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Rice α-fucosidase (α-fucosidase Os, 58 kDa) that is
active for α1-4 fucosyl linkage in Lewis a unit of plant
N-glycans was purified to homogeneity. α-fucosidase
Os showed activity against α1-3 fucosyl linkage in
Lacto-N-fucopentaose III but not α1-3 fucosyl linkage
in the core of plant N-glycans. The N-terminal
sequence of α-fucosidase Os was identified as A-A-P-
T-P-P-P-L-, and this sequence was found in the amino
acid sequence of the putative rice α-fucosidase 1
(Os04g0560400).

Key words: α-fucosidase; plant N-glycan; N-glycan
degradation; Oryza sativa

Structural features of plant N-glycans are the occur-
rence of β1,2-xylosyl (Xyl) and α1,3-fucosyl (Fuc) resi-
dues linked to the trimannosyl core structure
(Man3GlcNAc2). In addition to the α1,3-Fuc residue,
α1,4-Fuc residue(s) is/are found in the Lewis a epitope
occurring often on secreted type plant N-glycoproteins.
Plant α-fucosidase (α-fucosidase), which hydrolyzes
α1,3- and α1,4-linkages of Fuc to GlcNAc in Lewis-
type glycans, was purified from almond meal (desig-
nated as almond α-fucosidase I) and the detail substrate
specificity was determined.1–4) However, any plant
α-fucosidase being active against the α1,3-Fuc linked
to the innermost GlcNAc residue of the plant complex
type (PCT) N-glycans has not been characterized so
far. Zeleny et al. have cloned an Arabidopsis thaliana
α-fucosidase based on the partial amino acid sequences
of the almond α-fucosidase I and confirmed the α-fu-
cosidase activity of the recombinant protein.5) It was
found that the recombinant α-fucosidase was active
against the α1,4-fucosyl residue in the Lewis a epitope
and the α1,3-fucosyl residue in the lacto-N-fucopen-
taose III (LNFP III) but not the α1,3-fucosyl residue in

one of fucosylated small N-glycans (Man3Fuc1Glc-
NAc2). In this study, therefore, we have tried to purify
and characterize α-fucosidase from rice culture cells
that hydrolyze the α1,3-fucosyl linkage in the PCT
N-glycans.
Rice k-1 cell line used in this study was established

from Oryza sativa L. cv. Nipponbare by Professor K.
Kasamo (Research Institute for Bioresources, Okayama
University). Crude enzyme was extracted from the rice
culture cells (170 g, wet weight) suspended in 20 mM
Tris-HCl buffer (pH 8.0) by sonication. From the crude
extract, rice α-fucosidase was purified by a combination
of gel-filtration (Sephadex G-75), ion-exchange chro-
matography (Q-Sepharose and Shodex QAE column),
hydrophobic interaction chromatography (Shodex Phe-
nyl column), and gel filtration (TSK-Gel G3000
SWXL). Through all of the purification steps, the activ-
ity of α-fucosidase was measured using a pyridylami-
nated plant complex type N-glycans bearing Lewis a
epitope (Gal2Fuc2GlcNAc2Man3Xyl1Fuc1GlcNAc-PA,
Gal2Fuc2GN2M3FX)6) as a substrate, since we
were not able to detect the α-fucosidase activity
when pNP-α-fucoside was used as a substrate. The
enzyme solution (10–20 µL) was added to 2 µL of
Gal2Fuc2GN2M3FX (7.2 pmol/µL) in 0.1 M
Na-acetate buffer (pH 5.0), and the reaction mixture
was incubated at 37 °C for 12 h. The defucosylated
substrates were analyzed by size fractionation HPLC
(SF-HPLC) as shown in Fig. 1, and the amount of
digested substrate (the reduced amount of original sub-
strate) was quantified by SF-HPLC. One unit of
enzyme activity was defined as the amount of enzyme
digesting 1 nmol of the substrate per min at 37 °C. The
products were analyzed with a Jasco 880-PU HPLC
apparatus with a Jasco Intelligent spectrofluorometer
(Jasco, Tokyo) and a Shodex Asahipak NH2P-50 col-
umn (4.6 × 250 mm, Showa Denko, Tokyo) at a flow
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Abbreviations: α-Fucosidase Os, α-fucosidase from Oriza sativa; PA-, pyridylamino; PTC, plant complex type; SF-HPLC, size-fractionation HPLC;
RP-HPLC, reversed-phase HPLC; Fuc, L-fucose; Man, D-mannose; Gal, D-galactose; Xyl, D-xylose; GlcNAc, N-acetyl-D-glucosamine; Glc, D-glu-
cose; MX, Xylβ1-2Manβ1-4GlcNAcβ1-4GlcNAc-PA; MFX, Xylβ1-2Manβ1-4GlcNAcβ1-4(Fucα1-3)GlcNAc-PA; M3FX, Manα1-6(Manα1-3)
(Xylβ1-2)Manβ1-4GlcNAcβ1-4(Fucα1-3)GlcNAc-PA; Gal2Fuc2GN2M3FX, Galβ1-3(Fucα1-4)GlcNAcβ1-2Manα1-6[Galβ1-3(Fucα1-4)GlcNAcβ1-
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rate of 0.7 mL/min using two-solvent system (80% ace-
tonitrile/water and 20% acetonitrile/water) as described
in our previous paper.7) PA-sugar chains were detected
with a Jasco FP-920 Intelligent Fluorescence detector
(excitation 310 nm, emission 380 nm).7) When the
pyridylaminated lacto-N-fucopentaose III (LNFP III,
Takara Bio Inc., Japan) was used as a substrate, the
products obtained were analyzed with a Cosmosil
5C18-AR column (6.0 × 250 mm) at a flow rate of
1.0 mL/min using two-solvent system (0.02% TFA/wa-
ter and 20% acetonitrile/water) described in our previ-
ous report.8)

Rice α-fucosidase (α-fucosidase Os, α-fucosidase from
Oriza sativa) was purified about 100-fold to homogene-
ity (total units, 0.21 mU; specific activity, 16.9 mU/mg),
as shown in Fig. 2-I. Although the purification fold was
about 480 at the penultimate purification step (Phenyl-
HPLC), the purification fold decreased to about 100 after
the final purification step (TSK-Gel G3000SWXL), sug-
gesting that some unknown factor(s) would be necessary
for the full activity. The molecular mass of the purified
α-fucosidase Os was estimated to be about 58 kDa on
SDS-PAGE under reducing and non-reducing condition
(Fig. 2-I). The maximum level of activity was obtained
at pH 5.5 and the optimum temperature was 50 °C at pH
5.0.

As well as Arabidopsis α-fucosidase I, α-fucosidase
Os hydrolyzed both the α1,4-fucosyl linkage in Lewis
a epitope of PCT N-glycans and the α1,3-fucosyl link-
age in LNFP as shown in Fig. 1-II, but not the α1,3-
fucosyl linkage in truncated type plant N-glycan
(Xylβ1-2Manβ1-4GlcNAcβ1-4(Fucα1-3)GlcNAc-PA,

MFX9)) and Fucα 1-3GlcNAc-PA (derived from MFX
by sequential enzymatic digestions). These results sug-
gested that the Xylβ1-2Man unit or the β1,2-xylose
residue might hamper the α1,3-fucosidase activity.
At this moment, it is obscure whether α-fucosidase Os
is preferentially active against the α1,4-fucosyl linkage
or both the α1,4-fucosyl and the α1,3-fucosyl linkages
in PTC N-glycans. Furthermore, we found that

Fig. 1. Substrate specificity of rice α-fucosidase (α-fucosidase Os).
Notes: (I) Gal2Fuc2M3FX (20 pmol) was incubated with α-fucosidase Os in 0.1 M Na-acetate buffer (pH 5.0) at 37 °C for 12 h. The products

obtained by α-fucosidase Os digestion were analyzed by SF-HPLC using a Shodex Asahipak NH2P-50 column (4.6 × 250 mm) as described in our
previous paper.7) (1) Gal2Fuc2GN2M3FX was incubated with the acetate buffer alone. (2) Gal2Fuc2 GN2M3FX was incubated with α-fucosidase
Os (10 μL). (3) The product produced by α-fucosidase Os was further digested with Streptomyces sp. 142 α-fucosidase (3 μU). Peaks marked with
asterisks were not N-glycans, but rather contaminative fluorescence substances in enzyme solution. (II) Lacto-N-fucopentaose III (LNFP III,
20 pmol) and MFX (Xylβ1-2Manβ1-4GlcNAcα1-4(Fucα1-3)GlcNAc-PA,9) 10 pmol) were incubated with α-fucosidase Os in 0.1 M Na-acetate buf-
fer (pH 5.0) at 37 °C for 12 h. The products obtained by α-fucosidase Os digestion were analyzed by RP-HPLC using a Cosmosil 5C18-AR
(6.0 × 250 mm) as described in our previous report.8) (1) LNFP III and MFX were incubated with the acetate buffer alone. (2) LNFP III and MFX
were incubated with α-fucosidase Os (10 μL). As shown in this figure, MFX was not digested by α-fucosidase Os, since the product
(Xylβ1-2Manβ1-4GlcNAcβ1-4GlcNAc-PA, MX9)) was not detected.

Fig. 2. SDS-PAGE of purified α-fucosidase Os and deduced amino
acid sequence of putative rice α-fucosidase 1.
Notes: (I) Protein was separated by SDS-PAGE using 12.5% poly-

acrylamide gel and stained with Coomassie brilliant blue R-250. (1)
Marker proteins (Precision plus protein™ standard, Bio-Rad, 150–
25 kDa). (2) α-fucosidase Os without 2-mercaptoethanol. (3) α-fucosi-
dase Os with 2-mercaptoethanol. II. Deduced amino acid sequence of
putative rice α-fucosidase 1 (Os04g0560400). The underlined
sequence completely coincided with the N-terminal amino acid
sequence of α-fucosidase Os purified in this study.
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α-fucosidase Os was inactive against the pyridylami-
nated lacto-N-fucopentaose I (Fucα1-2Galβ1-
3GlcNAcβ1-3Galβ1-4Glc-PA, Takara Bio Inc., Japan)
(data not shown), indicating that α-fucosidase Os is
one of typical α1,3/4 fucosidases. Sakurama et al.
reported that two microbial α-fucosidases (Bacteriodes
thetaiotaomicron enzyme (BT_2192)10) and Bifidobac-
terium bifidum enzyme (BbAfcB)11)) belong to GH29-B,
which is active against α1,3/4-fucosyl linkage in Lewis x
and Lewis a epitopes but not α 1,2-fucosyl linkage nor
pNP-α-Fuc.10) Based on the substrate specificity, rice
α-fucosidase Os purified in this study seems to belong
to GH29-B but not GH29-A containing α-fucosidases
from Homo sapiense (FucA1 and A2), Drosophila mel-
anogaster, and Lactobaccilus caseii (AlfA, AlfB, and
AlfC),10) although none of 3D structures of plant
α-fucosidases being active against the complex type
N-glycans has been determined. Furthermore, we
found that α-fucosidase Os as well as the bacterial
α-fucosidase (BT_2192) is inactive against Fucα1-
3GlcNAc-PA, indicating that the protein structure of
the substrate-binding site must be similar to each other.
In the case of BT_2192, it has been found that a Gal-
binding pocket consisted of W230, E254, and D277
plays a critical role for the hydrolytic activity against
the two Lewis epitopes and the Fucα1-3(4)GlcNAc
structure lacking of the Gal residue cannot be a
substrate for BT_2192.10) Therefore, we assume that
α-fucosidase Os may have a similar sugar-binding
pocket prerequisite for the α-fucosidase activity and the
β1,2-Xyl-residue or the Xylβ1-2Man residues in MFX
may hamper adequate accessibility of the α1,3 fucosyl
residue to the catalytic site.

Based on the N-terminal amino acid sequence (A-A-
P-T-P-P-P-L-) of the purified α-fucosidase Os, we per-
formed a homology search using the BLAST program
(NCBI, GenBank). This N-terminal sequence com-
pletely coincided with a part of the deduced amino acid
sequence of one of putative rice α-fucosidases
(Os04g0560400, putative α-fucosidase 1), which
belongs to GH 29 family, as shown in Fig. 2-II. In the
database, three putative GH29 family α-fucosidase

genes (Os04g0560400, Os09g0520800, and
Os10g0339290) were found in the phylogenic tree of
the plant α-fucosidases (Fig. 3), but two other α-fucosi-
dases were not purified in this study. It is necessary,
therefore, to purify and characterize these α-fucosi-
dases, which may be encoded by Os09g0520800 and
Os10g0339290, for understanding the defucosylation
mechanism working in the turnover of plant complex
N-glycans. Recently, we have identified a tomato
(Solanum lycopersicum) α-fucosidase gene based on
the N-terminal amino acid sequence of the present
α-fucosidase Os and characterized the recombinant
protein (α-fucosidase Sl, α-fucosidase from
S. lycopersicum) expressed in the insect cells (Sf9).12)

Molecular cloning, detail analysis of substrate
specificity, and the molecular modeling of α-fucosidase
Sl will be described in our following paper.
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Fig. 3. Phylogenetic tree of plant α-fucosidases.
Notes: The tree was constructed using putative amino acid sequences of α-fucosidase Os purified in this study with 15 characterized or deduced

α- fucosidase from various plant sources found in CAZy database. The putative gene (Os04g0560400) responsible for α-fucosidase Os purified in
this study is indicated by bold. At, Arabidopsis thaliana; Os, Oriza sativa; Solyc, Solanum lycopersicum (tomato); Zea mays, corn.
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