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B-Glucosidase from Pollen of Pinus thunbergyii

Toru FUNAGUMA, Yoshiaki FUZIGAKI and Akira HARA

Laboratory of Biological Chemistry, Faculty of
Agriculture, Meijo University, Tempaku-ku,
Nagoya 468, Japan

B-Glucosidase from pollen grains of Pinus thunbergyii was detected in both
soluble and insoluble fractions. The activity of soluble enzyme was about 2
times higher than that of insoluble enzyme and was kept at a significantly
high level during culture of the pollen on an agar medium with or without
sucrose. The soluble enzyme was purified to homogeneity as judged by SDS-
polyacrylamide gel electrophoresis and its molecular weight was estimated to
be 76,000. It had an optimum pH of 5.0 and optimum temperature at 50°C.
pH- and thermo-stabilities were observed at 6.0-11.0 and below 40°C, respectively.
It showed the highest activity for p-nitrophenyl B-D-glucopyranoside (PNPG)
and was also fairly active on laminarin and laminaribiose among the substrates
tested. The activity for salicin, gentiobiose or cellobiose was lower. Glycerol
of 0.1M increased the activity for PNPG by 100% and reduced the activity for
laminarin by 50%. The Km values for PNPG, laminaribiose and laminarin
were 0.5mM, 0.4mM and 0.07%, respectively. It acted on laminaribiose to

produce transfer products.

Key words: B-Glucosidase from pollen, Pinus thunbergyit, Pollen germination.
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Fig. 1. Changes in B-glucosidase activity of soluble and insoluble fractions obtained from Pinus
pollen cultured on an agar medium with or without sucrose. Five hundred mg of Pinus pollen
grains were cultured on 3% agar medium with or without 3% sucrose at 30°C for the indicated
times, harvested in 10ml of 10 mM Tris-HCl (pH7.5) and disintegrated for 10 min with a teflon-
The homogenate was centrifuged at 12,000 Xg for 10 min.

glass homogenizer. The supernatant

was used as soluble fraction. The precipitate was suspended in 10ml of the buffer, dialyzed
throughly against the buffer and centrifuged at 12,000 Xg for 10 min. The precipitate was suspended
in 10ml of the buffer and its suspension was used as insoluble fraction. (A), medium with sucrose;

(B), medium without sucrose; (O), activity of soluble type; (@), activity of insoluble type.

Table 1. Summary of purification of B-glucosidase
Step Vol. Protein Activity Specific Yield
activity

(ml) (mg) (units) (units/mg) (%)
Crude extract 1600 3740 192 0.0513 100
Ammonium sulfate fractionation 180 1310 62.1 0.0474 32.3
CM Bio-Gel A 79.0 20.9 19.8 0.947 10.3
PBE 94 8.00 1.61 12.1 7.52 6.30
Bio-Gel HT 53.0 0.339 4.93 14.5 2.60
Cellulofine GCL-1000 sf 14.8 0.024 0.642 26.8 0.334
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Fig. 2. SDS-PAGE of the purified enzyme.
(_) L : The purified enzyme was concentrated. Then
10 g of the enzyme was added to a solution
of 50,&1 containing 2% SDS, 0.5z mol of phos-
hate (pH6.8), 1 uzmol of 2-mercaptoethanol
and 159% sucrose, and put on a 7.5% poly-
acrylamide disc gel containing 0.1 % SDS.
Electrophoresis was done with a current of
2mA/gel for 2hr in 50mM Tris-glycine (pH8.3)
containing 0.1% SDS. After electrophoresis,

protein was stained with Coomassie brilliant
blue R.
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Fig. 3. Estimation of molecular weight of the purified enzyme. The enzyme of 10 ug was added to
the same solution as described in Fig.2, boiled for émin, put on a 12.5% polyacrylamide slab gel
and electrophoresed with a current of 15mA for Shr. After electrophoresis, protein was stained and
the molecular weight was estimated. The standard proteins used were phosphorylase b (1, mol. wt.
94,000), bovine serum albumin (2, mol. wt. 67,000), ovalbumin (3, mol. wt. 43,000), soybean trypsin
(4, mol. wt. 20.100) and a@-lactalbumin (5, mol. wt. 14,400). E, the purified enzyme.
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Fig. 4. Effects of pH and temperature on the enzyme activity. (A), Effects of pH on activity.
Activity was measured under the standard assay conditions except for the buffers at indicated pHs.
Buffers used were 50mM citric acid-0.1M sodium phosphtae. (B), Effects of pH on stability. Enzyme
was kept in some buffers at 4°C for 24hr and the remaining activity was measured under the standard
assay conditions. Buffers used for keeping the enzyme were 50mM citric acid-0.1M sodium phos-
phate (pH 2.5-8.0) and 50mM boric acid * KCI-50mM sodium carbonate (pH 8.0-11.0). (C), Effects
of temperature on activity. Activity was measured under the standard assay conditions except
for the reaction temperature indicated. (D), Effect of temperature on stability. Enzyme was
incubated at various temperatures at pH5.0 for 10min and rapidly cooled in an ice-bath. Then
the remaining activity was measured under the standard assay conditions.
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Table 2. Effect of reagents on
B-glucosidase activity

Reagents Relative activity
a mM) %)

None 100

ZnCl, 105

CaCl, 104

MgCl. 104

CuSO0, 103

KCI* 102

NaCl* 102

Glycerol* 192

* Reagents of 0.1 M were added.
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Table 3. Substrate specificity of
B-glucosidase

Substrate Relative activity
(%)
PNPG' 100
Salicin® 6.8
Laminaribiose® 14.9
Gentiobiose' 9.0
Cellobiose’ 8.0
Laminarin® 20.7
Avicel’ 0.7
CMC* 0.6

Substrate was used at 2 mM for 1-5 and
0.4% for 6-8. Activity was measured by
the glucose oxidase method.
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Fig. 5. Thin-layer chromatogram of the product from laminaribiose and laminarin by the enzyme.
The reaction mixture of 90 #1 contained 4.5 gzmol of citric acid-9 #mol of sodium phosphate
(pH5.0), substrate (2.2mM laminaribiose or 1% laminarin) and 0.017 unit of the concentrated
enzyme. Incubation of each reaction mixture was done at 37°C. Samples of 2011 were taken at
indicated times, boiled for 3min, spotted on a Silica gel 60 F.s;, plate and developed with n-
butanol-acetic acid-water (3:1:1, v/v). Sugar was detected by heating at 120°C after spraying
with 10% H.SO. on the plate. G, position of glucose; L., position of laminaribiose; 1, glucose
(standard) : 2, laminaribiose (standard) ; 3, product from laminaribiose incubated with enzyme
for 2 hr; 4, product from laminaribiose incubated with enzyme for 5 hr; 5, laminarin; 6, product
from laminarin incubated with enzyme for 2 hr,; 7, product from laminarin incubated with enzyme

for 5 hr.
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