducing end
Glycosidic torsion angles Xyll-Xyl2 Xyl2-Xyl3 Xyl3-Xyl4 Xyl4-Xyl5
LsAA9B_Xyl4 D (°) -116.7 (244.3) -81.7 (278.4) -117.9 (242.1) -
() -53.8 (306.2) 137.6 158.1
D+Y(°) 550.5 416 400.2
LsAA9A_Xyl5 D (°) -75.5 (284.5) -80.2 (279.8) -86.3 (273.7) -97.7 (262.3)
(PDB 5NLO) Y(°) -175.4 (184.6) 162.4 118.7 130.2
D+Y(°) 469.1 4422 392.4 392.5

(subsite +1/+2)

(subsite -1/+1)

(subsite -2/-1)

(subsite -3/-2)

Dihedral values as measured in COOT.
Values in parenthesis are obtained by the addition of 360°.

®+Y are the sum of positive ® and ¥ values.

Definitions ) 05 -C1’-04-C4
¥ Cl’-04-C4-C3
left-handed 3;-fold helical screw
Ideal values ) 290°
(inferred from ref (4)) Y 130°
O+Y¥ 420°

54




Fig. S1

LsAA9B
1009653
173373
546145
464465
339386
1506920
1403153
1058530
1656811
248104
823587
02073
1353639
994719
87485
341341
971189
608191
667114
127673
1270852
751818
522773
1245444
360271
994870
36998
106787
AF072236.1
844608
950892
1023488
115814
1740610
1430659
consensus

logo

LsAASB
1009653
173373
546145
464465
339386
1505920
1403153
1058530
165811
248104
823587
02073
1353639
994719
87485
341341
971189
608191
667114
127673
1270852
751818
522773
1245444
360271
994870
36998
106787
AF072236.1
844608
950892
1023488
115814
1740610
1430659
consensus

logo

L T N e e e e e e L L s e,

0000

W % 0 70 50
VDI ICNTEF IQPVSEEYV ALV P AGEgyVIARIFHHTSAGY)JGPDPEDPLDPTRIKGPVISAYLAJQYPDAT QRINV T G LIAWF K T|}

W1 NI TQPESIR]v ARVP AGHY GPDPRDPLDPRAIKGPVAYLAISIPDATQIERVTGLEWFK T F

DB T CNTIEFEQPV SPYIVERYV P AGHS TSA (K GP[IIA YL AISTPD A TQINIV TGLRWFK I
..... LAPE AN VEGLE

WTcNTF1QPVShIVIRAVIXEG) QATSAGY GPDPADP.DPTDKCPVLAYLASIPDATQSNVTGLKWFKIF

\{ICNTRIF IQPESRNYVARVPAGEYVEVAIBFHHTS AGYWGPDPEDPLDPRKGPV)#AYL AISIPD AT QLYEV TG LNWF K I F|
WA T CNT{EF IQP VSRV ARIVP AGENRYARIFHHTS AGYYJGPDPEDPLDPTRIKGPEREA YL ARQYPEIA T Qv TRIL{

®ceeccessecessecce ° ©000000000000000000000:000000000:000000 00000000000

TR P 2ol | FHHTSA PSP T Py RO R

150 160 170 200
QYLLRVESTSLIBIAIINY PGAQF FIiiS CIEQRRIBIT G CRES/MMN PUe VN PG A Y TRITINP G IN TR
TIPSCIASECEYLLREENTRHLIS AN . TADIZERITYY.

I§PGPAVFE]

NIV TIPS CINNSGRYLLRE SINILSASSYPGAQFFM»CAQLHITGVPS EAAAPATV.FPGAY DEDIZ¢
YVNITIPSCLKAIQYLLRVISISLSSASQYPGAQFFNSCAQLEVTGGGG'.‘.SP TVSFPGAYTH] DPGVV

NEWSITIPSCIEAGQYLE] .
IARdi T 1 PRCIEEAGQYLLRVER TS LIRIARR Y PG ABFEIMS C AQUEV TEG G ANMAP TVRIFPG A Y Ty
NASF AMTISL A SIENYEARY AR SENTES SHITSYEI NG RIeI b LS TSEA . T . FISEANEIRITNES
1IN TIPSCISIAGQYLLRVESS LESANE YPGAQF FS CAQEV TG GGRAMMISPI{TVS FPGAY TiY
AP TIPSCIRABQYLLRVESTSLEEIARINYPGAQFFMSCAQUEVTGGG{HANMBSPIXTVSFPGAY TH
MBI TIPSCIESAGQYLLRVESISLEARINY PGABFFMS CAQMEVTGGGIIANMMEIPIaTVSFPGAY Tf

.DLENISS;

.D EVTS
TVSF V f§. NISYEDQ
PIAT VIF PG A YRR Vi . NESYED QS Vi INB3 T|

eeecec . ncee cee ceecesecec e

N E T T

e 3 - NER{GDS

'.:VPATVSFPGAY s D I ;
.S -SHFGISH
-sfiFc1ss

®e.eece ecsncesesen

—owa

Supplementary Figure 1. Multiple sequence alignment of Arg-AA9s retrieved from CAZy. >50%
sequence conservation is indicated with blue. JGI protein ID or GenBank ID (HiAA9G; AF072236.1) are
given for each Arg-AA9. Secondary structure elements and numbering above the sequence are according to
LsAA9B. LsAA9B R1, N84, L158, Q167 and F169 correspond to residues critical for LPMO function in
canonical AA9 LPMOs (H1, H68, H142, Q151 and Y153 in TtAA9E.) Logos below the sequences show the
consensus between AA9s with N-terminal Arg. The most common substitutions of the critical residues
compared to the canonical AA9s enzymes are H1 to R1, H68 to N84 (or D/E), H142 to L.158 (or A/S/Q/I),
QI51 to E (Q167 in LsAA9B) and Y153 to F169 (numbering according to TtAA9E substitutions to
LsAA9B). LsAA9B N26, H66, T67, T83, N159, E161 and Y206 are equivalent to LsAA9A N28, H66, N67,
S77, E148, D150 and Y203, which are involved in LsAA9A-oligosaccharide binding.
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Fig. S2

1 10 L2 loop region 40 50 60 L3 loop
LsAA9B 1 RTVESSLTVNGV.DLGQOG. v v vt v v v e e e e e VAVRVPSS...NAPVT..DIESDDIICNT...G..... FIQPVSKTVAAVPAGGTVIAHFHHTS. .AGYV
4D7U_A 1 HTIFQKVSVNGA.DQGOL . . v vt v i e i ie e n KGIRAPAN...NNPVT..DVMSSDIICNA...V..... TM. .KDSNVLTVPAGAKVGHFWGHEIGGA .AG
S5ACH_A 1 HTLVWGVWVNGV.DQGDGRN. .. ..o v IYIRSPPN...!NPVK..NLTSPDMTCNV...D ..... NR..VVPKSVPVNAGDTLTFEWYE! ..... T.
3EJA_A 1 HYTWPRVN..... DGADW. ..ot v i i iinnnnnn QQVRKADNWQODNGYVG. .DVISPQIRCFQ. . .ATP...S...PAPSVLNTTAGSTVIYWAN.........
4B5Q A 1 HYTFPDFIEPSGTVTIGDW. . v v v v v i ie e e e e VYVRETQONHYSNGPVT. .DVTSPEFRCYE. . .LDLONTA. . .GQTQTATVSAGDTVGFKAN.........
4Q0I8_A 1 HYTFPKVWANSG.TTADW. . v v v v v v e e e e e QYVRRADNWONNGEVD. .NVNSQQIRCFQ...STH...S...PAQSTLSVAAGTTITYGAA.........
4EIR_A 1 HTIFSSLEVNGV.NQGLG. .ttt v iiie .. EGVRVPTY...NGPIE..DVTSASIACNGSPNT..... VA..STSKVITVQAGTNVTAIWR¥ML..S.TT
SFOH_A 1 HTIFVOLEADGT.TYPVS. ...t iii i YGIRTPSY...DGPIT..DVITSNDLACNGGPNP..... TT..PSDKIITVNAGSTVKAIWRHTL..T.S.
4EIS_A 1 HGFVDNATIGGQ.FYQFYQPYQDPFMG. ...SPPDRISRKIPG...NGPVE..DVTSLAIQCNA...D.S...A...PAKLHASAAAGSTVTLRWT.........
3ZUD_A 1 HGFVONIVIDGK.NYGGYLVNQYPYMS. .. .NPPEVIAWSTTATD.LGFVDGTGYQTPDIICHR...G.A...K...PGALTAPVSPGGTVELQWT.........
2VTC_A 1 HGQVONFTINGQ.YNQGFIL.DYYYQOKONTGHFPNVAGWYAEDLD . LGFISPDQYTTPDIVCHK. . .N.A...A...PGAISATAAAGSNIVFQWGPG. .... ..

region 84 20 100 110 120 130 140 150 L8 loo

LsAA9B 73 GPDPSDPLDPINKGPVLAYLAKVP...DATQ.SDVT. .GLKWEFKIWQDGYTPA..T...RQWGSDKLFINGGNATFTIPSCLQAGQYLLRVESISI]
4D7U_A 72 PNDADNPIAASHKGPIMVYLAKVD. ..NAAT.TGTS..GLKWFKVAEAGLS.N...... GKWAVDDLIANNGWSYFDMPTCIAPGQYLMRAELIALBNAGSQA
S5ACH_A 69 RDD..DIIAS§HHGPIAVYIAPAA ........ SNGQ. .GNVWVKLFEDAYN. ...VIN.STWAVDRLITAHGQHSVVVP .HVAPGDYLFRAEIIAL AESLYSQ
3EJA_A 64  ..... PDVY. .HPGPVQFYMARVPDGEDINS.WNGD. .GAVWEFKVYEDHPTFGA.Q...LTWPSTGK. .. .SSFAVPIPPCIKSGYYLLRAEQIGLEVAQSVG
4B5Q A 72 L. SATY..HPGYLDVMMSPAS. .PAANSPEAGT. .GOQTWFKIYEEKPQFENGQ. . .LVF.DTTQ....QEVIFTIPKSLPSGQYLLRIEQIALBVASSYG
40I8_A 68  ..... PSVY..HPGPMQFYLARVPDGQDINS.WTGE. .GAVWFKIYHEQPTFGS.Q...LTWSSNGK. ...SSFPVKIPSCIKSGSYLLRAEHIGLAVAQSSG
4EIR_A 73 GDSPADVMDSISHKGPTIAYLKKVD. . .NAAT.ASGV. .GNGWFKIQQODGMD.S..S...GVWGTERVINGKGRHSIKIPECIAPGQYLLRAEMIALHAASNYP
SFOH_A 72 GAD. .DVMDASHKGPTLAYLKKVD. . .DALT.DTGI..GGGWFKIQEDGYN....N...GOWGTSTVITNGGFQYIDIPACIPSGQYLLRAEMIALHAASSTA
4EIS_A 7T .. IWPDS.HVGPVITYMARCPD.TGCQOD .WTPSASDKVWFKIKEGGREGT..S.. .NVWAATPLMTAPANYEYATIPSCLKPGYYLVRHEITALBSAYSYP
3Z2UD_A 81  ..... PWPDS.HHGPVINYLAPCNG..DCST.VDKT. .QLEFFKIAESGLIND. .DNPPGIWASDNLIAANNSWIVTIPTTIAPGNYVLRHEITALEBSAQONQD
2VTC_A 86  ..... VWP .H.PYGPIVTYVVECSG. .SCTT.VNKN. .NLRWVKIQEAGINYN..T...QVWAQODLINQGNKWIVKIPSSLRPGNYVFRHELLAABGASSAN

region 169 LC loop region 206 210
LsAA9B 165 FELSCGQINIT...GG.NK.VQPV...GVDFPGAYTSTDPGIVIDI¥E........ VG..SYTPPGPAVFESC
4D7U_A 162 FYIGCAQINVT...GG.GSASPSN...TVSFPGAYSASDPGILINI!GGSGKTDNGGK..PYQIPGPALFTC
S5ACH_A 156 FYISCAQITIN...SSDDSTPLPA...GVPFPGAYTDSTPGIQFNI!.TT ..... PAT..SYVAPPPSVWSGALGGSIAQVGDASLE
3EJA_A 149 FYISCAQLSVT...GG.GS.TEPPN. .KVAFPGAYSATDPGILINIYYPV...... PT..SYQONPGPAVFSC
4B5Q A 156 FYIGCAQLNVE...NG.GN.GTPGP..LVSIPGVYTGYEPGILINI¥NLPKN....FT..GYPAPGPAVWQG
40I8_A 153 FYTISCAQLSIT...GG.GS.TEPGANYKVSFPGAYKASDPGILININYPV...... PT..SYKNPGPSVFTC
4EIR_A 164 FYMECAQLNVV...GG.TGAKTPS...TVSFPGAYSGSDPGVKISINYWP...... PVT..AYTVPGPSVFETC
SFOH_A 160 LYMECAQINIVGGTG. .GTALPST...TYSIPGIYKATDPGLLVNI¥.S...... MSPssTYTIPGPAKFTCP
4EIS_A 167 FYPGCHQLQVT...GS.GT.KTPSS.GLVSFPGAYKSTDPGVTYDAYQ.A...... A...TYTIPGPAVFTC
3ZUD_A 171 INYPQCINLQVT...GG.GS.DNPA...GTLGTALYHDTDPGILINI¥O.K...... LS. .SYIIPGPPLYTG
2VTC_A 172 INYPQCVNIAVT...GSGTK.ALPA...GTPATQLYKPTDPGILEFNP¥T.T...... IT..SYTIPGPALWGG

Supplementary Figure 2. Structure based sequence alignment of AA9 proteins

Secondary structure elements are coloured for all sequences in red and yellow for helices and B-strands, respectively. Positions of residues critical for
AA9 LPMO activity are show in cyan and magenta for active site Cu coordinating residue positions and for positions in the secondary coordination
sphere, respectively (these are R1, N84, F169, L158 and Q167 in LsAA9B; H1, H78, H147, Q162 and Y164 in LsAA9A (PDB code SACH) and H1,
H68, H142, Q151 and Y153 in TtAA9E (PDB code 3EJA)). Residues determined experimentally to be involved in cellooligosaccharides binding are in
bold and underlined (N28, H66, N67, S77, E148, D150 and Y203 in LsAA9A) and residues in equivalent positions are in green (N26, H66, T67, T83,
N159, E161 and Y206 in LsAA9B). Four conserved prolines found in AA9s with N-terminal Arg are in red and bold. The loop L2, loop L3, loop L8
and loop LC regions are indicated above the sequence. Numbering above the sequence are according to LsAA9B.
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Fig. S3
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Supplementary Figure 3

(A) The disordered Y206 of LsAA9B modelled in two conformations. The electron density maps 2Fo-Fc
(blue) and Fo-Fc (green) contoured at 0.8c and 2.50, respectively, are calculated from a structure before
modelling an alternative conformation B. (B) Comparison of LsAA9B (grey) and NcAA9C (cyan).
Symmetry-related molecules are shown in white and labelled with asterisk. (C) Superimposition of LsAA9B
(green) and NcAA9C (PDB 4D7U, cyan) showing that the lack of metal binding is not due to occlusion by

the phosphoserine.
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Fig. S4
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Supplementary Figure 4

Proton Induced X-ray Emission (PIXE) spectra (black points) and fit to the data (coloured lines) for (A) the
first point spectrum measured on LsAA9B, (B) the second point spectrum measured on LsAA9B and (C) a
single point spectrum measured on the protein buffer alone as a control (n.b. lack of sulphur indicating
sulphur peak in (A) and (B) are solely from the protein). The theoretical positions for X-ray emission
maxima are indicated in all cases.
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