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Hydrolase-catalyzed S-mannosylations
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Transmannosylations catalysed by B-mannosidase from snail viscera or B-galactosidase from Aspergillus oryzae were
accomplished with 4-nitrophenyl B-b-mannopyranoside as donor substrate. With suitable hydrophobic acceptor molecules
preferentially Bl-4-linked disaccharides were obtained. The activities of both glycosidases in buffer cosolvent mixtures
were determined, and conditions for their immobilization were elaborated and optimized. A model of the enzymic transfer

mechanism is suggested.
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Abbreviations: DMF, dimethyl formamide; DMSO, dimethyl sulfoxide; Glyp, glycopyranosyl; GlypOMe, methyl glycopyrano-
side; GlypOpNP, 4-nitrophenyl glycopyranoside; TMS, tetramethyl silane; ax, axial; eq, equatorial

Introduction

Whereas the formation of 1-2-cis-linked glycosides remains
generally difficult, several attractive routes for the chemical
synthesis of f-mannopyranosides have been introduced.
Also some attempts which use enzymes for this purpose
have been reported. By radioactive assays Flitsch et al.
monitored f-mannosyl transfer catalyzed by mannosyl-
transferase [1]. We have described the formation of
f-mannopyranosides on a preparative scale by the use of
p-mannosidase from snail viscera (EC 3.2.1.25) [2] and also
of f-galactosidase from Aspergillus oryzae (EC 3.2.1.23) [3].
Here we report on further studies with both f-mannosylat-
ing glycosidases. The yield of transfer products was opti-
mized by the use of organic cosolvents and the influence of
immobilization on transmannosylations was studied. By
employing deoxygenated carbohydrates as acceptors the
formation of excessive products was avoided. In addition to
preparative goals, correlations between the properties of the
acceptor molecule and the resulting transfer products was
of interest for information concerning details of the enzy-
matic transfer mechanism.

Materials and methods

p-Mannosidase (EC 3.2.1.25; from snail viscera) and
p-galactosidase (EC 3.2.1.23; from Aspergillus oryzae, grade
XI, standardized with starch) were purchased from Sigma,

*To whom correspondence should be addressed.

Germany. Immobilizations were accomplished on CNBr-
activated Sepharose 4B or on activated CH-Sepharose 4B
(Pharmacia). Transfer reactions with f-mannosidase were
incubated at pH 4.0 (0.1 m sodium citrate), with fS-galac-
tosidase at pH 5.0 (0.05 M sodium citrate, 0.05 M sodium
phosphate). All reactions were monitored by (TLC) on silica
gel FG,s4 (Merck, Germany; solvent: 2-propanol/ethyl
acetate/water 4:7:2) with detection by UV light and char-
ring with sulfuric acid at 130 °C. Free enzymes were deac-
tivated by heating to 90 °C for 5 min. 4-Nitrophenol was
removed by irreversible attachment to ion exchange resin,
Dowex 1 x 8 (2x 10 cm, Cl™ form; Serva, Germany; solvent:
water) from the incubation mixtures. Gel permeation
chromatography was performed on Fractogel TSK HW-40
(2 x 80 cm, Merck, solvent: water) or Biogel P-2 (2 x 110 cm,
Bio-Rad, Germany, solvent: water). The flow rate was
regulated by a perestaltic pump P 3 (Pharmacia). Peracety-
lated disaccharides were separated by flash chromatogra-
phy on Silica gel 60 (200—400 mesh; Merck) or by HPLC
(column: Nucleosil 100, 5pm, 250 x 10 mm; Knauer,
Germany; HPLC-pump 64 and differential refractometer
88; Knauer; eluent: petrol ether/ethyl acetate 5:6). A
Beckman DU-62 spectral photometer was used for quanti-
tative measurement of 4-nitrophenol. "H NMR spectra were
recorded with a Bruker AMX-400 (400.13 MHz) instrument.
To prove the f-configuration of the transfer products
13C NMR spectra (100.67 MHz, internal standard: TMS) of
compounds 8 and 13 were measured, and the J¢_; - coup-
ling constants were determined by gated decoupling experi-
ments [15]. For assignment of signals COSY experiments
were performed. Spectral data are listed in Tables 1-4.
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Table 1. *H NMR data of peracetylated glycobiosides
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Chemical shift 8/ppm Manal- Glcp1- Glcp1- Manp1- Manp1- Ara Manp1-
(Coupling constant J/Hz)  6Manal- 6Glcal- 6Glcal- 4Manal- 2Glcal- 4 Ara
OMe OMe OMe OMe OMe
(5Ac) (6Ac) (7Ac) (8Ac) (9Ac) (10Ac) (12Ac)
Reducing hexose
H1 4.69 4.93 4.92 4.65 4.82 3.45/ 3.45/
(J1.2) (1.5) (4.0) (3.8) 2.7) (3.5) 3.97° 3.972
H2 5.24 4.84 4.84 5.28 3.69 1.75/ 1.72/
(J2:3) (3.0 (10.0) (10.0) (3.5) (10.2) 2.03% 2.06%
H3 5.35 5.48 5.46 5.39 5.35 4.91 5.04
(J3,) (9.5) (9.6) (9.5) (9.8) (9.6) (7.0) (9.5)
H4 5.25 5.00 4.91 3.98 4.91 4.90 3.66
(J4:5) (10.0) (10.0) (8.5) (10.0) (10.0) (9.0) (9.5)
H5 3.94 3.98 3.95 3.90 3.90 3.46 3.46
(Jes6r) (10.7) (11.2) (11.0) (12.0) (12.2) (12.0) (12.0)
H6S 3.57 3.55 3.91 4.33 4.00 4.03 4.35
(Js65) (2.5) (2.4) (2.0 (2.5) (2.2) (2.0 (2.5)
H6R 3.78 3.74 3.55 4.28 4.20 4.17 4.16
(Js:6r) (5.8) (5.8) (6.5) (5.5) (4.5) (5.0 (4.5)
OMe 3.42 3.43 3.39 3.37 3.37
Non-reducing hexose
H1’ 4.87 5.12 4.55 4.72 4.66 4.74
(J12) (1.5) (4.0) (8.0) (2.0 (1.2) (2.0
H2' 5.28 4.86 5.01 5.41 5.34 5.41
(J2:3) (3.2) (10.0) (9.5) (3.5) (3.2) (3.0
H3’ 5.34 5.47 5.21 5.04 4.94 5.04
(J3:4) (9.5) (9.6) (9.5) (10.0) (10.2) (10.0)
H4' 5.29 5.05 5.08 5.20 5.15 5.21
(Ja5) (9.6) (10.0) (10.0) (10.0) (10.2) (9.5)
H5’ 4.09 4.10 3.70 3.64 3.56 3.63
(Jes6r) (12.2) (12.7) (12.5) (12.5) (12.0) (12.0)
H6S’ 4.14 4.11 4.13 4.11 4.11 4.11
(Js6s) (2.2) (2.3) (2.5) 2.7) (3.0 (3.0
H6R’ 4.26 4.23 4.28 4.29 4.12 4.33
(Js-6r) (5.1) (5.0 (4.5) (5.5) (5.0 (5.5)
OAc 2.16/2.16/ 2.11/2.10/ 2.09/2.07/ 2.17/2.14/ 2.10/2.08/ 2.03/ 2.18/2.13/
2.11/2.06/ 2.08/2.05/ 2.05/2.03/ 2.13/2.09/ 2.03/1.98/ 1.97/ 2.09/2.09/
2.04/1.99/ 2.02/2.01/ 2.02/2.00/ 2.05/2.04/ 1.96/1.94/ 1.96 2.04/1.99/
1.98 2.00 1.99 1.99 1.92

asequence: 5(Haxial)/é(Hequatorial)- COUP””Q constants: (Jlax;leq) =12.0; (Jlax;zax) =12.0-125; (Jlax;Zeq) =2.0; (Jleq;zax) =5.0; (Jleq;Zeq) =1.0-1.5;

(Jaaxzeq) = 12.5-13.0; (Jpaxz) = 9.0; (Jzeq:2) = 5.0 Hz.

Activity of f-mannosidase in cosolvents buffer
mixtures

A 45 pl aliquot (0.25 U) of the f-mannosidase suspension
was made up to 1 ml with buffer (pH 4.0) and cosolvent
and shaken at room temperature. Every other hour 0.2 ml of
this mixture was added to a solution of ManOpNP (1;
0.1 umol) in buffer (0.8 ml, pH 4.0). Ten minutes later 0.2 ml
were diluted with aqueous sodium carbonate (0.5 ml, 0.1 m)
and water (0.8 ml), and the extinction was measured at
400 nm.

Activity of f-galactosidase in cosolvents buffer
mixtures

A suspension of f-galactosidase in buffer (20 ul, 5 U)
was added to 3.0 ml of solvent mixtures (buffer: pH 5.0;
cosolvent). Every other hour 0.4 ml of the incubation mix-
ture was added to a solution of 2-nitrophenyl p-p-galac-
topyranoside in buffer (1.1 ml, 5 pmol, pH 5.0). After 10 min
50 ul were diluted with aqueous sodium carbonate (0.5 ml,
0.1 M) and water (0.95 ml), and the extinction was measured
at 410 nm.
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Table 2. *H NMR data of 4-nitrophenyl glycobiosides
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Chemical shift Manp1- Manal- Manp1- Glcal- Manp1-
&/ppm (Coupling OpNP OpNP 4Manp1- 6Manp1- 4Manp1-
constant J/Hz) OpNP OpNP OpNP
1) (1a) (13) (15) (17)
Reducing hexose
H1 5.56 5.82 5.60 5.61 5.83
(J1:2) (<1.0) (2.0) (<1.0) (<10 (1.5)
H2 4.28 4.25 4.36 4.30 4.32
(J2:3) (3.1 (3.6) (1.6) (4.0) (3.6)
H3 3.82 4.12 4.00° 3.83° 4.27
(Jz.0) (9.1) (9.7) 9.7) (9.2)
H4 3.74 3.81 3.80 3.83 4.05
(Jas) (9.6) (10.2) (9.7)
H5 3.65 3.69 4.012 3.83 3.80°
(Jes:6r) (12.7) (12.2) (115) (~12)
H6S 4.00 3.84 4.012 4.03 3.79%
(Js;ss) (2.0) (2.2) (3.0) (~2)
H6R 3.81 3.78 3.85 3.83 3.81*
(Js:er) (6.0) (5.6) (6.1 (~5)
Haryi 8.29/7.26 8.31/7.14 8.32/7.29 8.31/7.28 8.33/7.34
(Jaryt:a) (9.0) (9.6) (9.6) (9.2 (9.7
Non-reducing hexose
H1 4.83 4.99 481
(32 (<10 (3.5) (<10
H2' 4.15 3.56 4.10
(J2:3) (3.1) (10.2) (3.4)
H3’ 3.73 3.76 3.71
(J5:4) 9.7) 9.2) 9.7)
H4' 3.64 3.42 3.62
(Jus) 9.7) 9.2) 9.7)
H5’ 3.52 3.65% 3.50
(Jos::6r) (12.2) (12.2)
H6S' 4.02% 3.65% 4.01
(Jsss) (2.0) (2.0)
H6R’ 3.81 3.83 3.78
(Js:6%) (6.7) (6.6)

2Assignment by COSY.

Immobilization at different pH

Buffers of different pH for the coupling of enzymes and for
blocking of remaining active groups were prepared. The
coupling buffers were 0.1 m KH,PO,: 0.5 M NaCl, pH 4.0,
5.0, or 6.0 (adjusted by aqueous HCI or NaOH), and 0.1 m
NaHCOj;: 0.5wm NaCl, pH 7.0, 8.0. The blocking buffers
were 0.5 m glycine: 0.5 M NaCl, pH 4.0, 5.0 or 6.0, and 0.5 m
Tris HCL: 0.5wm NaCl, pH 7.0 and 8.0. CNBr- and CH-
Sepharose gels (100 mg) were soaked in aqueous HCI (1 ml,
2 uM) for 15 minutes. All immobilizations were done at 4 °C
and 20 °C. With CH-Sepharose the coupling and blocking
processes took 2h at 20°C or 8 h at 4°C. With CNBr-
Sepharose the coupling and blocking took one hour at

20°C; at the lower temperature the reactants were coupled
for 4 h and blocked for 2 h.

Immobilization of f-mannosidase

The gel was washed with coupling buffer and subsequently
incubated with the enzyme suspension (0.5 U, 90 ul) at the
given pH. The liquid was filtered off, the gel washed with the
corresponding blocking buffer and incubated with 0.5 ml of
this buffer. Finally, it was washed with buffer (pH 4.0), and
the remaining activity of the immobilized enzyme was
determined by adding a solution of 4-nitrophenyl -p-man-
nopyranoside (1) in buffer (1 ml, 10 pmol substrate, pH 4.0).
Every two minutes 20 pl of this mixture were diluted with
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Table 3. 'H NMR data of peracetylated 4-nitrophenyl glycobiosides
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Chemical shift 8/ppm Manp1- Manp1- Manp1- Glcal- Manal- Manp1-
(Coupling constant OpNP 4Manp1- 3Manp1- 6Manp1- 4Manp1- 4Manal-
J/Hz) OpNP OpNP OpNP OpNP OpNP
(1Ac) (13Ac) (14Ac) (15Ac) (16Ac) (17Ac)
Reducing hexose
H1 5.36 5.25 5.31 5.32 5.36 5.50
(J1:2) (1.4) (1.0) (1.0) (< 1.0 (<1.0) (1.8)
H2 571 5.58 5.63 5.67 5.72 5.33
(J2:3) (3.2) (3.5 (3.5 (2.5) (2.5) (3.6)
H3 5.18 5.20 4.06 5.16% 5.18 4.98
(J3.0) (9.6) 9.2) 9.2) (8.0) (10.0)
H4 5.33 3.98 5.16 5.16% 391 4.02
(Jas) (9.6) (9-2) (9.0) (~9) (10.0)
H5 391 3.80 3.89 3.92 3.74 3.86
(Jesier) (12.4) (12.2) (12.2) (~11) (12.2) (12.2)
H6S 4.33 4.34 4.23 3.48 3.99 4.22
(Js:es) (3.0) (3.0) (2.5) (~2) (2.9) (~4)
H6R 4.22 4.23 4.30 3.87 3.83 4.17
(Js:er) (6.4) (6.1) (78.0) (~7) (5.9) (~3)
Haryi 8.21/7.08 8.12/6.98 8.21/7.08 8.28/7.12 8.27/7.11 8.15/7.11
(Jaryt:ary) (9.6) (9.6) (9.7) (9.5) (9.6) (9.2
Non-reducing hexose
H1 4.69 4.74 5.08 4.84 4.69
(J12) (< 1.0 (<1.0) (3.6) (~1.0) (<1.0)
H2' 5.37 5.33 4.86 5.28% 5.36
(J2:3) (3.2) (32) (10.2) (3.6)
H3’ 4.89 5.11 5.47 5.28% 5.52
(Jz:4) (9-8) (10.0) 9.7) (9.8)
H4' 5.16 5.22 5.01 5.28% 5.15
(Js:5) (9.6) 9.7) (10.2) (9.5) (10.0)
H5’ 3.59 3.63 3.90 3.83 3.58
(Jes6r) (12.2) (12.2) (12.2) (12.2) (12.2)
H6S' 4.09 4.14 3.97 4.00 4.04
(Js:6s) (3.1) (3.0) (2.0) (2.5) (2.9)
H6R’ 4.24 4.30 4.03 4.10 4.26
Js:6r) (5.6) (5.0) (4.2) (4.5) (5.6)
OAc 2.16/2.11/ 2.24/2.15/ 2.08/2.07/ 2.25/2.25/ 2.24/2.18/
2.03/2.03/ 2.10/2.08/ 2.06/2.06/ 2.16/2.11/ 2.13/2.10/
2.03/1.99/ 2.05/2.04/ 2.03/2.03/ 2.07/2.07/ 2.04/1.99/
1.93 2.00 2.01 2.03 1.92

2Assignment by COSY

aqueous Na,CO; (0.5 ml, 0.1 m) and water (1.0 ml), and the
extinction was measured at 400 nm. For comparison, the
same procedure was done with the free enzyme. For pre-
parative purposes, f-mannosidase (5 U) was immobilized
on CNBr-activated Sepharose 4B at pH 5.0 and room
temperature according to the same procedure.

Immobilization of f-galactosidase

The procedure corresponds to the one described above, but
only 20 ul of an enzyme suspension (7 U of -galactosidase)

and a solution of 4-nitrophenyl f-p-galactopyranoside in
buffer (1 ml, 10 umol, pH 5.0) were used. Preparative incu-
bations were performed with the enzyme immobilized on
CNBr-activated Sepharose 4B (200 mg f5-galactosidase, pH
8.0, room temperature).

Transmannosylation of methyl «-p-glycopyranosides
2-4

Saturated solutions of 1 (0.5mmol, 150 mg) and the
methyl a-p-glycopyranoside 2—4 (10.0 mmol) in buffer (pH
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Table 4. C NMR data of mannobiosides 8 (Mang1-4Manal-
OMe) and 13 (Manpg1-4ManS1-OpNP)

Hexose Chemical shift 6/ppm?
unit

8 13

Man Man’ AS Man Man’ AS
C1 97.81 97.21 0.60 94.68 97.84 —3.16
Cc2 69.49 67.83 156 68.13 67.30 0.83
C3 68.20 70.12 —1.92 68.93 7041 —1.48
C4 72.47 65.40 6.93 7275 6432 843
C5 68.26 71.84 —3.58 74.06 73.99 0.07
Cc6 62.19 61.98 0.21 5864 57.99 0.65
Chaglycone OMe: 54.58 OAryl: 159.06/140.05/

OAc: 20.24/20.20/20.15/ 123.68(2C)/

20.06/20.04/19.94 113.91(2C)

Je_1c»[Hz] 170.4  158.3 160.1 160.2
configu-
ration a B B B

aMeasured in 2H,O with acetone as internal standard (6 = 27.14 ppm).

4.0, 10% DMF) were prepared and f-mannosidase
suspension (5 U, 500 ul) added. After shaking for 15h at
30°C about 80% of 1 was converted, and the enzyme was
inactivated by heating for 5 min to 90°C. 4-Nitrophenol
was removed by ion exchange resin, and the product disac-
charides were separated by gel chromatography on Frac-
togel or Biogel P-2. This fraction was acetylated by the
standard procedure with pyridine/acetic anhydride (2:1)
and catalytic amounts of N, N’-dimethyl aminopyridine at
room temperature. A partial separation was achieved by
HPLC or flash chromatography on silica gel (20 x 1 cm,
eluent: petrol ether/ethyl acetate 5:6). "H NMR data are
listed in Table 1.

Synthesis of 1,5-anhydro-2-deoxy-p-arabino-hexitol
(10) and 1,5-anhydro-1,3-dideoxy-p-erythro-hexitol
(1)

3.4,6-Tri-O-acetyl-p-glucal (0.72 mg, 10 mmol) in degassed
ethyl acetate (50 ml) was hydrogenated over platinum as
catalyst (prepared from PtO,, 30 mg) for 3 h at room tem-
perature. The catalyst was removed by centrifugation, the
solvent distilled off, and the residue separated by flash
chromatography (silica gel, 15 x 6 cm, solvent: petrol ether/
ethyl acetate 5:2). First was eluted a diacetate (1.00 g, 36%),
which was deacetylated according to the standard proce-
dure (methanol/sodium methanolate) to give compound 11
(0.58 g, 95%). Then a triacetate (0.71 g, 33%) was eluted
which after deacetylation yielded 10 (0.36 g, nearly quanti-
tative). The physical properties of 10 and 11 were in good
agreement with data reported earlier [16].
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Transmannosylation of anhydro deoxy hexitol 10

p-Mannosidase (2 U, 0.36 ml) was added to a solution of
10 (360 mg, 2.4 mmol) and 1 (74 mg, 0.24 mmol) in 3 ml
of buffer/DMF (10%, pH 4.0). During incubation at
room temperature for 14 d additional enzyme (1 U) was
added twice. The reaction was stopped as described above,
and the product (12, 2mg, 3% yield, yellow syrup)
was isolated by ion exchange and gel permentation
chromatography followed by peracetylation, and sub-
sequent flash chromatography on silica gel (10 x 2 cm, sol-
vent: petrol ether/ethyl acetate 1:1). The NMR data are
listed in Table 1.

Transmannosylation by self-transfer reaction

Substrate 1 (in one case 1 + 1o = 1:1) (1 mmol, 301 mg) was
dissolved in a mixture of cosolvent and buffer (pH 4.0) and
f-mannosidase (5 U, 0.9 ml suspension) was added to give
saturated solutions (2.3 ml with 40% aqueous acetone,
4.5ml with 40% aqueous acetonitrile; 2.1 ml with 50%
aqueous DMSO). Incubations with f-galactosidase were
performed in 50% of aqueous cosolvents (buffer: pH 5.0)
with 1000 U of enzyme (free), or about 550 U of immobi-
lized enzyme and 2.0 mmol of 1 (cf. Table 6). After 7 d the
enzyme was removed, and separation by ion exchange and
subsequently by gel permentation chromatography (twice at
a very low flow-rate) led to isolation of the transfer products
13-17. Products were detected photometrically at 298 nm.
Details of the spectroscopic characterization are given in
Tables 2 and 3.

Results and discussion
Activities of enzymes with organic cosolvents

Transfers on a preparative scale require sufficient enzyme
activity for several hours at least. Thus, for both enzymes
the best compatible cosolvents were checked by preliminary
semi-quantitative tests and the hydrolytic activities deter-
mined photometrically with phenolates. Both hydrolases
show remarkable activities in buffers containing DMF,
DMSO, acetonitrile, or (only for f-mannosidase) acetone
(Figures 1-4). Therefore, incubations for two and more days
should be possible using buffers with up to 35% of DMF or
up to 45% of DMSO, respectively. Previously, transgalac-
tosylations with f-galactosidase in 60% or 70% aqueous
acetonitrile were described by Ooi et al. [4] and Beau et al.
[5], but, these were done with high enzyme concentrations
in a very short time (min).

Immobilization

It was of interest to recycle these expensive enzymes and
to influence the regioselectivity of the transfer reaction [6]
by immobilization. For f-galactosidase the stabilizing
starch was removed during immobilization [7]. Agarose
matrices such as CNBr-activated Sepharose 4B and
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Figure 1. Decrease of activity in buffer/DMSO. 1a. p-Mannosidase. 1b. p-Galactosidase.
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Figure 2. Decrease of activity in buffer/DMF. 2a. p-Mannosidase, 2b. p-Galactosidase.

activated CH-Sepharose 4B with a larger distance between
reactive groups and the gel skeleton were selected, and the
coupling reaction proved optimal at pH 6 for f-man-
nosidase and pH 7.5 for f-galactosidase (Table 5). The re-
lease of 4-nitrophenol dependent on the pH of the
immobilization is shown in Figures 5 and 6. With CNBr-
activated Sepharose the remaining activity was slightly
better for both enzymes (about 55%). The best rates for
immobilization of f-galactosidase were around pH 7-8 and
for f-mannosidase about pH 5-6. Lowering the temper-
ature (from 20 to 4 °C) had no significant but in most cases
a slightly negative effect on the immobilization. Due to the
much shorter incubation times, the immobilization of both

enzymes at room temperature was more efficient and thus
preferred.

Transmannosylations

As donor substrate for enzymic transmannosylations,
4-nitrophenyl S-p-mannopyranoside (1) was prepared as
reported by Garegg et al. [8]. The sensitivity of the
glycosidases and the solubility of the substrate determine
the choice of the organic solvent system. Buffers containing
between 10% (for methyl glycoside acceptors) and 50% (for
self-transfer reactions) of cosolvents gave the best ratio
between transglycosylation and hydrolysis. Apparently, in
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Figure 3. Decrease of activity in buffer/acetonitrile (S-mannosidase,
B-Man; g-galactosidase, g-Gal).
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Figure 4. Decrease of activity in buffer/acetone (only g-mannosidase).

Table 5. Remaining activities of immobilized enzymes

Enzyme Matrix at4°c at 20°c

B-mannosidase CH-Sepharose 40% (pH 6) 40% (pH 5.5)
CNBr-Sepharose 25% (pH 5.5) 55% (pH 6)

B-galactosidase CH-Sepharose  50% (pH 8) 50% (pH 8)
CNBr-Sepharose 50% (pH 7.5) 55% (pH 7.5)

contrast to the transfer to alcohols [2, 3] transmannosyla-
tion of carbohydrates gave significantly lower yields.
Whereas insufficient hydrophilicity can be ruled out it may
be assumed that the newly formed disaccharides themselves
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b timin

Figure 5. Release of 4-nitrophenol by immobilized B-mannosidase.
5a. Immobilization on activated CH-Sepharose. 5b. Immobilization on
CNBr-activated Sepharose.

are favorable substrates for cleavage by the glycosidases as
confirmed by employing reversed hydrolysis conditions
[9, 10].

The best results observed for transmannosylation of
various methyl o-p-glycopyranosides (2—4) as acceptors
with f-mannosidase from snail viscera are compiled in
Table 6. Corresponding experiments with galactosidase had
to be excluded because of its known side-activities towards
other glycosides [3,7,11]. Partial separation of the
peracetylated disaccharide fractions by flash chromatogra-
phy or HPLC on silica gel and subsequent characterization
by 'H NMR showed a large number of products that exceed
the number of possible f-mannosylations.

Some isolated products confirmed the presence of
o-hydrolases during incubation. For example, Manol-
6Mana1-OMe (5) and Glcal-6Glcal-OMe (6) can only
be formed if initially glycosidic linkages are cleaved and
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subsequently a-glycosidases catalyse a-glycosylation by re-
verse hydrolysis. Even a f-glucosidase activity was proven
by isolation and characterization of peracetylated Glcf1-
6Glcal-OMe (7). Two products of f-mannosylation were
determined by NMR methods to be Manf1-4Mana1-OMe
(8) and Manf1-2Glcal-OMe (9). The f linkage of 8 was
clearly evident by the coupling Jc—; ;g = 158.3 Hz [15]

Q 2 4 6 a 10 12 14 16

[»]
(2]
\\
X
»
¥

b t/min

Figure 6. Release of 4-nitrophenol by immobilized g-galactosidase.
6a. Immobilization on activated CH-Sepharose. 6b. Immobilization on
CNBr-activated Sepharose.

Taubken and Thiem

(see Table 4). Even the use of immobilized f-mannosidase
did not enhance the yield of transfer products.

Further the f-mannosylation of deoxygenated glycitols
was of interest. 1,5-Anhydro-2-deoxy-p-arabino-hexitol (10)
and 1,5-anhydro-2,3-dideoxy-p-erythro-hexitol (11) were
prepared by hydrogenation of peracetylated p-glucal. Incu-
bation in aqueous DMF (10%) of 1 with f-mannosidase
and a tenfold amount of 10 gave a single product in 3%
yield which after peracetylation could be determined as 1-4
linked disaccharide 12. The preference of a 1-4 over a 1-6
linkage demonstrates that the regioselectivity of f-man-
nosyl transfer does not reflect the reactivity of the hydroxyl
group but rather specific enzymatic conditions. There was
no transfer observed with the acceptor 11 and it may be
assumed that the missing 3-OH group in 11 prevents
mannosylation completely.

Since some glycosidases are well known to have higher
affinity for hydrophobic acceptor glycosides [ 12], self-trans-
fer reactions with the donor substrate 1 were examined.
4-Nitrophenyl mannobiosides were obtained (1.6%) with
f-mannosidase in aqueous acetonitrile (40%). In aqueous
acetone (40%) the yield was 0.6%, and with aqueous
DMSO (up to 50%) hydrolysis was favored over transfer.
Disaccharides were formed in every product fraction in
minor amounts among which the f1-4-linked glycobioside
13 (Manf1-4Manf1-OpNP) was found to be the dominant
product (80 to 85%). Jc—1.1—u couplings of 160.2 Hz and
160.1 Hz in both mannose rings give evidence for the
p-glycosidic linkages in 13. As another side-product
Manf1-3Manf1-OpNP (14) could also be isolated and
characterized after peracetylation by 'H NMR. In contrast
to findings of Kyosaka et al. who described the formation of
small amounts of f1-6- and f1-2-linked self-transfer pro-
ducts catalyzed by a ff-mannosidase from guinea pig liver
[13], none of these regioisomers were formed in significant
quantities by the enzyme from snail viscera.

In 50% aqueous acetonitrile 3% of transfer products
were obtained with the free ff-galactosidase from Aspergillus
oryzae. The main product (about 70%) was determined to
be the «1-6 glucosylated derivative 15 (Glcal-6Manp1-
OpNP) the formation of which is assumed to be due to the
presence of starch and an o-hydrolytic side activity of the
enzyme preparation. The mixtures of disaccharides ob-
tained with immobilized enzyme after repeated separation

Table 6. Transmannosylation of methyl a-D-glycopyranosides with donor substrate 1

Acceptor substrate Yield of Number of Ratio Temperature Best

products products? donor/acceptor cosolvents
Glcal-OMe (2) 3% 13-14 1:20 30°C 10% DMF
Manal-OMe (3) 4% 6 1:20 30°C 15% DMF
GlIcNAcal-OMe (4) <2% >7

2TLC discrimination
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Figure 7. Glycobiosides.

by gel permeation chromatography are compiled in Table 7.
NMR spectra of the subsequently peracetylated fractions
gave evidence that 1-4- and f1-3-linked disaccharides 13
and 14 were the main products. The third product of trans-
mannosylation was characterized after peracetylation as
a1-4-mannosylated 4-nitrophenyl -p-mannopyranoside 16
(Mano1-4Manf1-OpNP). The products 13, 14, and 16 for-
med in a ratio of 2:1:1 with acetonitrile or DMF and 3:3:1
with DMSO as cosolvents, respectively.

To examine the influence of the anomeric configuration of
the acceptor substrate an equal amount of 4-nitrophenyl
o-D-mannopyranoside (lo) was added to the incubation

765
HO
HO 0 )
HO ! 0
OH HO 0
HO
OH
OMe
7
HO
HO
HO
;
9
HO OH
.
HO HO OpNP
O—4 ~0
HO OH
16

mixture. The yield increased to 6% under the same condi-
tions, and in addition to the same side-products equimolar
amounts of 13 and Manf1-4Manal1-OpNP (17) were ob-
tained. Apparently, the enzyme does not differentiate the
anomeric configurations of the acceptor substrate.

As observed by incubations with f-mannosidase, the
amount of f1-4- and p1-3-linked self-transfer products
dominated (>90%). Apparently, methyl glycosides 2—4 do
not show specific orientations during the enzymic transfer
process. However, the hydrophobic nitrophenol group
allowed the acceptor to be linked to a mannosyl residue
only from the opposite side. Even the hydrophobic area of
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Table 7. Transmannosylation by self-transfer reaction of 1 with immobilized g-galactosidase

Cosolvent Volume Turnover Yield* Products isolated
(50%) (ml) rate (%)
(after 2w)
CH5CN 8.5 51% 5.4 13 (50%): Manpg1-4ManS1-OpNP
14 (21%): Manp1-3ManB1-OpNP
16 (20%): Manal-4ManB1-OpNP
DMF 9.5 68% 8.0 13 (50%): Manpg1-4ManB1-OpNP
14 (22%): Manp1-3ManB1-OpNP
16 (23%): Manal-4ManB1-OpNP
DMSO 11.0 87% 2.1 13 (39%): Manpg1-4ManB1-OpNP
14 (39%): Manpg1-3ManB1-OpNP
16 (15%): Manal-4ManB1-OpNP
2based on turned over substrate
N
SN AR S
0
QL H i
B H o OH
7//// + - + - + Z// 000000/ //7
Figure 8. Schematic depiction of transmannosylation.
the anhydro deoxy hexitol 10 is sufficient for such a pre-  References
transfer orientation. These findings support the assumption | Flitsch SL. Taylor JP, Turner NJ (1991) J Chem Soc Chem

that there is an additional hydrophobic part of the acceptor
binding-site at the catalytic centre of some glycosidases. Fig-
ure 8 depicts a scheme for transmannosylation as observed
with the glycosidases studied, which is in good agreement
with previous results on the transmannosylation of simpler
hydroxyl compounds [2; 3]. The regiospecifity of the transfer is
dependent on the structure of acceptor substrates and is illus-
trated in Figure 9. Even though these findings about enzymic
transmannosylations are of general interest, the preparative
use of such hydrolases for syntheses of mannosylated
oligosaccharides is hampered by low yields of transfer.
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