Supplemental Tables

Supplemental Table S1. Identity matrix between syntenic XyGUL GH5_4 enzymes and other specific

previously characterized endo-xyloglucanases (1). Only amino acid sequences of the catalytic domains

were used in the analysis. This data was generated with MatGAT (2), with percent similarity values in the

lower left half and percent identity values in the upper right half of the table.

:;?]:ii” BoGH5  BcGHS5  BuGHS  BfGH5  DgGH5  XEGSA  XEGSB  PpabGHS  PbrGHS
BoGH5 36.4 31.7 36.1 45.1 29.9 32.1 33.7 29.8
BCGHS 53.9 34.5 343 39.2 35.2 35.5 37.4 36.4
BUGHS 50.7 48.4 59.5 46.5 315 39.4 35.2 32.8
BfGH5 56.3 49.3 68.4 49.7 29.6 43 30.8 31.1
DgGHS 62.5 53.6 60.1 65.8 32.1 39.2 33.8 29.9
XEG5A 50 50.7 46.9 48.2 52.9 31.7 30.2 324
XEGS5B 51 50.3 52.9 60.9 59.6 51 315 30.8
PpabGHS5 51.3 54.2 54.5 47.8 53.6 51.4 51 315
PbrGHS5 47.4 49.7 48.1 47.8 49.2 51.2 45.5 49.2

Supplemental Table S2. Identity matrix between syntenic XyGUL TBDTs (SusC homologs). This data

was generated with MatGAT (2), with percent similarity values in the lower left half and percent identity

values in the upper right half of the table.

:;‘:ﬁj” BoTBDT  BcTBDT  BuTBDT  BfTBDT  DgTBDT
BoTBDT 34.3 33.9 35.9 332
BCTBDT 54.7 64.9 66.1 49.9
BuTBDT 56.2 77.5 77.7 52.7
BfTBDT 56.1 78.9 88.8 53.4
DgTBDT 53.5 67.4 70.9 70.2
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Supplemental Table S3. Identity matrix between syntenic XyGUL SGBPs-A (SusD homologs). This
data was generated with MatGAT (2), with percent similarity values in the lower left half and percent

identity values in the upper right half of the table.

Protein name BoSGBP-A BcSGBP-A BuSGBP-A BfSGBP-A DgSGBP-A
BoSGBP-A 20.1 215 204 21.2
BcSGBP-A 40.8 42 415 38.5
BuSGBP-A 41.3 58 58.6 47.5
BfSGBP-A 41 59.9 72.8 51.3
DgSGBP-A 413 54.4 62.8 67.1

Supplemental Table S4. Identity matrix between syntenic XyGUL SGBPs-B. This data was generated
with MatGAT (2), with percent similarity values in the lower left half and percent identity values in the

upper right half of the table.

Protein name BoSGBP-B BcSGBP-B BuSGBP-B BfSGBP-B DgSGBP-B
BoSGBP-B 15.6 17 18.7 18.5
BcSGBP-B 29.9 56.4 29.4 21.8
BuSGBP-B 29.9 69.7 29.6 23.3
BfSGBP-B 313 46.3 46.2 32
DgSGBP-B 30.5 38.7 39.8 53.1
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Supplemental Table S5. Identity matrix between syntenic XyGUL GH95 enzymes and other specific

previously characterized a-1,2-fucosidases. This data was generated with MatGAT (2), with percent

similarity values in the lower left half and percent identity values in the upper right half of the table.

:;‘:}:’Zin BUGH95°  BfGH95°  DgGH95°  BIIGH95"  BbGH95¢  CjGH95¢ CpGH95¢ BoGHI5'
BUGH95? 81.3 45.1 29.8 14.1 36.4 20 35.5
BfGH95° 87.3 45.2 29.1 15.2 36.1 912 35.8
DgGH95° 61.5 60.8 28.8 14.3 37.1 27 35.5
BIiGH95P 47 45.7 48.2 13.3 29 16.3 27.2
BbGH95¢ 21.9 22.9 224 21.1 15.7 20.7 14.4
CjGH95¢ 56 57.1 55.1 46.5 23.6 214 47.8
CpGHO5e 316 32.5 33.1 26.8 35.5 326 21.8
BoGH95' 55.7 54.2 55 45.6 22.5 63.1 32.5
This study.

bBifidobacterium longum subsp. infantis ATCC 15697, GenBank ACJ53393.1 (3)
Bifidobacterium bifidum JCM 1254, GenBank AAQ72464.1 (4, 5)

dCellvibrio japonicus Uedal07, GenBank ACE83895.1 (6)

Clostridium perfringens ATCC 13124, GenBank ABG82552.1 (7)
" o-L-galactosidase from Bacteroides ovatus ATCC 8483, GenBank ED010805.1 (8)
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Supplemental Figures

A B
1 3642 127 173 476 502
kDa Ladder
- _ e —
8= bl v |2 v
Signal PFAM BoGHS5A 4 35== b L |LT T T
peptide 13004 100 = ey (g ng (a Q
75— NI B /A
12935 122137 210244 549 600 3 o e
6 " — —
D. - — 43 = S—
35—
Signal PFAM  PFAM BeGHS5 4 -
peptide 13004 13004 o
1 2643 126136 212250 511 593 17— -
[k T
Signal PFAM  PFAM BuGH5 4
peptide 13004 13004
1 2649 126132 214248 548 581
Signal PFAM PFAM BfGH5 4
peptide 13004 13004
12035 119 169 459 490
Signal  PFAM DgGHS5_4

peptide 13004

Figure S1. Modular architecture of the key endo-xyloglucanase GH5 gene products. (A) The full-
length gene products are composed of a signal peptidase 11 signal peptide with lipidation site (Cys-1), one
or two PFAM PF13004 domains, and a GH5 catalytic module. (B) SDS/PAGE of the purified full-length
protein constructs.

Page 4 of 21



>

Relative activity (%)

]
(=}
n

=}

o>

-
1N
=}

A

= =
S o 0 15 ~
S =} o S 5}

Relative activity (%)

o

=

i
N
=]

~= 100

o
S

Relative activity (%
B ()]

N
o

o

o Citrate o Citratc
. » P‘hns?hme ;\? 100 4 ] { m Phosphate
i % A Glycine e [ A Glycine
i } i é’ 80 1 *
i >
S 60 4 *
\ «
L
i E a0 i
a =
D
L) o2 20 - i3]
'Y
'
0 r'y
0 4 6 8 10 12 0 6 10 12
pH pH
120
o Citrate o Citrate
% i m Phosphate 5100 i ® m Phosphate
i % A Glycine é . A Glycine
* L 2 80 y i
’ =
§ =
Q@ 60
<
2
= 40 ;
] i
] A < *
A m 20 }
3
a
0
0 4 6 8 10 12 0 6 10 12
pH pH
o Citrate
* m Phosphate
o i é A Glycine
L ) * *
i
0 4 6 8 10 12
pH

Figure S2. pH-rate profiles of recombinant XyGUL GH5 enzymes. A. BoOGH5A B. BuGH5 C. BcGH5
D. BfGH5 E. DgGH?5 for tamXyG. Error bars represent standard errors of the mean for three

replicates.
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Figure S3. Initial-rate kinetics curves fitted to the Michaelis-Menten equation of A. BoOGH5A B. BuGH5
C. BcGH5 D. BfGH5 E. DgGHS5 for tamXyG. Curve fitting was done on OriginPro 2015 and bars

represent standard errors based on three replicates.
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Figure S4. MALDI-TOF spectra of the products of BoGH5A. A. tamXyG B. lettXyG and C.
sequentially digested with BUGH95 against lettXyG.
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Figure S6. MALDI-TOF spectra of the products of BUGHS5. A. tamXyG B. lettXyG and C. sequentially

digested with BUGH95 against lettXyG.
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Figure S7. MALDI-TOF spectra of the products of BFGH5. A. tamXyG B. lettXyG and C. sequentially
digested with BfGH95 against lettXyG.
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Figure S8. MALDI-TOF spectra of the products of DgGHS5. A. tamXyG B. lettXyG and C. sequentially
digested with DgGH95 against lettXyG.
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Figure S9. HPAEC-PAD analysis of the limit-digestion products of XXXG and XXLG by the key

recombinant GH5 endo-xyloglucanases.
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Figure S11. The product profile of fucosidases against fucose a-1,2/a-1,3/a-1,6 substrates.
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Figure S12. Product analysis by HPAEC-PAD of fucosylated lettXyG hydrolyzed by XyGUL-
encoded GH5_4 endo-xyloglucanases and GH95 a-fucosidases.
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Figure S13. The product profile of general acid mutants BuGH95 E531A and BfGH95 E543A against
fucosylated xyloglucan oligosaccharides. Fucosylated xyloglucan oligosaccharides mixture (XXXG,
XXFG, XLXG, and XLFG) were produced by the action of BOGH5A on lettXyG and subsequently
incubated as a starting material with 2 uM of the recombinant BuGH95 E531A and BfGH95 E543A at 37

C for 22h in 50 mM sodium citrate buffer, pH 6.0.
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Figure S14. Representative isothermal titration calorimetry (ITC) results for SGBP-B and BuSGBP-
C titrations with tamXyG and tamXyGO.. All titrations were performed in 50 mM Sodium Phosphate
(pH 7.0) at 25°C. In each case, the upper graph shows the raw injection heat signal, and the bottom graph
shows the integrated data and, where appropriate, fits to a 1:1 binding model. Concentrations of the protein
and glycan are indicated on the upper panel. (A) BuSGBP-B with tamXyG; (B) BfSGBP-B with tamXyG;
(C) DgSGBP-B with tamXyG; (D) BuSGBP-C with tamXyG; (E) BuSGBP-B with tamXyGO;; (F)
BfSGBP-B with tamXyGO;; (G) DgSGBP-B with tamXyGO,; (H) BUSGBP-C with tamXyGO..
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Figure S15. Representative isothermal titration calorimetry (ITC) results for SGBP-B and BuSGBP-
C titrations with tamXyGO: produced by the action of BoGH5A on tamXyG. All titrations were
performed in 50 mM Sodium Phosphate (pH 7.0) at 25°C. In each case, the upper graph shows the raw
injection heat signal, and the bottom graph shows the integrated data and, where appropriate, fits to a 1:1
binding model. Concentrations of the protein and glycan are indicated on the upper panel. (A) BuSGBP-B

with tamXyGOg; (B) BfSGBP-B with tamXyGO;; (C) DgSGBP-B with tamXyGOg; (D) BuSGBP-C with
tamXyGO;.
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Figure S16. Representative isothermal titration calorimetry (ITC) results for SGBP-B and BuSGBP-
C titrations with lettXyGO; produced by the action of their cognate GH5 on lettXyG. All titrations

were performed in 50 mM Sodium Phosphate (pH 7.0) at 25°C. In each case, the upper graph shows the

raw injection heat signal, and the bottom graph shows the integrated data and, where appropriate, fits to a

1:1 binding model. Concentrations of the protein and glycan are indicated on the upper panel. (A) BuSGBP-
B with lettXyGO: suchs; (B) BISGBP-B with lettXyGO: giers; (C) DgSGBP-B with lettXyGO: pyehs; (D)
BuSGBP-C with lettXyGO; suchs.

Page 19 of 21



n4 p18 o9 n5 «l0
BbGHS5 [ -
980

BbGHY5 QVTA"DNRHGI\TPquDF‘IM‘LQ
BuGHS5
BfGH95
DgGHS5
C3GHY95
B1liGH95
CpGHY5
BoGHS5

ol3 ald
BbGHI95 Q00000000 .
1090 0 1110

BbGH95 LON WYALLX|
BuGH95 CAH IYPVLEG
BfGHS5 CAH IYPVLX
DgGHY5 CQH VYPTMEG
CjGH95 CQH YYPVLE
B1iGH95 CEN IWPIME|
CpGHY95  SQN[LT NLYPINMXK
BoGH95 AQH ¥YPILZE

BbGH95

BbGHS5
BuGHS5
BEGHS5
DgGH95
C3GHO5
BliGH95
CpGHO5
BoGH95

BbGHI95

BbGH95
BuGH95
BfGH95
DgGH95
C3GHY5
BLliGHS5
CpGH95
BoGH95

WK I Ny
[WRIM I

I

BBGHI5

EBbGH95
BuGHS5
BEGH95
DgGH95
C3GHI5
B1iGHS5
CpGH95
BoGH95

D YA

TCs

Figure S17. Structure-based protein sequence alignment of representative GH95 members. See Table
S5 for enzyme abbreviations, accession numbers, and references. Conserved residues are highlighted in
red. Black triangles indicate the amino acid residues that are involved in catalytic reaction. Grey stars
indicate the amino acid residues that are involved in substrate recognition. Light blue star refers to the
threonine residue of BoGH95 a-L-galactosidase (encoded by BACOVA _03438) that makes direct polar
contact with the O6 of L-Gal (8). This Thr residue is replaced with a histidine in the BbGH95 a.-L-fucosidase
(4, 5) and in the sequences of the a-L-fucosidases investigated in this study. Residue numbering is based
on BbGHO95 full-length protein.
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