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Abstract

Four b-glucan trisaccharides with different aglycones were synthesized as 
endo-b-1,3-glucanase substrates from b-1,3-trisaccharide, where glycosylation with 
methanol or p-methoxyphenol yielded a glycoside lacking a linker. The introduction 
of an aminopentyl group provided the glycoside with a linker, after which an acetyl 
group and fluorescein were introduced on the amino group on the pentyl linker. The 
synthesized substrates were used to investigate the effects of hydrophobicity, length, 
and size of the aglycone on hydrolysis, specifically on hydrolysis by endo-b-1,3-
glucanase. Hydrolysis was evaluated using TLC and HPLC, which demonstrated that 
the substrates with hydrophobic aglycone were hydrolyzed completely and that the 
p-methoxyphenyl glycoside was hydrolyzed in 2 hours. The aglycones of glycosides 
were thus shown to affect the activity of endo-b-1,3-glucanase, and it was furthermore 
found that the catalytic domain of the enzyme recognition specificity for both the 
carbohydrate and the aglycone moiety.

ABBREVIATIONS 
TLC: Thin-Layer Chromatography; HPLC: High Pressure 

Liquid Chromatography

INTRODUCTION
The glycoside hydrolases include various enzymes that 

hydrolyze glycosidic bonds in carbohydrates and include over 
100 enzyme families grouped based on 3D structure and amino 
acid sequence [1-5]. Glycoside hydrolases exist in bacteria, 
plants, and animals and the specific enzyme types present 
differ between various tissues and organs [6-8]. Substrate 
specificity for carbohydrate hydrolysis has been investigated 
to clarify the currently ambiguous substrate specificity, 
and methods for the detection of these substrates in target 
samples have also been investigated for the development 
of a diagnosis method for infection and disease [9-13]. The 
substrate specificity of carbohydrate-hydrolyzing enzymes can 
be quantitatively evaluated using a synthesized glycan with an 
identified structure, such that the part of the structure required 
for substrate recognition of enzymes can be determined. Such 
synthetic glycans, which are chemically synthesized to contain 
easily detectable functional groups, can moreover be applied as 
indicators of glycoside hydrolases associated with infection and 
disease. 

Endo-β-1,3-glucanases in the glycoside hydrolase family 
hydrolyze cell walls of bacteria and plants [15,16]. In higher 

plants, these glucanases are produced to protect against bacterial 
and fungal infection as well as to contribute to morphogenetic 
processes and energy supply [17,19]. Unlike bacteria, humans 
do not express β-1,3-glucanasesand clarifying the substrate 
specificity of these enzymes is thus an important research 
drive toward bacterial detection in the diagnosis of infection. 
The substrate specificity of  β-1,3-glucanaseshavenot been 
investigated using synthetic substrates. Instead, the β-glucans 
laminar in and curdlan, whose structures are not known, have 
been used to investigate the specificity and hydrolysis rates of 
β-1,3-glucanases [20-24], since the biological preparation of 
carbohydrates with homogeneous structures and the chemical 
synthesis of polysaccharides are challenging. The detection of 
carbohydrates is also limited in that they do not contain functional 
groups that are detectable by conventional methods such as 
UV absorbance. For more sensitive detection of carbohydrates, 
therefore, the aglycone groups of glycans are usually modified 
with UV-absorbing and fluorescent groups. It must be noted, 
however, that these introduced functional groups may affect 
the hydrolysis by the enzyme [25-27]. The probes conjugated 
fluorescent group have been developed in many fields to detect 
an enzyme and ion with high sensitivity. The detection techniques 
utilize structural changes of the probes which bound to them. By 
binding to them, the probes exhibit a fluorescent or a fluorescent 
wavelength change. Therefore, the high sensitive detection are 
achieved by overcoming background of unbound probes [28-32].

An endo-β-1,3-glucanase from Cellulosimicrobium cellulans 



Central
Bringing Excellence in Open Access





Miyagawa et al. (2016)
Email: 

JSM Chem 4(2): 1026 (2016) 2/7

DK-1 was previously purified for sequence and crystal structure 
determination [15]. While X-ray analysis of the co-crystal of endo-
β-1,3-glucanase with its substrate is important for substrate 
recognition analysis, it is difficult to achieve this due to substrate 
hydrolysis by the enzyme. For this reason, hydrolases which 
are genetically modified to have no hydrolytic activity are often 
used to investigate substrate recognition using thermodynamic 
analysis and X-ray analysis of co-crystals. In such cases, however, 
the modified enzymes must be shown to have the same structure 
as its native counterpart.

In this study, the effect of the aglycone portion of glycan 
on hydrolysis by endo-β-1,3-glucanase was investigated. The 
aglycones may interact with the amino acid residues near the 
catalytic domain of endo-β-1,3-glucanase and thus not only the 
carbohydrate units but also the aglycone units are important for 
recognition by endo-β-1,3-glucanase. To investigate the substrate 
specificity of endo-β-1,3-glucanase, glycol conjugates with various 
functional groups on the aglycone of β-glucan trisaccharide were 
synthesized and used to evaluate the hydrolysis activity of the 
enzyme.

MATERIALS AND METHODS
1H NMR spectra were recorded at 400 or 700 MHz using a 

Bruker AVANCE 400 Plus Nanobay, or a JEOL RESONANCE 
JNM-ECZ700R spectrometer in chloroform-d and deuterium 
oxide. 13C NMR spectra were recorded at 101 or 176 MHz with 
the same instruments. Chemical shifts are given in ppm (δ) and 
referenced to Me4Si or to the internal solvent signal used as an 
internal standard. Assignments in the NMR spectra were made 
by first-order analysis of spectra, and supported by correlation 
spectroscopy and heteronuclear chemical shift correlation. 
Matrix-assisted laser desorption ionization time-of-flight high-
resolution mass spectra (MALDI-TOF HRMS) were recorded on a 
JEOL JMS-S3000 using 2,5-dihydroxylbenzoic acid as matrix.

Unless otherwise stated, all commercially available solvents 
and reagents were used without further purification. Dry solvents 
were prepared by storage over molecular sieves which were 
activated in vacuum at 200 °C. Silica gel column chromatography 
was performed with silica gel 60N, spherical neutral, particle size 
40-50 μm or 63-210 μm (Kanto Chemical Co. Inc.). Reverse phase 
column chromatography was carried out using C18 Sep-pak 
VacCartridge (particle size 55-105 μm, 10g; Waters). Reactions 
were monitored by thin-layer chromatography (TLC) on a 
precoated plate of silica gel 60 F254 (layer thickness, 0.25 mm; 
Merk). For detection of intermediates, TLC plates were dipped 
in a solution of 85:10:5 (v/v/v) methanol:resorcinol:concentrat
ed sulfuric acid and heated for a few minutes or irradiated with 
UV lamp.

HPLC analysis was performed on a Shimadzu HPLC system 
equipped with a TSKgel Amide-80 column (Tosoh Bioscience, 4.6 
mm × 250 mm, 5 μm). The HPLC system was consisted of a system 
controller (CBM-20A), a diode array detector (SPD-M20A), a 
pumps (LC-20AD), an auto sampler (SIL-20AC), a column oven 
(CTO-20AC), and a degasser (DGU-20As).

2,4,6-Tri-O-acetyl-3-O-(2,4,6-tri-O-acetyl-3-O-
(2,3 ,4,6-tetra-O -acetyl-β-D-glucopyranosyl)-
β - D - g l u c o p y r a n o s y l ) - α - D - g l u c o p y r a n o s y l 
2,2,2-trichloroacetimidate (2)

Compound 1 (20 mg, 39.6 µmol) was dissolved in pyridine 
(2.0 mL) and acetic anhydride (1.5 mL), and the mixture was 
stirred at room temperature for 6 h. The mixture was then co-
evaporated with toluene to give peracetate (38 mg), of which 
15 mg (15.5 µmol) was dissolved in N, N-dimethylformamide 
(100 µL). Ammonium carbonate (20.6 mg) was added to the 
peracetate solution and the mixture was stirred vigorously at 
room temperature for 21 h. Next, ethyl acetate was added to the 
suspension which was then washed with water, dried over an-
hydrous sodium sulfate, filtered, and evaporated. The residue 
was dissolved in dichloromethane (206 µL) trichloroacetonitrile 
(10.3µL, 103µmol) was added to the resulting solution. After the 
solution was cooled in an ice bath, 1, 8-diazabicyclo [5.4.0]-7-un-
decene (0.2µL, 1.3µmol) was added and the mixture was then 
stirred at room temperature for 7 h. The solution was concen-
trated and the residue was purified by silica gel chromatography 
with 3:1 to 1:1 (v/v) hexane: ethyl acetate to give 2 (13mg, 79%): 
1H NMR  (400 MHz, CDCl3) δ 8.71 (s, 1H), 6.47 (d, J1,2= 3.7 Hz, 1H, 
H-1), 5.16-5.03 (m, 3H), 4.96-4.88 (m, 3H), 4.56 (d, J1′′,2′′ = 8.4 Hz, 
1H, H-1′′), 4.52 (d, J1′,2′ = 8.0 Hz, 1H, H-1′), 4.44-4.37 (m, 2H), 4.26-
4.10 (m, 7H), 4.07-4.02 (m, 1H), 3.86 (t, J = 9.4 Hz, 1H), 3.80-3.76 
(m, 1H), 3.71-3.67 (m, 1H), 2.15-1.99 (m, 27H).

Methyl 2,4,6-tri-O-acetyl-3-O-(2,4,6-tri-O-acetyl-3-
O-(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)-β-D-
glucopyranosyl)-β-D-glucopyranoside (3)

To a solution of 2 (50 mg, 46.7 µmol) and methanol (9.47 µL, 
234 µmol) in dichloromethane (233 µL), molecular sieves 3Å 
powder (40.7 mg) was added and the mixture was then stirred at 
room temperature for 15 min before being cooled at -40°C for 30 
min. Trimethylsilyl trifluoromethansulfonate (1.7 µL, 9.4 µmol) 
diluted in dichloromethane (33 µL) was added to the mixture 
which was then stirred at -10°C for 30 min. Next, the mixture 
was cooled at -40°C and methanol (9.47 µL, 234 µmol) and 
trimethylsilyl trifluoromethansulfonate (1.7 µL, 9.4 µmol) diluted 
in dichloromethane (20 µL) were added. The resulting mixture 
was then stirred at -40°C for 80 min. The mixture was diluted 
with dichloromethane and filtered through celite. The filtrate 
was then washed successively with aqueous saturated sodium 
hydrogen carbonate and brine, dried over anhydrous sodium 
sulfate, filtered, and evaporated. The residue was purified by 
silica gel chromatography with 3:1 (v/v) toluene:acetone to give 
mixture (18 mg). The mixture was finally purified by C18 Sep-pak 
cartridge (10g) with 3–10% methanol solution to give 3 (18 mg, 
41%). 1H NMR (700 MHz, CDCl3)δ 5.11-5.09 (dd, 1 H, H-2, J1,2 = 
8.4 Hz, J2,3 = 9.8 Hz), 5.06-5.03 (t, 1 H, H-3′′, J2′′,3′′= J3′′,4′′ = 9.8 Hz), 
4.95-4.89 (m, 4 H, H-2′, H-3, H-3′, H-4′′), 4.49-4.48 (d, 1 H, H-1, J1,2 
= 8.4 Hz), 4.44-4.43 (d, 1 H, H-1′, J1′,2′ = 8.4 Hz), 4.37-4.36 (m, 1 H, 
H-6a′), 4.31-4.28 (m, 2 H, H-1′′, H-6b′, J1′′,2′′ = 8.4 Hz), 4.19-4.14 (m, 
2 H, H-6a, H-6b), 4.05-4.00 (m, 2 H, H-6a′′, H-6b′′), 3.86-3.84 (br-
dd, 1 H, H-4), 3.80-3.78 (br-dd, 1 H, H-4′), 3.67-3.63 (m, 3 H, H-5, 
H-5′, H-5′′), 3.45 (s, 3 H, CH3O-), 2.34-2.01 (m, 30 H, Ac×30); 13C 
NMR (176 MHz, D2O) δ 170.9, 170.7, 170.6, 170.4, 169.6, 169.4, 
169.2, 168.9, 129.1, 128.3, 125.4, 101.5, 101.1, 100.8, 79.1, 78.3, 
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77.3, 77.1, 76.9, 72.9, 72.9, 72.7, 71.9, 71.7, 71.7, 70.9, 68.5, 68.1, 
62.3, 62.1, 61.7, 56.7, 53.5, 31.0, 29.8, 29.4, 21.2, 20.9, 20.8, 20.7, 
20.6, 20.5, 20.4, MALDI-TOF-HRMS (positive ion): (m/z) calcd for 
(C45H58O27+Na+): 968.2801; found m/z: 968.2805.

p-Methoxyphenyl 2,4,6-tri-O-acetyl-3-O-(2,4,6-
t r i- O-ac et y l-3- O-( 2 , 3,4, 6 -t et r a- O-ac et y l- β -D -
g l u c o p y r a n o s y l ) - β - D - g l u c o p y r a n o s y l ) - β - D -
glucopyranoside (4)

To a solution of 2 (19 mg, 17.8 µmol) and p-methoxyphenol 
(11 mg, 89.0 µmol) in dichloromethane (340 µL), molecular 
seives 4Å powder (50 mg) was added and the mixture was then 
stirred at room temperature for 30 min before being cooled at -40 
°C for 30 min. Trimethylsilyl trifluoromethansulfonate (1.6 µL, 
8.85 µmol) diluted in dichloromethane (16 µL) was added to the 
mixture which was then stirred at -40 °C for 45 min. The mixture 
was diluted with dichloromethane and filtered through celite.
The filtrate was then washed successively with aqueous sodium 
hydrogen carbonate and brine, dried over anhydrous sodium 
sulfate, filtered, and evaporated. The residue was purified by 
silica gel chromatography with 8:1 to 5:1 (v/v) toluene:acetone 
to give 4 (15 mg, 83%): 1H NMR (400 MHz, CDCl3) δ 6.93-6.89 (m, 
2 H, Ph), 6.83-6.79 (m, 2 H, Ph), 5.23-5.18 (dd, 1 H, H-2, J1,2 = 8.0 
Hz, J2,3 = 9.2 Hz), 5.15-5.04 (m, 2 H, H-2′′ H-4′), 5.02-4.96 (br-dd, 
1 H, H-4), 4.93-4.88 (m, 3 H, H-1′′, H-2′, H-4′′), 4.83-4.81 (d, 1 H, 
H-1), 4.52-4.48 (m, 2 H, H-1′, H-3′′, J1′,2′= 8.0 Hz), 4.42-4.37 (dd, 
1 H, H-6a′,J5′,6a′=4.0 Hz, J6a′,6b′= 12.8 Hz), 4.34-4.30 (dd, 1 H, H-6b′, 
J5′,6b′ =4.4 Hz), 4.24-4.16 (m, 2 H, H-6a, H-6b), 4.08-4.01 (m, 2 H, 
H-6a′′, H-6b′′), 3.97-3.92 (t, 1 H, H-3, J2,3 = J3,4 = 9.2 Hz), 3.85-3.77 
(m, 5 H, CH3O-, H-3′, H-5), 3.70-3.66 (m, 2 H, H-5′, H-5′′), 2.35-
1.98 (m, 30 H, Ac-×10); 13C NMR (101 MHz, CDCl3) δ 170.7, 170.6, 
170.5, 170.3, 169.5, 169.3, 169.2, 168.9, 168.8, 155.7, 151.0, 
137.9, 129.0, 128.2, 125.3, 118.5, 114.5, 101.1, 100.7, 100.1, 79.0, 
78.1, 77.4, 77.0, 76.7, 72.9, 72.7, 72.0, 71.7, 71.6, 70.9, 68.4, 68.2, 
68.1, 62.2, 62.0, 61.7, 55.7, 21.5, 21.1, 21.0, 20.8, 20.8, 20.7, 20.6, 
20.5, 20.4, 20.4; MALDI-TOF-HRMS (positive ion): (m/z) calcd for 
(C45H58O27+Na+): 1053.3063; found m/z:1053.3006.

5-N-(9-Fluorenylmethoxycarbonyl)aminopentyl 
2,4,6-t ri- O-acet yl-3-O-(2,4,6-t ri- O-acet yl-3-O-
(2,3,4,6-tetra-O-acetyl-β-D-glucopyranosyl)-β-D-
glucopyranosyl)-β-D-glucopyranoside (5)

To a solution of 2 (200 mg, 187 µmol) and 5-N-(9-
fluorenylmethoxycarbonyl) aminopentan-1-ol (304 mg, 934 
µmol) in dichloromethane (17.2 mL), molecular seives 4Å 
powder (1.33 g) was added and the mixture was then stirred at 
room temperature for 1 h before being cooled at -40 °C for 30 
min. Trimethylsilyl trifluoromethansulfonate (6.8 µL, 37.6 µmol) 
diluted in dichloromethane (1.2 mL) was added to the mixture 
which was  then stirred at -40 °C for 1 h. Next, the mixture was 
cooled at -40 °C and trimethylsilyl trifluoromethansulfonate 
(6.8 µL, 37.6 µmol) diluted in dichloromethane (1.2 mL) was 
added. The resulting mixture was then stirred at -40 °C for 1 
h. The mixture was diluted with dichloromethane and filtered 
through celite, and the filtrate was washed successively with 
aqueous sodium hydrogen carbonate and brine, dried over 
anhydrous sodium sulfate, filtered, and evaporated. The residue 
was purified by silica gel chromatography with 4:1 to 3:1 (v/v) 

toluene:acetone to give 5 (176 mg, 77%): 1H NMR (400 MHz, 
CDCl3) δ 7.78- 7.76 (m, 2H, Ph), 7.61-7.59 (m, 2H, Ph), 7.43-7.39 
(m, 2H, Ph), 7.34-7.30 (m, 2H, Ph), 5.14-5.04 (m, 2 H, CH2-), 4.97-
4.91 (m, 5 H, H-2, H-2′, H-2′′, H-5′, NH-), 4.51-4.49 (d, 1 H, H-1, J1,2 
= 8.0 Hz), 4.46-4.44 (d, 1 H, H-1′, J1,2 = 8.0 Hz), 4.41-4.29 (m, 5 H, 
H-1′′, H-3′′, H-4′, H-5, H-5′′, J1′′,2′′ = 8.0 Hz), 4.24-4.20 (m, 2 H, H-4, 
H-4′′), 4.07-4.01 (m, 2 H, H-6a, H-6b), 4.07-4.01 (m, 2 H, H-6a′′, 
H-6b′′), 3.88-3.78 (m, 3 H, CH2-, H-6a′), 3.69-3.64 (m, H-3, H-3′, 
H-6b′), 3.46-3.40 (m, 1 H, -CH), 3.22-3.14 (m, 2 H, CH2-), 2.18-1.97 
(m, 30 H, Ac×10), 1.69-1.48 (m, 6 H, CH2-×3);13C NMR (101 MHz, 
CDCl3) δ 170.8, 170.6, 170.5, 170.3, 169.4, 169.3, 169.1, 169.1, 
168.8, 168.8, 156.4, 144.0, 141.3, 127.7, 127.0, 125.0, 120.0, 
101.0, 100.7, 100.6, 79.0, 78.3, 77.4, 77.0, 76.7, 73.0, 72.9, 72.6, 
71.8, 71.7, 71.6, 70.8, 69.3, 68.4, 68.2, 68.0, 66.5, 62.2, 62.0, 61.7, 
53.4, 47.3, 40.9, 31.6, 29.6, 29.0, 23.0, 22.7, 21.0, 20.8, 20.7, 20.6, 
20.5, 20.4, 20.4, 14.1; MALDI-TOF-HRMS (positive ion): (m/z) 
calcd for (C58H73N1O28+Na+): 1254.4217; found m/z:1254.4214.

M e t h y l 3 - O - ( 3 - O - ( β - D - g l u c o p y r a n o s y l ) - β - D -
glucopyranosyl)-β-D-glucopyranoside (6)

Compound5 (18 mg, 19.2 µmol) was dissolved in 1.3% 
NaOMe—MeOH (1.05 mL), and the mixture was stirred at room 
temperature for 23 h. The mixture was then added SK1B (H+) 
resin to neutralize the solution. Next, the suspension was filtered 
and the filtrate was evaporated. The residue was purified by C18 
Sep-pak cartridge (10g) with 3% methanol solution to give 6 (10 
mg, quant.); 1H NMR (700 MHz, D2O) δ 4.74-4.70 (m, 1 H, H-3), 
4.67-4.66 (d, 1 H, H-1′, J1′,2′= 7.7 Hz), 4.66-4.65 (d, 1 H, H-1′′, J1′′,2′′= 
8.4 Hz), 4.32-4.31 (d, 1 H, H-1, J1,2 = 8.4 Hz), 3.84-3.81 (m, 3 H, H-6a, 
H-6a′, H-6a′′), 3.68-3.62 (m, 5 H, H-5, H-5′, H-6b, H-6b′, H-6b′′), 
3.48 (s, 3 H, CH3O-), 3.47-3.35 (m, 7 H, H-2′′, H-3′, H-3′′, H-4, H-4′, 
H-4′′, H-5′′), 3.32-3.31 (dd, 1 H, H-2′), 3.27-3.26 (dd, 1 H, H-2); 13C 
NMR (176 MHz, D2O) δ 103.0, 102.9, 102.6, 84.5, 84.3, 76.0, 75.7, 
75.6, 73.5, 73.3, 72.9, 69.6, 68.2, 68.2, 60.7, 57.3; MALDI-TOF-
HRMS (positive ion): (m/z) calcd for (C19H34O16+Na+): 541.1745; 
found m/z: 541.1731.

p-Methoxyphenyl 3-O-(3-O-(β-D-glucopyranosyl)-β-D-
glucopyranosyl)-β-D-glucopyranoside (7)

Compound 4 (35 mg, 33.9 µmol) was dissolved in 2.8% 
NaOMe—MeOH (1.1 mL) and the mixture was then stirred at 
room temperature for 15.8 h. The mixture was added SK1B (H+) 
resin to neutralize the solution. Next, the mixture was filtered 
and the filtrate was evaporated to give 7 (20 mg, 95%): 1H NMR 
(700 MHz, D2O) δ 7.03-7.01 (m, 2 H, Ph), 6.90-6.88 (m, 2 H, Ph), 
4.94-4.93 (d, 1 H, H-1, J1,2 = 8.4 Hz), 4.74-4.70 (m, 2 H, H-1′, H-3′), 
4.66-4.65 (d, 1 H, H-1′′, J1′′,2′′ = 7.7 Hz), 3.84-3.81 (m, 3 H, H-6b, 
H-6a′′, H-6b′′), 3.76-3.74 (br-dd, 1 H, H-2), 3.71 (s, 3 H, CH3O-), 
3.70-3.61 (m, 4 H, H-5, H-5′′, H-6a, H-6b′), 3.51-3.37 (m, 7 H, H-3, 
H-3′′, H-4, H-4′, H-4′′, H-5′, H-6a′), 3.32-3.29 (dd, 1 H, H-2′′, J2′′,3′′ 
= 9.8 Hz), 3.27-3.25 (dd, 1 H, H-2′, J2′,3′ = 9.8 Hz);13C NMR (176 
MHz, D2O) δ 154.8, 150.9, 118.3, 115.1, 102.9, 102.6, 101.1, 84.3, 
84.0, 76.0, 75.8, 75.7, 75.6, 73.5, 73.3, 72.8, 69.6, 68.2, 68.0, 60.7, 
60.5, 55.8; MALDI-TOF-HRMS (positive ion): (m/z) calcd for 
(C25H38O17+Na+): 633.2007; found m/z:633.2048.
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5-Acetamidopentyl 3-O-(3-O-(β-D-glucopyranosyl)-β-
D-glucopyranosyl)-β-D-glucopyranoside (8)

Compound 2 (39 mg, 31.7 µmol) was dissolved in 
dichloromethane (2.0mL) and the solution was added piperidine 
(939 µL) in dichloromethane (1.76 mL) at room temperature for 
75 min.The solution was then evaporated and the residue which 
was cooled on ice bath was added acetic anhydride (1.5 mL) at 
room temperature for 30 min. Next, the mixture was diluted with 
dichloromethane and washed successively with ice water, 1M 
HCl aqueous, saturated sodium hydrogen carbonate and brine, 
dried over anhydrous sodium sulfate, filtered, and evaporated. 
The residue was purified by silica gel chromatography with 
13:10 to 1:1 (v/v) toluene:acetone to give acetamide derivative 
(27 mg), which was dissolved in 0.28% NaOMe—MeOH (2.02 
mL) and stirred at room temperature for 16 h.  The mixture was 
added SK1B (H+) resin to neutralize the solution, and the mixture 
was filtered and the filtrate was evaporated to give 8 (10 mg, 
50%): 1H NMR (700 MHz, D2O) δ 4.74-4.70 (br-dd, 1 H, H-3′′), 
4.68-4.67 (d, 1 H, H-1′′, J1′′,2′′ = 9.1 Hz), 4.65-4.64 (d, 1 H, H-1′, J1′,2′ 
= 7.7 Hz), 4.38-4.37 (d, 1 H, H-1, J1,2 = 8.4 Hz), 3.84-3.81 (m, 4 
H, -NH, H-3, H-4′, H-6b), 3.69-3.56 (m, 6 H, CH2-, H-3′, H-4, H-5′′, 
H-6a), 3.46-3.34 (m, 7 H, H-2′, H-4′′, H-5, H-5′, H-6a, H-6b, H-6a′, 
H-6b′), 3.32-3.29 (dd, 1 H, H-2, J2,3 = 9.8 Hz), 3.27-3.24 (dd, 1 H, 
H-2′′J2′′,3′′= 8.4 Hz), 3.27-3.06 (dd, 2 H, CH2-, J= 6.3 Hz, 7.0 Hz), 
1.87 (s, 3 H, Ac-), 1.57-1.52 (m, 2 H, CH2-), 1.45-1.41 (m, 2 H, 
CH2-), 1.31-1.26 (m, 2 H, CH2-); 13C NMR (176 MHz, D2O) δ 174.0, 
102.9, 102.6, 102.0, 84.4, 84.2, 76.0, 75.7, 75.6, 73.5, 73.3, 73.0, 
70.5, 69.6, 68.2, 68.2, 60.7, 39.4, 28.4, 28.0, 22.5, 21.9; MALDI-
TOF-HRMS (positive ion): (m/z) calcd for (C25H45N1O17+Na+): 
654.2585; found m/z:654.2556.

5-(N-(Fluorescein-5-yl)-thioureido)aminopentyl 
3-O-(3-O-(β-D-glucopyranosyl)-β-D-glucopyranosyl)-
β-D-glucopyranoside (9)

Compound 2 (41 mg, 33.3 µmol) was dissolved in 14 
w% aqueous NH3 solution (10.0 mL), and the mixture was 
stirred at room temperature for 18.0 h. The mixture was then 
evaporated and the residue was dissolved in water. The solution 
was washed with dichloromethane and the aqueous layer 
was lyophilized to give the amine derivative (20 mg), which 
was dissolved in methanol (1.0 mL). The solution was added 
5-isothiocyanatofluorescein (20.6 mg) in methanol (1.0 mL) and 
the mixture was stirred at room temperature for 4 h. The solution 
was then evaporated and the residue was purified by C18 Sep-
pak cartridge (10g) with 60% methanol solution. Subsequently, 
the mixture was finally purified by silica gel chromatography 
with 2:1 to 1:2 (v/v) dichloromethane:methanol to give 9 (8 mg, 
24%): 1H NMR (400 MHz, D2O) δ 7.64-6.59 (m, 9 H, Ph), 4.60-
4.58 (m, 2 H, H-1′, H-1′′), 4.40-4.34 (d, 1 H, H-1, J1,2 = 8.0 Hz), 
3.83-3.77 (m, 4 H, H-4, H-4′, CH2-), 3.68-3.58 (m, 8 H, H-3, H-3′, 
H-3′′, H-4′′, H-6a, H-6b′, H-6a′′, H-6b′′), 3.43-3.22 (m, 10 H, H-2, 
H-2′, H-2′′, H-5, H-5′, H-5′′, H-6b, H-6b′, CH2-), 1.57-1.33 (m, 6 H, 
CH2-×3);13C NMR (101 MHz, CDCl3) δ 218.3, 214.8, 191.2, 103.1, 
102.8, 102.8, 102.5, 102.1, 101.8, 84.3, 84.3, 75.9, 75.9, 75.6, 75.4, 
73.7, 73.5, 73.4, 73.4, 73.2, 73.1, 72.9, 72.8, 70.5, 70.4, 70.2, 70.2, 
69.5, 69.4, 69.3, 68.4, 68.1, 68.0, 67.8, 61.0, 60.7, 60.5, 60.3, 54.7, 
54.5, 54.4, 48.8, 48.8, 48.7, 31.6, 31.6, 28.4, 28.3, 28.1, 28.1, 27.8, 

27.6, 22.6, 20.0; MALDI-TOF-HRMS (positive ion): (m/z) calcd for 
(C44H54N2O21S1+Na+): 1001.2837; found m/z:1001.2816.

Hydrolysis activity assay

Enzyme reactions (total volume: 1.0 mL) containing substrates 
(50 µM) and endo-β-1,3-glucanase (25 µM) purified as previously 
reported [14] were carried out in 40 mM potassium phosphate 
(pH 7.0) at 40°C. Between 10 min and 4 h after the reactions were 
initiated, 100 µL samples of the reaction volume were removed 
and diluted in 100 µL acetonitrile and 300 µL water, after which 
the resulting solutions were lyophilized (for 6, 7 and 8). The 
residues were dissolved in 15 µL acetonitrile and 15 µL water 
before being subjected to TLC analysis along with 5 nmol of each 
substrate. The TLC developing solvents used were 3:3:2 (v/v/v) 
ethyl acetate:2-propanol:water for compounds 6 and 8 and 3:3:1 
(v/v/v) ethyl acetate:2-propanol:water for compound 7. Only the 
reactions carried out with compound 9 were analyzed by HPLC 
(TSK-gel Amide-80 [3.0 µm; 4.6 mm × 15 cm] column with water: 
CH3CN solvent mixture [5:95 to 45:55, linear gradient for 20 min] 
at 40°C, 1 mL/min). After 10 min, 30 min, 1 h, 2 h and 4 h, 15 
μL of the reaction mixture containing 9 (50 µM) were collected 
and diluted with 75 μL of CH3CN and 60 μL of H2O. The diluted 
solution (1 μL) was then further diluted with 500 μL of CH3CN 
and 500 μL of H2O. A 10 μL aliquot of this diluted solution was 
then injected into the HPLC system to analyze the cleavage rate of 
9. The compounds were detected using fluorescent detector (Ex. 
490 nm, Em. 525 nm).

RESULTS AND DISCUSSION
In Scheme 1, β-glucantrisaccharide 1, which is commercially 

available, was used as the starting material. 1 was per acetylated 
with acetic anhydride in pyridine, after which the peracetate was 
deprotected selectively at the 1-position to give hemiacetal. The 
hemiacetal was then reacted with trichloroacetonitrile by the 
addition of DBU, yielding trichloriacetimidate 2 (79% yield) in 
three steps [32,33]. Treatment of 2 and methanol with TMSOTf in 
CH2Cl2 yielded in methyl glycoside 3 (41% yield) [34]. Similarly, 
2 was reacted with p-methoxyphenol to give p-methoxyphenyl 
glycoside 4 (83% yield). N-F moc aminopentyl glycoside 5 was 
synthesized by glycosidation of 2 with N-Fmoc amino pentanol 
to introduce functional groups on the aglycone.

The acetyl groups on 3 and 4 were deprotected under 
Zemplén conditions to yield 6 and 7 as substrates for hydrolysis 
by endo-β-1,3-glucanase (Scheme 2) [35-37]. Onto the glycoside 
5 with an alkyl chain as a spacer on the aglycone, an acetyl group 
or fluorescent label was introduced as a small or bulky functional 
group at the ω-position.  First, 5 was deprotected selectively at the 
Fmoc group, after which the exposed amino group was converted 
to an acetoamido group. The compound was then deacetylated 
(except at the acetamido group) to give 8 at a 50% yield. Next, 5 
was soaked in a NaOMe-MeOH solution to deprotect all protecting 
groups, after which FITC was introduced to yield 9 at 24% yield 
(2 steps) [39-42]. The fluorescently labeled glycoside 9 is a useful 
compound that can be used for the sensitive detection of endo-β-
1,3-glucanase.

Finally, the synthesized compounds (6,7,8,9) were treated 
with endo-β-1,3-glucanase to evaluate the resulting hydrolysis 
activity. While compounds 9 can be detected by fluorescence 



Central
Bringing Excellence in Open Access





Miyagawa et al. (2016)
Email: 

JSM Chem 4(2): 1026 (2016) 5/7

HO
O

HO

HO

OH

O
O

HO

HO

OH

O
O

OHHO
HO

OH

1

AcO
O

AcO
AcO

OAc

O
O

AcO
AcO

OAc

O
O OR

AcO

AcO
OAc

HO
O

HO
HO

OH

O
O

HO
HO

OH

O
O OR

HO

HO
OH

AcO
O

AcO

AcO

OAc

O
O

AcO

AcO
OAc

O
O

AcO

AcO

OAc

O

NH

CCl3
2

3: R = -CH3
4: R = -PhOMe
5: R = -(CH2)5NHFmoc

6: R = -CH3
7: R = -PhOMe

a

cb

Scheme 1 Reagents and conditions: (a) (i) Ac2O, Pyridine, rt; (ii) (NH3)2CO3, DMF, rt; (iii) Cl3CCN, DBU, CH2Cl2, rt, (b) methanol, TMSOTf, CH2Cl2, -40 
°C for 3; p-methoxyphenol, TMSOTf, CH2Cl2, -40 °C for 4; FmocNH(CH2)5OH, TMSOTf, CH2Cl2, -40 °C for 5; (c) NaOMe, MeOH, rt.

Scheme 2 Reagents and conditions: (a) (i) piperidine, CH2Cl2, rt; (ii) Ac2O, rt; (iii) NaOMe, MeOH, rt, (b) (i) aqueous NH3, rt; (ii) FITC, methanol, rt.

Figure 1 Thin-layer chromatography analysis of hydrolytic reactions by endo-β-1,3-glucanase with (a) Methyl glycoside 6, (b) p-methoxyphenyl 
glycoside 7, and (c) acetamidopentyl glycoside 8 substrates.

Figure 2 Time course study of hydrolytic reactions carried out with the fluorescent glycoside 9 as a substrate for endo-β-1,3-glucanase assessed by 
HPLC. Error bars represent one standard deviation from the mean (n = 4 experimental replicates).
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analysis, compounds 6, 7, and 8 were shown to be inadequate 
for highly sensitive detection. The hydrolysis byendo-β-1,3-
glucanase for compounds 6,7, and 8 was therefore assessed 
using TLC. As shown in Figure 1, 7 were hydrolyzed faster than 6 
and 8 and had disappeared completely in 2 hours. Half of 6 were 
hydrolyzed after 4 hours and 8 were not observed a hydrolysate. 9 
were evaluated in terms of hydrolysis activity using HPLC, which 
revealed thatca. 60% of 9 had been hydrolyzed after 4 hours. The 
results reported here demonstrate that hydrophobic functional 
groups on the aglycone are required for a strong interaction 
with the catalytic domain of endo-β-1,3-glucanase. Moreover, 
the hydrophobic groups which are close to the carbohydrate 
unit were found to have an effect on the hydrolysis activity of 
the enzyme. The slightly bulkier FITC group on9, compared 
with the p-methoxypheny group of 7 may have caused steric 
hindrance with the amino acid residues close to the catalytic 
site of endo-β-1,3-glucanase; however, hydrolytic activity was 
detected at a few femtomole of 9, demonstrating the potency of 
the fluorescent probe 9 as an indicator of the enzyme activity. 
Overall, these findings demonstrate that the aglycone structure 
is also important for high activity in endo-type enzymes, and that 
the carbohydrate unit of a trisaccharide was indeed hydrolyzed 
by endo-β-1,3-glucanase. This study also demonstrates that 
substrates for endo-β-1,3-glucanase can be simply synthesized 
from commercially available reagents.

CONCLUSION
The β-glucan trisaccharides with methyl group, 

p-methoxyphenyl group, acetamido group and fluorescein on the 
aglycones were synthesized. The hydrolysis activity of endo-β-
1,3-glucanase was evaluated using the synthesized substrates on 
TLC and HPLC. The result showed that the substrates with the 
hydrophobic aglycones such as p-methoxyphenol and fluorescein 
were hydrolyzed efficient and p-methoxyphenyl glycoside was 
hydrolyzed completely in 2 hours. Therefore, the aglycones of 
glycosides affect the hydrolysis of endo-β-1,3-glucanase and the 
catalytic domain may also occur the interaction with aglycone 
moiety. Consequently, the aglycones should be selected a suitable 
functional group to give highly hydrolytic activity. The substrate 
with high sensitivity for endo-β-1,3-glucanase will be utilized 
as the indicator for infection by bacteria and fungi. Further, 
synthesis of β-glucan oligosaccharides with branches bound in 
β-1,6 linkage are currently ongoing. They clarify the substrate 
specificity of endo-β-1,3-glucanase for carbohydrate unit and a 
more sensitive substrate will be developed.
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