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Abstract—Four Humicola insolens Cel7B glycoside hydrolase mutants have been evaluated for the coupling of lactosyl fluoride on
O-allyl N'-acetyl-2"-azido-B-chitobioside. Double mutants Cel7B E197A H209A and Cel7B E197A H209G preferentially catalyze
the formation of a B-(1—4) linkage between the two disaccharides, while single mutant Cel7B E197A and triple mutant Cel7B
E197A H209A A211T produce predominantly the B-(1—3)-linked tetrasaccharide. This result constitutes the first report of the mod-
ulation of the regioselectivity through site-directed mutagenesis for an endoglycosynthase.
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1. Introduction

Humicola insolens mutant Cel7B E197A is a powerful
endoglycosynthase for the synthesis of artificial cellulose
and its derivatives.' > In a recent report we have shown
by docking simulation that H209 together with A211 are
the main residues located in the environment around the
position 2 of a B-p-glucosaminyl unit positioned in +1
subsite. Encouraged by this result we have prepared
and characterized three mutants of H. insolens Cel7B
E197A glycosynthase: Cel7B E197A H209A, Cel7B
E197A H209G, and Cel7B E197A H209A A211T. These
second generation glycosynthase mutants rationally
redesigned in +1 subsite were produced in the hope of
widening the substrate specificity of this biocatalyst to
N-acetyl-glucosaminyl acceptors. This strategy has
successfully been applied to improve the N-acetylgalac-
tosaminyltransferase activity of bovine B-(1—4)-galac-
tosyltransferase T1 by mutation of the Y289 residue,’
and of human B-(1—3)-galactosyltransferase by muta-
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tion of the P234 residue.® these two amino acids being
involved in the binding of the N-acetyl group of the
donor substrate UDP-N-acetylgalactosamine. However
the double and triple mutants of Cel7B did not prove
to catalyse the transfer of a-lactosyl fluoride onto N'-
N'"_diacetylchitobiose, in contrast to cellobiose and N'-
acetylchitobiose which remained good acceptors.

The purpose of the present study was to assay the cat-
alytic activity of these cellulase mutants toward N'-acet-
yl-2""-azido-chitobiose derivative 1, a precursor for the
synthesis of potentially bioactive oligosaccharides such
as nodulation factor analogues.

2. Results and discussion

N'-Acetyl-2"-azido-chitobiose derivative 1 was prepared
in one step by diazotransfer from N'-acetylchitobiose,’ a
disaccharide easily produced using an engineered Esche-
richia coli strain.®

In a preliminary experiment, Cel7B E197A glyco-
synthase was incubated with an equimolar amount of
o-lactosyl fluoride 2 and azido-chitobiose 1.
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Figure 1. HPLC analysis of the condensation reaction between a-lactosyl fluoride 2 and N'-acetyl-2"-azido-p-chitobiose 1 catalysed by Cel7B E197A

glycosynthase.

HPLC-ESIMS analysis of the reaction mixture indicated
the formation of two tetrasaccharides instead of a single
lactosyl-B-(1—4)-N"-acetyl-2"-azido-chitobiose as expected
(Fig. 1). Since Cel7B E197A glycosynthase is able to
condense o-lactosyl fluoride onto lactose to give the
B-lactosyl-(1«<1)-B-lactoside (unpublished observation),
we suspected that the undesired PB-lactosyl-(1«<>1)-N'-
acetyl-2"-azido-p-chitobioside was formed during the
reaction. To avoid this postulated glycosylation at C-I
of the chitobiosyl derivative, we prepared the O-allyl
N'-acetyl-2""-azido-p-chitobioside 3 directly from 1
according to the procedure described by Vauzeilles
et al.” After incubation of an equimolar amount of lac-
tosyl donor 2 and O-1 protected acceptor 3 with Cel7B
E197A glycosynthase, TLC analysis of the reaction mix-
ture again indicated the formation of two tetrasaccha-
rides 4 and 5 (Fig. 2, lane C). This result invalidated
the hypothesis that Cel7B E197A glycosynthase could
catalyze the formation of a (1—1) linkage between a lac-
tosyl unit and the N'-acetyl-2"-azido-chitobiose. The
same reaction was run on a preparative scale (0.1 mmol
of donor and acceptor substrates), and the two tetrasac-
charides 4 and 5 were isolated by silica gel chromatogra-
phy and fully characterized by 'H and '*C NMR
analysis under their acetylated forms 4a and 5a (Figs.
3 and 4). Starting from the characteristic H-2 signal of
the two glucosaminyl units, and from the two H-1
signals of the glucosyl and galactosyl units, the full
assignment of the "H and '*C NMR spectra could be ob-
tained through 'H-'H COSY and 'H-'*C HMQC
experiments. For tetrasaccharide 4a, amongst other sig-
nals, H-4" at 3.61 ppm, H-1"" at 4.41ppm with
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Figure 2. Lactose (A); a-lactosyl fluoride 2 (B); condensation of donor
lactosyl fluoride 2 and acceptor 3 catalysed by Cel7B E197A (C),
Cel7B E197A H209A (D), Cel7B E197A H209G (E), and Cel7B
E197A H209A A211T (F); O-allyl N'-acetyl-2"-azido-p-chitobioside 3
(G).

J1» = 8.0 Hz, and C-4" at 76 ppm indicated unambigu-
ously a B-(1—4) linkage between the lactosyl and the
N'-acetyl-2""-azido-B-chitobioside units. For tetrasac-
charide 5a, H-4" at 4.83 ppm, H-3" at 3.45ppm,
H-1"" at 4.72 ppm with J,,=7.9 Hz, C-4" at 67.5
ppm, and C-3" at 78.6 ppm indicated unambiguously
a B-(1—3) linkage between the lactosyl and the N'-ace-
tyl-2""-azido-B-chitobioside units. TLC analysis showed
that tetrasaccharide 5 was predominantly produced
(Fig. 2, lane C)." After deacetylation, tetrasaccharide

TBecause of overlapping peaks of starting and reaction products on
HPLC chromatograms, analysis of the glycosylation experiments
with O-allyl chitobioside derivatives was done by TLC analysis. Semi-
quantitation of the resulting products was evaluated by comparing
the intensity of the spots to a sample reference and validated by the
yield of isolated products.
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Figure 3. "H and ">C NMR spectra of tetrasaccharide 4a.
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Figure 4. "H and '>*C NMR spectra of tetrasaccharide 5a.

4 was isolated in 9% yield and tetrasaccharide S5 in produced in an almost 1:3 ratio. From these observa-
22% yield, indicating that the two tetrasaccharides were tions it could be concluded that Cel7B E197A glyco-
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synthase was not 100% regioselective in catalyzing
the lactosylation of N'-acetyl-2"-azido-chitobiose or
the corresponding O-allyl glycoside. Although
exoglycosynthase are well known to display a wide
regioselectivity in glycosylation reactions,'® !> such a
behaviour was only reported for the endoglycosynthase
derived from Pyrococcus furiosus laminarinase LamA.'®
Cel7B E197A glycosynthase has been previously shown
to catalyze exclusively the formation of B-(1—4) bonds
from lactosyl or cellobiosyl donors and gluco-configured
acceptors.' Moreover, it was even more unexpected that
the predominant product was the B-(1—3)-linked tetra-
saccharide, but it should be noted that in a previous
observation of the crystalline Cel7B E197S glycosynth-
ase cellobiose complex, the acceptor O-3 is closer than
the acceptor O-4 to the acid/base catalytic Glu202 and
to the anomeric C-1 of the donor.'” It is possible that
the azido group of the N'-acetyl-2"-azido-chitobiose
slightly modified the positioning of the glucosaminyl
unit in the +1 subsite, and promoted the formation of
the p-(1—3) bond (in Ref. 1 it was shown that N'-acet-
ylchitobiose acts as an acceptor to give a lactosyl-f-
(1—4)-N"-acetylchitobiose tetrasaccharide).

In a second set of experiments, the double mutants
Cel7B E197A H209A and Cel7B E197A H209G
together with the triple mutant Cel7B E197A H209A
A211T were assayed in the presence of an equimolar
amount of o-lactosyl fluoride 2 and O-allyl N'-acetyl-
2"_azido-B-chitobioside 3 (Fig. 2, lanes D-F). The dou-
ble and triple mutants were less active than the Cel7B
E197A single mutant (lane C) as estimated by the
amounts of unreacted a-lactosyl fluoride 2. However
the regioselectivity of the reaction was dramatically
affected by the H209 mutation. Tetrasaccharides 4 and 5
synthesized by Cel7B E197A H209A glycosynthase
were isolated in 30% and 9% yield respectively, indicat-
ing that the ratio between the two tetrasaccharides (3:1)
was completely inverted compared to the single mutant
glycosynthase, which implied that the predominant
product was the all B-(1—4)-linked tetrasaccharide.
Comparison of TLC analysis of the condensation reac-
tion catalyzed by both Cel7B E197A H209 mutants
(Fig. 2, lanes D and E) suggested that the ratio between
the two tetrasaccharides is similar in both cases. The
double and triple mutants were also assayed in the pres-
ence of an equimolar amount of a-lactosyl fluoride 2
and cellobiose, the ‘natural’ acceptor of the glycosynth-
ase. In each case, HPLC analysis (not shown) revealed
that a single tetrasaccharide was synthesized, by
comparison with a sample of B-lactosyl-(1—4)-cello-
biose. When treated with the H. insolens wild type
Cel7B, analysis of the reaction mixtures indicated the
disappearance of the tetrasaccharide and the formation
of only lactose and cellobiose, demonstrating that an
exclusive B-(1—4) linkage was formed during the
condensation reaction.

From these results, we can assume that H209A or
H209G mutation probably created a pocket in the +1
subsite such that the 2-azido-glucosyl residue can be
appropriately positioned to form a B-(1—4) bond with
the lactosyl donor. In contrast, in the triple mutant
Cel7B E197A H209A A211T, the +1 subsite has been
remodelled in such a manner that the O-allyl N'-ace-
tyl-2"-azido-p-chitobioside 3 acceptor can bind in a sin-
gle mode to catalyse exclusively (as judged by TLC) the
formation of the B-(1—3) tetrasaccharide (Fig. 2,
lane F).

This work demonstrates that appropriate active site
mutations can modulate the regioselectivity of the glyco-
sylation reaction catalyzed by H. insolens Cel7B E197A
glycosynthase, contributing to the expansion of the con-
stantly growing glycosynthase repertoire.'®

3. Experimental
3.1. General methods

NMR spectra were recorded on a Bruker AC 300 or a
Bruker Avance 400. Carbon and proton chemical shifts
(0) are reported in ppm downfield from TMS. Coupling
constants (J) are in Hertz (Hz) and peaks are described
as singlet (s), doublet (d), doublet of doublet (dd), triplet
(t), multiplet (m), broad (b). Carbon chemical shifts (J)
are reported in ppm using solvent as the internal refer-
ence. Complete assignment of the tetrasaccharides 4a
and 5a was performed using a combination of COSY
and HMQC experiments. High-resolution mass spectra
(HRESIMS) were recorded on a Micromass ZABSpec-
TOF and low-resolution (ESIMS) on a Waters Micro-
mass ZQ spectrometer. HPLC-ESIMS experiments were
carried out with a system consisting of a pump system
gold LC-1258S solvent module Beckmann, a pBondapak
10 um NH, (300 x 3.9 mm) Waters column, and a rheo-
dyne model 7725 injector, with a 20 pL sample loop. The
analytes were eluted with a mixture of 80% MeCN in
water at a flow rate of 0.5 mL/min. A one-third splitting
ratio was delivered at 200 uL/min into the electrospray
ionization source. Positive ion ESI mass spectra were
collected on a Waters Micromass ZQ spectrometer.
The capillary was set to 3.5kV and the cone voltage
was 80 °C, while the ion source temperature was set to
90 °C. Analytical thin-layer chromatography was per-
formed using precoated Silica Gel 60 F254 plates (E.
Merck, Darmstadt). The analytes were eluted with
80% MeCN in water, and spots were detected by char-
ring with diluted sulfuric acid containing 0.1% Orcinol.
Purification by flash chromatography was performed on
silica gel (Geduran SI 60, 40-60 pum, E. Merck). a-Lac-
tosyl fluoride 2 was prepared from B-lactose octaacetate
according to the description in Ref. 19, followed by
deprotection with catalytic sodium methoxide in MeOH.
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N'-Acetylchitobiose was prepared according to the
description in Ref. 8. The construction and purification
of H. insolens Cel7B E197A mutant and Cel7B
E197A H209A, Cel7B E197A H209G, Cel7B E197A
H209A A211T has been described, respectively, in Refs.
1 and 4.

3.2. M-Acetyl-2"-azido-chitobiose (1)

A soln of triflic azide (approximately 0.6 M, 6.1 mL) in
dichloromethane was prepared according to the descrip-
tion in Ref. 7 starting from 950 mg (14.7 mmol) of
sodium azide and 1.2 mL (7.3 mmol) of triflic anhydride.
N'-acetylchitobiose (940 mg, 2.45 mmol) and zinc chlo-
ride (3.3 mg, 24 pmol) were dissolved in 6.1 mL of
deionized water. Triethylamine (1.03 mL, 7.35 mmol),
then MeOH (20.4 mL) were added dropwise to the N'-
acetylchitobiose soln, to reach a final ratio of 3:10:3
water-MeOH-CH,Cl,. The triflic azide soln was added,
and the mixture was shaken for 3.5 h at 20 °C, and was
then neutralized with sodium hydrogencarbonate
(617 mg, 7.35 mmol), and concentrated under dimin-
ished pressure in the presence of silica gel (10 g). The
resulting solid was applied on top of a silica gel column,
and a gradient of MeCN to 90% MeCN in water was
used to give the azido derivative 1 (711 mg, 71%);
ESIMS: m/z 431 [M+Na]"; HRESIMS: calcd for
[C14H24N4O 0+ Na]": 431.13901, found m/z 431.1387;
'"H NMR (D,0): é 5.15 (s, 1H, H-1'a), 4.66 (d, 1H,
Ji» 7.3 Hz, H-1'p), 453 (d, 1H, J,, 7.9 Hz, H-1");
3.97-3.30 (m, 12 H, H-2" g3 H4M H-sM H-
6a™" H-6b™"); 1.99 (s, 3H, COCH,); *C (D,0): ¢
176.0-175.7 (COCH3); 102.3 (C-1"); 96.1 (C-1'B); 91.8
(C-1'a); 79.9 (C-4'a); 79.4 (C-4'B); 77.3 (C-5"); 76.1
(C-5"B); 75.5 (C-3"); 73.5 (C-3'B); 71.6 (C-5'a); 70.6-
70.3 (C-3'0; C-4™); 67.3 (C-2"); 61.7-61.2 (C-6"a/p, C-
6'); 57.7 (C-2"B); 55.1 (C-2"a); 23.4-23.1 (COCH3;).

3.3. O-Allyl N'-acetyl-2"-azido-p-chitobioside (3)

To a mixture of a N'-acetyl-2"-azido-chitobiose 1
(250 mg, 0.61 mmol), and lithium chloride (77.8 mg,
1.83 mmol) in anhyd N,N’-dimethylformamide (DMF)
(1.25mL) was added sodium hydride (19 mg,
0.79 mmol). The reaction mixture was stirred under
argon at 20 °C for 15 min, then cooled in an ice bath,
and allyl bromide (312 pL, 3.7 mmol) was added and
the resulting mixture was stirred at 20 °C for 24 h. After
cooling in an ice bath, MeOH (500 pnL) was added to
destroy excess of reagents, and the soln was stirred at
20 °C for 15min and concentrated under diminished
pressure in the presence of silica gel (5 g). The resulting
solid was applied on top of a silica gel column, and a
gradient of MeCN to 95% MeCN in water was used
to give the allyl-chitobioside derivative 3 (137 mg,
50%); ESIMS: m/z 471 [M+Na]"; HRESIMS: calcd

for [C17H28N4010+Na]+: 471. 17031, found m/z
471.1703; '"H NMR (D,0): § 5.86 (m, 1H, CH=CH.);
523 (m, 1H, CH=CH,); 4.54-4.51 (2d, J,, 8.1 Hz,
Ji> 8.0Hz, 2H, H-1', H-1"); 4.28 (dd, J 52Hz, J
13.2Hz, 1H, OCH,); 4.10 (dd, J 6.3Hz, J 13.2 Hz,
1H, OCH,); 3.97-3.30 (m, 12H, H-2"", H-3"" H-4M1
H-5"1 H-6a"", H-6b""); 1.98 (s, 3H, COCH;); *C
(D,0): & 1759 (COCH;); 134.6 (CH=CH,); 119.5
(CH=CH,); 102.3 (C-1"); 101.2 (C-1%); 79.5 (C-4");
77.3 (C-5"); 76.1 (C-5"; 75.5 (C-3"); 73.5 (C-3"); 71.8
(OCH,); 70.6 (C-4"); 67.3 (C-2"); 61.7-61.3 (C-6',
C-6"); 56.5 (C-2"); 23.4 (COCHS).

3.4. Allyl O-p-p-galactopyranosyl-(1—4)-p-p-gluco-
pyranosyl-(1—4)-2-azido-2-deoxy-f-p-glucopyranosyl-
(1—4)-2-acetamido-p-p-glucopyranoside (4) and allyl O-
B-p-galactopyranosyl-(1—4)-p-p-glucopyranosyl-(1—3)-
2-azido-2-deoxy-p-p-glucopyranosyl-(1—4)-2-acetamido-
B-p-glucopyranoside (5)

3.4.1. Procedure A using Cel7B E197A glycosynth-
ase. To a soln of lactosyl fluoride 2 (46 mg,
0.134 mmol) and O-allyl N'-acetyl-2"-azido-chitobio-
side 3 (50 mg, 0.111 mmol) in sodium phosphate buffer
(9.55mL, 50 mM, pH 7) was added a soln of H. insolens
Cel7B E197A glycosynthase (5 mg) in Tris—phosphate
buffer (0.45 mL, 200 mM, pH 7.5). The mixture was
gently shaken at 40 °C for 22 h, then concentrated under
diminished pressure in the presence of silica gel (5 g).
The resulting solid was applied on top of a silica gel col-
umn, and a gradient of MeCN to 80% MeCN in water
was used to give a mixture of tetrasaccharides 4 and 5,
contaminated with lactose. The mixture was dissolved
in pyridine (5 mL), and acetic anhydride (2.5 mL) was
added together with a catalytic amount of 4-dimethyl-
aminopyridine (1 mg). The soln was stirred for 48 h at
20 °C, protected from light and cooled in an ice bath.
MeOH (5 mL) was added to destroy excess of acetic
anhydride, and the soln was concentrated under dimini-
shed pressure. Flash-column chromatography (CH,Cl,
to 2:1 CH,Cly—acetone) of the residue gave a mixture
of acetylated tetrasaccharides 4a and 5a, separated from
peracetylated lactose. This mixture was dissolved in
MeOH (3 mL), then treated with sodium methoxide
(30 uL, 1 M in MeOH). After 2 h at 20 °C, Amberlite
IRN 77 (H' form) was added to neutralize the soln,
the resin was filtered off, and the filtrate concentrated
under diminished pressure in the presence of silica gel.
The resulting solid was applied on top of a silica gel col-
umn, and a gradient of MeCN to 87.5% MeCN in water
was used to give tetrasaccharide 4 (6.9 mg, 9%) and
tetrasaccharide 5 (17 mg, 22%).

3.4.2. Procedure B using Cel7B E197A H209A glyco-
synthase. To a soln of lactosyl fluoride 2 (46 mg,
0.134 mmol) and O-allyl N'-acetyl-2"-azido-chitobioside
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3 (50 mg, 0.111 mmol) in sodium phosphate buffer
(3mL, 50 mM, pH 7) was added a soln of H. insolens
Cel7B E197A H209A glycosynthase (5 mg) in Tris—ace-
tate buffer (7 mL, 50 mM, pH 8). The mixture was gently
shaken at 40 °C for 13 h, then the same protocol as in
procedure A was followed, to give tetrasaccharide 4
(23.1 mg, 30%) and tetrasaccharide 5 (6.7 mg, 9%).

Tetrasaccharide 4: ESIMS: m/z 795 [M+Na]"; 'H
NMR (D,0): 6 5.81 (m, 1H, CH=CH,); 5.18 (m, 2H,
CH=CH,); 4.51, 4.48 (2d, J,, 8.2 Hz, J,, 7.9 Hz, 2H,
H-1""); 443 (d, J,, 7.8 Hz, 1H, H-1""); 4.34 (d, J;,
7.9 Hz, 1H, H-1"Y); 4.24 (m, 1H, OCH.); 3.99 (m, 1H,
OCH,); 3.92-3.46 (m, 22H, H-2"' H-3MLILIVE g
41,11,111,1\/’ H_SI,II,III,IV’ H_6aI,II,III,IV’ H_6bl,ll,lll,IV); 328
(m, 2H, H-2"""Y): 1.93 (s, 3H, COCHj3); 1*C (D,0): ¢
175.5 (COCHj;); 134.5 (CH=CH,); 119.5 (CH=CH.,);
104.2, 103.6, 102.1, 101.2 (C-1"18VY- 79 4793 79.2
(C-4MM- 76 6, 76.2, 76.1, 76.0, 75.4, 74.1, 74.0, 73.8,
73.5, 722, 718 (C_zlll,l\/’ C-31’H’HI’W, C_Sl,ll,lll,IV’
OCH,); 69.8 (C4vY); 669 (C2"); 62.3-61.0
(C-6MMILIYY- 56 5 (C-2Y); 23.4 (COCHS,).

Tetrasaccharide 5: ESIMS: m/z 795 [M+Na]"; 'H
NMR (D-0): § 5.79 (m, 1H, CH=CH,); 5.17 (m, 2H,
CH=CH.); 4.64 (d, J,» 7.9 Hz, 1H, H-1""); 4.50 (2d,
Ji» 8.1Hz, Ji, 8.0Hz, 2H, H-1""); 435 (d, Ji,
7.8 Hz, 1H, H-1"V); 4.24 (m, 1H, OCH.); 3.99 (m, 1H,
OCH,); 3.92-3.28 (m, 24H, H-2MLILY g sLILHLIV)
H_4I,II,III,IV’ H_SI,II,III,IV, H-6aI’H’HI’IV, H-6bI’H’HI’IV);
1.93 (s, 3H, COCHj;); *C (D,0): § 175.9 (COCHj);
134.5 (CH=CH,); 119.5 (CH=CH,); 104.2, 103.7,
102.5, 101.2 (C-181IEYVY 83 1 (C-3M); 79.5 (C-4M1hy;
77.0, 76.6, 76.1, 76.0, 75.4, 74.1, 74.0, 73.5, 72.2, 71.7
(C-Zm’w, C_3I,III,IV’ C_SI,II,III,IV’ OCH,); 69.8, 69.0 (C-
41y 67.1 (C-2"); 62.3-61.2 (C-6"MILVY: 56 5 (C-2T);
23.4 (COCHj3).

3.5. Allyl O-(2,3,4,6-tetra-O-acetyl-p-p-galactopyran-
osyl)-(1—4)-(2,3,6-tri- O-acetyl-p-np-glucopyranosyl)-

(1—4)-(3,6-di- O-acetyl-2-azido-2-deoxy-p-p-glucopyr-
anosyl)-(1—4)-(3,6-di- O-acetyl-2-acetamido-B-p-gluco-
pyranoside) (4a)

Tetrasaccharide 4 (19.9 mg, 25.7 umol) was dissolved in
pyridine (2 mL), and acetic anhydride (2 mL) was added
together with a catalytic amount of 4-dimethylamino-
pyridine (1 mg). The soln was stirred for 24 h at 20 °C,
protected from light and cooled in an ice bath. MeOH
(5 mL) was added to destroy excess of acetic anhydride,
and the soln was concentrated under diminished pres-
sure. Flash-column chromatography (toluene-acetone
4:1 to 1:1) of the residue gave the acetylated tetrasaccha-
ride 4a (24 mg, 75%); ESIMS: m/z 1257 [M+Nal";
HRESIMS: caled for [Cs;H7oN4O5,+NaT™: 1257.39217,
found m/z 1257.3914; '"H NMR (CDCls): 5.81 (m, 1H,
CH=CH,); 5.57 (d, J 9.2Hz, 1H, NH); 5.22 (dq, J
17.2Hz, J 1.6Hz, 1H, CH=CH,); 5.15 (m, 1H,

CH=CH.); 4.26 (m, 1H, OCH>); 4.01 (m, 1H, OCH.);
2.32-1.91 (m, 36H, COCHj;); '*C NMR (CDCly): 6
170.9-169.1 (COCH;); 133.5 (CH=CH,); 117.7
(CH=CH,); 101.0 (C-1"Y); 100.8 (C-1"; 100.4 (C-1"");
99.6 (C-1Y); 76.1-75.8 (C-4""11M1): 72.9-72.7 (C-3"" and
C-5MM 71.9-71.8 (C-2" and C-3"M1); 70.9 (C-3"Y);
70.7 (C-5"); 69.7 (OCH,); 69.0 (C-2'Y); 66.5 (C-4'Y);
64.3 (C-2"); 62.2-61.9 (C-6"""1VY: 541 (C-2Y); 23.2
(NHCOCH3;); 20.8-20.4 (COCHS).

H-1 H-2 H-3 H-4 H-5 H-6a H-6b

Unit 4.52 393 514 3.79 3.62 457 4.8
1 d m t t m dd dd

(8.1) (9.1) (9.5) (2.0, (4.4;

12.1) 12.2)

Unit 428 3.33 495 3.61 3.54 436 4.08
11 d dd t t m m m
(8.0) (8.0; (9.9) (9.6)
10.2)

Unit 441 477 5.09 3.75 3.55 436 4.08
111 d dd t t m m m
(8.0) (7.8; (9.0) (9.1)
9.0)

Unit 441 505 490 530 3.82 405 4.05
IV d dd dd d t m m
(8.0) (7.8; (34; (2.7) (6.5)
10.4) 10.4)

3.6. Allyl 0-(2,3,4,6-tetra-O-acetyl-f-p-galactopyran-
osyl)-(1—4)-(2,3,6-tri- O-acetyl-p-p-glucopyranosyl)-
(1—3)-(3,6-di-O-acetyl-2-azido-2-deoxy-f-p-glucopyr-
anosyl)-(1—4)-(3,6-di- O-acetyl-2-acetamido-f-p-gluco-
pyranoside) (5a)

The same procedure was applied as for 4a, starting from
5 (17.1 mg, 22.1 mmol), to give Sa (16.9 mg, 50%);
ESIMS: m/z 1257 [M+Na]"; HRESIMS: caled
for [C51H70N4O31+Na]+: 125739217, found m/z
1257.3918; "H NMR (CDCl5): 5.81 (m, 1H, CH=CH.);
5.57 (d, J 9.1Hz, 1H, NH); 5.24 (dq, J 17.3Hz, J
1.4 Hz, 1H, CH=CH,); 5.15 (m, 1H, CH=CH,); 4.28
(m, 1H, OCH,); 4.02 (m, 1H, OCH,); 2.30-1.92 (m,
36H, COCH;). '*C NMR (CDCl;): & (ppm) 171.0-
169.0 (COCHj;); 133.5 (CH=CH,); 117.7 (CH=CH.,);
101.4 (C-1"); 100.9 (C-1"V); 100.4 (C-1"); 99.7 (C-1Y;
78.6 (C-3"); 76.0-75.9 (C-4"1""); 72.9 (C-3"Mhy; 72.5 (C-
5%; 72.0-71.9 (C-5"1); 71.6 (C-2"); 70.9 (C-3'Y); 70.7
(C-5"Y); 69.8 (OCH,); 69.0 (C-2"Y); 67.5 (C-4"); 66.6
(C-4"); 66.5 (C-2" and C-4"); 62.2-60.8 (C-6"11LIVy,
53.9 (C-2"); 23.2 (NHCOCHs); 20.8-20.4 (COCH3).
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H-1 H-2 H-3 H-4 H-5 H-6a H-6b
Unit 4.54 396 5.12 3.76 3.57 436 4.10
I d m t m m m m
(8.1) (9.0)
Unit 4.23 327 345 483 349 424 398
1I d m t t m m m
(8.1) 9.3) (9.2)
Unit 4.72 4.81 5.14 3.77 3.66 454 4.19
111 d t t m m m m
(7.9 (8.1) (9.2)
Unit 441 505 490 530 3.82 4.06 4.06
v d dd dd d m m m
(79) (7.8; (3.4; (5.3)
10.4) 10.4)
References

. Fort, S.; Boyer, V.; Greffe, L.; Davies, G.; Moroz, O.;
Christiansen, L.; Schiilein, M.; Cottaz, S.; Driguez, H. J.
Am. Chem. Soc. 2000, 122, 5429-5437.

Fort, S.; Christiansen, L.; Schiilein, M.; Cottaz, S.;

Driguez, H. Israel. J. Chem. 2000, 40, 217-221.

. Boyer, V.; Fort, S.; Frandsen, T. P.; Schiilein, M.; Cottaz,
S.; Driguez, H. Chem. Eur. J. 2002, 8, 1389-1394,

. Blanchard, S.; Cottaz, S.; Couthino, P. M.; Patkar, S.;
Vind, J.; Boer, H.; Koivula, A.; Driguez, H.; Armand, S.
J. Mol. Catal. B: Enzym., in press, doi:10.1016/j.molcatb.
2006.08.009.

5.

6.

10.
11.

12.

13.

14.
15.
16.

17.

18.

19.

S. Blanchard et al. | Carbohydrate Research 342 (2007) 710-716

Ramakrishnan, B.; Qasba Pradman, K. J. Biol Chem.
2002, 277, 20833-20839.

Marcus, S. L.; Polakowski, R.; Seto, N. O. L
Leinala, E.; Borisova, S.; Blancher, A.; Roubinet, F.;
Evans, S. V.; Palcic, M. M. J. Biol. Chem. 2003, 278,
12403-12405.

. Nyffeler, P. T.; Liang, C.-H.; Koeller, K. M.; Wong, C.-H.

J. Am. Chem. Soc. 2002, 124, 10773-10778.

. Cottaz, S.; Samain, E. Metab. Eng. 2005, 7, 311-

317.

Vaugzeilles, B.; Dausse, B.; Palmier, S.; Beau, J.-M.
Tetrahedron Lett. 2001, 42, 7567-7570.

Mackenzie, L. F.; Wang, Q.; Warren, R. A. J.; Withers, S.
G. J. Am. Chem. Soc. 1998, 120, 5583-5584.

Trincone, A.; Perugino, G.; Rossi, M.; Moracci, M.
Bioorg. Med. Chem. Lett. 2000, 10, 365-368.

Nashiru, O.; Zechel, D. L.; Stoll, D.; Mohammadzadeh,
T.; Warren, R. A. J.; Withers, S. G. Angew. Chem., Int.
Ed. 2001, 40, 417-420.

Okuyama, M.; Mori, H.; Watanabe, K.; Kimura, A.;
Chiba, S. Biosci. Biotechnol. Biochem. 2002, 66, 928-
933.

Stick, R. V.; Stubbs, K. A.; Watts, A. G. Aust. J. Chem.
2004, 57, 779-786.

Faijes, M.; Saura-Valls, M.; Pérez, X.; Conti, M.; Planas,
A. Carbohydr. Res. 2006, 341, 2055-2065.

Van Lieshout, J.; Faijes, M.; Nieto, J.; Van der Oost, J.;
Planas, A. Archaea 2004, 1, 285-292.

Ducros, V. M.; Tarling, C. A.; Zechel, D. L.; Brzozowski,
A. M.; Frandsen, T. P.; von Ossowski, I.; Schiilein, M.;
Withers, S. G.; Davies, G. J. Chem. Biol. 2003, 10, 619—
628.

Hancock, S. M.; Vaughan, M. D.; Withers, S. G. Curr.
Opin. Chem. Biol. 2006, 10, 509-519.

Jinnemann, J.; Thiem, J.; Pedersen, C. Carbohydr. Res.
1993, 249, 91-94.


http://dx.doi.org/10.1016/j.molcatb.2006.08.009
http://dx.doi.org/10.1016/j.molcatb.2006.08.009

	Unexpected regioselectivity of Humicola insolens Cel7B glycosynthase mutants
	Introduction
	Results and discussion
	Experimental
	General methods
	NI-Acetyl-2II-azido-chitobiose (1)
	O-Allyl NI-acetyl-2II-azido- beta -chitobioside (3)
	Allyl O- beta -d-galactopyranosyl-1 rarr 4- beta -d-gluco-	pyranosyl-1 rarr 4-2-azido-2-deoxy- beta -d-glucopyranosyl-1 rarr 4-2-acetamido- beta -d-glucopyranoside 4 and allyl O- beta -d-galactop
	Procedure A using Cel7B E197A glycosynthase
	Procedure B using Cel7B E197A H209A glycosynthase

	Allyl O-2,3,4,6-tetra-O-acetyl- beta -d-galactopyran-	osyl-1 rarr 4-2,3,6-tri-O-acetyl- beta -d-glucopyranosyl-1 rarr 4-3,6-di-O-acetyl-2-azido-2-deoxy- beta -d-glucopyranosyl-1 rarr 4-3,6-di-O-ac
	Allyl O-2,3,4,6-tetra-O-acetyl- beta -d-galactopyran-	osyl-1 rarr 4-2,3,6-tri-O-acetyl- beta -d-glucopyranosyl-1 rarr 3-3,6-di-O-acetyl-2-azido-2-deoxy- beta -d-glucopyranosyl-1 rarr 4-3,6-di-O-a

	References


