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Abstract: Chitinase, laminarinase A and laminarinase B were extracted and purified from Egyptian sugar beet
(Beta vulgaris) leaves. Chitinase showed higher heat stability than laminarinase A and laminarinase B when heated at
50°C for 60 min. Chitinase activity was quite stable in water than in buffer, while laminarinase A and laminarinase B
activities increased when incubated with 0.1 M citrate-phosphate buffer at pH 6.0 to 7.0 for 30 min. The Km values
of chitinase, laminarinase A and laminarinase B were 0.2, 0.27 and 0.074% at pH's 4.5, 4.5 and 6.5 using colloidal
chitin, laminarin A and laminarin B as substrates respectively. Chitinase enzyme was activated by 0.75 mM
a- mercaptoethanol by 1.6 times, while laminarinase A enzyme was activated by 1.0 mM of CuC12, FeSO4 and EDTA
with 2.35, 1.38 and 1.57 times respectively. Laminarinase B enzyme was activated by 1.0 mM Zn SO4 and K2SO4 with
1.3 and 1.18 times respectively. Chitinase, laminarinase A and laminarinase B enzymes have an endo-splitting type of
activity. They were able to inhibit the growth and to lyse cell walls of Aspergillus oryza and A. flavus either alone or
in combination through the degradation of chitin and laminarin.
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Introduction

for 30 min. Then, the remaining relative activities were
assayed.

Nowadays production, purification and characterization of
plant enzymes with biological importance have been reported
for using in many fields. Chitinase (EC.3.2.1.14) and
laminarinase (endo-$-1,3-glucanase, EC.3.2.1.6) are present
in wide variety of plants including vegetative parts and seeds
(Deloire et al., 1997), invertebrates and vertebrates
(Han et al., 1997) and in microorganisms (Porfireva et al.,
1997).
In the past decade, chitinases and laminarinases have been
subjected to much attention since their obvious substrates
chitin and $-1,3 glucan, are the major cell wall components of
many plant pathogenic fungi (Bartnicki-Garcia, 1968). Most
studies showed that chitinases and laminarinases of plants are
endotype and contain lysozyme activity (Mauch et al., 1988).
They have great ability to inhibit the growth of many fungi,
pathogenic or non pathogenic, comparing with those isolated
from microorganisms (Roberts and Selitrennikoff, 1988).
The inhibition being caused by iysis of growing hyphal tips
through degradation of the cell wall (Ariolo et al., 1992;
Benhamou et al., 1993a). More experiments confirmed that
these enzymes also have an antifungal potential in vivo
(Benhamou et al., 1993b). This investigation has been directed
towards the characterization of the purified chitinase and
laminarinases from sugar beet leaves. It also describes the
specificity, action pattern and the antifungal activity of the
prepared enzymes on some Aspergillus species.

Heat stability: Small aliquots of the purified enzymes were
preheated at different temperatures, 30, 40, 50 and 60°C for
varying time intervals (15,30,45 and 60 min). The remaining
enzymatic activities were then assayed.
Effect of some activators and inhibitors on enzymatic
activities: This effect was done by preincubation of each of
K2SO4, CuCl2, CaCl2, MgCl2, CoCl2, BaCl2, CuSO4, ZnSO4,
Hg(NO3)2, FeSO4 and AgNO3 with the purified enzyme at
concentration of 1.0 mM for 30 min at 9°C before
determination of enzyme activity. EDTA, cysteine and
amercaptoethanol were also preincubated with the purified
enzyme at concentration of 1.0 mM, While
pchloromercuribenzoate (PCMB) at concentration of
2×107 mM was also incubated with the purified enzyme at
9°C for 30 min before determination of the enzymes activities.
The effect of different concentrations (0.5 to 2.0) of
amercaptoethanol on chitinase, of CuCl2, FeSO4 and EDTA on
laminarinase A and of K2SO4 and ZnSO4 on laminarinase B also
were estimated.
Michael's constant: Apparent Michael's constants were
determined according to Lineweaver and Burk (1934) using
chitin, laminarin A and laminarin B as substrates.
Substrate specificity: Solutions of some 13-D-glucan of
different linkage types were prepared at concentrations of
0.25, 0.5 and 1.0%. Soluble chitosan was prepared from
flaked chitosan as described by Davis and Eveleigh (1984).
The soluble chitosan was dissolved in distilled H2O to form
1.0% solution. These substrates were incubated separately
with chitinase, laminarinase A and laminarinase B for activities
measurements.

Materials and Methods
Enzymes preparation and assay: Extraction, purification and
assays of chitinase, laminarinase A and laminarinase B from
sugar beet leaves were done according to the methods
described in the previous papers (Salem et al., 1999;
EI-Sayed et al., 2000). The prepared pure enzymes were used
for studying their physicochemical properties.

Analysis of enzymes reaction products: The end products
of incubating chitinase, laminarinase A and laminarinase B
with chitin, laminarin A and laminarin B respectively were
examined by paper chromatography according to the
method of Wilson (1959). Chromatograms were developed

Stability of the enzyme at different pH: Small aliquots of the
purified enzymes (chitinase, laminarinase A and laminarinase
B) were incubated with 0.1 M acetate (pH 2.5 to 5.0)
and citrate-phosphate (pH 5.5 to 7.0) buffer at 9°C
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by descending chromatography. The solvent system
pyridin:n-butanol:water (9:15:6) was used. Reducing sugars
on the chromatograms were detected with aniline phthalate
reagent.

Table 1: Effect of some activators and inhibitors on enzymes
activities
Activators and
inhibitors
(0.1 mM)

Relative
Chitinase
activity (%)

Relative
Laminarinase A
activity (%)

Relative
Laminarinase B
activity (%)

Antifungal activity of chitinase, laminarinase A and
laminarinase B: A number of standard Aspergillus species
namely, Aspergillus flavus NRRL 627, 3676 and 2210 and
Aspergillus oryza NRRL 3502, were used throughout this
study. Cultures were kindly provided from the collection of
U.S. Department of Agriculture Research Service, California.
The biological effects of the purified enzymes were determined
by measuring their inhibitory effect on the growth of fungi and
their lysing effect on the cell wall of fungi.

Control
a-mercaptoethanol
MnSO4
EDTA
CoCl2
ZnSO4
K2SO4
Cysteine
PCMB
FeSO4
AgNO3
BaCl2
CuSO4
Hg(NO3)2
CuCl2
CaCl2
MgCl2

100.0
111.0
98.0
97.0
83.0
67.0
67.0
63.0
53.0
40.0
35.0
34.0
0.0
0.0
0.0
0.0
0.0

100.0
59.0
94.0
157.0
74.0
76.0
0.0
0.0
7.6
138.0
75.0
59.0
26.0
0.0
235.0
63.0
88.0

100.0
44.0
92.0
60.0
20.0
130.0
118.0
30.0
8.0
98.0
45.0
53.0
37.0
35.0
52.0
40.0
80.0

Inhibition of fungi growth: Glucose peptone medium composed
of 20 g glucose, 10 g peptone and 20 g agar in 1.0 liter
distilled H2O was used. Antifungal activity was determined
under sterile conditions by detecting zone of inhibition
(Roberts and Selitrennikoff, 1986) and by evaluating the
decreasing of dry weight of the fungus in the liquid medium at
the end of the culture (Yoshida et al., 1987).

Physicochemical properties of the prepared enzymes: The data
presented in Fig. 1 shows the effect of different pH's on
enzymatic stability. In absence of substrates, chitinase activity
deceased by about 12 to 20.7%, when the pure chitinase
enzyme was preincubated with 0.1M, acetate (pH 3.5 to 5.5)
buffer for 30 min. at 9°C. It is more stable in water than in
buffer. Laminarinase A and laminarinase B activities increased
by 5 to 22 and 1.0 to 30% respectively when the pure
enzymes were preincubated with 0.1 M acetate and
citrate- phosphate buffer (pH 2.5 to 7.0) at 9°C for 30 min.
The results presented in Fig. 2 indicate the effect of different
temperatures on enzymatic activity. In absence of substrates,
chitinase enzyme showed marked thermostability at 60°C for
30 min with 22% loss of its activity. It looses 80% of its
activity when heated at 60°C for 30min. Laminarinase A lost
28 and 33% of its activity when heated at 30 and 40°C for
15min. while results showed that laminarinase B lost 17 to
42% of its activity when heated at 30 and 40°C respectively
for 15 min. Complete inactivation of activities of laminarinase
A and laminarinase B were observed when heated at 50 and
60°C for 60 min.
The Arhenius activation energy for chitinase and laminarinase
A and laminarinase B were 14.6, 13.6 and 9.8 Kcal.
respectively. Similarly, the Arhenius activation energy for the
enzyme catalyzed hydrolysis of laminarin was found to be
9.7 Kcal (Huotari et al., 1968).
The effects of various cations on enzymes activities were
tested (Table 1). Complete inhibition of chitinase enzyme was
noticed with some heavy metals CuSO4, Hg (NO3)2, CuCl2,
CaCl2 and MgCl2, while a-mercaptoethanol is considered as
activator as it increased the activity by 1.11 fold. When the
effect of different concentrations (0.5 to 2.0 mM) of
a-mercaptoethanol on chitinase was estimated, 0.75 mM
concentration was found to stimulate the chitinase activity
optimally by 1.6 fold.
Laminarinase A enzyme activity was increased by CuCl2,
EDTA and FeSO4 (2.35, 1.57 and 1.38 times respectively),
while laminarinase B activity was increased by ZnSO4 and
K2SO4 (1.3 and 1.18 times respectively). The effect of

Cell wall lytic activity: Aspergillus species cell walls were
prepared according to the method of Kisser et al. (1980). The
mycelium of one day old shaken culture on glucose-peptone
medium was used.
Method A: In three test tubes, enzyme preparations (chitinase,
laminarinase A and laminarinase B) were added separately to
the cell wall suspension in acetate (0.1 M, pH 4.5) and in
citrate-phosphate buffer (0.1 M, pH 4.5, 6.5) respectively.
The reaction mixtures were incubated at 40°C for 3 hr. Assay
for reducing sugars were determined according to the methods
described by Smogyi (1952) and Nelson (1944).
International milliunits (ImU) of the lytic activity was defined
as the quantity of enzyme, which release 1 nmole of reducing
sugar from fungi cell wall per min. at 40°C.
Method B: Cell wall suspension giving an optical density of
about 0.3 to 0.7 at 660 nm against distilled H2O was used.
Enzyme preparations were added to the cell wall suspension
either in acetate (0.1 M, pH 4.5) for chitinase or in
citrate-phosphate buffers (0.1 M, pH 4.5 and 6.5) for
laminarinase A and laminarinase B respectively. The reaction
mixtures were incubated at 40°C for 2 hr. The decrease in
turbidity of the cell wall suspension was measured at 660 nm.
One unit of lytic activity is defined as the quantity of enzyme
which reduces the initial optical density by 10% per hr.
(Tsujisaka et al., 1973).

Results
This study is a part of a comprehensive effort which aims to
prepare pure enzymes having the ability to inhibit fungal
growth and also degrade fungal cell walls. Previously, some
plants extracts were obtained through extensive screening
study to find chitinase, laminarinase A and laminarinase B
activities (Salem et al., 1999; EI-Sayed et al., 2000). Of all the
active plants extracts, Egyptian sugar beet leaves were found
to be the most considerable producer of these enzymes in the
screened plants.
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Fig. 1: Effect of different pH values on chitinase (Ch.),
Laminarinase A (LA) and Laminarinase B (LB) stability.
Test: enzyme activity after preincubation with buffer
for 30 min, control: enzyme activity withour
preincubation with buffer

Fig. 4: Antifungal activities in vitro of the purified three
enzymes, chitinase and laminarinases (A and B)
against Aspergillus flavus 2210 (A), A. Flavus 627 (B)
and A. oryza 3502 (C)
different concentration (0.5 to 2.0 mM )of CuCl2, EDTA and
FeSO4 on laminarinase A and ZnSO4 and K2SO4 on
laminarinase B also were estimated. The best metals
concentration for laminarinase A and laminarinase B activation
was found to be 1.0 mM.
Absorption spectrum of the three enzymes in 0.01 M
phosphate buffer, pH 7.0 was measured at 220 to 350 nm,
The enzymes showed maximum absorbancy at wave length
275 nm. The ratio of absorbency at 280 nm to 260 nm were
1.05, 1.02 and 1.08 for chitinase, laminarinase A and
laminarinase B respectively.
The purified chitinase enzyme was found to have hydrolytic
effect on $-1, 4 linkage (chitin from crab and shrimp, chitosan,
salicin, xylan, lichenin) but lacking hydrolytic activity towards
$-1, 3, $-1, 6 and "-1, 4 linkage (Table 2). Chitosan was
degraded to 37% that of chitin, since chitosan is only partially
deacetylated. The purified chitinase was also found to have
hydrolytic effect on N, N' diacetylchitobiose. On the other
hand, the purified laminarinase A and laminarinase B enzymes
showed strong hydrolytic action on $-1, 3 linkage (laminarin
A and laminarin B, yeast glucan and lichenin) and failed to
hydrolyze a or $-1, 4 linkages.
The Michael's constant (Km) was 0.2% for chitinase, 0.27%
for laminarinase A and 0.074% for laminarinase B using chitin,
laminarin A and laminarin B as substrates respectively (Fig. 3).
The Km of laminarinase B is relatively low which indicates the
presence of high affinity between the enzyme and the
substrate. Laminarinase from wheat grain has higher Kn,
0.35% (Luchsinger et al., 1963). The Vmax were 2.27, 15.87
and 9.5 U for chitinase, laminarinase A and laminarinase B
respectively.
Chromatographic analysis of the products released upon

Fig. 2: The effect of different temperatures on chitinase,
laminaarinase A and laminariiase B stability at different
times

Fig. 3: Lineweavear-Burk plot for hydrolysis of chitin,
laminarin A and laminarin B by chitinase, laminarinase
A and laminarinase B respectively
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CuSQ4, Hg (NO3)2, CuCl2, CaCl2 and MgCl2 and laminarinase
A with K2SO4 and Hg (NO3)2 could be related to the creation
of the cation to chitin or laminarin A subkratesin turn cleavage
or hydrolysis of substrates by the enzymes could be inhibited.
These results agree with those of stomach eel and cabbage
stem chitinases and of Nicotiana glutin larninarinase
(Moore and Stone, 1972a; Kono et al., 1990; Chang et al.,
1996). The activation of chitjnase b y gt-mercaptoethanol, of
laminarinase A by CuCl2, EDTA and FeSO4 and of laminarinase
B by ZnSO4 and K2SO4 may be due to the facility of the
formation of enzyme substrate complex.
Spectrum patterns of the prepared enzymes from sugar beet
leaves are typical protein profile and quite similar to amylases,
enzymes from beet root and turnip leaves (El-Sayed, 1994).
The purified chitinase enzyme was found to have hydrolytic
effect on $-1, 4 linkage and on the other hand the purified
laminarinase A and laminarinase B enzymes showed strong
hydrolytic action on $-1, 3 linkage. Science chitosan is partial
deagetylated, the small degradation of chitosan (37% that of
chitin) by chitinase may be due to stretches of polysaccharide
chains that conserve the acetyl groups (Molano et al., 1979).
The presence of chitobiase activity with the prepared pure
chitinase was not surprising, since chitinase and chitobiase
activities oftenly are purified together and separation of the
two enzymes was difficult. This result was coinciding with
those of Wadsworth and Zikakis (1984).
The purified three enzymes behave as endo-type and free of
exo activity. These results were in agreement with
endochitinase from bean leaves and carrot roots (Boller et al.,
1983; Zhang et al., 1996). Endolaminarinase also could be
isolated from Nicotiana glutinosa leaves (Moore and Stone,
1972b) and from grape vine seeds (Clarke and Stone, 1962).
However, exochitinase activity has been reported from number
of plants (Boller et al., 1983). An endohydrolytic activity
would appear to be more suitable for the postulated defense
function than an exohydrolytic activity, since the former could
destroy the polymer fabric of pathogen cell wall more
effectively.
The data presented herein demonstrates that the purified
chitinase, laminarinase A and laminarinase B have strong
inhibitory effect on growth of Aspergillus oryza and A. flavus.
They also are involved in lysis and in the dissolution of their
cell walls, while in the case of combination of the three

incubation of chitin or laminarin A or laminarin B with the
purified chitinase, laminarinase A and larninarinase B
respectively revealed the presence of several oligosaccharides
and small amounts of the monomers.
Inhibition of fungal growth and degradation of the isolated
fungal cell walls by chitipase, larrinerinase A and laminarinase:
To test for antifungal activity, aliquots of the prepared
chitinase (1.17 mU) and Ifirninerinase A (3.17 ImU) and
larninarinase B (2.11 mU) were added to a well in four agar
plates containing germinating four different fungal spores.
After 24 hr, distinct inhibition zones developed around the well
(Fig. 4). The growth of the two strains Aspergillus flavus 2210
and 627 was strongly and moderately inhibited respectively,
while Aspergillus oryza 3502 was slightly inhibited but
Aspergillus flavus 3676 was not affected.
When 0.67 ImU chitinase and/or 4.2 ImU laminarinase A
and/or 2.33 ImU laminarinase B were incubated with spore of
Aspergillus flavus 2210 in fungal liquid medium at 37°, the
dry weight declined by (22 to 75%) in 24 hr (Table 3). The
decrease percent of dry weights by chitinase or by
laminarinase A or by laminarinese B enzymes represents
antifungal activities of the enzymes.
The results of fungal cell wall lysis by chitinase, laminarinase
A and laminarinase B either alone or in combination are shown
also in Table 4. The extent of wall hydrolysis was measured
by assaying released reducing sugars and by determining the
increase of turbidity. Results demonstrated that purified plant
chitinase, laminarinase A and laminarinase B are capable of
liberating reducing sugars from the fungal cell walls and
exhibited lysoiyme activity.

Discussion
Recently, there has beep much interest in production of
antifungal enzymes from natural sources. The prepared pure
chitinase from sugar beet leaves is more stable in water than
in acetate buffer, while the prepared pure laminarinase A and
laminarinase B showed high stability when kept in the
citrate-phosphate buffer.
Chitinase is more stable than laminarinase A and laminarinase
B when heated up to 50°C for 60 min. Similarly, chitinase
from carrot roots was relatively stable when heated at
temperatures below 60°C (Zhang et al., 1996), while
Laminarinase from soybean and Nicotiana glutinosa leaves,
were inactivated at 65°C (Moore and Stone, 1972a; Keen and
Yoshikawa, 1983).
The complete inhibition of chitinase with some heavy metals
Table 2: Substrate specificity of sugar beet leaves enzymes
Compounds

Linkage
type(s)

Relative Chitinase
activity (%)

Relative Laminarinase A
activity (%)

Relative Laminarinase B
activity (%)

Chitin (crab)-1 %
Chitin (shrimp)-1%
Chitosan-1 %
Soluble laminarin-0.5%
Insoluble laminarin-0.5%
Salicin-0.5%
Galactomannan-0.5%
Xylan-0.5%
Yeast glucan-0.5%
Lichenin-0.5%
N,N diacetyl chitobiose-0.5%

0-1,4
8-1,4
8-1,4
B-1,3:B-1,6 (7:1)
B-1,3:B-1,6 (7:1)
B-D-glucosidic
a-1,4
B-1,4
B-1,3:B-1,6 (4:1)
8-1,4:B-1,3 (4:1)
B-1,4

100.0
390.0
37.0
0.0
0.0
21.0
0.0
37.0
0.0
55.0
390.0

0.0
0.0
0.0
0.0
100.0
0.0
0.0
0.0
330.0
90.0
0.0

0.0
0.0
0.0
100.0
0.0
0.0
0.0
0.0
250.0
93.0
0.0
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Table 3: Antifungal activities of Chitinase, Laminarinase A and Laminarinase B on Aspergillus flavus 2210 in liquid medium
Pathogenic
Dry weight of fungal growth (mg)
fungus
---------------------------------------------------------------------------------------------------Enzymes
Without incubation with the enzyme After incubation with the enzyme
Chitinase
40
20
Aspergillus flavus
Laminarinase A
45
35
2210
Laminarinase B
55
40
Mixture of the three enzymes 40
10

Decreasing of
dry weight (%)
50
22
27
75

Table 4: Degradation of Aspergillus cell walls
Lytic activity of
------------------------------------------------------------------------------------------------------------------Chitinase by
Laminarinase A
Laminarinase B
Mixtureof the three enzymes
-----------------------------------------------------------------------------------------------------------------------------------Cell walls
Colour
Turbidity
Colour
Turbidity
Colour
Turbidity
Colour
Turbidity
test
test
test
test
test
test
test
test
(ImU/ml)
(%)
(ImU/ml)
(%)
(ImU/ml)
(%)
(ImU/ml)
(%)
Aspergillus flavus 627
0.50
8.60
0.83
3.10
1.67
6.40
4.00
15.00
Aspergillus oryza 3502
0.40
3.30
2.25
10.96
2.33
9.40
4.50
20.00
Aspergillus flavus 3676
0.50
7.00
2.83
9.50
4.10
11.20
3.00
16.00
Aspergillus flavus 2210
0.56
0.93
1.50
2.50
1.50
5.00
2.70
14.50
N.B. 1- Chitinase, laminarinase A and laminarinase B contain 0.67, 4.2 and 2.32 ImU/ml
2- The mixture of the three enzymes contains 0.8, 5.0 and 2.8 ImU/ml
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enzymes, greater effect was observed due to synergistic
effect of the three enzymes. This is related to the dissolution
of the two major cell wall polymers (chitin and $-1, 3-glucan).
These results are in agreement with those of Mauch et al.
(1988) and Huynh et al. (1996). Two independent bioassays
demonstrated an antifungal effect of sugar beet chitinase on
Cercospoa beticola (Nielsen et al., 1993). However, the
chitinase enzyme from carrot roots did not possess lysozyme
activity but showed antifungal activity when tested against
Trichoderma sp. (Zhang et al., 1996).
Several studies on the isolation and preparation of antifungal
enzymes chitinase, laminarinases from microorganisms and
plants have been investigated (Chang et al., 1996;
Porfireva et al., 1997), but it was found that the effect of
antifungal enzymes from plants is more potent in inhibition of
growth of fungi than that from microorganisms (Park et al.,
1992). These results may be due to that chitinase in plants are
endochitinase which randomly hydrolyze internal $-1,
4-linkages of chitin releasing
oligosaccharides
of
N-acetylglucsamine. Therefore, preparations of the purified
chitinase, laminarinase A and laminarinase B from plants were
carried out in this investigation. These enzymes may play a
role in protecting plants against attack from pathogens fungi.
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