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Table S1. Primers used in this study.

Primer name

Sequence (5 —3’)?

Fuc5372-WT forward

5-CTGGGATCCCAAGATACCCTGCAAAATGAGACC

Fuc5372-WT reverse

5-ATTAAGCTTGGCTGCAGGTCGACCCTAGCTAGG

Fuc5372-H101F forward

5'CCACCAAATTCCACGATGGTG

Fuc5372-H101F reverse

5'CACCATCGTGGAATTTGGTGG

Fuc5372-W151F forward

5'CCCTGCTGGACTTTTCACACCCTGAC

Fucb5372-W151F reverse

5’GGTGGCTAAAGTCCAGCAGGC

Fuc5372-W151H forward

5’'CCCTGCTGGACCATTCACACCCTGAC

Fuc5372-W151H reverse

5’GGTGGCTATGGTCCAGCAGG

Fuc5372-R230K forward

5'CATCAACTCCAAAATCCAAGGCTACGGCG

Fuc5372-R230K reverse

5’'CGCCGTAGCCTTGGATTTTGGAGTTGATG

Fuc5372-Q242R forward

5'CTACTCCTGAGCGCGGTGTCCCTG

Fuc5372-Q242R reverse

5'CAGGGACACCGCGCTCAGGAGTAG

Fuc2358-WT forward

5-TTTTGCATGCATGATAAGCCTTGAAGAGATTG

Fuc2358-WT reverse

5-TTTTAAGCTTCTAAAAGCTGATGCGCAAAAC

Fuc2358-H132F forward

5GTTGCGGAGTTCCACGATGG

Fuc2358-H132F reverse

5'CCATCGTGGAACTCCGCAAC

Fuc2358-F184H forward

5'CACCAGTTTCACTTTTCACATG

Fuc2358-F184H reverse

5'CATGTGAAAAGTGAAACTGGTG

Fuc2358-F184W forward

5'CACCAGTTTTGGTTTTCACATG

Fuc2358-F184W reverse

5'CATGTGAAAACCAAAACTGGTG

Fuc2358-K286R forward

5GTTTGTTACCGCCAGGATGCC

Fuc2358-K286E reverse

5’'GGCATCCTGGCGGTAACAAAC

Fuc2358-R301Q forward

5’AGATGGAGCAGGGAGGCTACG

Fuc2358-R301Q reverse

5'CGTAGCCTCCCTGCTCCATCT

4Letters in bold indicate nucleotides that have been changed in the sequences of
the genes that encode the wild-type enzymes to construct the mutant enzymes.



Table S2. Strains and plasmids used in this study.

Strain or plasmid Relevant genotype or properties Source

E.coli strains

DH10B F-endAl recAl galE15 galK16 nupG rpsL Invitrogen

PE187 DH10B containing pQE80fuc2358 Moya-Gonzélvez et al. (2022)
E164 DH10B containing pQE80fuc2358-R301Q This work

E165 DH10B containing pQE80fuc2358-F184H This work

E166 DH10B containing pQE80fuc2358-F184W This work

E167 DH10B containing pQE80fuc2358-K286R This work

E168 DH10B containing pQE80fuc2358-H132F This work

PE188 DH10B containing pQE80fuc5372 Moya-Gonzélvez et al. (2022)
E159 DH10B containing pQE80fuc5372-H101F This work

E160 DH10B containing pQE80fuc5372-Q242R This work

E161 DH10B containing pQE80fuc5372-R230K This work

E162 DH10B containing pQE80fuc5372-W151H This work

E163 DH10B containing pQE80fuc5372-W151F This work

Plasmids

pQES80 E. coli expression vector; Amp~ Qiagen

pQE80fuc2358 pPQES8O0 containing fuc2358 coding region Moya-Gonzélvez et al. (2022)

pQE80fuc2358-R301Q
pQE80fuc2358-F184H
pQE80fuc2358-F184W
pQE80fuc2358-K286R
pQE80fuc2358-H132F
pQE80fuc5372
pQE80fuc5372-H101F
pQE80fuc5372-Q242R
pQE80fuc5372-R230K
pQE80fuc5372-W151H
pQE80fuc5372-W151F

pPQEB8O0 containing fuc2358-R301Q coding region
pQEB80 containing fuc2358-F184H coding region
pQES80 containing fuc2358-F184W coding region
pQEB8O0 containing fuc2358-K286R coding region
pQES8O0 containing fuc2358-H132F coding region
pPQEB8O0 containing fuc5372 coding region

pQEB8O0 containing fuc5372-H101F coding region
pPQES8O0 containing fuc5372-Q242R coding region
pQES80 containing fuc5372-R230K coding region
pQES8O0 containing fuc5372-W151H coding region
pQES8O0 containing fuc5372-W151F coding region

This work
This work
This work
This work
This work
Moya-Gonzélvez et al. (2022)
This work
This work
This work
This work
This work




Fig. S1. Structural alignment of Fuc2358 (pale green), Fuc5372 (light orange) and AIfB
from Lacticaseibacillus paracasei (ex-Lactobacillus casei) structures obtained by
AlphaFold2, indicating the catalytic residues (lime green for Fuc2358, yellow for
Fuc5372 and magenta for AIfB). Amino acid residues subjected to point mutation are
indicated in green (Fuc2358) orange (Fuc5372) and violet (AlfB).
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DGFSMWDSK-VN-~-~EWNPV -~~~ NYGPKLDLVKLW
DGFALYDSK-LS---DWTAM-=~-~ KMGPKRDLLGEL
DGFQMYAST-LS---PYNSL----- EMGPRRDVLGEL
DGWALFDFP-ESV-SKRSTV----~ HYGPKRDFVKEL
EGYTLWNSE-QSW-N-WNSV----~ ETGPGIDIVGEL
DGFTLWPSK-NSY-G-WNSM-~--~ DVGPKRDIVKEL
EGFTNWPSK-YSW-N-WNSM-~--- DVGPKRDLVGDL
EGFTNWPSA-VSW-N-WNSK----~ DVGPHRDLVGEL
EGFTNWPSS-VSW-N-WNSN----- DVGPHRDLVGEL
EGFTNWPSP-VSW-N-WNSK----~ DVGPHRDLVGEL
DGFVMFDPH-TKN-P-YE-P----- DYHLNFDFVGEL
DGFCLWGTK-Y-T-D-FNSV----- KRGPKRDLVGDL
EGITLWKAP-DND-G-WNTV----- DRGPHRDLVKEF
EGITLWKAP-DND-G-WNTV----- DRGPHRDLVKEF
SGFSLWPTT-AHE---YSIK-NSPYKN-GKGD I VAEF
DGFELYDSR-YNTEHDWANT-AVAKRT-GEKDLFRKI
DGFCLWPSK-YTD---YSVK-NAAWKN-GKGDVVREF
DGFCLWPTQ-LTE---YCIR-NTPYKD-GKGDIVREL
DGFCLWPSR-LTR---HTVA-SSPWRE-GKGDLVREV
DGFCLWPTA-TTK---HSVA-SSPWKN-GQGDVVKEL
DGFCLWPTA-TTK---HSVA-SSPWKN-GQGDVVKEL
DGFCLWPTA-TTK---HSVA-SSSWKN-GQGDVVKEL
DGFCLWPSE-YTD---YSVK-SSQWRN-GAGDVVAEL
DGFCLWDSA-YTK---HDVA-SSPWKN-GKGDVVKEV
DGFVLYPTA-HTD---YSVK-VSPWRR-GKGDLLLEV
DGFCMFRTA-TTD---YNSYDATPG-~---KRDF IKEM
DGFAMYHSK-VDA---YNVYDATPF----HRDI IGEL
DGFAMYNSA-CSD---YNIVKCTPF----AKDPLKEL
SGFCIWDTK-TTD---YSVM-SSPF----KRDVVKEY
DGFCMFDSQ-YTD---FS1S-RCAFKEHPKADVAKYV
EGFFLYDTKGLSD---FDVM-HAPA----RRDLIAEF
EGFCLWPSK-YTK---YTVA-NTPY----KRDILGEL
DGVALWDTK-VGD---1SVVKSTPA----KRDL IAPF
DGFSMYATQ-QSD---YNIVDATPF----KRDVIHEL
DGYAMYHTA-END---FSI1G-HSPY----GKDIVRSF
DGFCLFDSQ-YTD---YKAT-NTPA----GRDLVREY
DGFCLFDSA-LTD---YKAT-NTPA----GRDLIREY
DGFCMWDSK-YTD---YKIT-NTPY----KKDILKPL
DGFCLWDSA-LTD---YKAP-NTPA----GRDLLRPL
EGFCMFDSR-YTD---YKCT-NTPA----GRDLVREY
EGFCLWDSQ-FTD---YKVT-NTPY----GKDLLTPF
EGFCLWDSA-YTD---YKAS-NTPY----GKDLLKPF
* - *

Fig. S2. Continues on the next page.
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Fig. S2. Continues on the next page.
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Fig. S2. Multiple sequence alignment (MSA) of characterized GH29A and GH29B a-L-fucosidases listed in
CAZy and a-L-fucosidases previously isolated from the bacterial intestinal metagenome by our groupl,
using Clustal Omegaz. Residue numbering for each sequence is indicated on the right side of the
alignment. Nucleophile, acid-base and residues selected for mutations in Fuc2358 and Fuc5372 are
highlighted, representing residues that are structural homologs in both enzymes based on AlphaFold2
analysis in the same color (H101 from Fuc5372 and H132 from Fuc2358, orange; W151 from Fuc5372
and F184 from Fuc2358, purple; D199 in Fuc5372 and D251 in Fuc2358, green; R230 in Fuc5372 and
K286 in Fuc2358, pink; E241 in Fuc5372 and E300 in Fuc2358, red; Q242 in Fuc5372 and R301 in
Fuc2358, blue). Residues sequence homologous to the residues selected for mutations in Fuc2358 and
Fuc5372 are framed in the same black box. Residues that are conserved in all sequences in the alignment
are indicated with “*” below sequences; conserved substitutions are indicated with “:"; semi-conserved
substitutions are represented with “.”. FgFCO1: Fusarium graminearum AFR68935.1; NixE: Xanthomonas
campestris pv. campestris AAM42160.1; Fuc2358: uncultured Streptococcus sp. UUB87428.1; FoFCOL1:
Fusarium oxysporum AFR68934.1; DdFuc: Dictyostelium discoideum AAO51149.1; DmFuca: Drosophila
melanogaster AAM50292.1; PapFuC: Patiria pectinifera BBG92283.1; RnFucAl: Rattus norvegicus
CAA34268.1; CIFuc: Canis lupus familiaris CAA63362.1; FucAl: Homo sapiens AAA52481.1; AlfA:
Lactobacillus casei CAQ67115.1; TmaFuc: Thermotoga maritima TAAD35394.1; Blon0248:
Bifidobacterium longum subsp. infantis ACJ51376.1; Blon0426: Bifidobacterium longum subsp. infantis
ACJ51546.1; Fuc35B: uncultured Bacteroides sp. UUB87424.1; BbAfcB: Bifidobacterium bifidum
BAH80310.1; BT2192: Bacteroides thetaiotaomicron AAO77299.1; Fucl8: uncultured Bacteroides sp.
UUB87420.1; BiAfcB: Bifidobacterium longum subsp. infantis ACJ53394.1; BT1625: Bacteroides
thetaiotaomicron AAO76732.1; Fuc39: uncultured Bacteroides sp. UUB87425.1; BT4136: Bacteroides
thetaiotaomicron AAQ79241.1; AtFUC1: Arabidopsis thaliana NP_180377.2; CpAfc2: Clostridium
perfringens ABG83106.1; SpGH29: Streptococcus pneumoniae AAK76203.1; Fucl584; uncultured
Phocaeicola sp. UUB87427.1; AlfC: Lactobacillus casei CAQ67984.1; Fuc35A: uncultured Bacteroides sp.
UuUB87423.1; Fuc30: uncultured Bacteroides sp. UUB87422.1; Fucl9A, uncultured Bacteroides sp.
UuB87421.1; AlfB: Lactobacillus casei CAQ67877.1; BT2970: Bacteroides thetaiotaomicron AAO78076.1;
Fuc5372: uncultured Phocaeicola sp. UUB87429.1; TfFucl: Tannerella forsythia AEW21393.1; Mfucé:
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uncultured bacterium AIC77303.1; Mfuc5: uncultured bacterium AIC77302.1; ALfukl: Paenibacillus
thiaminolyticus CBM40947.1; Fucl93: uncultured Bacteroides sp. UUB87426.1; Mfuc2: uncultured
bacterium AIC77299.1; Mfuc7: uncultured bacterium AIC77304.1; Mfucl: uncultured bacterium
AIC77298.1; Mfuc4: uncultured bacterium AIC77301.1.
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