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ABSTRACT. a-L-Fucosidases (EC 3.2.1.51), the only members of the CAZy family GH-29, are widespread
glycosidases involved in many biological processes including inflammation, metastasis, and the lysosomal
storage disease fucosidosis. Despite their biological significance, information concerning the mechanism
of a-L-fucosidases has only recently become available. In an attempt to obtain further data concerning
their mechanism, we have investigated the hydrolytic and transglycosylation properties of a canine and
a mollusk Pecten maximysi-L-fucosidase. Our results show that, despite the evolutionary distance between
these two species, both enzymes have similar hydrolysis and transglycosylation properties. Surprisingly,
we found that, starting from monosaccharides, these exoglycosidases were able to catalyze efficiently the
synthesis of highly branched fuco-oligosaccharides as large as tetrasaccharides, a unique feature for a
wild-type exoglycosidase. The structural analysis of the compounds formed revealed that the regioselectivity
of a-L-fucosidases is strongly influenced by the structure of the acceptor. This leads us to propose an
enzymatic approach for the preparative synthesis of fuco-oligosaccharides. This will not only allow the
synthesis of biological determinants containing fucose but also of new fucose-containing oligosaccharides
asa-glycosynthases appear to be difficult to obtain.

o-L-Fucosidases are exoglycosidases found in many spe-purified from the molluskPecten maximug@8) and the other
cies, from bacterial( 2), to moulds 8—7), mollusks 8— from a recombinant canine lysosomal -fucosidase Z9).
14), and mammalslc—19). This widespread occurrence of We have analyzed their hydrolytic specificity toward various
o-L-fucosidases underlines the ubiquity and biological oligosaccharides and also tested their ability to synthesize
significance of -fucose in living organisms. Indeedfucose various oligosaccharides by transglycosylation.
is one of the most common monosaccharides at the nonre- 1 results demonstrate thatL-fucosidases have the
ducing end of many glycans (such as the Lewis series) andynique property, for exoglycosidases, of being able to
is thus an important biological determinarg0( 21). Its perform the synthesis of complex oligosaccharides. Further-
termlr_wal Iocat|on. makes it ser)smve to .the actlor_woof_- more, the facile enzymatic synthesis offucose-based
fucosidases, which are thus involved in many important jiqosaccharides described here represents a valuable source
biochemical processes such as plant defer® 23),  f well-defined oligosaccharides with branched structures.
inflammation, metastasis, and the genetic disease fucosidosigpqge oligosaccharides are expected to lead to new insights

(21, 24, 25). into the biological properties of complex polysaccharides
Despite the biological significance of fucose metabolism, such as fucoigan30§) P piex poly

information concerning the reaction mechanism of dhe
fucosidases has only recently become availabteZ7). On EXPERIMENTAL PROCEDURES
the basis of their amino acid sequence similarities, all the
a-L-fucosidases have been classified in a particular family  Materials. The marine mollusie. maximusvas obtained
(CAZy GH-29), suggesting they have a unique structure, and from a local market, and its digestive glands were extracted.
maybe some specific mechanistic features. 2'FL! 3FL, LNFPI, and LNFPII were from IsoSep (Swe-

To obtain further information about the mechanism of the den)_ p-Nitropheny| a-L-fucopyranoside and the various
a-L-fucosidases, we have studied two of these enzymes, onenonosaccharides and methyl glycosides used were purchased
from Sigma except for the methgdL-fucopyranoside, which

zSWGdiSh University of Agricultural Sciences. o was from Glycon (Germany). Other chemicals and reagents
" IDepartment of Genetic Medicine, Women'’s and Children’s Hos- were obtained from commercial sources and were of analyti-
pital.
'Laboratorium voor Organische Synthese, K.U. Leuven. cal grade.
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6-Aminodeoxymannojirimycin was prepared as a trifluo- dissolved in RO, freeze-dried, and redissolved in@M to

roacetic acid salt by treatment of @d(t-butoxycarbonyl)- obtain a final concentration of 0.1 M. The pD was then
amino]-1,5-imino-3,40-isopropylidene-1,5,6-trideoxy- adjusted to 7.2 with DCI. No prior exchange of the enzyme
mannitol (727 mg) synthesized as previously repor®&l) (  was necessary as the enzyme solution was highly concen-
with trifluoroacetic acid. trated.

Enzyme Assay$he activity ofP. maximusx-L-fucosidase Transglycosylation Reactions withL-FucosidasesTrans-
was assayed at 6 for 10 min using 5 mMp-nitrophenyl  glycosylation reactions were conducted in supersaturated

a-L-fucopyranoside in 0.1 M sodium acetate buffer, pH 4, solutions 83). Briefly, to overcome the poor solubility of
containing 0.2 M NaCl. The canine-L-fucosidase was  the donor, enougp-nitrophenylo-L-fucopyranoside to give
assayed under the same conditions but in 0.1 M sodium a final concentration of 70 mM was placed in a screw-capped
phosphate buffer, pH 7, containing 0.1 M NaCl. vial along with the appropriate buffer. The vial was then

The p-nitrophenol released was measured spectrophoto-heated until the components dissolvedl(0 °C) and after
metrically at 405 nmd = 17 919 at pH 9.5) using 100L cooling was kept at 40C.

aliqUOtS of the reaction solution diluted with 9@0. of 0.1 For ana|ytica| experimentS, the reaction was started by
M Borax buffer, pH 9.5 82). One unit ofa-L-fucosidase  addition of either 2.2 U of caninerd U of mollusk a-L-
activity, as measured with thenitrophenylo-L-fucopyra-  fucosidase, in 50@L of a solution containing 70 mM donor
noside assay, is defined as the amount of enzyme requiredand 210 mM acceptor (monosaccharide or methyl glycoside)
to release Jumole of p-nitrophenol per minute. in the appropriate buffer at 40 for 2 days. The reaction

Large Scale Preparation of P. MaximusL-Fucosidase was monitored by!H NMR spectroscopy following the
a-L-Fucosidase from the digestive glandQ'-bfmaXimUSNaS appearance of new Signa|s in the anomeric reg&)ﬁs—
purified as previously describe@§) by three chromato- 4.9 ppm). The presence of new compounds was also assessed
graphic steps, including strong cation exchange chromatog-py thin-layer chromatography (TLC) on silica gel plates using
raphy (SP-Sepharose Fast Flow (Pharmacia)), immobilizedthe solvent: ethyl acetate/methanol/acetic acid/water (12/3/
zinc affinity chromatography (Chelating Sepharose Fast Flow 372, v/v/v/v).

(Pharmacia)), and affinity chromatography on 6-amino-  gynthesis on a preparative scale was conducted only with
deoxymannojirimycin linked to Sepharose 4. Fifty milliliters e canines-L-fucosidase due to the limited availability of

of this matrix was prepared by coupling 300 mg of 6-amino-  the mollusk enzyme. The same concentration of donor and

deoxymannojirimycin, as trifluoroacetic acid salt, to 50 mL acceptor was used but with 5 times less enzyme-

of NHS-activated Sepharose 4 Fast Flow (Pharmacia), asgycosidase (22 U) was dissolved with 500 mg of donor and

previously descr|_bed26). _ ) 1 g of acceptor in 25 mL of 0.1 M phosphate buffer, pH 7.
Usually 50 units ofP. maximuso-L-fucosidase were  agter incubation, the reaction mixture was centrifuged to

applied on this affinity medium, and after addition of 50 MM o 6ve insoluble material (2009030 min). The supernatant

of L-fucose in the elution buffer an average of 10 units of a5 then extracted with ethyl acetate to remove the majority

pureP. maximusx-L-fucosidase was obtained. of the aromatic compounds. The aqueous phase was freeze-
Purification of Canine o-L-Fucosidase.Recombinant  gieq, redissolved in water, and fractionated using size

caningzq—L-fucosidase was purified from'conditioned mgdium exclusion chromatography (1 m2.5 cm, Bio-Gel P-2 (Bio-
by affinity chromatography (fucosylamine agarose (Sigma)) raq)) with Milli-Q water as the eluent. Under these condi-
as previously described?9). a-L-Fucosidase eluted with  tiong the separation of the compounds present in the reaction
L-fucose was dialyzed against phosphate-buffered saline,medium is based partly on size exclusion and partly on
concentrated to 11 mg mE and had a specific activity of -y grophobic interactions. This allows the one-step removal
23.5umol min* mg™* when assayed using 4-methylumbel-  of the aromatic derivatives and the partial separation of the
“feNrBICIIgug?)z)g?gsocstjlg;I(\/?Fleggz)ae)étroscopy was performed on oligosaccharides according to their structure.

X The amount of product was determined by weighing the
L?;]ruker DRXL'4OO anfd DRX-600 ?a%(grfgnettzrsé gopelre,atll\?g at oligosaccharides _rr;covered. The rz_atio of the i//a_riogs di?, tri-,
the proton Larmor frequency o o an ' Z: and tetrasaccharides was determined by the integration of

respectively, for proton observation. Spectra were recorded C ‘o . .
at 40°C without suppression of the HOD signal. Chemical Zhg Sg?nr)nenc signal arising from the fucose uai .3

shifts are reported in ppm using acetong 2.225 ppmgc
31.07 ppm) as an internal reference. RESULTS
Hydrolysis Reactions with-L-Fucosidases Followed by
NMR Spectroscopylrhe exchangeable protons of the dif- Analysis of Substrate Specificity. P. maxinaums! canine
ferent substrates were exchanged twice wittObefore a-L-fucosidases were able to hydrolypenitrophenyla-L-
being used for NMR experiments. fucopyranoside according to Michaetidenten kinetics with
Hydrolysis in the presence &. maximusx-L-fucosidase ~ Km values of 65Q:M (28) and 756uM, respectively. Under
was performed in deuterated 0.1 M acetate buffer £CD our experimental conditions, the canine enzyme exhibited a
COOD (Sigma)), 0.2 M of NaCl, pD 4.2, at 4. The maximum activity at 60C and had a specific activity of 44
enzyme preparation was exchanged twice with this buffer umol min~ mg~* towardp-nitrophenylo-L-fucopyranoside
before the experiment. For the measurement of thecose at this temperature (data not shown).
anomer, the temperature was decreased t6Q%o0 slow Both enzymes are also active toward 4-methylumbelliferyl
mutarotation. o-L-fucopyranoside 29 and unpublished results) and are
For the caniner-L-fucosidase deuterated sodium phosphate therefore considered as being “unspecific’ and accordingly
buffer was prepared as follows: M#PO, and NaCl were classified as EC 3.2.1.51.
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Table 1: Hydrolysis of Different Fucosylated Oligosaccharides by
the o-L-Fucosidasés

Table 2: Formation of Transglycosylated Products in the Presence
of Various Acceptors ang-Nitrophenyl o-L-Fucopyranoside

Oligosaccharide Structure % of % of formation of new compounds
hydrolysis? | hydrolysis® with the a-L-fucosidase from
P. maximus |  canine acceptor P. maximus canine
0ct-Fue-0-Me | Fucol>Me 0 0 o-L-FucO-Me A+ T
2°FL Fuco1->2Galp1>4Gle 84 72 g:g:gfgg:mg i+++ i+++
3FL Fucal>3Gle 11 13 p-b-Xyl-O-Me ++ ++
4 a-D-Man-O-Me + +
» D-Ara 0 0
Galol L-Fuc 0 0
none 0 0
LNFP I Fucal->2GalB1->3GlcNacf 1> ~0 ~0 B -
! 3Galp1> 4BGlc b 2210 mM of each acceptor was incubated with 70 mM of
’ p-nitrophenyl a-L-fucopyranoside and 4 units mk of canineo-L-
LNFP 11 Fucol->4GlcNacB1->3GalB1>4Gle 20 24 fucosidase, or 2 units mit of mollusk o-L-fucosidase in deuterated
3 buffers at 40°C at the appropriate pD. The symbet+++" was used
Gangl when the ratio between the intensity of the H-1 signals originating from
transglycosylation products) (5.3—4.95 ppm) and the signal of free

a2 mM of each oligosaccharide was incubated with 0.02 units of fucose H-la (9 5.2 ppm) was=30%, “++" indicates a level ofv15%,
each (canine oP. maximu} a-L-fucosidase in deuterated buffers at and “+" indicates a level=10%. The presence of transglycosylated
40 °C (see Experimental Procedures). The amount of free fucose wasproducts was also monitored by TLC.
determined by integration of the signals originating from fucose H-6
(6 1.28-6 1.14 ppm).

Therefore, during the catalytic cycle;L-fucosidases are
likely to exist as a glycosyl-enzyme intermediate, this

We used'H NMR spectroscopy to assess the ability of intermediate being either intercepted by a water molecule
both enzymes to hydrolyze methyt-fucopyranoside and  leading to a hydrolysis reaction, or by a suitable acceptor
several human milk fuco-oligosaccharides (Table 1). Both leading to a transglycosylation reaction.
enzymes failed to hydrolyze methyl-L-fucopyranoside. Transglycosylation Propertied.o assay the transglyco-
Furthermore, methyd-L-fucopyranoside was found to be a  sylation properties of botti-L-fucosidases, and in an attempt
very weak inhibitor as, in standard assay conditions, at 100to produce fucosylated oligosaccharides, several monosac-
mM it inhibited the hydrolysis of the substrate-fitrophenyl charides and methyl glycosides were assessed as possible
a-L-fucopyranoside) by 32%, and 22%, fer maximusnd acceptors (Table 2). The formation of transglycosylation
caninea-L-fucosidase, respectively. products was monitored by TLC and NMR spectroscopy.

L-Fucose was found to be a better inhibitor havirg af Among the monosaccharides assaye€,-Fuc-O-Me and
240 and 43uM for the P. maximus(28) and the canine  (-b-Gal-O-Me were found to be the best acceptors for both
enzyme, respectively. In solutionsfucose is predominantly  fucosidases3-b-Glc-O-Me was a poor acceptor leading to
in the 8-form (mutarotation equilibriuna/3 30/70), so either  the synthesis of four times less compounds than it
the f-form or the absence @-methyl group is responsible  Gal-O-Me as the acceptor. The use of thr@anomer or free
of the inhibitory properties of-fucose. glucose did not improve the yield of the transglycosylation

Among the milk fuco-oligosaccharides assayed (Table 1), reaction (data not shown). Xylose, which shares the same
both enzymes were found to be highly active toward the structure as glucose without C-6, was found to be a better
trisaccharide Furl — 2Gafs1 — 4Glc (2FL), but they only acceptor than glucose (Table 2). WhileL-Fuc-O-Me is
poorly hydrolyzed the trisaccharide Fut — 3[Galfl — efficiently substituted, -fucose did not allow the formation
4]Glc (3FL), indicating either increased sensitivity of the of any compounds when used as an acceptor, probably
1 — 2 linkage to hydrolysis or some steric hindrance. because of its inhibitory properties.

Nevertheless LNFPI, a pentasaccharide containing fucose at Many glycosidases are able to produce transglycosylation
its nonreducing end, linked in1 — 2 to galactose (as in  products only in the presence of their substrate leading to
2'FL), was insensitive to hydrolysis. These results indicate the formation of auto-condensation products (i.e., disaccha-
that not only the linkage, but also the aglycon moiety, plays rides linked to a nitrophenyl ring). In our case, we saw no
a key role in the interaction betweenL-fucosidases and evidence of such compounds, indicating that the presence
their substrates as we had previously pointed using STD-of a suitable acceptor in solution is required for a transgly-
NMR (34). cosylation reaction to occur.

Determination of the Type of Hydrolysis Mechani3iwo As Fuc— Glc and Fuc— Gal are important biological
different mechanisms have been reported for the hydrolysisdeterminants, and as both enzymes efficiently catalyze the
reaction catalyzed by glycosidases, leading to either retentionsynthesis of compounds witl+L-Fuc-O-Me as acceptor, we
or inversion of the anomeric configuratioBs, 36). We thus performed synthesis witt-L-Fuc-O-Me, -b-Gal-O-Me, and
followed the hydrolysis reaction b{H NMR spectroscopy  5-D-Glc-O-Me on a preparative scale. On the basis of the
to determine the anomeric configuration of the fucose amount of donor, we were able to obtain, after chromato-
released by the canine-L-fucosidase. After 5 min of  graphic purification on Bio-Gel P-2, transglycosylation
incubation only thex-anomer was detected (data not shown). products in yields of 13, 17, and 3%, respectively (Figure
This is direct evidence that the caninoeL-fucosidase has, 1).
like the P. maximusenzyme 28), a retaining type mecha- Addition of various organic cosolvents (acetone, DMSO,
nism. or poly(ethylene glycol)) and increasing the ratio of acceptor
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T
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T
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Ficure 1: Partial'H NMR spectra (400 MHz) covering the spectral region of the anomeric protons of the disaccharides obtained by
transglycosylation with (Ap-L-Fuc-O-Me, (B) 5-b-Gal-O-Me, and (C)$-p-Glc-O-Me (D,0O at 4°C).

to donor had no significant effect on the efficiency of the Fuorl — 3GIg8OMe, 20% Fual — 4GIlg3OMe, and 15%

reaction.

Fuaxl — 6GIgBOMe. Evidence of higher oligosaccharides

It has been argued that the hydrolytic activity of glycosi- was seen but due to the small amount of material obtained

dases is enhanced in the presence of deuterium o2gje (

no further structural analysis was performed.

In our case, no such effect was observed as we obtained a With 5-p-Gal-O-Me as the acceptor, structural analysis
similar ratio of hydrolysis/transglycosylation product using of the compounds obtained by transglycosylation showed that
deuterated or aqueous buffers (measured by integration ofa mixture of disaccharides linked1l — 2, a1 — 3 and

the 'H NMR spectra, data not shown).

ol — 6, in the ratio of 45, 42, and 13%, respectively, was

Structural Analysis of the Oligosaccharides Obtained by obtained (see Supporting Information). As with.-Fuc-O-

TransglycosylationWhen usingo-L-Fuc-O-Me as the ac-

Me, no fucoside with a 1,4-linkage was formed. Ofilyp-

ceptor, only disaccharides were isolated. The structural Glc-O-Me allows the substitution on C4 despite its poor
analysis of the disaccharides, performed by standard NMR properties as acceptor. These results show that bath
procedures (COSY, TOCSY, HSQC, HMBC), showed that fucosidases only catalyze substitution on primary hydroxyl

both fucosidases producedFuc-al — 2-L.-FucO-Me and
L-Fuc-al — 3-L.-Fuc-O-Me in a 45/55 ratio (Figure 1 and
Supporting Information).

Despite the low amount of products formed witp-Glc-

groups and on secondary hydroxyl groups in an equatorial
orientation. The orientation of the C-4 hydroxyl group in
p-p-Gal-O-Me andpj-p-Glc-O-Me seems also to influence
the ability of the fucosidases to transfer fucose to the C-6

O-Me (3% yield), we decided to investigate the structure of hydroxyl group as Furl — 6GIg5OMe is the least abundant
these compounds because of their biological significance anddisaccharide obtained, whereas &lic> 6GajjOMe is the
because most published data about the transglycosylatiormost abundant disaccharide obtained.

properties of fucosidases have been obtained using either In the case ofb-Gal-3-O-Me, as with b-Glc-5-O-Me,

glucose or glucose derivatives as acceptdgs-@7). Struc-

evidence of higher oligosaccharides was found, but, as the

tural analysis of the compounds synthesized by transglyco- transglycosylation reaction was more efficient, it was possible

sylation of 3-p-Glc-O-Me showed that a mixture of all the

to perform a complete structural analysis of the products

possible disaccharides was obtained (Figure 1 and Supportingormed. ESI-MS analysis showed that we obtained, based

Information). Indeed, not onlgl — 2 andal — 3 linked
disaccharides, but also disaccharides linkediIn— 4 and

on the molar ratios, 73% disaccharides, 20% trisaccharides,
and 7% tetrasaccharides, constituting eight different products

ol — 6, were synthesized. These products were obtainedin total (Figure 2 and Supporting Information). This means

with the following ratios: 45% Fuzl — 2GIgsOMe, 20%

that, despite the low concentration of the disaccharides
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FiGURE 2: (A) Partial'H NMR spectra (400 MHz) covering the spectral region of the anomeric protons of the different fuco-galactosides
obtained by transglycosylation wifliip-Gal-O-Me (D,O at 40°C), and (B) the ESI-MS analysis of the tetrasaccharide fractios-{Ma]*
655.6. The fragmentation pattern corresponding to the loss of two fucose units is represented.
formed (8.5 mM at the end of the reaction), compared to best example of this i$-2, which consisted of three fucose
the remaining acceptor~200 mM), the disaccharides units linked to one galactoside unit (Figure 3B).
undergo further transglycosylation events, leading to the Each of the tri- and tetrasaccharides obtained bear fucose
formation of trisaccharides (2.2 mM) and tetrasaccharides units with different linkage positions (Figure 4), indicating
(0.84 mM). that the regioselectivity of the-L-fucosidases is affected

With a very simple purification procedure, it was possible by the presence of a previous fucose unit. Furthermore, as
to obtain pure fractions of tri- and tetrasaccharides as in the case of the disaccharides, the tri- and tetrasaccharides
indicated by'H NMR spectra (Figure 2). Furthermore, the were formed upon the addition of a fucose unit either on
tetrasaccharidé&-1 was initially eluted from the chromato-  primary hydroxyl groups (C6) or on equatorial hydroxyl
graphic step as a pure compound (Figure 3A), wheTeas groups. It is worth noting that these exoglycosidases are able
was obtained as a mixture with-1 (Figure 3B). The to produce such highly branched structures despite the
structural analysis of these oligosaccharides revealed that weprobable steric hindrance that such compounds would
obtained not only linear, but also branched, structures. Thegenerate. Furthermore, the structural analysis reveals that the
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Ficure 3: HSQC spectra of the tetrasaccharide T1 (A), and of the tetrasaccharide mixture (T1 and T2) (B) with the assignment of the
relevant signals. The corresponding structures are shown in the inset (for full assignment see Supplementary Information).

disaccharid®-1, L-Fucal — 2-p-Gal{5-O-Me (Figure 4),

lectivity of the enzyme is directed by the structure of the

plays a key role, being the only structure able to lead to all acceptor and increases after each addition of a fucose unit.

the tri- and tetrasaccharides identified.

Indeed, theoretically, the trisaccharides recovered could be

What is apparent from our results is that the number of produced by addition of a fucose unit in position 2, 3, or 6
different structures decreases as larger structures are formean the various disaccharides. However, as no evidence for
(from three di- and trisaccharides to only two tetrasaccha- the synthesis of the trisaccharidd~uc-al — 3[Fuc-al —
rides) even though the number of theoretical structures 6]-p-Gal{3-O-Me was found and as all the trisaccharides bear

increases dramaticallyt8). This indicates that the regiose-

a 1— 2 linkage, it seems likely that all the trisaccharides
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Global yield Hydrolytic Properties of the Fucosidases toward the
121%  Fueol32Galf-0Me  Fucal>6Galp-0-Me Fucorl->36alf-0-Me Different DisaccharidesOur investigaton of the substrate
4-8% \“2'2% 127% specificity of both fucosidases toward fucosylated oligosac-
l \ l\ l charides from human milk (BL, 3FL, LNFPI, LNFPII)
v Fucal 1y rucel i3 (Table 1) indicates that, in addition to the nature of the
3.2%  Fucal Z3ruecl 32Galf-0-Me ¢ 8% g 2% glycosidic bond, the aglycon moiety of the oligosaccharide
322% ke B is important for the interaction with the enzyme. However,
\ / \ / because of the structural differences between these oligosac-
Il charides, we were not able to draw clear conclusions about
Fucod Fucod the linkage specificity of the fucosidases. Therefore, we used
1.2% Fucol> 3Fucal S 20018-0-Me Fucorl > 20a1p-0Me the different mixtures of isomers synthesized by transgly-
- R cosylation to obtain definitive information about the hydro-
4% Fucal  36% lytic specificity of thea-L-fucosidases.

FicURe 4: Enzymatic pathway of the fuco-galactosides. The arrows  For the fuco-galactoside and the fuco-glucoside disaccha-
indicate the different possible pathways, and bold arrows indicate rides, the most readily hydrolyzed compounds are those that
the most likely pathway. The relative yield of each compound is . . -
shown. areal — 2 linked. In both cases, thel — 2 linkage is
hydrolyzed 3 times faster than the other linkages (Table 3).
were derived fronD-1 by addition of a fucose unit, either ~ Even though thexl — 2 linked disaccharides are the most
in the 3- or 6-position. This hypothesis is also supported by abundant disaccharides in both mixtures (Figures 5 and 6),
the fact that we obtained a trisaccharide with the [ELie> under the incubation conditions used they are totally
3Fuc] motif (Tri-1) but not the [Fual — 2Fuc] motif. The hydrolyzed within 24 h. The other disaccharides are also
tetrasaccharides are then formed by the addition of a fucosesensitive to hydrolysis in the following order (most to least
unit on the 6-position ofTri-1 and Tri-3 and/or on the sensitive) 1,2-> 1,3- > 1,4- > 1,6- for both the fuco-
3-position of Tri-2 leading to compounds bearing strictly galactoside and fuco-glucoside disaccharides (Table 3). The
identical branches af-fucose (i.e.01 — 2, a1l — 3, and resistance to hydrolysis of the 1,6-linkage is well illustrated
al — 6). by the hydrolysis reaction performed on the mixture of fuco-

Fucol->2GalBOMe Fucal->6GalpOMe
Fucoal —)3GalBOMe\A j
UL

B-L-Fucose
1

JM

Ficure 5: Partial'H NMR spectra (400 MHz) covering the spectral region of the anomeric protons of the fucose-galactose disaccharides
incubated in the presence of canine -fucosidase (deuterated phosphate buffer, pD 7.2 &G0

o-L-Fucose

y
T=12H N\ M M

T=24H M M

T T T T T
5.4 5.3 5.2 5.1 5.0 4.9
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Fucal->2GlcfOMe

/ Fucal->4GlcfOMe
\ Fucal->6GlcfOMe

/

Fucal->3GlcfOMe

o-L-Fucose

|

Ficure 6: Partial'H NMR analysis (600 MHz) covering the spectral region of the anomeric protons of the fucose-glucose disaccharide
incubated in the presence of canine -fucosidase (deuterated phosphate buffer, pD 7.2 &G0

Table 3: Hydrolysis of Different Fucosylated Oligosaccharides by fast. Nevertheless, hydrolysis of these disaccharides was

the Caninen-L-Fucosidase much slower than that of the galacto- and gluco-derivatives
rate of rate of as efficient hydrolysis required 5-fold more enzyme. Under

disaccharide  hydrolysi§¢  disaccharides  hydrolysig these conditions, even after 48 h of incubation, the hydrolysis
Fuml—6GIBOMe 1 Fuol—6GaoMe 1 was incomplete. This probably reflects a better affinity of

Fual — 4GIgBOMe 1.3 the aglycon binding site for glucose or galactose and would
Fual — 3GIggOMe 1.6 Fual — 3GafOMe 13 explain why we did not obtain oligosaccharides higher than

Fual—2GIgfOMe 34  Fuel—2GafjoMe 3.3 disaccharides in the transglycosylation reactions with methyl

2The rate of hydrolysis was determined by integration of the NMR  a-L-fucopyranoside. Therefore, fucosidases are more active

signals from fucose H-10(5.250 4.95 ppm) and using the signa’ of _toward theaFuc — Glc andaFuc — Gal linkages, which
the 1,6-linked disaccharide as a reference. Each mixture of disaccharides . .
was incubated with 0.02 unit of canine-L-fucosidase in 0.1 M are their natural substrates, than toward éfic Fuc

deuterated phosphate buffer at 4D (see Experimental Section). linkage, which has never been reported in natural products
(30).
glucoside disaccharides (Figure 6). Indeed, duc— Several attempts have been made to link the synthetic and

6GIgBOMe is the least abundant disaccharide in the reaction hydrolytic properties of the-L-fucosidases. However, there
mixture at the beginning of the incubation and the only one are no simple correlations between these properties as the
disaccharide remaining after 48 h. This result is in agreementaccumulation of transglycosylation compounds is a balance
with the very low activity that both enzymes exhibit toward between transglycosylation and hydrolysis. Accordingly,
L-Fuc-a-O-Me, which to some extent mimics anl — 6 while we obtained the same amount of Bic— 2Gal-O-
linkage. Me and Fual — 6Gal-O-Me, this does not imply that the
Both fucosidases were also able to hydrolyze the fuco- transglycosylation reactions forming these compounds oper-
disaccharides (Figure 7) but did not exhibit any specificity, ate with equal efficiency. Indeed, when we investigated the
hydrolyzing theal — 2 andal — 3 disaccharides equally  hydrolytic properties of thex-L-fucosidases we found that
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Fucol->2FucaOMe
Fucal-)3Fuc0LOMe/
T=0

B-L-Fucose

v

o-L-Fucose

|

T =24H

Ficure 7: Partial'H NMR analysis (400 MHz) covering the spectral region of the anomeric protons of the fultmeese disaccharide
incubated in the presence of canine-fucosidase (deuterated phosphate buffer, pD 7.2 &G0

the 1,2-linkage is much more sensitive to hydrolysis. enzyme intermediate during catalysis and thus might catalyze
Therefore, to have obtained equal amounts of these twotransglycosylation reactions.

disaccharides it is ||ke|y that the efﬁciency of the tl’anSgly— Here we have demonstrated that both a canine and a

cosylation reaction forming the 1,2-linkage is higher. mollusk a-L-fucosidase are able to catalyze transglycosyla-
In an attempt to assess the influence of the size of the tion reactions with the same specificity for the acceptors and
oligosaccharide on the hydrolysis properties of the- for the linkages synthesized. Of particular note is that only

fucosidases, we incubated the canine fucosidase with an equgbrimary hydroxyl groups and secondary equatorial hydroxyl
amount of 2FL and Fuell — 2Gaj3-O-Me. Monitoring of  groups are able to endow transglycosylation reactions leading
the reaction by NMR (data not shown) demonstrated that exclusively to compounds with aa— e linkage configu-

the 2FL was hydrolyzed slightly more rapidly than the ration. Furthermore, thel — 2 linkage appears to be prefer-
corresponding disaccharide, despite the close proximity of entially formed as disaccharides with this linkage are either
a glucose unit. Therefore, it is not obvious that higher the, or one of the, major disaccharides formed, and this link-

oligosaccharides are less suitable substrates and that onlgge is present in all the tri- and tetrasaccharides recovered.
fucose and the penultimate monosaccharide residue are |, ability of somea-L-fucosidases to catalyze such

involved in the interaction with the enzyme. reactions has been demonstrated previously. To date, two
mammalian {7, 41, 43, 44), one mollusk 89), two moulds

DISCUSSION (39, 40, 42, 45), two bacterial 89, 47), and one archae

The results reported in this study show that, among bacterial 46) o-L-fucosidase, have been investigated. Despite
glycosidases, thei-L-fucosidases are a family with some the various conditions used (i.e., the addition of organic
particular and specific features. Our results indicate that the solvents, the donor/acceptor ratio, the amount of enzyme),
canine a-L-fucosidase, as all the othex-L-fucosidases  the results obtained in these studies were very similar to ours.
investigated thus far26—28, 37), is a retaining enzyme, Notably, all the oligosaccharides produced contained only
releasing only thex-anomer ofL-fucose. This implies that  a-linkages, providing further evidence for a retaining type
o-L-fucosidases are likely to form a covalent glycosyl- mechanism for thet-L-fucosidases.
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Furthermore, all these-L-fucosidases catalyze the forma- 5.
tion of a 1— 6 bond or (and) the formation of a glycosidic
bond with ana — e configuration. No one has reported the
transfer of fucose to C-4 of galactose, using enzymes of
eukaroytic or prokaryotic origin, confirming the selectivity

of a-L-fucosidases for equatorial secondary hydroxyl groups.

Nevertheless, our work is the first reportai_ -fucosidases
able to produce oligosaccharides higher than disaccharides.
Even if onea-L-fucosidase has been used for the synthesis
of trisaccharides47), it was only by the addition of one
fucose unit onto a disaccharide acceptor. Our results show
unambiguously that at least eukaroytie -fucosidases are
able to synthesize oligosaccharides up to tetrasaccharides, 10-
starting from monosaccharides. The enzymes predominantly
catalyze the addition of fucose onto the galactose unit leading
to highly branched oligosaccharides, which would be chal-
lenging to obtain by total synthesis. To the best of our
knowledge, no (wild-type) exoglycosidases have been re-
ported to catalyze the synthesis of branched oligosaccharides 12.
and only one thermophilic exoglycosynthase with branching
properties has been reportetb).

These results indicate that both fucosidases might have
higher affinity for the higher oligosaccharides. Indeed, despite
the low concentration of di- and trisaccharides obtained, at
the end of the reaction botirL-fucosidases catalyze further
substitutions on these oligosaccharides rather than on the
unsubstituted acceptor, which is-280-fold more abundant.
This leads us to propose a previously undescribed enzymatic
approach for the synthesis of various biological determinants

6.

8.

13.

14.

and novel branched fuco-oligosaccharides. Furthermore, it 16.

seems likely that the properties we describe here will be
found with other eukaryotic fucosidases as we obtained

identical results using a mammalian and a mollusk enzyme. 17.

In conclusion, our results show that.-fucosidases have
common properties, which are in agreement with their CAZy
classification in one family. Under our experimental condi-
tions, it was possible to perform the synthesis of various and
complex oligosaccharides with new structures on a prepara-
tive scale. This represents a valuable approach as the
a-glycosynthase approach is still in its infan&0f and an
attempt to develop a fucosynthase was not succesdul (
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