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Figure S1. Analysis of the frequency of GH76 paralogs in Ascomycota. Paralogs of the Dfg5-subfamily (F/B-
mixed subfamily) are found in 1395 (810) ascomycete species. On average 4.1+2.5 paralogs are found in species
with Dfg5 orthologs (median: 4), but only 1.5+0.8 paralogs (median: 1) for species with F/B-mixed members.
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Figure S2. The electrostatic surface potential analysis of CtGH76 and structural superimposition of GH76
members. (A) The electrostatic surface potential analysis was done by APBS and showed the predominantly
negatively charged active site in black dashed-box (red: negatively charged; blue: positively charged). Notably,
the negative residues within active site are labeled in cyan. (B) Structural superimposition are shown as cartoon
models. The CtGH76 was colored in grey, StGH76 (PDB entry: 65HD, light orange), Bt3792 (PDB entry: 4C1S,
blue) and (C) CtDfg5 (PDB entry: 6RYO0, pink). Notably. The extended 3-regions of CtGH76 were colored in red,
highlighted in the dashed-circle. The additional short a-helix (a13) was highlighted in the dashed-circle in (C).
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Figure S3. Glycan fragments and omit maps for each structure. The overall protein structures are depicted as
grey surface models, with the wing region highlighted in pink. Bound sugar ligands are represented as stick
models, accompanied by SigmaA-weighted 2mF.—DEF. electron density maps contoured at the 1.0 o level and
labeled with subsite numbers. Residues interacting with the ligands are marked in green with corresponding
residue numbers in (A). The active sites of D163 and D164 are indicated in red, while the mutation is shown in
cyan.
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Figure S4. Comparison of GPI anchor and ligand substrates. (A) High structural similarity in the distance
between the C1 atom of glucosamine and the C4 atom of the third mannose in the GPI-core glycan. The GPI-
core glycan is shown for CtGH76 (blue to dark green, assembled from PDB entries 9R4N, 9R4P and 9R4R), and
CtDfg5 (grey, aligned from PDB entries 6RY2, 6RY5, and 6RY6). (B) Distances between the C1 atom of the first
mannose and the C4 atom of the last mannose in a-1,6-linked mannooligosaccharides, depicted for the Sh=GH76
(green, bound to a-1,6-mannotetraose) and (C) inactive mutant of BcGH76 (pink, bound to «-1,6-
mannopentaose). (D) Superposition of subsites -1/-2 in BcGH76, CtDfg5, and CtGH76. The a-1,6-mannobioses
are colored consistently with panels (A) and (C).



s1saleC| AS Sy - |_<'~1 ALESSwNLQNRL SVaBs
QRAS KA |ﬁf\\.A%éR¥ﬁ?\’rr-sF§6E§kR m‘L"kaNYL “FFFLSFAFFV ELAL Ir)([V).' LKL TR mH SR, 2 AR "?dm;m,ww LYYmF h!ﬁl!

M7SJ85 ... . HVSESFEEERERAFLEEENDCHKEABEYQTE. .. . oo e e TOWWISATCE. ... ...... |LALEP 74
(0524 1S T s T T T T T T T T T T T T T T T T T EIRR. ... PUIIEMERIE. . . . . oo i i i e 16
AOAQFTVHIS HQPK.QRIHQ RIGWANFISVD D QERRLRIJKNVPLFFFLSFAFFVPEL[NA A QFLHWGALSTVLVGLEYPG AVD 110
GOS5Y9 .MAG IIDL INEYIDRNRYV| JAMRREPTTISLSTLG. ... ......... AL A GMIBQTRQ@D . . . .. ... ...... ERLN 80
AOAOD DN . . ittt e e e e e e e e e e e SSIMAQPERS . . ... ... aa LABET 33
consensus * ok Rk kRkERE K * ok kR kEk FEk Rk kkckokkokk ok ok ok * *ok ok

o Vel S| Ty Fry 0

LNAI[ rYY: sV . é ,
Al ‘Ex’ PARI :I!:’Ld W BN R AN Y n)( D R Yﬁ“ ﬁTk T ‘;\;‘N H‘JYV KR krRkh !’)ﬁﬁl\l}\l)l E‘Q Ally |

M75J85 SL 9y A QNTY)AJ IR T V[NA JAULS EY L33 Yy EKRNLEGRILE] DYDD GWWALA IYD 155
Q2H301 ESEERIGGAQ. .. ... EIVENENOK TIR IS RN SEO . . . ... ... ... ... QAAS. . ... ... 86
AOAOF7VHIS : i D P LQMPAY pupc [SRYBG ANAS 220
GossY9  ETELANNSUSMAREIESS. . ... ....... L GSK EDV Q P 177
AOAOD1DNF& BTV THS KDY LNT HK K‘ GGI RA 129
consensus kEERK KERRKEE KRR KKK Xk L Bt R EE *-'***1'* * &k k kb Dk lxl D lxkx %1
DLAQKQ Ftﬂm st )L
! :AYIH| KatDF | R KRESNTER V2

M73J85 K 254
Q2H301 e RIS q . 187
AOAOF7VHIS W.... . Q EISYRINAIRNEL LSVAARLANRASDR AFKQ B INDGLIAEN 319
GOS5Y9 YVDIQDLERER NIV IARGIK| Asunmﬁ {[EYW TWF)MESGMIN [NLINDGLIY] Shgy 280
AOAODIDNF& M. .. .@QECKygMYIALLDAGYL) . DIP. 229
consensus k| dkokok ko + + fokokok Dok | Dok
M78J85 349
Q2H301 A .. 285
AOAOF7VHIS S .. I NVES AlAN 415
GOS5Y9 FINANL AJSL[E A AGASSDPDAGQ'E DTIM 389
AOAOD1DNF6 A 330
COnsensus 114 LR ARERES | wok ko ok | ko |k ok Kk ok ----w*lu-lll‘l*ll**l***

¢ | 1

2l DﬁQ Jola oG W\ VA&

AYBKU\SE 1verirps s XEDEY 1 DLV,'*fi [\'5 lfAYVL non-conserved
M78J85 .WVERTE THSSM!D V A AVEE)REEETTS imi
Q2H301 IR THSSAMD . VAA A [RENEERES | similar
AOAOFTVHIS IR AN AR THSSAFDR vaa A VY I >50% conserved
COS5Y9 RNIATMPKQEEINICEYVLINE. . . . . 439
AOAOD1DNF6 VGH chﬁqcvs VAL [N 370
consensus RN NE EE LN S

Figure S5. Multiple sequence alignment of members of the F/B-mixed subfamily. The protein sequences are aligned using Chaetomium thermophilum (Uniprot:
GO0S5Y9), Eutypa lata (UniProt: M7SJ85), Chaetomium globosum (UniProt: Q2H301), Ustilago maydis (UniProt: AOAOD1DNE6) and Penicillium brasilianum (UniProt:
AOAQF7VHI5). The conserved DD motif within active site is highlighted in green.
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Figure S6. Structural comparison of protein models of the F/B-mixed subfamily. The fungal models were
generated using AlphaFold3 for (A) Eutypa lata (UniProt: M7S]85), (B) Chaetomium globosum (UniProt: Q2H301),
(C) Ustilago maydis (UniProt: AOAOD1DNEF6), and (D) Penicillium brasilianum (UniProt: AOAOF7VHI5), and are
shown in cartoon representation. CtGH76 is highlighted in gray for reference. a-Helices are shown as cyan
cylinders, 3-sheets as red arrows, and connecting loops in magenta.
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Figure S7. Purification of size exclusion chromatography (SEC) and crystallization of CtGH76. (A) 12% SDS-
PAGE gel of CtGH76; Fni: flow through of nickel-NTA immobilized metal affinity chromatography (IMAC);
Wi: wash fraction 1 of IMAC; W2: wash fraction 2 of IMAC; Eni: elution fraction of IMAC; Frev: flow through of
IMAC after TEV cleavage; Erev: elution fraction of IMAC after TEV cleavage; Esec: elution fraction of SEC; M:
protein marker. The purity of CtGH76 was over 95% after final SEC. (B) The SEC chromatogram showed a
single major absorbance peak corresponding to the CtGH76 band (calculated mass: ~45 kDa) in the SDS-PAGE.
(C) Crystals of CtGH76 wild type, (D) D163N and (E) D164N mutant crystals for synchrotron data collection.
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Figure S8. SDS-PAGE of CtGH76 (left), CtGH76B (middle) and CtGH76" (right) following IMAC purification.
From left to the right, each gel includes samples for loading (L), flow-through (FT), wash (W), elution (E) and
molecular weight marker (M) [kDa]. Notably, CtGH76 displayed the highest yield, ~30 mg/L, and purity among
these orthologs.



Table S1. List of glycan fragment soaking experiments for CtGH76.

Structure Mutation Ligand Soaking time
CtGH76ap0 - - -
CtGH76Mman -- mannose 180 min

CtGH76a16Man3 - al,6-mannotriose 180 min
CtGH76a12Man2 -- a-1.2-mannobiose 180 min
D163Na16Man3 D163N al,6-mannotriose 70 min
D164 Na16Man3 D164N al,6-mannotriose 70 min
CtGH76a13016Man3 - al,3-al,6-mannotriose 180 min
CtGH?76g13c1c - 1,3-glucobiose 180 min
CtGH76ciN - glucosamine 60 min

CtGH76cc - glucose 180 min
CtGH76m - al,6-glucobiose 120 min
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Table S2. Synchrotron data statistics for sugar soaking structures. Numbers in parenthesis describe the highest resolution shell.

Structure CtGH76Apo CtGH76Man CtGH76016Man3 CtGH?76c12Man2 D163Na16Man3 D164Na16Man3 CtGH?76013a16Man3 CtGH76GicN
PDB code IR4K 9R4L IR4AM 9R4N 9R40 9R4P IR4Q 9R4R
Ligand soaked - mannose al,6-mannotriose al,2-mannobiose al,6-mannotriose al,6-mannotriose a1,3—0(1.,6— glucosamine

mannotriose
. . . . . al,3-al,6- .
Ligand in structure - mannose mannose al,2-mannobiose al,6-mannobiose al,6-mannobiose ; glucosamine
mannotriose
Mutation - - - - D163N D164N - -
Beamline X06DA, SLS X06DA, SLS X06DA, SLS 1D23-1, ESRF X06DA, SLS X06DA, SLS ID30A-3, ESRF ID30A-3, ESRF
Wavelength (A) 0.999 0.972 1.000 0.999 0.999 0.999 0.968 0.968
Space group P3:21
Unit cell (4, b, c)* 106.8, 106.8, 126.9 | 106.7,106.7, 127.3 | 106.5, 106.5, 127.1 | 107.5,107.5, 127.2 | 107.0, 107.0, 127.5 | 107.1,107.1, 127.3 | 107.1, 107.1, 126.5 | 108.1, 108.1, 128.6

Processing statistics

Completeness (%) 99.35 (98.14) 99.55 (98.89) 99.18 (96.74) 99.64 (99.68) 99.08 (98.25) 99.31 (98.06) 99.52 (99.44) 97.86 (81.79)
Total reflections | 1105758 (101322) | 544280 (54932) 1210055 (104475) | 300561 (29853) 479943 (46955) 621568 (59762) 481136 (49504) 375167 (38040)
Unique reflections 55077 (5395) 49336 (4860) 60778 (5872) 28187 (2790) 47582 (4668) 31096 (3074) 23534 (2316) 36700 (3630)
Multiplicity 20.1 (18.8) 11.0 (11.3) 19.9 (17.5) 10.6 (10.7) 10.1 (10.1) 20.0 (19.4) 20.4 (21.4) 10.2 (10.5)
CC1/2 1(0.959) 0.998 (0.967) 1(0.938) 0.998 (0.955) 0.999 (0.867) 0.998 (0.593) 0.998 (0.872) 0.998 (0.585)
lo 31.20 (2.61) 13.57 (2.23) 31.30 (1.94) 7.01 (2.14) 15.46 (1.29) 12.82 (1.16) 15.45 (1.48) 8.73 (0.36)
Ruerge 0.0149 (0.2827) 0.097 (0.805) 0.051 (1.615) 0.0367 (0.1820) 0.0174 (0.5351) 0.0301 (0.7503) 0.0349 (0.4591) 0.0558 (2.2810)
Wilson B-factor 39.73 4252 46.84 56.26 53.41 59.10 60.83 60.88
Refinement statistics
Resolution range 46.24-2.02 46.19-2.10 4336-1.95 46.56 - 2.55 4634-2.13 46.37 - 2.46 42.18-2.70 46.82-2.35
(A) (2.09 - 2.02) (2.18 - 2.10) (2.02 - 1.95) (2.64 - 2.55) (2.21-2.13) (2.55 - 2.46) 2.80-2.70 (2.43 - 2.35)
Unique reflections 54792 (5334) 49145 (4819) 60360 (5810) 28133 (2783) 47291 (4615) 30958 (3034) 23439 (2307) 35956 (2969)
R-work 0.193 (0.368) 0.159 (0.232) 0.168 (0.353) 0.206 (0.315) 0.207 (0.467) 0.202 (0.412) 0.201 (0.415) 0.202 (0.471)
R-free 0.215 (0.364) 0.192 (0.269) 0.193 (0.352) 0.234 (0.322) 0.226 (0.511) 0.221 (0.436) 0.234 (0.533) 0.226 (0.466)
Ramachandran 0.28 0 0.28 0 0.28 0.28 0.28 0.28
outliers (%)
Number of non-H 3062 3090 3055 2896 2925 2895 2923 2975
atoms
RMS (bonds, A) 0.002 0.015 0.019 0.002 0.002 0.006 0.005 0.002
RMS (angles, deg) 0.46 112 1.54 0.47 0.50 0.72 0.67 0.48
Average B factor 57.69 56.77 64.64 71.52 72.6 80.13 69.96 73.01

*a=p=90°, y=120°
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Table S3. Synchrotron data statistics for sugar soaking structures
describe the highest resolution shell.

. Numbers in parenthesis

Structure CtGH76p13G1c CtGH76aic CtGH76m
PDB code 9R4S 9RA4T 9R4U
Ligand soaked B1,3-glucobiose glucose al,6-glucobiose
Ligand in structure B1,3-glucobiose glucose al,6-glucobiose
Mutation - - -
Beamline X06DA, SLS 1D23-1, ESRF X06DA, SLS
Wavelength (A) 0.999 0.999 1.000
Space group P3:121
Unit cell (g, b, ¢)* 107.1,107.1, 126.3 | 107.2,107.2, 127.0 | 107.0, 107.0, 126.8
Processing statistics
Completeness (%) 99.43 (99.50) 99.60 (99.29) 99.36 (99.03)
Total reflections 456512 (44467) 405792 (40196) 614991 (60499)
Unique reflections 42862 (4235) 38014 (3773) 60612 (5990)
Multiplicity 10.6 (10.5) 10.7 (10.6) 10.2 (10.1)
CC1/2 0.999 (0.929) 0.998 (0.938) 1(0.944)
Ilo 10.50 (2.17) 11.63 (1.56) 27.05 (1.74)
Rmerge 0.0229 (0.2762) 0.1065 (0.8632) 0.0103 (0.3166)
Wilson B-factor 48.89 48.85 44.46
Refinement statistics
Resolution range (A) 43.52 -2.20 (2.28 - 2.20) 49.40 - 2.30 (2.38 - 2.30) 46.32 - 1.96 (2.03 - 1.96)
Unique reflections 42740 (4217) 37894 (3755) 60294 (5943)
R-work 0.183 (0.296) 0.189 (0.306) 0.179 (0.411)
R-free 0.206 (0.361) 0.209 (0.340) 0.206 (0.440)
Ramachandran 0.28 0.28 0.28
outliers (%)
Number of non-H 2953 2968 3019
atoms
RMS (bonds, A) 0.005 0.002 0.019
RMS (angles, deg) 0.69 0.50 1.56
Average B factor 66.83 67.36 63.93
*a=$=90°, y=120°




