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Abstract. The lipolytic activities of lipases lip-I, lip-II and lip-III, purified from rice bran variety Paijam, were
investigated after physical and chemical treatments. The purified lipases had pH optima of 7.3-8.0 and temperature
optima of 34-40 °C. The results indicated that lip-I was more stable than lip-II and lip-III. The lipases isolated from rice
bran, variety Paijam, belong to the category of alkaline lipases. Bile salts were found to be weak activators for the
activation of lipases, while maximum activities were obtained with deoxycholate. The activities of rice bran lipases were
enhanced by the presence of Ca"* upto certain concentrations, while EDTA application strongly inhibited the lipolytic
activities. Rice bran lipases were more sensitive to the denaturing agent guanidine-HCl than urea. The presence of heavy
metal ions, such as Cu™, Hg"', Zn"*, Fe'', strongly inhibited activities of the lipases, while such metals as Ba™*, Mg**

and Mn"" slightly increased the activities of lipases.
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Introduction

Rice bran is a valuable by-product of the rice milling industry.
It is the most important part of the rice grain as it contains
proteins, minerals and vitamins. It is also considered to be a
good source of 0il, containing 16-22% oil (Ali et al., 1999). Its
only utility in Bangladesh, however, is its input as an ingredi-
ent in the livestock feedstuffs (Ali et al., 2000). Beriberi is a
very common and fatal disease in Bangladesh, which is linked
to B, deficiency in the diet. The poorer classes of Bangladesh
are the main victims of the disease, who live on a diet, defi-
cient in vitamin B, . Rice bran is a rich source of anti-neuritic
vitamin B,. After extraction of the oil, the left-over bran cake
may also be used to increase the fertility of soil, as it contains
important ingredients such as nitrogen, phosphorous and
sulphur.

Lipases are an important class of enzymes which play a vital
role in the digestion of fats and oils present in food materials
(Hussain et al., 1995). Although known for a long time, rice
bran lipases have not been the subject of much work as com-
pared with the lipases from other sources such as pancreas,
castor bean and wheat germ (Shastry and Rao, 1971). Much of
the earlier work on this enzyme pertains to its inactivation in
order to ‘stabilize’ the bran and oil (Aizono et al., 1976; Funatsu
et al., 1971). The lipase activity is known to persist in the
whole rice grains (paddy) for as long as 15 years. Recently,
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some work has been conducted on the purification and prop-
erties of this enzyme (Absar et al., 1999).

The present study reports the purification of lipases from
rice bran, variety Paijam, grown in Bangladesh. The puri-
fied lipases were subjected to various physical and chemi-
cal treatments, and the effects of these treatments on the
lipolytic activities were also investigated. The study was
expected to yield the useful information regarding some
of the physicochemical properties, such as pH optimum
and pH stability, temperature optimum and thermostabil-
ity, the stability of lipases towards denaturating agents,
and the enzymic activities in the presence of metallic salts.
The experimental findings are expected to be helpful in
establishing the conditions for chemical modifications of
the lipases and in understanding the relationship between
their structure and function.

Materials and Methods

Chemicals used and purification of lipases. Rice bran of
variety Paijam was procured from Noor-Habib Auto Rice Mills,
Rajshahi. Chemicals used in the study were bile salts and urea
(BDH), guanidine-HC1 (Bio-Rad Laboratories, Richmond,
California, USA), and miscellanceous other reagents used were
all of analytical reagent grade.

The rice bran lipases (lip-1, lip-1I and lip-11I) were purified, in
biologically active form, by gel filtration of 85% ammonium
sulphate-saturated crude extract on Sephadex G-75, followed
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by ion-exchange chromatography on DEAE-cellulose as
described previously.

Determination of lipase activity. Lipase activity was deter-
mined by using olive oil as the substrate in accordance with
the method of Sugihara et al. 1(990). One unit of lipase activ-
ity was defined as the activity that liberates one micromole of
fatty acids under specified conditions (pH and temperature).
Specific activity of lipase was defined as the enzyme unit per
mg of protein.

Determination of pH optimum and pH stability of lipases. To
study the effect of pH on enzyme activity, the lipase solutions
(0.5-0.6%) were dialyzed against 50 mM phosphate buffers of
different pH values for 24 h, with frequent changes of buffers.
After the necessary adjustment of pH values, by the addition
of 0.2 N HCI or 0.2 N NaOH, the enzyme activities were
assayed using olive oil as the substrate, at room temperature
(25-28 °C). Stability of the lipases at various pH values was
examined by incubating the lipase solutions in buffers of a
range of pH values from 1.5-10.5 at 10 °C for 24 h and then
assaying their activities at room temperature, using olive oil
as the substrate.

Determination of optimum temperature and thermostability
of lipases. In order to determine the optimum temperature for
lipase activity, the rice bran lipase solutions (0.5%) in 50
mM phosphate buffer (pH 7.5) were incubated at 10-60 °C
for 30 min in a temperature controlled waterbath. The en-
zyme activities were assayed after cooling the heated lipase
solutions in an ice-bath, using olive oil as the substrate. For
examining the thermostability, the lipase solutions were
incubated at various temperatures (10-60 °C) for 15 min at pH
7.5. After cooling the heated lipase solutions in an ice-bath,
the enzyme activities were assayed at room temperature, as
before.

Effect of bile salts. Bile salts, like tauroglycocholate,
taurocholate, glycocholate and deoxycholate (1-2 mg/ml), were
added to the reaction mixture containing 250 pl lipase solu-
tions (0.3 mg/ml) and olive oil. The mixtures were gently
shaken for a few min at 35 °C and then the lipase activities
were determined.

Effect of calcium. Lipase solutions (0.3 mg/ml) in 10 mM
Tris-HClI buffer, pH 8.0, were dialyzed separately against deio-
nized water at 4 °C for 48 h, before incubation. The dialyzed
lipase solution (200 ) was incubated with CaCl1,(0.001-0.5
M) for 30 min at 35 °C, using olive oil as the substrate. The
lipase activities were assayed at room temperature.

Treatment with urea solution. To the lipase solutions (0.24
mg/ml) in 10 mM Tris- HC1 buffer, pH 8.0, were added different

403

concentrations of urea (1, 2, 4 and 6 M). After incubation of
the reaction mixture containing the enzyme solution and
the substrate for 1 h at 35 °C, the lipase activities were
assayed.

Treatment with ethylene diaminetetra acetate (EDTA). EDTA
(0.001M-0.5 M) was added to the predialyzed lipase solutions
(200 pl each) and incubated with substrate for 30 min at 35 °C
accompanied by gentle stirring. The lipase activities were then
assayed.

Treatment with guanidine-HCI. To the lipase solutions (0.3
mg/ml) in 10 mM Tris-HCI buffer, pH 8.0, was added guani-
dine-HCl at the concentrations 0f 0.5, 1.0, 1.5, and 2.0 M. The
mixtures were incubated with olive oil for 1 h at 35 °C and then
the enzyme activities were assayed.

Effect of mercuric chloride. To study the effect of mercuric
chloride, the lipase solutions (0.25-0.3 mg/ml) were incubated
with mercuric chloride at 0.001-0.002 M and the substrate for
30 min at 35 °C. The lipase activities were then assayed.

Treatment with various salts. The effect of some metallic salts
on the rice bran lipase activity was determined by
preincubating lipase solutions (0.25-0.3 mg/ml) at 0.001-0.002
M concentration of the reagent for 15 min at 35 °C. Then the
substrate was added to start the reaction. After incubating for
30 min at 35 °C, the lipase activities were assayed.

Results and Discussion

pH optimum and pH stability of rice bran lipases. The lipoly-
tic activities of the rice bran lipases at various pH values,
from 3.0 to 11.0, are presented in Fig. 1. The activities of the
lipases were greatly influenced by pH changes. The various
lipases, lip-I, lip-II and lip-IIT showed maximum activities at
the pH values of 8.0, 7.3-7.4, and 7.7-7.9, respectively. Beyond
these pH values, both at the acidic and alkaline sides, the
activities of all the lipases decreased abruptly. Thus, the opti-
mum pH values calculated for the different lipases ranged
between 7.3-8.0. The pH stability of the different rice bran
lipases are shown in Fig. 2. The lip-I, lip-1I and lip-III were
found to be stable at the pH values between 4.0-8.0, 5.5-8.0,
and 5.0-9.0, respectively.

It is evident from the results obtained that the optimum pH of
the rice bran lipases ranged between 7.3-8.0. These results
showed that lip-I was more stable in the acidic pH region, than
the other two lipases. It may be concluded from these obser-
vations that the lipases isolated from rice bran, variety Paijam,
belong to the category of alkaline lipases, similar to the li-
pases in peanuts (Sanders and Pattee, 1975), and unlike the
lipases in castor bean (Ory et al., 1962).



Optimum temperature and thermal stability of rice bran
lipases. The activities of rice bran lipases were determined on
incubation at various temperatures and the results obtained are
presented in Fig. 3. The activities of the lipases increased gradu-
ally and the maximum activities were observed around the tem-
peratures of 37, 34, and 40 °C for lip-I, lip-II and lip-III, respec-
tively. With further rise of temperature, the activities decreased
abruptly and the enzymes lip-1, lip-II and lip-III lost almost 100%
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Fig. 1. Effect of pH on the activities of lipases, purified
from rice bran, variety Paijam; substrate olive oil;
the buffers used were: pH 4.0-5.5 (AcONa-
CH, COOH), pH 6.0-8.0 (NaH PO,-Na,HPO,), pH
8.5-9.0 (Na,B,0,-HC1), pH 9.5-10.0 (Na,B,0O_-
Na CO,); e—e lip-I; 0 — o lip-II; A — Alip-III; the
highest activity was expressed as 100%.
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Fig. 2. Effect of pH on the stability of lipases, purified
from rice bran, variety Paijam; substrate olive oil;
the buffers used were: pH 3.0-4.0 (AcONa-HC1),
pH 4.5-5.5 (AcONa-CH,COOH), pH 6.0-8.0
(NaH,PO,-Na HPO,), pH 8.5-9.0 (Na,B,0.-HC1),
pH 9.5-10.5 (Na,B,0.-Na,CO,); e—e lip-I,0 —0
lip-II; and A — A lip-11I; the highest activity was
expressed as 100%.
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of their activities at the temperature ranges between 52-56 °C.
To examine the thermal stability, the enzyme solutions were
kept at various temperatures for 15 min and the activities were
assayed after cooling at room temperature. As represented in
Fig. 4, the enzymes lip-I, lip-II and lip-III were found to be stable
up to 48, 40, and 44 °C, respectively. With regard to heat stabil-
ity, lip-I was also found to be more stable than lip-1I and lip-I11.
Rice bran lipases were found to be highly active in the tempera-
ture ranges between 34-40 °C. Lipases purified from other sources
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Fig. 3. Effect of temperature on the activities of lipases,
purified from rice bran, variety Paijam; enzyme
solutions in 50 mM phosphate buffer, pH 7.5, were
incubated at various temperatures for 30 min; the
highest activity was expressed as 100%; e—e lip-
I; 0—olip-II; A— Alip -11I.
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Fig. 4. Effect of temperature on the stability of lipases,
purified from rice bran, variety Paijam; enzyme
solutions in 50 mM phosphate buffer, pH 7.5, were
incubated at various temperatures for 15 min;
the highest activity was expressed as 100%; e—e
lip-I; 0o — o lip-II; A— A lip -111.
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have also been reported to be highly active in the temperature
ranges between 30 to 40 °C. The optimum temperature for bo-
vine milk lipase has been reported to be 30 °C, while those of
two lipases from Penicillium cyclopium(Twai etal., 1975) were
reported as 35 and 40 °C, and those of the three lipases from
Rhizopus delemer (Twai and Sujisaka, 1974) ranged between
30and 35 °C.

Effect of bile salts. Using olive oil as the substrate, the effects
of different bile salts on the rice bran lipase activity are shown
in Table 1. It may be concluded from the observations
obtained that deoxycholate was the most effective in increas-
ing the activity of lipases, followed by taurocholate,
tauroglycocholate and glycocholate. However, on varying the
concentrations of bile salts from 1 mg/ml to 2 mg/ml, no
appreciable effect on the lipolytic activities were noted.

Effect of calcium. The effect of calcium salt (CaCl,) on the
activities of the lipases studied are presented in Table 2. The
activities of lipases were noted to enhance at very low con-
centration of calcium, while the activities decreased gradually
with the increasing concentration of calcium. It was observed
that the activities of lip-I, lip-II and lip-III began to decrease
after 0.002 M concentrations of CaCl,, while at 0.5 M concen-
tration, the lipases were found to be active only to the extent
of about 70%. The activities of all the lipases were found to
increase normally in the presence of calcium ion, even at low
concentrations (1 mM or less), but were inhibited at the higher
concentrations, which was consistent with the results reported
elsewhere (Shastry and Rao, 1971).

Effect of urea salt. The relative activities of the lipases after
treatment with different concentrations of urea are shown in
Table 3. It was observed that the activities of lipases
decreased gradually with the increase of urea concentration.
Furthermore, lip-11I was found to be slightly more sensitive to
urea as compared to the other two lipases, lip-I and lip-I1. In the
presence of higher concentration of urea, lipases retained only
about 5-10% enzyme activities, when treated with 6 M urea.

Effect of EDTA. The relative activities of the different lipases
in the presence of different concentrations of EDTA are pre-
sented in Table 4, from which it may be noted that the activi-
ties of lipases decseased gradually with the increase in EDTA
concentration. The enzymes lost their activities almost com-
pletely in the presence of 0.5 M EDTA. In view of these re-
sults it may be concluded that metal ions are essential for the
activities of lipases.

Effect of guanidine-HCI. As shown in Table 5, the activi-
ties of lipases decreased gradually with the treatment of
higher concentration of guanidine-HCI. It was found that
the lip-I and lip-II retained about 52.16% and 24.14% activi-
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Table 1. Effect of bile salts on the enzymatic activities of
lipases, purified from rice bran, variety Paijam

Bile salt Relative activities (%)

lip-I 1iP-IT  lip-IIT
Control (no salt added) 100 100 100
Glycocholate (1.0 mg/l) 101.70 103.06 101.09
Glycocholate (2.0 mg/l) 103.05 10438 102.73

10831 109.00 109.00
109.70 109.84 10991
107.00 106.68 106.00
10734 10696 107.11
104.00 103.70 102.80
105.00 104.10 103.19

Deoxycholoate (1.0 mg/l)
Deoxycholoate (2.0 mg/l)
Taurocholate (1.0 mg/1)
Taurocholate (2.0 mg/1)
Tauroglycocholate (1.0 mg/1)
Tauroglycocholate (2.0 mg/1)

Table 2. Effect of calcium salt (CaCl,) on the enzymatic activi-
ties of different lipases, purified from rice bran, variety Paijam

CaCl,con Relative activities (%)
(molar) lip-1 lip-11 lip-1IT
0 100 100 100
0.001 11230 11500  109.00
0.002 11045 11270 108.00
0.005 10232 10500  100.00
0.010 98.00 10036  99.10
0.100 81.10 82.00 80.45
0.200 70.80 72.00 7091

Table 3. Effect of urea salt on the enzymatic activities of differ-
ent lipases, purified from rice bran, variety Paijam

Urea conc Relative activities (%)

(molar) lip-1 lip-11 lip-11T
100 100 100

1 89.06 89.00 85.28

2 78.00 77.11 67.36

4 5043 4745 32.54

6 10.00 9.18 5.68

Table 4. Effect of EDTA on the enzymatic activities of differ-
ent lipases, purified from rice bran, variety Paijam

EDTA con Relative activities (%)
(molar) lip-1 lip-1I lip-11T
0 100 100 100
0.001 4738 4932 53.84
0.005 35.00 36.11 40.04
0.010 2743 29.00 32.00
0.200 13.42 13.60 14.16
0.500 532 5.75 7.03




ties, respectively, while lip-III retained only 10% activity
after treatment with 1 M guanidine-HC1. The activities of
the lipases decreased further with further increase in guani-
dine-HC1 concentrations, and activities of lip-I, lip-II and
lip-III were lost completely on treatment with 2.5 M, 2 M

and 1.5 M guinidine-HCl, respectively.

Effect of various metallic salts. The effect of some metallic
salts on the lipolylic activities of rice bran lipases was tested at

Table 5. Effect of guanidine-hydrochloride (Gn-HCI) on the
enzymatic activities of different lipases, purified from rice bran,
variety Paijam

Gn-HCI conc Relative activities (%)
(molar) lip-1 lip-1T lip-1IT
0 100 100 100
0.5 86.60 54.32 43.16
1.0 52.16 24.14 10.00
1.5 28.00 7.04 0

20 8.14 0 0

2.5 0 0 0

Table 6. Effect of various metallic salts on the enzymatic
activities of different lipases, purified from rice bran, variety
Paijam

Test salts added Relative activities (%)
(molar) lip-1 lip-1I lip-III
Control (no salt added) 100 100 100
BaCl, (0.001) 111.04 110.51 112.42
BaCl, (0.002) 113.00 113.00 114.63
MgC1,(0.001) 109.28 108.00 11025
MgCl1,(0.002) 110.13 110.04 114.05
MnCl1, (0.001) 100.00 102.14 102.75
MnCl1,(0.002) 100.00 104.00 105.07
AlCI, (0.001) 92.16 94.40 91.73
AlICL, (0.002) 90.03 89.85 89.00
CuC1, (0.001) 83.75 81.66 80.70
CuCl, (0.002) 70.72 66.54 65.82
ZnCl1, (0.001) 68.37 66.32 66.14
ZnCl, (0.002) 2891 26.24 22.53
HgC1, (0.001) 43.86 45.00 45.00
HgCl, (0.002) 2392 26.17 2536
FeSO, (0.001) 50.80 4830 4820
FeSo, (0.002) 32.76 2941 28.18
CuSO, (0.001) 2281 26.00 25.00
CuSo, (0.002) 0 0 0
ZnS0, (0.001) 31.00 2641 20.05
ZnSo, (0.002) 7.73 5.80 0
NaF  (0.001) 32.11 26.08 25.00
NaF  (0.002) 10.31 12.25 8.00

M. Z. Haque et al.

the specified concentrations of the reagents and the results are
presented in Table 6. It was found that the presence of metallic
salts, such as Ba*, Mg?" and Mn*" generally enhanced the
activities of lipases, while the enzyme activities decreased
markedly in the presence of salts of A1*", Fe””, Na®, Cu?*, Zn**,
Na'*, Hg*, etc. For a comparison, with respect to the diminish-
ing activity of lipases, the salts may be arranged in the follow-
ing order: CuSO,> ZnSO, > NaF > HgCl, > ZnCl,> FeSO,>
CuCL>AlICl,.
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