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Abstract

Penicillium purpurogenum, which produces a copra galactemannan degrading enzyme extracellularly, was
isolated from soil, and its properifes and formation condition of mannooligosaccharides were investigated. The
optimum pH and temperature for the activity of the mannanase were 5.5 and 55° C, respectively. The mannanase
was stable in between pH 3.5 and 7.0 after 2hr incubation at 30° C and lost 90% of the original activily after
-incubation at 55°C and pH 5.5 for 2hr. With two different substrate concentrations, hydrolysis of white copra
meal proceeded rapidiy at the early stage of the reaction, but gradually slowed thereafter especially at a higher
concentration of copra meal (20%). The enzyme hydrolyzed white copra meaf to monosaccharides, mannobiose

and mannotriose at the final stage of the reaction.
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INTRODUCTION

B-D-Mannanase[ (1—4)-5- D-mannan mannchy-
drolase, endo-f~D-mannanase, EC 3.2.1.78]" is an

enzyme that hydrolyzes the (1-—4)-8- D-mannopyra- -

nosyl linkages of mannans, galactomannans, gluco-
mannans and galactoglucomannans. There have been
a few reports about mannanase produced from vari-
ous microorganism® ; especially, some species amo-
ng the Genus Penicillium(F chrysogenum?, P paxi-
Hus”, P wortmanni®, etc) have also been reported to
produce a mannanase.

in order to overcome the disadventageous point of
extraction of mannan from a cake by the alkali solu-
tion, the author attempted to isolate microorganisms
producing §-mannanase, and succeeded in isclating
a strain from soil, Penicillium purpurogenum which
produced a galactomannan degrading enzyme extra-
cellulary.

The enzyme hydrolyzed copra galactomannan to
monosaccharides, mannobiose and mannotriose wit-
hout a significant amount of other oligosaccharides.
For application of the enzyme system, author have
an schedule of mannooligosaccharides preparation
from white copra meal by means of a process involv-
ing hydrolysis of the meal with the enzyme in the ne-

xt paper. This paper described the properties and for-
mation conditions of mannooligosaccharides by a cr-
ude f-mannanase.

MATERIALS AND METHODS

White copra meal

The copra meal, which is a by-product of oil extr-
action from copra, was kindly supplied by Blue Bar
Inc. (the Phillippines). The meal contained 49.9% of
as total sugar which was composed of 63.4% man-
nose, 24.9% glucose, 6.6% galactose and 4.4% ara-
hinose. White copra meal was hydrolyzed with 72%
sulfuric acid at 30° C for 30min, followed by 4% sulf-
uric acid at 100°C ior 2hr. The total sugar content
and sugar composition were determined by Somog-
yi's method®,

Isolation of microorganisms producing a copra
galactomannan degrading enzyme

Microorganisms, which formed a clear zone aro-
und the colony when grown on the agar plate cont-
aining 1% of copra galactomannan, were isolated fr-
om soil collected in various districts of Japan. The
detailed procedure for the isolation of the microorg-
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anisms (first screening method) was described in the
previous report’®, One loop of the isolates obtained
by the first screening was inoculated into 100mi of
the second screening medium in a 500mi shaking
flask with a shoulider (Sakaguchi flask}, and incubated
at 35° C for 4~5 days on a reciprocal shaker with 125
oscillations per minute (Model ; RLR. Iwashiya Bio—-
science Co. Ltd, Japan). The second screening medi-
um was composed of 3% white copra meal, 0.6%
peptone, 1% potassium phosphate (monobasic) and
0.05% magnesium sulfate. The culture broth thus ob-
tained was fiitered through a Toyo—roshi No. 2 fitter
paper (Toyo-roshi Co. Ltd, Japan), and the filtrate was
used as an enzyme solution,

A guantity of 10mi of the enzyme solution adjust-
ed o pH 5 was added to an L—form tube containing
0.5g of white copra meal, and the enzyme reaction
was performed at 50° C for about 24hr on a Monod
shaker. After removal of insoluble materials from the
hydrolysate by centrifugation, a small portion of the
supernatant was subjected to thin layer chromato-
graphy to characterize the hydrolysis products. On
the other hand, the reducing sugar content in the su-
pernatant was determined by the Somogyi’s method”
to estimate the degree of hydrolysis. Through the ab-
ove method, fungus was selected from seven species
of fungi isolated by the second screening and the
enzyme system from the fungus directly hydrolyzed
galactomannan in the white copra meai without any
treatment to produce monosaccharides, §-1,4-
mannobiose and f-1,4-mannotriose as final produ-
cts. in addition, fungus showed high productivity and
stability for the enzyme production. This strain was
identified to be Penicillium purpurogenum according
to the method of Pitt™.

Determination of S-mannanase activity

The activity was determined as follows @ A reaction
mixture containing 129.4mg of copra mannan (equiv-
alent to 100mg of polymannose}, 4.0ml of Mcllvaine
buffer solution {pH 5) and 5ml of water, was put into
an L~form tube. Then, the tube was preincubated at
55°C for 10min on a Monod shaker with agitation at
the speed for 60 oscillations per minute, One mi of
the enzyme solution was added to the mixture which

was incubated for 30min at the same temperature.
One ml of the reaction mixture was placed into 5mi
of Somogyi’s reagent™ in a test tube. The test tube
was heated in 2 boiling water bath for 20min, and
the reducing power produced by the enzyme reaction
was determined as mannose by Somogyi’s method®.
The mannanase activity was expressed as “mg of ma-
nnose/ 10m! of reaction mixture/1ml of enzyme so-
hution/30min” . One unit was defined as the activity
producing 5.7mg of reducing sugar under the conditi-
ons described above. The relation between the man-
nanase activity {unit) and the increase of the reducing
power is shown in Fig, 1.

Thin-layer chromatography (TLC)

TLC was carried out according to the method of

McCleary™. The sugar sample was dotted on a plate
of Merck DC-Alufolien Kiesel gel 60(0.2mm), and
developed with a solvent system of 1-propanol © nit-
roethane @ water (5 : 2 : 3, v/v) for about 4hr at room
temperature. The sugars on the plate were visualized
by heating to 120°C for about 10min after spraving
with 30% sulfuric acid—ethanol.

RESULTS

Production of f-mannanase system

The medium for the enzyme production was com-
posed of 4% white copra meal, 0.9% peptone, 0.1%

Z3 1

= e
W <
L L

8

=]
L

Increase of reducing power
{mg as mannose/10 ml of reaction mixture)

o
1

T r g
Q 2 4 5 a 16
Mannanase  activity{unit)

Fig. 1. Relation between mannanase activity and increase of
reducing power,
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yeast extract, 1% potassium phosphate (monobasic),
0.05% magnesium suifate, 0.5% corn steep liquor
and a small amount of Toshiba Silicone as a antifoa-
ming agent. The medium (3 liters) was placed in a 5
liter Jar Fermentor (Model ; MB-C, lwashiya Bio-
science Co. Lid, Japan), and sterilized at 120°C for
10min. The seed culture (200m)) of Penicilfium pur-
purogenum, which had been grown in the same
medium in shake flasks at 35° C for abowt 2 days on
a reciprocal shaker, was inoculated into the fermen-
tor. The cultivation was carried out at 35° C with aera-
tion (500ml per min) and with agitation (700rpm). A
few ml of the broth during the cultivation were occa-
sionally withdrawn from the fermentor, and filtered
through a Toyo-roshi No. 2 filter paper. Then, the
filtrate was analyzed for the activity of the enzyme
system,

Fig. 2 shows the time course of cultivation. There
was a rapid increase in the production of the enzy-
me at about 100hr after the begining of cultivation,
and the mannanase activity in the cuiture filtrate re-
ached maximum values at 140hr with the activity of
about 9units/ ml. After 140hr, the mycelium was filt-
ered off through a Buchner funne! with a Toyo-roshi
No. 2 filter paper. The resultant filtrate was then dia-
lyzed against a 4-fold voume of distilled water, and
the dialyzed solution (7.9units of mannanase activi-
ty/ml) was used as the mannanase solution for the
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Fig. 2. Time course of the production of mannanase.

further experiments.

Enzymatic properties of the mannanase system

Effect of pH on manngnase activity. The enzyme re-
action was done at various pHs with a Mcllvaine bu-
ffer solution at 55°C for 30min. As shown in Fig. 3,
the enzyme system showed the maximum activity at
around pH 5.5.

Effect of temperature on mannanase activity. The
enzyme reaction was carried out at various tempe-
ratures for 30min and at pH 5.5 (Mclivanine buffer
solution). As shown in Fig. 4, the optimum temper-
ature for the enzyme reaction was 55° C.

Effect of pH on stability. The enzyme solution was
incubated at 30°C for 2hr at various pHs, and the
remaining activity was assaved. The pH stability cur-
ve of the enzyme is presented in Fig. 5. The enzyme
was stable in between pH 5 and pH 7.

Effect of white copra meal concentration on en-
zymatic hydrolysis

Each reaction mixture contained 2.6g(10%) or 5.
2g(20% based on enzyme solution used) of white
copra meal, and 30ml of the enzyme solution. The
enzyme reaction was performed at pH 5.5 and 55°C
in a T-form tube o a Monod shaker. A small portion
of each mixture was occasionally with drawn from
the tube and heated to about 100° C for 5min to inac-
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Fig. 3. Effect of pH on mannanase activity.
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tive the enzyme. After removal of insoluble materials
from the mixture by centrifugation, the reducing sugar
content in the supernatant was determined by Somo-
gyi’s method” to estimate the degree of hydrolysis.

Fig. 6 shows the time course of enzymatic hydro-
lyisis. The hydrolysis of the white copra meal proce-
eded rapidly at an early stage of the reaction, but gra-
dually slowed thereafter especially at a higher con-
ceniration of copra meal (20%).

The formation of mannooligosaccharides

White copra meal (100g) was hydrolyzed with the
mannanase (300ml} at pH 5.5 and 55° C for 24hr. As
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Fig. 5. Effect of pH on the stability of mannanase.

shown in Fig. 7, the major product of the final stage
were monosaccharides, mannobiose and mannotri-
ose without detectable amounts of other saccharides.
In addition, the enzyme scarcely hydrolyzed 8-1,4-
mannobiose and f-1,4-mannotriose.
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Fig. 6. Effect of white copra meal concentration on enzyma-
tic hydrelysis.
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Fig. 7. Time-course of hydrolysis of white copra meal with en-
zyme solution.
A 1 mannose, mannobicse, mannotriose, mannotetro-
se and mannopentose from top to bottom
B : galactose
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DISCUSSEIONS

Kusakabe et al. have been studied f-mannanase,
especially the enzymatic preparation of f-1,4-mann-
ooligosaccharides''¥ from coconut residual cake,
and also some properties”™"" of the enzyme. How-
ever, it was pointed out that the enzyme has draw-
backs as follows :

1. The copra galactomannan, extracted by a heavy
alkali solution (20~24%), was used in their study to
prepare mannooligosaccharides. However, it is diffic-
ult to extract the mannan from the cake by the alkali
solution.

2. The enzyme, in addition to mannooligosacch-
arides, also produced considerable amounts of galact-
omannooligosaccharides which interfered with the
crystallization of mannooligosaccharides. Therfore, it
is necessary to find other enzymes which are able to
directly hydrolyze the galactomannan in the cake,

Reaction time (hr)

Fig. 8. Time-course of hydrolysis of white copra meal with
purified f-mannanase.
A @ mannose, mannobiose, mannotriose, mannotetro-
se and mannopentose from top to bottom
B : galactose

and do not produce galactomanno-oligosaccharides
in the hydrolysate.

In order to overcome the drawbacks, author atte-
mpted to isolate microorganisms producing S-mann-
anase, and succeeded in isolating a strain (from soil},
Peniciltium purpurogenum which produced a galac-
tomannan~degrading enzyme extracellulary. The
enzyme was hydrolytic enzyme capable of directly
hydrolyzing galactomannan in the cake to produce
monosaccharides, mannobiose and mannotriose.

Moreover, the optimum pH and temperature for the
mannanase activity were 5.5 and 55° C, respectively.
On the other hand, the optimum pH and ternperature
for the c-galactosidase activity, produced by the
same strain, were 4.5 and 55°C, respectively. There-
fore, the enzyme seems to be the most appropriate
for the hvdrolysis of galactomannan in the white co-
pra meal, because the properties of the two enzymes
are very similar to each other. The final products of
the galactomannan digest with the enzyme system
included rmonosaccharides (galactose, glucose and
mannose), mannobiose and mannotriose without the
detection of a considerable amount of other oligom-
ers. But, the hydrolysis pattern of the purified man-
nanase included 3 kinds of galactomannooligosac-
charides containing of mannobiose and mannotriose -
{Fig. 8). This result suggests that crude enzyme syst-
em containing of B~-mannanase and a-galactosidase
are able to hydrolyze galactomannooligosaccharides
to galactose, mannose, mannobiose and mannotrio-
se. Recently, author tried to prepare the mannooligo-
saccharides obtained from this paper.
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