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SUPPLEMENTARY FIGURE LEGENDS

Supplementary FIG. S1. Chemical structures of the B-L-arabinooligosaccharides used in

this study. The arrows indicate the cleavage sites for HypBA1.

Supplementary FIG. S2. SDS-PAGE analysis of recombinant HypBA1. Purified HypBA1l
was electrophoresed on a 10% polyacrylamide gel and stained with Coomassie Brilliant Blue
R-250. Lane 2, purified HypBA1, lane 1 and 3, molecular size markers. The arrow indicates the

band that corresponds to HypBAL.

Supplementary FIG. S3. TLC analysis of HypBA1 reactions in the presence of reducing
agents. Cis-Aras-Hyp-DNS was incubated with the recombinant enzyme in the absence (lane 2)
or presence of B-mercaptoethanol (lane 3), dithiothreitol (lane 4), or TCEP (lane 5) at 37°C for
16 h. Lane 1, cis-Aras-Hyp-DNS.

Supplementary FIG. S4. Effects of pH and temperature on the activity of HypBAL. A, pH
dependence of HypBA1 activity in various buffers at 37°C for 10 min. Enzyme activities were
expressed as the percentage of activity in sodium acetate buffer at pH 4.5. B, Temperature
dependence of HypBAL activity for 10 min. Enzyme activities were expressed as the percentage
of the activity at 35°C. Buffers: sodium acetate (closed square), MES (open circle), sodium

phosphate (closed circle).



Supplementary FIG. S5. Comparison of the reactivities of HypBA1 and HypBA2 with
glycoproteins. A, TLC analysis of the reaction products. Potato lectin (lane 2), extensin (lane 3),
and Araz-Hyp (lane 4) were incubated with HypBA2-CA486 (lane b) or HypBAL (lane c) at
37°C for 16 h. Lane a, control without enzyme; lane 1, L-arabinose standard. B, HPAEC-PAD
analysis of the reaction products. Potato lectin was reacted without enzyme (2a), with
HypBA2-CA486 (2b), or with HypBAL (2c). Extensin was reacted without enzyme (3a), with
HypBA2-CA486 (3b) or with HypBAL (3c).

Supplementary FIG. S6. Chemical structure and *H- and *C-NMR spectra of Ara-Me.
The asterisks indicate peaks from impurity or sideband signals. The chemical shifts are listed in

supplemental Table S3.

Supplementary FIG. S7. Phylogenetic relationships between HypBA1 homologs in
Bifidobacterium strains. The black boxes indicate the DUF1680 conserved region (middle).
The lengths of the sequences are shown on the right side of each schematic sequence. The
organisms, locus tag, and GenBank accession numbers are as follows: BLL, B. longum subsp.
longum JCM 1217, 1 (BLLJ 0211, BAJ65881), 2 (BLLJ 1826, BAJ67491), 3 (BLLJ 1848,
BAJ67512), 4 (BLLJ_0089, BAJ65759); BL, B. longum NCC2705, 1 (BL0422, AAN24259), 2
(BLO174, AAN24029); B, B. longum subsp. infantis 157F, 1 (BLIF_0192, BAJ70339), 2
(BLIF_1895, BAJ72029); BP, B. pseudocatenulatum DSM 20438, 1 (BIFPSEUDO_02879,
EEG71985), 2 (BIFPSEUDO_02839, EEG71945); BC, B. catenulatum DSM 16992, 1
(BIFCAT _02005, EEB20621), 2 (BIFCAT_00247, EEB22303), 3 (BIFCAT 01782,
EEB20699); BD, B. dentium ATCC 27678, 1 (BIFDEN_01462, EDT45627), 2
(BIFDEN_00978, EDT45157); BAd, B. adolescentis ATCC 15703 (BAD_1529, BAF40310);
BAn, B. animalis subsp. lactis AD011 (BLA_ 1513, ACL29795); BB, B. breve DSM 20213
(BIFBRE_03130, EFE89858). The protein characterized in this study is enclosed in the box.
The phylogenetic tree was constructed with the neighbor-joining method using MEGAS
software (left). Comparison of the gene clusters containing GH127, GH121 and GH43 members

in Bifidobacterium strains (right).

Supplementary FIG. S8. Multiple sequence alignment of HypBA1 and its homologs. The
homologous proteins are shown in supplemental Fig. S7. The alignment was created with

MUSCLE and BoxShade 3.21. Identical residues and conservative substitutions are highlighted



in black and dark gray, respectively. Asterisks indicate the residues selected for site-directed

mutagenesis. The protein characterized in this study is enclosed in the box.

Supplementary FIG. S9. Schematic B-L-arabinooligosaccharides metabolic pathway in B.
longum. The domain organizations of -L-arabinooligosaccharides degradation enzymes and
the predicted sugar transporters are shown in the upper panel. The gene cluster containing
[-L-arabinooligosaccharides degradation enzymes is shown in the lower panel. The annotated
gene products are as follows: Lacl-type transcriptional regulator (BLLJ_0207) in black; putative
ABC-type sugar transport system (BLLJ 0208-BLLJ _0210) in yellow; HypBAL (BLLJ 0211)
in green; HypBA2 (BLLJ 0212) in red; and putative GH43 «-L-arabinofuranosidase
(BLLJ_0213) in blue.



Table S1. The primers used for site-directed mutagenesis.

Name

Sequence of oligonucleotide primers

E322A Forward Primer

5'-ACCCACGTGGGCGCGTCGTTCACCTACG-3'

E322A Reverse Primer

5'-CGTAGGTGAACGACGCGCCCACGTGGGT -3

E338A Forward Primer

5'-CACGATGTACGGTGCGACCTGTGCTTCCG-3'

E338A_ Reverse Primer

5'-GAAGCACAGGTCGCACCGTACATCGTGTCG-3'

E366A Forward Primer

5'-CCGACGTGCTGGCGAAGGAACTGTTCAACG-3'

E366A Reverse Primer

5'-CGTTGAACAGTTCCTTCGCCAGCACGTCG-3'

The positions of the mutated sequences are underlined.

Table S2. Substrate specificity of HypBA1.

Substrates Activity
B-Ara, +
Ara,-Hyp ND’
Araz-Hyp +
Ara,-Hyp +
Ara-Hyp +
Ara,~Me +
Ara—Me +
Extensin ND
Potato lectin ND
PNP-a-L-arabinofuranoside ND
pNP-a-L-arabinopyranoside ND
PpNP-B-L-arabinopyranoside ND
pNP-o-D-xylopyranoside ND
pNP-B-D-xylopyranoside ND
pNP-o-D-galactopyranoside ND
pNP-B-D-galactopyranoside ND
pNP-o-D-glucopyranoside ND
PpNP-B-D-glucopyranoside ND

“ Cleavage of substrate was detected.
’Cleavage of substrate was not detected.




Table S3. Assignments of signals in 'H and ?C NMR spectra of methyl B-L-arabinofuranoside.

1 2 3 4 5 Me
'H () 4.74 399 385  3.73 3.61 3.46 3.26
JMHz) 48 82,48 75 7.1,3.1 122,34 122,75 -
BC () 10272 7686 75.03 82.54 63.65 55.65

Table S4. Growth capacity of Bifidobacterium strains on carbohydrates.

Carbon source B. longum JCM 1217 B. adolescentis JCM 1275
Glucose ++ ++
L-Arabinose ++ -
(-Ara, ++ -

Judgment of bacterial growth: — ApH <0.5; £, 0.5<ApH<1.0; +, 1.0<ApH<1.5; ++, 1.5<A
pH. ApH=(test pH)-(control pH)
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Figure S4
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Figure S5
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Figure S6
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Figure S7
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Figure S9
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