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'H-NMR Spectroscopic Evidence on the Glycosidic Linkages
of the Transglycosylated Products of Low-Molecular-Weight
B -D-Glucosidase from Trichoderma koningii

Lee, Heon-Ju, Choon-Soo Jeong, Sa-Ouk Kang, and Yung-Chil Hah
Department of Microbiology, Coilege of Natural Sciences,
Seoul National University, Seoul 151-742, Korea

ABSTRACT: The mode of transglycosylation reaction observed during the action of low-molecular-
weight 3-D-glucosidase (3-D-glucoside glucohydrolase, EC 3.2.1. 21) purified from Trichoderma ko-
ningii ATCC 26113 was investigated using 1TH-NMR spectroscopy. The enzyme was purified by the series
of procedures including ammonium sulfate precipitation, and fractionations by column chromatogra-
phies on Bio-Gel P-150, DEAE-Sephadex A-50, and SP-Sephadex C-50. The final purification was per-
formed by the band eluation after preparative polyacrylamide gel electrophoresis. The enzyme showed
its molecular size of 78,000 through the analysis of sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis and its isoelectric point of 5.80 through the analysis of analytical isoelectric focusing. The
H-1 proton resonances were analyzed. After the reaction of the enzyme with cellobiose, the reaction
products were separated by high performance liquid chromatography using refractive index detector.
H-1 resonances of the products were consisted with those of gentiobiose [ 5-D-glucopyranosyl-(1,6)-D-
glucopyranose], and cellotriose [3-D-glucopyranesyl-(1,4)- 8 -D-glucopyranosyl}-(1,4)-D-glucopyra-
nose] with minor resonances of sophorose [ 5-D-glucopyranosyl-(1,2)-D-glucopyranose], respectively.
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Fig. 1. lon exchange chromatograph on DEAE-Sepha-
dex A-50 of fraction F-1I, described in Hong ct al.
(1986), column dimension, 2.5 x 50 cm; elution
buffer, 0.02 M phosphate buffer (pH 6.9); each
fraction volume, 4 mi; A, protein concen-
tration, e, f#-D-glucosidase activity; o, CMC-
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Fig. 2. Jon exchange chromatograph on SP-Sephadex
C-50 of fraction F-li-1, described in Fig. 1; co-
lumn dimension, 2.5 x50 cm; elution buffer,
0.07 M acetate buffer (pH 5.0); each fraction
volume, 4 ml; A, protein concentration; e,
B -D-glucosidase activity.
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A B
Fig. 3. Nondenaturing polyacrylamide gel electropho-
retogram of g-D-glucosidase, 8% (W/V) of
acrylamide was used.
A, protein stained by Coomassie Brilliant Blue
R-250. B, protein stained by periodic acid and
basie fuchsin.

A B

Fig. 1. Efectrophoretogram of 8-D-glucosidase by ana-
lytical jsoelectric focusing using Pharmalyte (pH
4.0-6.5);, 5% (W/V) of acrylamide was used.
A, protein stained by Coomassie Brilliant Blye
R-250, B, active staining by esculin-FeCl.
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Fig. 5. Sodium dodecy! suifate-polyacrylamide gel

electrophoretogram of g-D-glucosidase; 10%
(W/V) of acrylamide was used.
Molecular weight markers; 1, marker protein
mixture of B-galactosidase (M.W. 116,000),
phosphorylase (M.W. 97,400), and carbonic
anhydrolase (M.W. 29,000); 2, bovine serum
albumin, dimer (M.W. 132,000); 3, bovine
serum albumin, monomer (M.W. 66,000); 4,
ovalbumin (M.W. 45,000); 5, trypsinogen (M. W.
24,000); 6. a-lactoglobulin (M. W. 18,400).
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Fig. 6. Semilogarithmic plot of molecular weight versus

relative electrophoretic mobility analyzed from
electrophoretogram of Fig. 5.
Molecular weight markers; 1, g -galactosidase
(M.W. 116,000); 2, phosphorylase (M.W.
97,400); 3, bovine serum albumin monomer
(M.W. 66,000); 4, ovalbumin (M.W. 45,000); 5
carbonic anhydrolase (M.W. 29,000); 6, tryp-
sinogen (M.W. 24,000); 7, B-lactoglobulin
(M.W. 18,400).
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Fig. 7. High performance liquid chromatograms of

reaction products after treatment of cellobiose
with 8-D-glucosidase for 0.5, 5, 15, and 40 hour,
respectively.
Lichrosorb NH, column and acetonitrile-water
(80:20) as mobile phase were used. The flow rate
was 1.5 m{/min. Enzyme concentration was
4 x 10-* mM and enzymatic reaction was per-
formed in 0.001 M acetate buffer (pH 4.5).
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Fig. 8. Concentration changes of reaction products
presented in Fig. 7 e, cellobiose, ©, D-glu-
cose; x, Gy ; », GF .
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Fig. 9. High performance liquid chromatogram of reac-
tion products.
20 hour-reaction mixture was concentrated with
speed vac concentrator and fractionated
through Lichrosorb NH, column. These frac-
tions were applied to NMR spectroscopy. Initial
reaction mixture consisted of 100 mM cellobiose
and 4 x 104 mM enzyme in 0.001 M acetate
buffer and reaction was performed at 40°C: 1
water; 2, D-glucose; 3, cellobiose: 4, G5 :and 5,
G} .

H-+52 'H-NMR spectra® <9ic}, Fig, 99
peak 12} 2+ Maeng % (1987)¢] B.3.8F nle} 7b
of 7t7} &3} glucoseo]™, peak 32 7]"Z AL$-
<t cellobioseel2it}, Peak  3(G;)eF  4(GH <]
"H-NMR spectrat Fig. 103} 11ol] #Alxje] o)
vl G7e H-14 9 H-139} chemical shifte 7+
7t 5. 20ppm3t 4, 63ppmellir, H-13¢ chemi-
cal shifts = 4,49ppm 7 4.47ppme] ¢l

54 52 5.0 48 46 44 42

KOR. JOUR. MICROBIOL

1
g T
} a-gentiobiose 4

1,42

g-gentiobiose Hhh Hﬁ”

HDO

|

4.0 38 3.6 34 32 3.0
5(PPM)
Fig. 10. TH-NMR spectrum of G5 of Fig. 9.
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Fig. 11. "H-NMR spectrum of G3 of Fig. 9.
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