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bstract

The enzymatic synthesis of the Tn antigen (GalNAc-�-O-Ser), a glyco-aminoacid of great biological importance, is reported. The reaction
as promoted by commercial �-N-acetylgalactosaminidase from Acremonium sp., using p-nitrophenyl-�-N-acetylgalactosamine as the donor. The
inetics were monitored by capillary electrophoresis and LC–UV-MS. For unprotected serine, the role of pH and temperature was investigated,
nding that pH 5 and T = 18 ◦C gave the best yield. Under these conditions a significant increase of the reaction rate was observed in comparison

ith previous literature data, using unprotected serine. The role of the bulkiness of the serine protecting groups on the yield was additionally

onsidered, as well as the kinetic profiles generated by the use of two differently protected aminoacids. By proper choice of the protecting group,
he reaction yield then increased from 5% (with unprotected serine) to about 50% (with N-Boc and N-methoxycarbonyl serine).

2007 Elsevier B.V. All rights reserved.
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. Introduction

Researchers show an ever-increasing interest in the role
layed by oligosaccharides in countless biological processes
1–5]. Glycosylation alterations can be a significant marker of a
odification of the patient conditions [6], and in particular some

f them are strictly related with the occurrence of neoplastic
rocesses [1,4,7–10]. Preparation in laboratory of biologically
ctive saccharides provides sufficient amount of the compounds
or the investigation of their role in the biological processes
n which they are involved and for developing of vaccines and
argeted drugs.

Tn antigen (GalNAc-�-O-Ser), a tumor-associated oligosac-
haride typically expressed by breast cancer cells [11] is the

implest of these altered structures, but it is extremely important
or its predictive value and for the possibility to use it as a build-
ng block for the synthesis of more complex oligosaccharides.
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acromolecular Chemistry, University of Trieste, via L. Giorgieri 1, 34127

rieste, Italy. Tel.: +39 040 3757842; fax: +39 040 3757831.
E-mail addresses: coslovi@bbcm.units.it,

nna.coslovi@bracco.com (A. Coslovi).

a
p
n
t
o
i
g

s

381-1177/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.molcatb.2007.01.005
y electrophoresis of oligosaccharides

Among the possible preparative routes for the synthesis of
ligosaccharides and their derivatives, enzymatic synthesis is
ncreasingly being used because of the high regioselectivity, the
ossibility to use environmentally friendly aqueous solvents, and
he relatively simple composition of reaction mixtures, which
mplies simpler purification routes. For the enzymatic synthe-
is of O-glycosides, glycosyltransferases are probably the most
owerful tools, but their extreme specificity and the high cost of
he required substrates (NDP-sugars) make them less applicable
or large-scale preparative applications.

From a practical point of view, the use of glycosidases for
ransglycosylation reactions is more interesting. These enzymes
sually act as hydrolases; however, they are versatile inasmuch
s they can be forced to transfer a sugar donor to a suitable
cceptor, upon choosing optimal experimental parameters like
H and temperature [12,13]. It is to be remarked that the mecha-
ism underlying the enzymatic reactivity does not change. After
he breaking of the glycosidic bond, the addition to a nucle-
phile takes place: in the hydrolysis case to a molecule of water,

n the transglycolytic case to an acceptor with a free hydroxyl
roup.

Despite the increasing interest for the enzymatic synthe-
es promoted by glycosidases, only few works describe the
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studies using N-methyloxycarbonyl-l-serine methyl ester were
carried out in isocratic conditions (70% A, 30% B, A: 5 mM
CH3COONH4/CH3COOH, pH 3.5, B: CH3OH); ESI-MS was
carried out using both TIC and SIM, set at m/z equal to 381

Table 1
HPLC Gradient for kinetic studies using N-Boc-l-serine methyl ester as the
acceptor

T (min) 0 8 20 28 30 36
A. Coslovi et al. / Journal of Molecular

nzymatic synthesis of glyco-aminoacids, in contrast to the
ide literature concerning chemical strategies for the prepara-

ion of these relevant compounds [14,15]. This discrepancy can
e attributed to the low reactivity of the hydroxyl group of serine
nd threonine with respect to the enzymatically induced trans-
er of glycosyl donors. Such drawback is counterbalanced by
he excellent stereoselectivity of the enzymatic synthesis, which
ives rise only to the desired anomer. A few examples have
een reported in literature regarding the enzymatic synthesis of
n antigen [14,16]. Johannson et al. [17] reported the use of
-acetyl-galactosamine as the donor, serine as the acceptor and
-N-acetylgalactosaminidase from bovine liver as the promoter;

he best yield, which was reached after 6 days, turned out to be
qual to 4%. More recently, it was shown [18] that the use of
ctivated donors like 4-nitrophenyl N-acetyl-�-galactosaminide
s well as the use of N-alkyloxycarbonyl serine ester deriva-
ives as the acceptors significantly improved the performances
f Tn synthesis promoted by �-N-acetylgalactosaminidase from
. oryzae. In particular, the reaction was noticeably faster and
ore productive (yield up to 40%) upon decreasing the size or

ulkiness of the serine alkyloxy group.
We decided to explore the activity of �-N-acetylgala-

tosaminidase from Acremonium spiriferum, a commercially
vailable enzyme, so-far never used for the synthesis of such
ind of molecules. The enzymatic activity was studied in detail
y monitoring the kinetics with different analytical approaches.
he enzyme was tested with unprotected serine as the accep-

or using either �-N-acetylgalactosamine (“reverse hydrolysis”)
r its p-nitrophenyl derivative (“transglycosylation”) as donor;
significant increase of the reaction rate in comparison with

revious literature data was obtained in the latter case. On the
ontrary, the yield practically did not increase, remaining lower
han 5% for both reactions.

Since previous works have demonstrated that the yield of the
nzymatic synthesis of glyco-aminoacids can be improved by
uitably protecting carboxyl- and amino-group of the acceptor
19,20] we have carried out a systematic study of reaction yield
s function of different protecting groups. In comparison with
nprotected serine, the use of protecting groups produced a yield
ncrease up to 12-fold.

. Materials and methods

.1. Materials

N-Acetyl-�-d-galactosamine (GalNAc), 4-nitrophenyl-N-
cetyl-�-d-galactosamine (GalNAc-pNP), l-serine, 9-fluore-
ylmethyl-chloroformate chloride (Fmoc-Cl), sodium tetrab-
rate (borax) and methanol were purchased from Sigma
St. Louis, MO, USA); �-N-acetylgalactosaminidase from A.
piriferum was purchased from Seikagaku (Tokyo, Japan);
tandard GalNAc-�-O-Ser was purchased from Calbiochem-
WR, ammonium acetate, acetonitrile, sodium bicarbonate,
odium dodecyl sulphate (SDS), sodium hydroxide and acetic
cid were from Merck (Darmstadt, Germany); N-Boc-l-serine
ethyl ester, l-serine methyl ester hydrochloride, methyl-

hloroformate, potassium carbonate anhydrous and chloroform

%
%

M
C
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ere from Fluka (Buchs, Switzerland); dioxane was from
ldrich (St. Louis, MO, USA).

.2. Capillary electrophoresis

Capillary electrophoresis experiments were carried out using
Hewlett-Packard HP 3DCapillary electrophoresis system

diode array UV detector). The experimental conditions for
icellar Electro Kinetic Capillary chromatography (MEKC)
ere the following: buffer, 25 mM borax + 100 mM SDS; tem-
erature, 25 ◦C; voltage, 15 kV; UV detection at 195 nm and
60 nm; fused silica capillaries were from Agilent Technolo-
ies (L = 80.5 cm; l = 72 cm; i.d. = 50 �m; extended light path).
efore sample injection (50 mbar × 6 s), a 4-min wash with the

unning buffer was necessary, which had followed a 2-min wash
ith 0.1 M sodium hydroxide (pressure: 950 mbar). Quantifica-

ion was carried out by using peak areas divided by migration
ime [21].

.3. Mass spectrometry

Electrospray mass spectrometry (ESI-MS) was performed
sing an ion trap mass spectrometer (model DecaXP, Ther-
oFinnigan, San Jose, CA, USA), operating in positive

onization mode (+4.5 kV). The sheath gas (N2) flow was
ypically equal to 0.23 L/min. The temperature of the heated
apillary was set at 240 ◦C. Flow-injection studies were car-
ied out with a flow equal to 3 �L/min. High performance
iquid chromatography coupled with UV and mass spectrome-
ry detectors (HPLC–UV-MS) was carried out upon connecting
he mass spectrometer to a Surveyor ThermoFinnigan HPLC
ystem, equipped with a MS pump, an autosampler and a
DA detector. XCalibur (ThermoFinnigan) data system soft-
are (version 1.3) allowed the instruments control as well as
ata acquisition and processing. Kinetic studies using protected
erine as the acceptor were carried out by HPLC–MS, with a
orbax SB-Phenyl column (3.0 × 2.50 mm, 5.0 �m) (Agilent).
ll the separations were performed at ambient temperature

Flow: 200 �L/min, injected volume: 10 �L). When using N-
oc-L-serine methyl ester, the gradient depicted in Table 1
as applied; electrospray mass spectrometry was carried out
sing both total ion current (TIC) monitoring and single ion
onitoring (SIM), set at m/z equal to 423 ([M + H]+). Kinetic
A 97 97 10 10 97 97
B 3 3 90 90 3 3

obile phase—Eluent A: 5 mM CH3COONH4/CH3COOH, pH 3.5; Eluent B:
H3OH.
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[M + H]+). Quantification was achieved by evaluating peak
reas from SIM data.

.4. Nuclear magnetic resonance

Nuclear magnetic resonance was carried out on a JEOL ECX
400 MHz) spectrometer. The solvent was deuterated water.

Selected 1H-NMR data for Tn antigen obtained with unpro-
ected serine: δ 4.88 (d, 1H, J = 10.0 Hz, H-1); δ 4.12 (d, 1H,
= 6.5 Hz, Ser H-�); δ 4.08 (d, 1H, J = 10.8 Hz, H-2); δ 4.00 (dd,
H, J = 10.9 Hz, H-4); δ 3.99 (dd, 1H, J = 3.0 Hz, H-3); δ 1.98 (s,
H, NHAc). Assignments were confirmed by comparison with
iterature data [14].

.5. Synthesis of N-methyloxycarbonyl-l-serine methyl
ster

N-methyloxycarbonyl-l-serine methyl ester was prepared
pon reaction of serine methyl ester (0.84 mmol, 3 mL acetone)
ith methyl chloroformate (4 equiv.) and potassium carbonate

nhydrous (6 equiv.) for 12 h under reflux; after solvent evapo-
ation, methanol containing sodium hydroxide (4%) was added
nd the mixture was stirred at ambient temperature for 2 h;
nally, methanol was removed and the product was recovered

n water and then extracted with chloroform [22] (yield 50%).

.6. Kinetics of the enzymatic synthesis of Tn antigen

Each kinetic study was repeated three times; therefore, the
eported kinetic studies correspond to average molar yields ver-
us reaction time.

(a) Kinetic studies using GalNAc as the donor (reverse hydrol-
ysis) and unprotected serine as the acceptor

0.023 mmol of GalNAc and 0.046 mmol of serine were
dissolved in 200 �L of 50 mM ammonium acetate buffer
pH 5.0. 0.6 U of enzyme were added and the solution
was incubated at 37 ◦C. During incubation, 25 �L of reac-
tion mixture were collected at defined time intervals,
diluted with 225 �L of water, heated in a boiling water
bath for 10 min and then immediately cooled in ice. The
aliquots were then freeze-dried. Every aliquot was deriva-
tized with 9-fluorenylmethyl-chloroformate (Fmoc): the
freeze-dried sample was recovered with 40 �L of a satu-
rated sodium bicarbonate aqueous solution and 40 �L of
Fmoc-Cl (0.4 mmol) in dioxane were added. The mixture
was stirred overnight at room temperature and centrifuged
at 10,000 rpm (microcentrifuge 4214 ALC International,
Milan, Italy). To draw the kinetic profile of the enzymatic
synthesis, the supernatant was then analyzed by MEKC-UV.

b) Kinetic studies using GalNAc-pNP as the donor (transgly-
cosylation) and unprotected serine as the acceptor
0.028 mmol of GalNAc-pNP and 0.048 mmol of serine
were dissolved in 1.0 mL of 50 mM ammonium acetate
buffer (pH 4.0, 5.0 and 6.0). After complete solubilization
0.6 U of enzyme were added and portions of the solution

b
G
d
d

lysis B: Enzymatic 45 (2007) 128–134

were incubated at 18, 37 or 55 ◦C. The aliquots were ana-
lyzed as described in the above paragraph.

(c) Kinetic studies using N-protected serine methyl ester as the
acceptor

N-Boc serine methyl ester or N-methyloxycarbonyl serine
methyl ester. 0.028 mmol of GalNAc-pNP and 0.045 mmol
of protected serine were dissolved in 1.0 mL of 50 mM
ammonium acetate buffer (pH 5.0). After complete solu-
bilization 0.6 U of enzyme were added and portions of the
solution were incubated at 18, 37 or 55 ◦C, respectively. Dur-
ing incubation, 25 �L of reaction mixture were collected at
defined time intervals (see results), diluted with 225 �L of
water, heated in a boiling water bath for 10 min and then
immediately cooled in ice. The aliquots were then freeze-
dried and recovered in water (265 �L). To draw the kinetic
profile of the reaction, the aliquots were monitored without
pre-treatment by HPLC–MS.

d) Scale-up
After the optimization of the reaction conditions, a scale-

up of the syntheses at points (b) and (c) was carried out, by
simply using 10× volumes and amounts of the reactants.
At the time corresponding to the maximum yield (5 h for
the reaction with N-methyloxycarbonyl serine methyl ester
and 10 h for N-Boc serine methyl ester), the enzyme was
inactivated by heating in a boiling water bath for 10 min,
then the reaction mixture was purified by gel filtration chro-
matography on two serial columns (2.0 cm × 100 cm each)
of Bio Gel P2 (Bio-Rad, Hercules, CA, USA) equilibrated
in water. The flow was set at 4 mL/h. The fractions contain-
ing the pure product were identified by electrospray mass
spectrometry and proton nuclear magnetic resonance.

. Results and discussion

.1. Unprotected serine

Notwithstanding the relatively low yield expected with the
se of native serine as the acceptor [17], still the synthesis of
n antigen using unprotected serine (Scheme 1) was initially
xplored for two main reasons. First, the product achieved by
his approach would not have to be subjected to deprotection
eactions, which are necessary to get the native Tn when using
rotected serine; this implies that no product loss associated with
hese processes would occur. Secondly, no previous use of �-
-acetylgalactosaminidase from Acremonium sp. for promoting
n synthesis has ever been reported.

Kinetics of the reaction were studied by analyzing aliquots
t different reaction times by MEKC-UV. This technique is
deal for the analysis of low quantities of product (the injected
mounts were in the order of nL), and a method has been settled
o obtain a good resolution of peaks. Since the product is not
ffectively detected by UV lamp, the derivatization with Fmoc
as necessary. The identity of the product was then confirmed

y co-injection of purified standard (a commercial sample of
alNAc-�-O-Ser derivatized with Fmoc following the proce-
ure described above) and by flow-injection ESI-MS, which evi-
enced the presence of a peak at m/z equal to 519, corresponding
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Anyway, there are some relevant differences. The most evident

F
E

cheme 1. Enzymatic synthesis of Tn antigen using GalNAc (R H) and GalNA
s the acceptor (R′ Boc, R′′ Me; R′ methyloxycarbonyl, R′′ Me).

o [M + H]+. The activated donor, i.e. GalNAc-pNP, was tested
rst in view of its well-known efficiency as a leaving group. After

he assessment of the conditions for the monitoring of kinetic
rofiles, an accurate analysis of the best experimental condi-
ions, namely pH and temperature, was carried out. In particular,
study of the reaction yield as a function of pH was performed
t 18 ◦C (the enzyme is reported to be more stable at this tem-
erature), in the known range of enzyme stability (pH 4.0–6.0).
he best results were found at pH 5.0. At pH 6.0 no formation of

he product could be noticed, while at pH 4.0 (Fig. 1) the prod-
ct was obtained in small amount and electropherograms show a
ich pattern of peaks, due to the presence of many side-products.

Three different temperatures have been investigated (18, 37
nd 55 ◦C, respectively).

The kinetic curves (Fig. 2) show an increase of the yield
s a consequence of the decrease of the temperature of incu-
ation. Upon increasing temperature, the peak moves toward
horter times of incubation: it is likely that at high temperature
he enzyme reacts too fast and its hydrolytic activity induces the
egradation of the product before it can accumulate.

It is interesting that at 37 ◦C the kinetic profile shows two dis-
inct peaks. An explanation for this behaviour could be that at this
emperature there is the formation of one or more intermediate
roducts (like for instance, GalNAc–GalNAc-pNP, the presence

f which was detected in the reaction mixture by HPLC–MS)
hat can act as the donor when GalNAc-pNP is completely
ydrolyzed. This point, however, deserves a further investigation
o better assess the origin of the phenomenon.

i
f
6

ig. 1. Electropherograms of Tn antigen synthesis mixture using unprotected serine a
xperimental conditions are reported in Section 2. Arrows indicate the product.
ig. 2. Dependence on the reaction time of the molar yield of Tn antigen syn-
hesis at pH 5.0. Unprotected serine as the acceptor at 18, 37 and 55 ◦C.

Even under optimal experimental conditions (18 ◦C, pH 5.0),
he yield of the synthesis (5%) was not practically improved
ith respect to that previously reported by Johansson et al.

4%), who used �-N-acetylgalactosaminidase from beef [17].
s the reaction time, which with �-N-acetylgalactosaminidase
rom Acremonium sp. was only 25 h, in comparison with the

days needed to obtain the same result with the enzyme

s the acceptor after 15 h of reaction at: (A) pH 4.0, (B) pH 5.0 and (C) pH 6.0.
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rom beef liver. Moreover, the temperature needed for �-N-
cetylgalactosaminidase from beef liver to get some production
n a reasonable time is 50 ◦C, while the reaction here reported
oes not need such a high temperature value. Besides the dif-
erent origin of the enzyme, a possible reason for the present
ood results is represented by the use of an activated donor,
.e., GalNAc-pNP, which, owing to the p-nitrophenyl leaving
roup, is well-known to improve the efficiency of a saccha-
ide moiety transfer on the acceptor molecules [1,18,23]. This
ypothesis is confirmed by the results presently obtained with
he non-activated donor (i.e., N-acetylgalactosamine) at pH 5.0
nd T = 37 ◦C. In this case, the product of the reaction could very
ardly be detected, due to its low concentration. Indeed, from a
EKC-UV monitoring of the Fmoc-derivatized synthesis mix-

ure, Tn antigen was shown to be obtained with a yield lower
han 1% even after 72 h incubation. This result is not surpris-
ng in view of the known difficulty in obtaining a satisfactory
ield in reverse hydrolysis reaction: it was decided to perform
he experiment anyway for comparative reasons.

.2. Protected serine

Among the numerous works reporting the advantageous
ncrease of yield by using protecting groups on the aminoacidic

oiety, some report the effect of N-protecting groups on ser-
ne methyl ester for the synthesis of Tn antigen promoted by

-N-acetylgalactosaminidase from A. oryzae [18]. A decrease
f the bulkiness of the N-protecting moieties was shown to
ncrease the yield, up to 40% (on molar basis). In these
orks, however, there is not a direct comparison with the

b
m
T
a

ig. 3. HPLC–ESI-MS analysis of Tn antigen synthesis at the maximum of reaction
xperimental conditions are reported in Section 2. Left side: N-Boc serine methyl este

he peak having a retention time equal to 24.11 min. Right side: N-methyloxycarbonyl
orresponding to the peak having a retention time equal to 7.17 min.
ig. 4. N-Boc serine methyl ester (full curve) and N-methyloxycarbonyl serine
ethyl ester (dotted curve) as the acceptor, respectively (both at 37 ◦C).

esults obtained with unprotected acceptor and no details on
he kinetics are provided. In order to clarify the behaviour of
-N-acetylgalactosaminidase from Acremonium sp. and, hope-

ully, to further improve the synthesis yield, kinetic studies
ere performed using N-Boc serine methyl ester and N-
ethyloxycarbonyl serine methyl ester as the acceptor. Despite

ts apparently disadvantageous steric hindrance, N-Boc group
an be more easily and effectively removed with respect to less

ulky moieties, like the N-methyloxycarbonyl analogue [22];
oreover, N-Boc serine methyl ester is commercially available.
he use of N-methyloxycarbonyl serine methyl ester as the
cceptor was also explored for comparison, in order to check

at 37 ◦C at pH 5.0. The arrow indicates the peak associated with the antigen.
r as the acceptor (A) Chromatogram, TIC; (B) mass spectrum corresponding to
serine methyl ester as the acceptor (C) chromatogram, TIC; (D) mass spectrum
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ig. 5. Analysis ESI-MS of the products recovered after gel filtration chromato
B) N-methyloxycarbonyl serine methyl ester (MW 380 gmol−1) in the mg-scal

f the N-protecting group structure influenced the yield of Tn
ynthesis promoted by �-N-acetylgalactosaminidase from Acre-
onium sp. in the same way as the reported enzyme.
Kinetic studies were carried out as a function of temperature

18 and 37 ◦C, respectively), while pH was kept constant at 5.0.
HPLC–ESI-MS was used to monitor the synthesis course, due

o the good ESI-MS response of the protected product and the
mpossibility to derivatize it with a cromophore. Fig. 3A, shows
he chromatographic profile (TIC) of the reaction mixture after
0 h at 37 ◦C, while panel B reports the ESI-MS spectrum of the
eak at retention time equal to 24.11 min, which demonstrated
he successful formation (see peak at m/z 423, [M + H]+) of the
roduct. The kinetics of the reaction at 18 ◦C was also studied,
nd an opposite behaviour with respect to that of the unprotected
erine: in this case an increase of temperature causes a yield
ncrement.

The use of N-methyloxycarbonyl serine methyl ester was also
nvestigated (Scheme 1), in order to verify the effect of the size of
erine N-protecting group on the Tn synthesis yield. Again, the
ood ESI-MS response of the protected product without the need
f derivatization allowed the reliable monitoring of the synthesis
ourse by HPLC–ESI-MS. Fig. 3C shows the chromatographic
rofile (TIC) of the reaction mixture after 3 h at 37 ◦C, which
as found to be the optimal temperature also using this acceptor.
ig. 3D reports the ESI-MS spectrum of the peak at retention

ime equal to 7.17 min, which demonstrated the successful for-
ation of the product (see peak at m/z 381, [M + H]+ and m/z

83, [2M + Na]+).
The best results were obtained for both reactions at 37 ◦C,

H 5.0. Fig. 4 reports the kinetic profiles of the reactions carried
ut with the two differently protected serine molecules in these
onditions.

The values of analytical molar yield (50%) and reaction time
3 or 9.5 h for the N-methyloxycarbonyl and for the N-Boc
erine derivatives, respectively) were particularly advantageous

ith respect to those previously reported [17,18]. It is notice-

ble that the kinetic curve of the synthesis carried out using
-methyloxycarbonyl serine methyl ester is characterized by the
resence of a plateau; it is therefore possible to deduce a poor

y
N
o
s

y of the reactions with (A) N-Boc serine methyl ester (MW 422 gmol−1) and

ydrolytic action of the enzyme on the produced Tn antigen
erivative, at variance with the N-Boc case.

Given the very similar amount of achievable Tn antigen
ith the two derivatives, the different time-profiles of the yield
emonstrate that, in the case of N-acetylgalactosaminidase from
cremonium sp., the bulkiness of the serine N-protecting group
lays a much more important role as to the hydrolytic step than
oward the transglycolytic one.

.3. Scale-up

The scale-up to the mg-scale was performed for the optimized
eactions.

When using the two protected serines, an incomplete sol-
bilization of the aminoacid was observed in the first stages
f the kinetics, which tends to disappear during the conver-
ion into the product. Apparently this problem does not affect
he reaction yield: this was evaluated gravimetrically after gel-
ltration chromatography. Fig. 5 reports the ESI-MS spectra of

he eluates and shows that the pure product is recovered. The
ravimetric yields resulted to be approximately 10% lower than
he analytical yields.

. Conclusions

We have demonstrated by the use of various analytical tech-
iques (MEKC-UV, HPLC–UV-MS) that an easily available
nzyme, such as �-N-acetylgalactosaminidase from Acremo-
ium sp., can be an efficient promoter of the synthesis of
lycoaminoacids, by using an activated donor (e.g., GalNAc-
Np) and a conveniently protected aminoacid. As to the latter
oint, it was possible to obtain a high analytical yield (50%)
ith a 12-fold increase with respect to the use of unprotected

erine; correspondingly, the yield of the reaction carried out
ithout leaving-groups on the donor was lower than 1%. A

ield as high as 50% is quite unusual for reactions involving
-acetylgalactosamine using low concentrations of enzyme and
f the donor. The bulkiness of the protecting groups did not
ignificantly affect the maximum reaction yield, whereas it was
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