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CHARACTERISTICS OF LIPOL YTIC ENZYMES OF RAPESEEDS* 
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A b s t r a c t. Some properties of lipolytic enzymes 
of a microsomal fraction of two Polish varieties of rape
seed were qualified . Enzymes extracts were prepared from 
germinated rapeseeds of two varieties: double improved -
Bolko and high erucic - SkrLeszowicki. The lipase was 
purified by ultracentifuge. The obtained supematanl was 
used to chracterise the lipase and further to purify by a 
colurnn chromatography metho<l, using the following car
riers : Sephadex G-100, Sephacryl S-300, DEAE sephadex 
A-50 and Q Sepharose. 

Examined enzymatic extracts showed two optima 
of lipolytic activity: pH 7.5 and pH 9.0. The highest de
gree of hydrolysis of tributyrylglicerol (TC4:0) revealed 
lipases of the Bolko variety seeds at 30 °C, and lipases 
of the Skrzeszowicki seeds at 40 °C. At the temperature 
30-40 °C Iipases maintained approx. 89 % to 93 % oftheir 
maximum activity. However, at 25 °C and 50 °C their ac
tivity was reduced to approx 20 %. When the temperature 
was above 40°C, them1al inactivation of lipolytic enzymes 
from two varieties progressed in two stages. Examined li
pases maintained 20 % to 30 % of their initial activity, 
after storing them for I h at 60 °C. During the purification 
of lipases, carried out by a column chromatography 
method, the most favourable results were obtained using 
molecular filtration on Sephadex G-100 gel. 

K e y w ord s: rapeseed lipase, purification, charac
terisation, rapeseed 

INTRODUCTION 

Lipases (triacylglycerol acylhydrolases, 
E.C.3. l . l .3) are the first activating cell enzymes 
during the gennination of seeds. Because of 
their activity, released fats are transfonned 
into sugars, essential energetistic components 

during plant growth. Exarninations of lipase 
properties and the location of lipases in cell 
structures of oilseed plants have been con
ducted for some years. They showed that na
tive lipases are located in a microsomal 
fraction in glyoxysomes (peanuts, castor bean 
- alkaline lipase, soya) [ 1,3,5,7]. Exarninations 
of rapeseeds carried out so far indicated that 
from 75 % to 80 % of lipolytic activity is lo
cated in a microsomal fraction. Whereas, 20-
25 % of this activity has a relation with a 
mem brane of lipid bodies. 

The aim of the research was to obtain li
polytic enzymes from the microsomal fraction 
of two Polish varieties of rapeseed, their puri
fication and detennination of the selected bio
chemical properties. 

MA TERIAL AND METHODS 

Enzymatic extracts were prepared from 
seed leaves of rapeseeds (genninated for 5 
days) of two varieties: double improved Bolko 
and high erocie - Skrzeswwicki according to 
Lin's and Huang's method [7]. Isolation oflipases 
was conducted according to the Hills's and 
MUIJJhy's [4,8) method and Hassanien's and 
Mukherjee's method [3,9] using ultracen
trifugation: at acceleration 100 OOO g for 90 
min and at 23 OOO g for 30 min. A supernatant 
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obtained after ultracentrifugation at accele
ration 23 OOO g for 30 min was used for the in
itial characterisation of lipases. 

Lipases purification was carried out by a 
column chromatography method using the fol
lowing carriers: Sephadex G-100, Sephacryl 
S-300, DEAE Sephadex A-50 and Q Sepha
rose. 

Molecular filtration on Sephadex G-100 
and DEAE Sephadex A-50 gel was carried out 
by a traditional column chromatography method, 
while on Sephacryl S-300 and Q Sepharose 
gels the FPLC (PHARMACIA) technique was 
used. The separation conditions were esta
blished based on our own initial researches 
and other authors' examinations [1,8,10). 

The protein content was measured by a 
spectrophotometric method. The mcasurements 
of absorbance were conducted at the wave
length 280 nm and estimated in mg/ml. The 
standard solution of rapeseed albumin protein 
was a standard. 

Lipolytic activity was measured by the 
diffusion method according to Lawrence et al. 
[6] and during lipase characterisation, addi
tionally by a titration method at constant pH, 
using the automatic titration set of RADIO
METER firm (Denmark). 

Lipolytic activity changes of examined 
enzymes, after different time of thermostating 
at temperatures from 20-22 °C (room tempera
ture) to 60 °C, were measured by a diffusion 
and titration method at constant pH. 

Emulsion of tributyrylglycerol (TC4:0) was 
used as a substrate. Results were expressed in 
conventional activity units (J.A.) or in J.A./mg 
of protein (the specific activity) and equival
ents FFNmin/ml of enzymatic extract. 

RESULTS 

The ultracentrifugation (100 OOO g x 90 
min) of the enzymatic extract, for the first iso
lation and rapeseed lipases purification pro
duced three fractions: lipid bodies, supematant 
and pellet. The lipolytic activity of supema
tants containing mainly microsomal cell 
enzymes, was approx. 92 % to 96 % of the 
total lipolitic activity. The rest of fractions re-

vealed only approx. 2 % to about 5 % of the 
total activity of lipolytic enzymcs. The ultracen
trifugation process produccd approx. 3 to 4 
limes greater incrcase of specific activity of 
the lipases examined. All the obtained frac
tions were subjcctcd to further purification by 
molecular filtration on Sephadex G-100 gel 
using for 50 mM elution the TRIS-HCI buffer 
of pH 7.5. 

Following scparation of the supematant of 
both rapeseed varieties, two main fractions 
were obtained. Lipolytic activity was found 
for fractions with the highcst molecular wcight 
(Fig. 1). 

As a result of the separation of the lipid bodies 
fraction on the Scphadcx G-100 gel two differ
ent chromatograms for both rapeseed varieties 
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Fig. 1. Separation of supematant fracti<m (100 OOO g) of 
enzyme extracts. G-100 Sephadex. 
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were obtained. However, no hydrolysis acti
vity was found in any fraction. Because of the 
molecular filtration on the gel Sephadex G
ł 00 of the peli et from Bolko and Skrzeszo
wicki enzymatic extracts, a similar profile of 
protein fractions was obtained. Hydrolysis 
TC4:0 was reveaJed only in fractions with the 
highest molecular weight, and their specific li
polytic activity wa'> approx. IO- I 7 limes greater 
than the lipolytic activity of the specific sample 
before chromatographic separation. 

During the second way of isolation and 
purification of lipolytic enzymes from rape
seeds, ultracentrifugation of enzymatic ex
tracts at acceleration 23 OOO g for 30 min was 
used. The obtained supernatants contained 
microsomal enzymes of specific activity 3-4 
times higher than the lipolytic activity of the 
extracts before ultracentrifugation. 

Further purification of these enzymes by 
molecular filtration on the Sephadex G-100 gel, 
produced two peaks, like those produced dur
ing supernatants separation, after ultracentrifu
gation at accelcration 100 OOO g. The second 
peak was a mixture of inseparable protein 
fractions. Fractions with a very high molecular 
weight (with elution about V O of deposit) 
presented the ability of tributyrylglycerol hy
drolysis, and their specific lipolytic activity 
was some or anywhere from ten to twenty 
times higher than lipases specific activity prior 
to chromatographic separation (Fig. 2). Simi
lar chromatographic pictures were obtained 
during separation of the same supernatants on 
Sephacryl gel S-300. Only protein fractions 
with a high molecular weight revealed li
polytic activity. The degree of lipases purifica
tion indicated by the ratio of the lipolytic 
activity of each fraction after separation to the 
same fraction but prior to separation, was from 
about 3 to about 20 (Fig. 3). 

Applying the ion-exchange chromatography 
on gel DEAE - Sephadex A-50 for purifying 
the examined lipases allowed the more favour
able separation of protein compounds from 
phenolic ones, than by molecular filtration method 
on Sephadex G-100 gel. Lipolytic activity was re
veaJed in fractions within the first peak, eluting at 
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Flg. 2. Separation of supematant fraction (23 OOO g) of enzyme 
extracts. G-100 Sephadex. Explanations as in Fig. I. 

0.2 M concentration of NaCI (Fig. 4). 
Chromatogram of microsomal lipases sep

aration while using Q Sepharose gel indicated 
the presence of many protein fractions. Acti
vity of lipolytic enzymes was located in frac
tions of high protein content, eluting at a 
concentration of NaCI from 0.3 M to 1 M. 

Fractions, after microsomal separation of 
lipases on · Sephadex G-100 gel indicating the 
ability of tributyrylglycerol hydrolysis, were 
lyophilized and applied as an antigen for ob
taining the polyclonal antibodies of native 
rapeseed lipase. The obtained antibodies will 
be used to examine of native lipase of rape
seeds using immunological methods (ELISA, 
immunoblotting). 
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Lipases characteristics 

Examined fraction of rapeseeds microso
mal lipase revealed two optima of lipolytic ac
tivity in pH 7.5 and 9.0. lt can indicate 
non-homogeneity of an enzyme in microsomal 
fraction or lipases remainder of different 
properties from other cell organelles (for 
example lipid bodies) [3,4,7]. Obtained results 
within this range are in accordance with the 
results of Hills and Murpy [4], which indicated 
presence of two lipases: microsomal fraction 
and lipid bodies membrane of following pH 
activity optimums: 7.5 and 9.0. Before, Lin 
and Huang [7] suggested the presence of one 
lipase in rapeseeds. Moreover, in mentioned 
researches' opinions, microsomal membranes 
contained lipase, present in supematant frac
tion after enzymatic extracts ultracentrifuga
tion, are simply remainders of lipid bodies 
membranes after hydrolysis of reserve tricacy
loglyceroles. The complexity of enzymatic pro
teins observed during isolation and purification 
of enzymatic extracts (very high molecular 
weight of proteins) may either indicate the 
non-homogeneity character of these enzymes. 

These results differ from our earlier 
examinations [2], in which the optimum 
characteristic for lipolytic activity of enzy
matic extracts of both varieties of rapeseeds, 
measured by diffusion method in comparison 
with TC4:0, was 8.5 pH. Whereas, during the 
measurement of lipolytic activity by extrac
tive-titrative method using rapeseed oil, the 
optimum lipases activity of the Skrzeszo
wicki variety seeds was pH 7.5 and of Bolko 
variety - pH 8.5. Observed differences could 
be due to the different degree of lipases purifi
cation. 

The highest hydrolysis degree of tributy
rylglycerol (TC4:0) was observed at the tem
perature of 30 °C for Iipases of the Bolko variety 
and 40 °C for lipases of Skrzeszowicki variety. 

At 30-45 °C temperature examined lipases 
maintained from about 89 % to about 93 % of 
their maximum activity, and at the tempera
tures of 25 °C and 50 °C their activity was re
duced alxmt 20 %. 
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Examining the changes of lipolytic activi
ty within the temperature inteival from 20-22 °C 
(room temperature) to ro °C, it was indicated that 

. inactivation of microsomal fractions measmed by 
diffusion method at temperatures above 40 °C is 
conducted in two stages: during the first 30 min of 
storing at these temperatures there was a rapid 
decrease of enzymatic activity, and after this 
time the speed of enzyme inactivation was re
duced, while maintaining from about 40 % to 
about 60 % of activity after 2 and 3 h activity 
of temperature 60 °C (Fig. 5). 

Changes of lipolytic activity of the same 
enzymes subjected to the same temperature
time conditions, measured by titration method 
at the same pH, show greater enzymes thermo
lability from the Bolko seed variety at tem-
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Fig. S. Thennostability of lipolytic enzymes of rapeseeds 
supernatant 23 OOO g exarnined by diffusion rnethod. 

peratures from 30 to 50 °C. 
After 1 h of storing at temperatures 30, 40 

and 50 °C, lipases from the Bolko rapeseeds 
variety maintained about: 60, 55 and 40 % of 
their initial activity. Whereas lipases of the 
Skrzeszowicki seed variety revealed about 90, 
80 and 70 % of their initial lipolytic activity. 
At 60 °C lipases of both rapeseed varieties had 
similar thermolability. After 1 h of storing at 
this temperature they were losing from about 
70 % to about 80 % of their initial activity 
(Fig. 6). 
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Fig. 6. Thennostability of lipolytic enzymes of rapeseeds 
supernatant 23 OOO g examined by titrimetric assy method. 
Explanations as in Fig. 5. 

CONCLUSIONS 

Among applied methods of isolation and li
pases purification the most favourable results were 
obtained using ultracentrifugation of enzymatic 
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extracts, then molecular filtration of obtained 
supematants on Sephadex G-100 gel. 

Lipolytic activity presence in fractions of 
high molecular weight (about 2 OOO kD) indi
cates the complex character of examined li
pases protein. 

Conducted characterisation of rapeseeds li
pases reveals their non-homogeneity character. 
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CHARAKTERYSTYKA ENZYMÓW 
LIPOLITYCZNYCH NASION RZEPAKU 

Określono właściwości enzymów lipolitycznych fra
kcji mikrosomalnej nasion dwóch polskich odmian rzepa
ku. Ekstrakty enzymatyczne przygotowywano ze 
skiełkowanych nasion rzepaku dwóch odmian: podwójnie 
ulepszonej - Bolko i wysokoerukowej - Skrzeszowicki. Li
pazę oczyszczano przez ultrawirowanie, a uzyskany supema
tant zastosowano do scharakteryzowania lipazy i dalszego 
oczyszczania metodą chromatografii kolumnowej z wyko
rzystaniem następujących nośników: Sephadex G- 100, 
Sephacryl S-300, DEAE Sephadex A-50 i Q Sepharose. 

Badane ekstrakty enzymatyczne wykazywały dwa 
optima aktywności lipolitycznej: pH 7.5 i pH 9.0. Najwyż
szym stopniem hydrolizy tributyryloglicerolu (TC4:0) 
charakteryzowały się lipazy z nasion odmiany Bolko wtem
peraturze 30 °C, zaś lipazy z nasion odmiany Skrzeszowi
cki w temperaturze 40 °C. W przedziale temperatur 3045 °C 
lipazy zachowywały od ok. 89 do 93 % swojej aktywności ma
ksymalnej, a w temperaturach 25 i 50 °C ich aktywność 
zmniejszała się o ok. 20 %. W temperaturach powyżej 
40 °C inaktywacja tem1iczna enzymów lipolitycznych obu 
odmian przebiegała dwufazowo. Badane lipazy zachowy
wały 20 % do 30 % aktywności początkowej po I godzinie 
przetrzymywania w temperaturze 60 °C. Podczas oczyszcza
nia lipaz metodą chromatografii kolumnowej, najkorzyst
niejsze wyniki uzyskano stosując sączenie molekularne na 
żelu Sephadex G-100. 

S I o w a k I u cz o w e: lipaza rzepaku, oczyszcza
nie, charakterystyka, rzepak. 


