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Chitinase from Leaves of Beta vulgaris and other Higher Plants
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Abstract: The activity of enzyme hydrolyzing colloidal chitin has been measured on extracts from a number of higher
plants belonging to eleven families. Chitinase activity could be detected in dry seeds which increased during germination.
Its relationship to different vegetative plant tissues was investigated. Sugar beet leaves (Beta vulgaris) provided the best
active chitinase at optimum extracting conditions (extracted with water, at 16EC for 90 min).
Chitinase from leaves of sugar beet was purified by (NH4)2SO4 precipitation (20-60%) and fractionated on Sephadex
G-120 followed by Sephadex G-200 column chromatography. A 18.9 fold purification of the enzyme with 14.0 ImU/mg
specific activity was achieved. The yield of the purified chitinase was 43.4 mg protein (608 ImU) from 100g dry leaves
tissues. The prepared enzyme was showing a single protein band on agarose gel electrophoresis. The purified enzyme
had been shown to have a M, 64×103 Dalton on the basis of gel filtration on Sephadex G-200 column. Optimum
chitinase activity on chitin was recorded in 0.1M acetate buffer, pH 4.5 at 40EC.
Key words: Beta vulgaris, leaves, chitinase, extraction and purification
filter paper moistened with sterile distilled water in dark or light
chamber at 30EC for 10 days.

Introduction
Chitinase (EC. 3. 2. 1. 14) is a basic protein that catalyses
the
hydrolysis
of
the "-1,4 glycosidic linkages of
N-acetyl-D-glycocyamine polymer of chitin randomly. It rapidly
hydrolyzed swollen chitin and regenerated chitin but glycol
chitin very slowly and can not hydrolyze N,N diacetyl chitobiose
(Hirano et al., 1988; Leah et al., 1991). It is present in various
seeds and vegetative tissues of higher plants, although there is no
chitin, chitosan or chitin like substrate in higher plants (Boller et al.,
1983; Hirano et al., 1988). Its activity also increased in germinated
seeds (Lai et al., 1993). Also, chitinolytic activity in invertebrates
(Kono et al., 1990), vertebrates (Han et al., 1997) and
microorganism (Chernin et al., 1997; Porfir'eva et al., 1997) had
been investigated.
Chitinases isolated from chick pea pods and leaves, wheat germ and
bean leaves have maximum activities at 45, 50 and 37EC
respectively (Molano et al., 1979; Boller et al., 1983; Nehra et al.,
1994). The Ms of chitinases isolated from cucumber, barely grains,
bean leaves and yam seeds were estimated to be 30×103, 33×103,
27×103 and 28×103 Dalton respectively (Boller et al., 1983;
Tsukamoto et al., 1984; Jacobsen et al., 1990; Majeau et al.,
1990). Chitinase is essential to bioconversion processes of waste
shellfish chitin to N-acetylglucosamine (Carroad and Tom, 1978) and
it may play a role in early embryo development (De Jong et al.,
1992).
Several studies on the isolation and preparation of antifungal
enzyme chitinase from microorganisms and plants have been
investigated (Broekaert et al., 1988; Leah et al., 1991; Lorito et al.,
1993). But the effect of antifungal enzymes from plants are found
to be more potent in inhibition of growth of fungi than those from
microorganisms (Roberts and Selitrennikoff, 1988; Park et al.,
1992).
The present work has been directed towards the selection of
suitable, available and inexpensive source for production of chitinase
with high activity from a variety of Egyptian higher plant tissues.
Purification and characterization of chitinase from leaves of sugar
beet (Bete vulgaris L.) also will be carried out.

Extraction of chitinase: Dry seeds or germinated seeds or vegetative
parts were washed with tap H2O, then with distilled H2O and
homogenized. The resulting homogenate was extracted with cold
distilled H2O. Insoluble materials were removed by centrifugation at
13×103 g (5EC) for 20 min dialyzed against H2O (5EC) for 2 days
and the supernatant was used as crude enzyme preparation.
Purification of chitinase: The enzyme was partially purified by
(NH4)2SO4 which was added to the crude enzyme preparation to
yield 0-20, 20-60 and 60-100 percent saturation at 5EC. The
resulting precipitates was centrifuged, dissolved in H2O then dialyzed
against H2O (5EC) for 2 day. Insoluble materials were removed by
centrifugation before enzyme assay. Enzyme activity and protein
content were determined in each fraction.
Hydroxylapatite chromatography: The enzyme preparation from
(NH4)2SO4 20-60 percent fraction was added to hydroxylapatite
column and then eluted with sodium phosphate buffer (1.0 to
500 mM, pH 6.8).
Anion exchange chromatography: The prepared enzyme was loaded
onto a DEAE-cellulose column previously equilibrated with sodium
phosphate buffer (pH 7,0.01 M). After washing, the adsorbed
proteins were eluted with a 0.1-0.5 M of NaCl in the same buffer.
Gel filtration orp Sephadex G-120 and G-200: The enzyme
preparation from (NH4)2SO4 20-60 percent fraction were pooled and
loaded onto a Sephadex G-120 column (0.9×32 cm) equilibrated
with phosphate buffer (pH 7,0.01 M). The enzyme was eluted with
the same buffer at a flow rate of 15 ml/hr. The final purification of
the enzyme was performed by gel filtration on column of Sephadex
G-200 (1.3×27 cm). The average of at least 5-6 times
determination were carried out for all experiments.

Materials and Methods

Agarose gel electrophoresis: Confirmation of the purity of the
enzyme was performed using agarose gel electrophoresis. It was
carried out as described by Carlstrom and Johansson, (1983).
The purified enzyme was kept frozen at -20° before use in the
experiments described below.

Plant materials: Different parts of eleven plant families purchased
from local market were used in this study (Table 1). Sugar beet
leaves of fully grown plants were collected directly from Kafare El
Shckh fields in march before harvesting sugar beet roots as time of
collection must be controlled. Healthy seeds were germinated on
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germinated for 10 days at 30EC and chitinase activity was daily
determined (Fig. 1). It shows the optimum germination time for
production of chitinase enzymes. The germinated dry seeds at 30EC
in dark showed higher chitinase activity than in light. Chitinase
activity of germinated white aubergine seeds increased continuously
until the maximum activity was achieved at the 7th day with 2.2
fold increase as compared to the original dry seeds. But after the
7th day of germination the enzyme activity declined by 37 percent.
The best day for production of chitinase from germinated bean and
red beet seeds was the 5th day with 7.4 and 3.0 fold increase
respectively and the activity was decreased by 76 percent at the
10th day. There was an increase in chitinase activity from
germinated cowpea seeds until it reached the maximum at the
9th day with 1.2 fold increase then decreased by 33 percent at the
10th day.
Results in Table 2 show that the enzymes activities of the
vegetative parts (leave, roots, stem and roots). Varied not only with
the species of the plants, but also with the morphological parts of
their tissues. The leaves of sugar beet, white aubergine, red beet
cabbage, carrot and radish exhibited high activities.

Substrate: Colloidal chitin was prepared from crab shell chitin
according to the method described by Reid and Ogrydziak (1981).
This method based on formation of colloidal chitin by treating chitin
with 85 percent O-H3PO4 acid.
Enzyme assay: The chitinase activity was assayed calorimetrically.
The reaction mixture contained an appreciable enzyme solution and
0.2 percent of colloidal chitin suspended in 0.1M acetate buffer,
pH 4.5 in a total volume of 0.5 ml. After incubation at 40EC for
2 hr, N-acetyl glucose amine was determined with the p-dimethyl
amino benzaldehyde reagent according to the method of
Reissig et al. (1955). Enzyme activity was expressed as International
milliunits (ImU). One ImU was defined as the production of 1 nmol
of N-acetyl glucose amine per min at 40EC under the given
conditions.
Activity determined from the linear portion of the time course was
expressed as ImU per g dry tissues wt. and per mg protein. Each
value is the mean of at least two to four replicate assays performed.
Protein determination: Protein concentration was measured
according to the method of Lowry et al. (1951) using bovine serum
albumin as standard. During chromatographic separation, it was
estimated by absorbency at 260 and 280 nm (Warburg and
Christian, 1941).

Assessment of optimum conditions for chitinase extraction from
sugar beet, red beet and cabbage leaves: Results in Table 2
showed that leaves of sugar beet, cabbage and red beet gave high
yield of chitinase. Concerning the optimum conditions for chitinase
extraction from these leaves, Table 3 indicated that pH range was
5.0-7.0, temperature range was 9-16EC and time of extraction was
90-120 min.
As the results of the above screening, Egyptian sugar beet leaves
were found to contain the largest amount of chitinase. Preliminary
experiments also showed that frozen leaves can be stored for
9 months with negligible decrease in chitinase activity. It was
chosen for preparing the pure enzyme.

Effect of temperature on enzyme activity: The maximum activities
of the tested enzyme was determined at different temperatures
(25-60EC).
Effect of substrate concentration on enzyme activity: The effect of
different substrate concentrations was tested by incubation different
concentration of colloidal chitin with the same amount of chitinase
enzyme. The enzymatic activities were plotted against substrate
concentrations.
Effect of pH on enzyme activity: Small aliquot of the purified enzyme
were assayed with three buffering systems, namely acetate (0.1M,
pH 3.5-5.5), citrate-phosphate (0.1M, pH 2.5-6.5) and sodium
phosphate (4.5-8.0).

Purification, of chitinase from sugar beet leaves
Protein fractionation by ammonium sulphate: The crude enzyme
solution was extracted with distilled. H2O at optimum condition
(extraction at 16EC for 90 min) from fresh healthy Egyptian sugar
beet leaves. Precipitation of chitinase from the aqueous extract by
(NH4)2SO4 (20-60%) showed a good recovery in their activities
(75%), while saturation with 0-20 and 60-100 percent (NH4)2SO4
resulted in precipitate with low enzymatic activity and high protein
content, therefore these precipitates were discarded.
Trials to purify the chitinase from (NH4)2SO4 fraction (20-60%) by
hydroxylapatite and DEAE-cellulose technique showed no and low
enzymatic activity respectively.

Effect of reaction time: The purified enzyme was incubated with
the colloidal chitin for different time intervals, then the reaction
product was estimated and its amount was calculated as nmole
N-acetyl glucose amine per reaction mixture.
Effect of enzyme concentration: The effect of enzyme concentration
was
tested
by incubating different enzyme concentration
(10-40 µ g) with the colloidal chitin at the optimum temperature.
The relation between enzyme concentration and enzyme were
plotted.

Gel filtration chromatography: Further purification of the chitinase
from ((NH4)2SO4,20-60%) fraction by gel filtration on two
successively columns of Sephadex G-120 (0.9×32 cm) and G-200
(1.3×27 cm) give a single peak of chitinase activity coincided
exactly with protein peak (Table 4 and fig. 2). The use of
chromatography technique on Sephadex G-120 and G-2003
increased the specific activity of chitinase from 0.74 to 14.0
ImU/mg with 27.4 percent units recovery.
Seventy five mg protein (1050 ImU) of the purified chitinase was
produced from 1 Kg fresh Egyptian sugar beet leaves (=173g dry).
Lower amount of chitinase (4.7 mg protein per 1 Kg) was prepare
from fresh thorn apple leaves than that prepared from sugar beet
leaves (Broekaert et al., 1988).

Determination of Mt: The Mt of the enzyme was estimated by gel
filtration on a column of Sephadex G-200 (1.3×27cm). The column
was calibrated with bovine serum albumin (69×103), egg albumin
(44×103), myoglobulin (17.2×103) and lysozyme (14.2×103) as a
standard proteins.

Results

Chitinase level in some higher plants: The experiments have been
done to choose the most suitable sources that give the highest
activity for chitinase enzyme. Table 1 represents the results of
screening for the existence of chitinase activity in different seeds
either dry and after germination at 25-30EC for five days in dark.
The results indicate that there are different variation in enzyme
activities between the different seeds. Those showed high
enzymatic activities were white aubergine, cowpea, melon, Jew's
mellow, carrot, red beet and bean.
Four seeds (bean, white aubergine, red beet and cowpea) were

Gel electrophoresis of the purified chitinase: The prepared enzyme
was essentially homogenous as a single peak of protein was eluted
from Sephadex G-200 column which coincided exactly with the
peak of chitinase activity. The purified chitinase migrates as a Single
band when applied to agarose gel electrophoresis.
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Table 1: Determination of chitinase activity in aqueous extracte isolated from some seeds
No.
Seeds
Family

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Wheat (Triticum vulgarie)
Wheat (Ger)
Rice (Oryza sativa)
Maize (Zea mays)
Maize (Ger)
Red beet (Beta vulgais)
Red beet (Ger)
Carrot (Daucus carota)
Carrot (Ger)
Anet (Anethum graveolens)
Parsely (Petroseluium sativum)
Parsely (Ger)
Cabbage (Brassica oleraceae)
Radish (Raphanus sativus)
Radish (Ger)
C?lza (Brassica Compestris)
Rocket (Eruca sativa)
Rocket (Ger)
Turnip (Brassica napus)
Turnip (Ger)
Jews mallow (Corchours olotoruis)
Jews mallow (Ger)
Cowpea (Vegna sinensis)
Cowpea (Ger)
Pea (Pisum sativus)
Pea (Ger)
Bean (Faba vulgaris)
Bean (Ger)
Haricot (Phaseolus vulgaris)
Haricot (Ger)
Marrow (Cucurbita pepo)
Marrow (Ger)
Melon (Cucumis meld)
White auberigne (Solanum melongena)
Whit0.03e auberigne (Ger)
Onion (Allium cepa)
Onion (Ger)

Germinaceae
Germinaceae
Germinaceae
Chenopodiaceae
Umbelliferae
Umbelliferae
Umbelliferae
Cruciferae
Cruciferae
Cruciferae
Cruciferae
Cruciferae
Malvaceae
Leguminaseae
Leguminaseae
Leguminaseae
Leguminaseae
Cucurbitaceae
Cucurbitaceae
Solonaceae
Lilaceae

Table 2: Determination of chitinase activity in aqueous extracts isolated from some vegetative parts.
No.
Plant
Vegetative parts
Family

1 Sugar beet (Beta vulgaris)
Fersh green leaves
2 Red beet (Beta vulgaris)
Fersh green leaves
3 Carrot (Daucus carota)
Fersh green leaves
4 Cabbage (Biassing oleraceae)
Fersh green leaves
5 Radish (Raphanus sativus)
Fersh green leaves
5 Turnip (Brassica napus)
Fersh green leaves
7 Maize (Zea mays)
Fersh green leaves
8 Jews mallow (Corchours olitoruis)
Fersh green leaves
9 Jews mallow (Corchours ofitoruis)
Fersh green leaves
10 Sweet potato (lpomoea tuberrosum)
Fersh roots
11 Radish (Raphanus sativus)
Fersh roots
12 Carrot (Daucus carota)
Fersh roots
13 Potatose (Solanum tuberosum)
Fersh stem
14 Maize (Zea mays)
Grains
15 Maize (Zea mays)
Corn cobs
18 White auberigne (Solanum melongena)
waste
The average of at leat 3-4 determination of chitinase activity was calculated.
One mU =1 nmol of N-acetylglucose amine per min at 40EC
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Chenopodiaceae
Chenopodiaceae
Umbelliferae
Cruciferae
Cruciferae
Cruciferae
Germinaceae
Malvaceae
Malvaceae
Convolvulacea
Cruciferae
Umbelliferae
Solanaceae
Germinaceae
Germinaceae
Solanaceae

Chitinase activity
---------------------------------------------------------ImU/g
ImU/g
dry tissue
protein
1.75
0.12
2.50
0.21
0.00
0.00
1.92
0.91
2.74
1.00
5.00
1.48
11.50
1.58
4.16
0.29
5.10
0.39
1.33
0.18
12.80
1.33
14.50
1.40
0.03
0.00
2.55
0.46
3.16
0.18
0.25
0.07
0.58
0.12
0.60
0.12
1.67
0.27
2.00
0.25
55.00
0.35
6.00
0.40
12.50
1.16
13.70
0.81
0.83
0.07
4.20
0.30
2.75
0.21
16.20
0.96
2.50
0.26
4.33
0.23
1.92
0.20
1.99
0.20
5.80
1.63
12.50
1.17
17.00
1.71
0.15
0.03
0.16
0.02

Chitinase activity
-------------------------------------------ImU/g
ImU/g
dry tissue
protein
21.67
0.77
10.17
0.52
4.17
0.72
2.50
0.14
1.42
0.07
1.00
0.17
0.08
0.01
0.60
0.65
0.23
0.07
0.33
0.06
0.23
0.05
0.00
0.00
0.40
0.04
0.33
0.10
0.03
0.03
12.50
0.66
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Table 3: Effect of different pHs, temperature and time on extraction of chitinase from some leaves.
Buffer
Chitinase activity in
-------------------------------------------------------------------------------------------------------------------------------------------------Sugare beet leaves
Red beet leaves
Cabbage leaves
----------------------------------------------------------------------------------------------------------------ImU/g
ImU/g
ImU/g
ImU/g
ImU/g
ImU/g
dry tissue
protein
dry tissue
protein
dry tissue
protein
Buffer
Water, pH 6.0
21.08
0.73
4.17
0.16
4.17
0.21
Citrate-phospate, pH 3.0
9.17
0.39
1.75
0.31
0.26
0.04
Citrate-phospate, pH 5.0
18.75
0.76
1.75
0.09
2.71
0.18
Citrate-phospate, pH 7.0
20.75
0.79
3.55
0.16
2.75
0.24
Citrate-phospate, pH 8.0
15.3
0.55
0.87
0.25
0.50
0.06
Sodium-borate, pH 9.2
17.8
0.66
0.70
0.22
3.17
0.13
Temperature
9
18.6
0.79
2.67
0.14
13.8
0.47
16
21.4
0.88
3.17
0.15
11.67
0.58
20
18.3
0.72
1.67
0.10
6.33
0.48
25
16.17
0.64
1.54
0.08
2.75
0.16
Extracted time (min)
30
16.6
0.71
11.67
0.88
1.22
0.07
60
19.3
0.73
14.92
0.93
5.42
0.25
90
24.5
0.85
16.50
0.97
6.50
0.30
120
21.0
0.80
17.63
0.67
7.75
0.32
180
21.0
0.73
1.02
0.08
6.25
0.23
Table 4: Purifcation scheme for chitinase from sugar beet leaves
Purification
Total enzyme
step
activity (ImU)
Crude enzyme
115.00
Ammonium sulphate preciipeted
88.20
Gel filtration on Sephadex G-120
33.40
Gel filtration on Sephadex G-120
31.50
One ImU = 1 nmol of N-acetylglucose amine per min at 40EC.

Total protein
Specifit acitivity
Purity
Yeild (%)
(mg)
(ImU/mg)
fold
155.00
0.74
1.00
100.00
41.00
2.10
2.84
75.00
3.59
9.30
12.60
29.00
2.25
14.00
18.90
27.40
The average of at least 5-6 times of chitinase was calculated

Fig. 1: Determination of chitinase activity during germination days
of some seeds

Fig. 2: Chitinase activity and protein content obtained by filtration
on Sephadex G-200

Effect of different temperatures on chitinase activity: Chitinase
activity was determined at different temp. within the range
25-60EC. The maximal activity for chitinase was found to be at
40-45EC with optimum at 40EC (Fig. 3). Sharp decline in chitinase
activity was noticed at temp. 37 and 55EC with 63 and 68 percent
decrease respectively.

Effect of different pH's on chitinase activity: The pH depended
the enzymatic hydrolysis of colloidal chitin by the purified chitin
was determined by replacing the buffer used in the respective
standard enzyme assays with 0.1 M acetate buffer (for pH values
between 3.5-5.5) or 0.1 M citrate phosphate buffer pH values
between 2.5-6.5) or 0.1 M sodium phosphate buffer pH values
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Fig. 3: The effect of different temperature on chitinase activity

Fig. 6: The effect of different concentrations of chitinase on its
activity

Fig. 4: The effect of pH’s on chitinase activity

Fig. 7: The effect of different colloidal chitin concentration on
chitinase activity

Fig. 8: Determination of molecular weight of chitinase by gel
filtration on Sephadex G-200 column

Fig. 5: The effect of reaction time on chitinase activity
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broad optimum pH from 4.0 to 10.0 (Trachuk et al., 1996).
The optimum temperature for chitinase activity was found to be
40EC which is quite similar to that of the enzyme isolated from
tomato leaves and chick pea leaves and pods (Joosten and de wit
1989; Nehra et al., 1994). It is higher than optimum temp. of wheat
grain and carrot roots chitinase (30 and 25EC) isolated by
Molano et al. (1979) and Zhang et al. (1996) and lower than
optimum temp. of cabbage stem and Bacillus cereus chitinase
(60EC) isolated by Chang et al. (1996) and Trachuk et al. (1996).
The molecular weight of the purified chitinase was determined to be
64×103. Concerning the M,s of chitinase enzyme isolated from
different sources, it was found to be different, as chitinase isolated
from bean leaves, soybean seeds, cabbage stem with root and
tomato stem tissue have M,s range from 27×103 to 31×101
Dalton (Pegg and Young, 1982; Wadsworth and Zikakis, 1984;
Chang et al., 1996). It was found that the M,s of stomach
of Japanese eel, Bacillus, cereus, Serratia marcescens and
S. peculiarities chitinase were 59×103, 68.52×103, 58×103 and
45×103 Dalton respectively (Kono et al., 1990; Zhang et al., 1996:
Porfir'eva et al., 1997).
In conclusion, the screening tests indicated that different parts al
plants are rich in chitinase activity specially leaves of sugar beet,
cabbage and beet root. Sugar beet leaves were found to be the most
convenient inexpensive source for enzyme production and very
economic source. Activity of chitinase in the fresh sugar beet leaves
remain stable when keeping these leaves at -20EC for months. The
purification procedure described here is simple, inexpensive and give
an industrially useful enzyme with god specific activity at 40EC in
0.1 M acetate buffer with pH 4.5.

between 4.5-8.0). Chitinase activity exhibited maximum activity at
pH 4.0-4.5, 5.5 and 4.0-4.5 using 0.1 M acetate, 0.1 M phosphate
and 0.1 M citrate phosphate buffers respectively (Fig. 4). The best
buffer used having the maximal activity was 0.1M acetate buffer at
pH 4.5. This maximal activity decreased to half at pH 5.0 and more
than 83 percent at pH 5.5.
Effect of reaction time an chitinase activity: The activities of
chitinase were linear function of incubation time up to 420 min.
using colloidal chitin as substrate (Fig. 5). It could be concluded that
excess products with increasing time of reaction may not interfere
with the enzymes activities. This property could be considered as
suitable one for using these enzymes in the field of medicine for long
time.
Effect of different concentrations of chitinase on its activity: The
enzymatic activity of chitinase was increased with increasing in
enzyme concentration up to 40 µ g protein per reaction mixture
(Fig. 6).
Effect of substrate concentrations on chitinase activity: There is a
direct relation between colloidal chitin concentration and the
chitinase activity up to 0.11 percent per reaction mixture (Fig. 7).
Determination of molecular weight: The Mt of the prepared chitinase
was determined to be 64×103 Dalton (Fig. 8).

Discussion

Chitinase is widespread in higher plants. In this study, screening
experiments on different plant parts representing eleven families
including seeds (dry and germinated) and vegetative parts were
carried out tp determined the mot suitable source for chitinase
activity. Result of the screening experiments indicated that the
enzymatic activity was varied not only with the species of the tested
plants, but also according to the morphology of the examined parts.
These results are to great extent in accordance to those found by
Powning and lrzykiewicz (1965), Abeles et al. (1971), Hirano et al.
(1990), Leah et al. (1991) and Chang et al. (1996). The increase in
activity of chitinase during germination may be due to activation of
the latent form and for increase in the rate of de novo synthesis of
enzymes. These results are consistent with other works which
indicated that chitinase enzyme increased greatly during germination
of some Japanese seeds (Hirano et al., 1988; Hirano et al., 1990).
However, cucumber chitinase is only presented in the mature seeds
or in rootlet, but during early stages of germination a very low level
was detected (Majeau et al., 1990).
The differences in optimum conditions for extraction of chitinase
from sugar beet, red beet and cabbage leaves may be due to relative
solubility and stability of each enzyme. Abeles et al. (1971) used
distilled H2O as an extraction solution for isolation of chitinase from
bean leaves, while Fink et al. (1988) used sodium phosphate buffer
(pH 6.0) to isolate this enzyme from oat leaves. In this study, sugar
beet leaves proved to be the best source for chitinase. As it is an
agridulture waste and a source of pollution, trials were done to use
it in production of beneficial enzyme and consequently aid in
consuming the pollution.
Pure chitinase was isolated from sugar beet leaves with relatively
high recovery of activity ( 27.4%) as compared to that of soybean
seeds and cabbage stem (12%) and (18%) isolated by Wadsworth
and Zikakis (1984) and Chang et al. (1996) respectively, but lower
than those from thorn apple (48%) (Broekaert et al., 1988).
The optimum pH for chitinase activity from sugar beet was
measured to be 4.5 which are in accordance to those reported by
Wadsworth and Zikakis (1984), Kono et al. (1990) and Zhang et al.,
(1996) for soybean seeds Japanese eel and carrot roots chitinase
respectively. While Molano et al. (1979) and Chang et al. (1996)
isolated chitinase from wheat grain and cabbage stem with an
optimum pH 6.0. Chitinase isolated from Bacillus cereus showed
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