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Measurement of f-Mannosidase Activity Using
f -1, 4-Mannobiose

SATORU WATANABE , YOSHIMI U.SHIZAWA and TSUNEO YAsul

"Glucose CI -Test Wakd” (Glucose Oxidase (GOD) Reagent) reacts glucose well, and is

sensitive against xylose and mannose(M,).® Using this reagent and -1, 4-mannobiose(M:),

Aspergillus niger 3 -mannosidase activily could be measured. The enzyme hydrolyzed M: to

produce M., and no transfer product was detected in the thin-layer chromatography. Opti-

mal pH of the enzyme using M. was measured to be the same around pH 3-4 as using p-

nitrophenyl 3 -p-mannopyranoside (PNPM). The enzyme activity measured by the developed

method seemed to be identical with the activity using PNPM as substrate. This result indicate

that /J’-mannosidase activity can be measured by the developed method using M: instead of

PNPM.

f -Mannosidase activity has been
measured using PNPM which is a synthetic
substrate. However, natural substrates are
desirable to be used in order to selve natural
action, substrate specificity and function
of enzymes. lizuka et al.® confirmed
that "Glucose CII -Test Wako”(Glucose
Oxidase (GOD) reagent) was slightly reactive
against xylose, mannose(M,) or other
sugars.. They developed the method for
measurement of [ -xylosidase activity using
B -1, 4-xylobiose and the GOD reagent. In the
present paper, the method for measurement
of S -mannosidase activity using fS-1,4-
mannobiose (M;) and the GOD reagent was
developed, and Asp. niger  -mannosidase
activity was measured by the developed
method.

MATERIALS AND METHODS

Chemicals.

Mannose (M) and "Glucose C Tl -Test Waké”
were purchased from Wako Pure Chemical
Co. -1, 4-Mannobiose (M,) was prepared
from a hydrolyzate of copra galactommannan”
p-Nitrophenyl S -p-mannoside (PNPM)
and guar gum were from Sigma Chemical Co.
All other chemicals were of analytical grade.
Measurement of [3 -Mannosidase Activity
Using PNPM.

B -Mannosidase (EC3. 2. 1. 25) activity was
measured using PNPM (1mM) as substrate.
The amount of p-nitrophenol released was
determined spectrophotometrically at 410 nm.
One unit of enzyme activity was defined as
the amount of enzyme releasing one x mol of
p-nitrophenol per min under the incubation
conditions- of 60°C, at pH 4.0(Mcllvaine
buffer) for ) min. For stopping the reaction,
0.2 M Na,CO; was added.®
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Production of Asp. niger [3-Mannosidase.
For the production of Asp. niger f -
mannosidase, guar gum was used as a
carbon source. The medium was composed
of 1.0% guar gum, 0.9% peptone, 0.1%

yeast extract, 1.0% potassium phosphate

(monobasic), 0.05% magnesium sulfate
‘and 0.5% corn steep liquor.” One hundred
ml of the medium was placed in a 500-ml
shaking flask and sterilized at 120C for
12 min in an autoclavé. A_ftér cooling,
v Asp. niger was inoculated to the flask.
The cultivation was carried out at 35-37C
on a reciprocal shaker for 5 days. The mycelium
~ was filtered off through a Buchner funnel
with a Toyé-Roshi No. 2 filter paper, and
the filtrate was used as the /3-mannosidase
~ solution. |
Measuremnet of Optimal pH for the [5 -
Mannosidase.

- Asp. niger [ -mannosidase activity

was measured at several pHs(2-8,

Mcllvaine buffer) using PNPM(1mM) and
M. (50mM). A reaction mixture containing
Mcllvaine buffer (pH 2-8) was incubated
for 10 min at 60°C for PNPM and 37°C for
M., respectively. In the case of PNPM,
0.2 M Na.CO; was added to the reaction
mixture in order to stop the reaction. In
~ the case of M., the reaction was stopped
by heating at 100C for 5 min, and then
200 pl of the reaction mixture was
withdrawn for the determination of the
amount of M. _ .
Thin- Layer Chromatography( TLO).

TLC was done on a plate of Kiesel gel
60 (Merck Co.) using a solvent system of
" chloroform-methanol-water (90 : 657 15,
v/v) for about 2 hr at room temperature.
The sugars on the platé were visualized by
heating to 120C for about 10 min after
spraying with 30% sulfuric acid-ethanol.

RESULTS

Calibration Curve for Mannose(M,) . ,
"Glucose CII-Test Wako” reacted only

with M, but not with M;, so we could

measure the amount of M, using this reagent.

Two hundred 1 sample was added into

-5 ml of the reagent. After incubation at

37C for 10 min, the absorbance at 505
nm was measured. Figure 1 shows the
calibration curve for M;. Up to 40 mg/ml
M,, a straight proportional line was
obtained against thé absorbance at 505 nm.

- Mesurement of f3 - Mannosidase Activity

Using f -1,4- Mannobiose (M,) .
Since the GOD reagent does not react with
M., Asp. niger [ -mannosidase activity"

can be measured by determihing the amount

of M, using the GOD method combined

with M, hydrolysis system. This developed
reaction system is as. follows. One hundred
w1 of 100 mM M. is mixed with 100
u1 of the enzyme solution (2.0 units/ml),
After incubation (37°C, 10min), the reaction
mixture is heated at 100C for 5 min to
inactivate the enzyme. Then, two hundreds
11 of the reaction mixture is added i‘nto‘,
5 ml of the GOD reagent and incubated

Absorbance at 505 nm
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Fig. 1. Calibration Curve for. Mannose.



100 mMﬁ-l,t%-Mannobio_se
100 }11

pB-Mannosidase solution
100 pl

—incubation at 37°C for 10 min
—heating at 100°C for 5 min

the reaction mixture

200 pl

Glucose CII-Test Wakd réagent
5000 }11

incubation at 37°C for 10 min

Measurement of the absorbance at 505 nm

Fig. 2. Flow Sheet for Measurement of P -Mannosidase Activity.

at 37°C for 10 min. Within 2 hr, the absorbance
at 505 nm is measured. Figure 2 shows
the flow sheet of the new method for
measurement of 3 -mannosidase activity.
Time Course of the Hydrolysis of M, by Asp.
niger [3 -mannosidase.

The hydrolysis of M; was carried out
with 2. 0 units/ml of Asp. niger 3 - mannosidase
as shown in Fig. 2. Time course of the
reaction was traced up to 3 hr as shown
in Fig.3. Each sample(0, 0.5, 1, 3 hr )
was spotted on the silica gel plate, and
then thin-layer chromatography was done
as shown in Fig.4. The enzyme hydrolyzed
M, to produce M,, and no transfer
product was detected chromatographically.
Using PNPM(1%) as substrate, the enzyme
hydrolyzed PNPM to produce p-nitrophenol
and M,, and transfer product was not
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Fig. 3. Time Course of the Hydrolysis of M:
by Asp. niger B-Mannosidase.

detected either as shown in Fig.5.

Optimal pH for Asp. niger [ - Mannosidase.
The optimal pH of the enzyme activity

was found to be around pH 3-4 in the

My 0051 3 My My

Fig. 4. Thin-Layer Chromatogram of the
Hydrolyzates of M: by Asp. niger P-Manno-
sidase.

M., authentic mannose , M2 authentic mannobiose ,
0, 0.5, 1and 3 correspond to the sample of corresponding
time in Fig. 3.
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Fig. 5. Thin-Layer Chromatogram of the
Hydrolyzates of PNPM by Asp. niger P -Manno-
sidase.

M., authentic mannose » P, authentic PNPM ; 0, 0.5,
1 and 3 correspond to the sample of corresponding time
for the j-mannosidase action on PNPM (1 %).

100

Relative activity (%)

Fig. 6. Optimal pH for B-mannosidase from

Asp. niger. v
Conditions of the reactions are described in MATERIALS

AND METHODS. O——QO, PNPM.; @——@, M:.

o G
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Fig. 7. Thin-Layer Chromatogram of the
Hydrolyzates of M: by Asp. niger B-Manno-
sidase on Several pHs,

M., authentic mannose ; M. authentic mannobiose.

both substrates (M, and PNPM) as shown in
Fig. 6. Figure 7 shows thin-layer éhromatogram
of the hydrolyzates of M, by Asp. niger
B -mannosidase on several pHs. The enzyme
hydrolyzed M; to produce M, and no transfer
product was detected under pH 2-8.

DISCUSSION

"Glucose C Il -Test Wako”(GOD reagent)
is one of the most effective reagent for
the determ‘inati’on of free giucose especially
in serum or urine, However, it was known that
GOD and the GOD reagent were slightly reactive
against xylose, M, or other sugars. ®

Using the. GOD reagent, some glycosidase

activity can be measured, if the GOD reagent
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s exclusively reactive against the component
or liberated monosaccharides but not
reactive against disaccharide substrate in
an assay system containing the disaccharide
as substrate, *'*

lizuka et al.® confirmed that the GOD
reagent did react considerably with xylose
but not with xylobiose. According to this
fact, they deviced a method for the
determination of /3 -xylosidase activity
using the GOD reagent and the xylobiose
substrate. In the present paper, since the
GOD reagent reacts with M, but not
with M,, the GOD reagent could be
applied for the determination of Asp. niger
B -mannosidase activity.

Asp. niger f3-mannosidase hydrolyzed
M, and PNPM without any transfer reaction
in this experiment (as shown in Fig. 4,5 and
7). However, some reports*® described
some transmannosidation reactioff‘ of Asp.
niger [3 -mannosidase. If there is some
transmannosidation reaction, the GOD reagent
should be examined whether it reacts transfer
products or not.

Optimal pH of the enzyme was around
pH 3-4 which corresponds to the value in
some literature"*” using PNPM as
substrate. This value is the same in the
case using M, as substate. This indicates
that the enzyme activity measured by using.
M, seemed to be identical with the activity
using PNPM.
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