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Chapter 4

PROPERTIES OF INSECT FAT BODY LIPASE
I. KINETICS AND SUBSTRATE SPECIFICITY

Lipase activitg has been sfudied extensively in
materials from various sources like hog pancreas,‘fWillé-
tatter and Waldschmidt-Leitz, 1923), wheat germ (Singer
end Hofstee, 1948), Fusarium (Fiore and Nord, 1950), oat
(Martin end Peers, 1953), pigeon pancreas (Scaria, 1958)
pigeon breast musqle_(Geéfge and Searis, 1959 b), pigeoh
adipose tissue (GBorge and Eapen,*1966), hog intestine
(DiNella et al, 1960), pig edipose tissue, (Iynn and Perry-
man, 1960), insect flight muscle (Bhakthan, 1961) etc. |
It is kno@n thatklipases from different sources differ
greatly in their propertigs such as substrate specificity,
steriochemical specificlty, optima for temperature and pH

and behaviour towards activators and inhibitors.

~

The insect fat body lipase was reported by George
and Eapen (1959 a, b) in the fat body of locust, Schisto-
cerca gregaria but né detailed studies have been made on

the nature of the lipase. In the present study, therefore,
some propérties of the cockroach fat body lipsse have been

investigated.



MATERIATIS AND METHODS

1. Preparation of the fat body tissue homogenate

The fat body of the laboratory reared female
cocg¢kroaches, Peripleneta smericana, were used. The insects
were anaesthetized by ch%lling for 15 minutes and then
dissected. The perivisceral fat body tissue was carefully x
separated out from the tracheal branches, blotted with filter
paper and weighed on a precision balance. The tissue was
- homogeniged in a chilled mortar in ice cold distilled wster
and the enzyme was extracted for 20 minutes in cold. Usually
a 2.5% or 5.0% fat body homogenate was prepared in this way.
The homogenate was centrifuged at 2500 r.p.m. for 3 minutes
énd the supernatant white 1ipid scum and the sediment were
discarded. The infranatant solution was pippetted out and
mixed thoroughly and saved for the study of lipase actvity.
This infranstant solution is referred to hereafter as

the fat body homogenate.

2. Measurement of lipase activity

Method employed for the estimation of lipase
activity was a manometric one, using the convgntional
Warburg apparatus and a bicagbonate—carbondioxide buffer
system. The enzyme action was denoted by the production
of fatty acid which in turn liberated carbondioxide from

the sodi?m bicarbonate buffer,
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Each reaction flask contained 1.5 ml of sodium ‘
bicarbonate solution in’appropriafe molar concentration
to give the desired pH, 0.5 ml of enzyme solution and
0.5 m1 of distilled water in the main chamber and 0.5
ml of substrate in the side arm, in a total volume of

3.0 ml.

The flasks and manometers vere gassed for 3 minutes
with a mixture of 5% cabondioxide and 95% Nitrogen.
Efter 10 minutes of equilibration in the constant temper=
ature water bath at 37°C9 éhe substrate was tipped in
and the mixture was allowed to equilibrate for a further
period of 3 minutes. Throughout the experiments,the mano-
meters were shaken horizontally at thé.rate of 120 osci-

llations per minute and an amplitude of 2.5 cms.

Readings were taken at regular intervals for one
hour and the results are expressed as nul of,COZ evolved

during the initial 30 minutes time.

3. Preparation of substrates

- For routine assay of lipase activity, tributyrin
in sodium bicarbonate buffer was employed as substrate.
Since tributyrin is not completely soluble in the bicar-
bonate buffer solution, it was emulsified with a small drop
of Tween 80. The emulsion was quite stable and the emulsi-

fier had no effect on the enzyme activity. Castor oil,
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olive o0il and triclein were treated the same way as

tributyrin,

4. Ibcalization of enzyme activity

The following proceedure was sdopted based on
those of Peé?gtf {égss Hearfieigifig%s) and Fenwick
(1958) . The working temperature was kept close to 0°C
throughout the period of sepabation of the different
fractions of the homogenate, @ 15% fat body tissue homo-
genate was prepared in ice cold 0.25 M sucrose solution.
The tissue was homogenized in a 'MSE' homogenizer for -

1.5 minutes. The homogenate was centrifuged at 2500 r.p.m.
for 3 minutes and the fioating lipid scum and éhe sedi-
ment were dlscarded. The infranatant solution was used

- for the differntial fractionation using a 'MSE' super

speed '25' refrigerated centrifuge. The rotor with an
radius of 8.1254 cms., was adopted. After saving sh aliquot
of homogenate as f;action I, the homogenate solution was
ecentrifuged at 36000 x g for 45 minutes and the superna-
tant,‘after removing the floating white 1ipid scum, was
~saved as fraction V. The sediment was resuspended in 0.25 M
sucrose solution and the nuclear, mitochondrial and sub- '
ﬁicroscopic particle fractions were separated by conventional
methods of 'differential centrifugation. The nuclear
fraction (fraction II) was separated by centrifuging twice

at 800 x g for ten minutés each, The supernatant was spun
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at 7000 x:g, for 15 minutes and the sediment was waéhed
and resuspended and centrifuged at 7000 x g for the seame
length of time, The sediment saved as fraction III (mito-
chondria). A thick viscous submicroscopic particle
fraction was separated from the supernatant solution .
by centrifuging at 36000 x g for 45 minutes (fraction IV).
The supernatsnt from this wes add;d to fraction V

seporated earlier,

Protein was estimiatéd. by the micro-Kjeldhal
method (Hawk et al, 1954).

RESULTS

1. Effect of pH on the activity of the fat body
lipase

The lipolytic activity of the enzyme preparation
(5% fat body homogenate) was studied at different pH
ranging from 6.0 to 8.0 using 4% (w/v) tributyrin as sub-
strate. By adjusting the concentration of sodium bicar-
bonete solution, the pH of the mixture was varied, the prew
cise concentration of sodium bicarbonate necessary to give
the required pH with a gas phase of 5% CO, and o058 No was
calculated by means of the Handerson-Hasselbach equation
(Umbreit et 2l, 1957).

It is seen from the graph that the optimal
pH for the activity of the fft body lipase is 7.0. At
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lower’ pH the fall in the activity of the enzyme was rapid
while at higher pH the activity decreased gradqgly. At pH
6.0 practically no activity could be seen. (Fig.l). The, -
activity is expressed as_ul of CO2 evolved per 0.5 ml of
5% homogengﬁe enzyme solution, for the initial 30 minutes

time, .

With triacetin as substrate the pH optimum shifted
to 6.8 at the same substrate concentration as that of

tributyrin. (Fig.l.)

Studies at higher pH could nog be carried out due

to the limitations of the manometric techniques.

2. The effect of temperature on the activity of
the £t body lipase. iy

The hydrolysis ofﬁt;ibutyrin (4% in bicérbpnate
bugfer) was studied at temperstures varying from 17°C to
ﬁ?oﬁ. The results are shown in figure 2. The rate of hydroly-
sis inereased over the whole range of temperatures employed.
The reaction rate however, fell at higher temperatures. The
temperature coefficlents for lipolysis were 1.8 in the

range of 17-27°C, 1.5 between 27-37°C and 1.1 between 37-47°C.

3. The effect-of enzyme concentration on the

activity of the‘gat body lipase

A 10% fat body homogenate was prepared as described

.
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under 'Materials and Methods' and was diluted to various
concentrations and the lipase activity of each was deter-
mined, Protein content was estimaged of each equivalent
aliquots of enzyme solution used for the estimation of the
activity. The lipase activity is expressed as;ul of 002
per mg., protein during @pe initial 30 minutes time.

The results are shown in figure 3. The activity was found
to be proportional to the enzyme concentration execept at
. very high concentrations(e.g. 10 mg protein/ml enzyme
solution) and at very low concentrations (e.g. 0.4 mg;
protein/ml enzyme solution, where the activity tended to
fall.

4, The effecy of substrate concentration on the
activity of the fat body lipase

The rate of hydrolysis of tributyrin at concentra-
tions varying from 0,002 M to 0.2 M was studled, using
an enzyme solution of 7.5% fat body homogenate. The 1ipa§e\
activity was ﬁeasured at intervals of 10 minutes each for
s period of 60 minutes. The results are shown in figure 4.
It is seen that at 2 low concentration of tributyrin (0.002 M)
the acfivity vas linear for about 20 minutes time and fell
rapidly during the subsequent intervals. At all the concentra-
- tiong used the activity was found to fall during the later
period of the experiment. The activity was maximum and

linear for a lomger period (about 50 minutes) at 0.02 M
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tributyrin concentration.. .

5. The effect of different substrates on the
activity of the fat body lipase.

. Triacetin, tributyrin, triolein, castor oil and
olive oil were tried as spbstrates at a concentration of
0.02 M and at pH 7.0 and temperature 37°C, Triotéin, castor
oll and olive oil were not attacked by the enzyme solution
'to any apprecishle extent. The rate of hydrolysis éf tri-
bdtyrin was the maximdﬁ. Tfiacetin was acted upon quite
slowly. It may be noted here that triacetin was soluble

at the concentration used while tributyrin was not comple-

tely soluble.

S

6. The stability of the enzyme solution .

4 8% fat body homogenate was prepared as deseribed
earlier. The lipase sctivity of the enzyme solution was
measured, which was stored for various periods and at

different temperatures as shown in table 1.

The enzyme solution was stable even when heated
at 60° for 30 minutes but the activity was reduced more
tham half when the heating was continued for one hour.

‘ A} 3700 the enzyme soluﬁion deteriorated very rapidly aftef

'iéfhours time. Howgvér; at =4°C it was quite stable for 3 days.
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TABIE.1.

Table showing lipase activity (%) of the
fat body homogenate stored for varlous
periods and at different temperatures.

Homogenate incu Homogenate incu- Homogenéfe kept-
bated at 60°C  bated at 37°C frozen at .4°C

for for for
Control

S

15 30 60 18 38 72 18 36 72
min. min. min, hrs. hrs. hrs. hrs., hrs. hrs,

100.0 100.0 96.0 42.5 92.0 38.0 14.0 93.0 81.5 68.5

T. Distribution of lipase activity in different -
fractions of the fat body homogenate,

Iipase activity was esﬁﬁated in four different
fractions of the fat body'homogenate as described under
'Materials and Methods'! and the results are shown in

table 2.-

‘ Part of the loss in the total yleld of sum
of all the fractions is attributed to the removal of the
white liphd layer during the beginning of fractionation.
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TABIE 2.

Table showing the distribution of lipase
~activity in the different fractions of the
fat body homogenate,

Fraction Activity units Yield (%)
_pl COg/hour

Homogenate 320.0 100.0

Nuclei 39.0 ' 10.0
(800 x g)

Mitochondria 45,0 11.5
(7000 x g) ' '

Submicroscopie

particle 88.0 22.5
(36000 % g)

Soluble 120.0 . 48,7

Sum of fractions 362.0 92,7

DISCUSSION

One of the enzymes of the group of carboxylic
esterases 1s a lipase for which the substratevis the ester
of a higher fatty acid with glycerol or some other alcohol.
The non specific esterases also act on fatty acid esters,

though to a different degree, so that there is some degree
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of over lapping between the ¥wo. Lipases are both hydro-
lytic and synthetic in action.

Various methods have been used for the determi-
nation of lipase activity which include manometric (Martin
and Peers, 1953; Wills, 1954) as well as titrimetric (Balls
et 2l ,19373 Fiore and Nord, 1949; Wills, 1954) ones. The mano-
metric method after Martin and Peers (1953) was adopted in
the present study, using tributyrin as substrate for routine
assay wofk. It s generally agreed that the hydrolysis of
tributyrin is effected by 'true lipase' (Martin and Peers,
1953) . Chemically, tributyrin meets the definition of a fat
even though it is a smaller molecule (Dunkley and Smith, 1951).
Dunkley and Smith (1951) studied'tributyrinase' and 'Iipase'
activity of milk and cohcluded that tributyrinase determi-

nation can be used as a measure of lipase activity.

' O0f the lipases known,much work has been done on
pancreatic‘lipase which 1s regarded as a prototype of
lipases having certain basice propertieé as regards pH and
temperature optima, substrate specifieity and behaviour

towards activators and inhébifors.

The optimal conditions of pH and temperatures depend
on the substrates used, state of purity of the enzyme, buffers
used, the method of assay etc. For pancreatic lipase optimum
pH for hydrolysis of triglycerides is around pH 7.0 while for
higher triglycerides it is shifted to 8.8 (Schonhyder, 1945X.



For intestinal lipase it was about 9.0 in Tris buffer with

- olive o0il as substrate (DiNella et al, 1960). An acid lipase
witha pH‘optimum of 4.3 has been recently found in the fatty
layer obtzained by centrifuging 2 homogenate of castor bean
(Oryyet al, 1962).'For the pigeon breast muscle lipase the
pH optimum is 8,0 with McIlvan buffer and tributyrin as sub-
strate (George and Secaria, 1959 b). In the present study

for the fat body lipase in a bicarbonate carbondioxide buffer
system the optimum pH has been found to.be 7.0 for tributyrin
and 6.8 for triacetin as substrates. It is seen therefore,
the optimum pH for lipase from different sources varies from
4 to 9 and it is moét often dependent on the substrates

used and buffers chosen for the assay method.

The observation that the rate of hydrolysis
incressed with temperature over the whole range employed

seems to be a common character of poikilothermic animals.,

Lipases show preferential action on certain
esters of fatty acids. There 1is generzl agreement that
the unsaturated fatty acidm glycerides are more esasily split
than‘their saturated analogues by most lipases. & summary
of relative velocity rates for various substrates for lipases

from different sources is given by Bier (1955). It is

often found that the hydrolysis of the higher but not the lower

e |
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saturated triglycerides 1s largely dependent on the temp-
_erature, For example Balls et al, (1937) found that at

low temperatures the pancreatig lipase would appear tb be

an esterase and with the increase in temperature the maximum
rate of hydrolysis shifts towards longer chain fatty écids
(Co=¢cC10). With increase ip.chain length they also found
that the pH optimum shifted from 7.0 to 8.8,

In the present study it may be noted that the rate
of hydrolysis of tributyrin was maximum under the experimental
conditions described. Triacetin‘was acted upon but to a
lesser extent. Triolein, castor oll and olive oil were not

attacked to any appreciable extent.

The action of long chain fatty acids requires
the substrate to be emulsified. And for thils purpose
variocus workers have used different substances like gelatin
gum arabie (11lls,-1960), sodium teurocholate (Constantin,
1960), a mixtur;:qéhtéiﬁing mono-fatty acid ester of poly
ethylene glycol, soybean phosphatides, sorbitan mopolaurate,
sodium cholafe and polyglycerolester of fatty acids (DiNella,
et al, 1960). The substrate specificity is influenced by
the nature of the emulsifying system (Iynn and Perryman, 1960).
Recently Wood (1959) in a study of lipase activity in lingcod
musele prepsrations found that it is rather the insolubility
of the substrate used (oclive oil) which prevented the attack
by lipase, Martin and Peers (1953) and George and Scaria, \
(1959) explained the non hydrolysis of olive oil in the



nanometric system as due to the predominence of

water in the system.

~ From results presented regarding the stability of
the enzyme solution of the‘fat body homogenate it may
be noted that the enzyme aéé?ity deteriorated rapidly
after 18 hours of storag; at 37°C and after 30 minutes
of storage at 60°C. This instsbility in solution is often
encountered in lipase studies. Flore and Nord (1949)
attributed such a distruction of Fussrium lipase to
proteclysis. Singer and Hofstee (1948) observed a loss
in the activity of wheat germ lipase during overnight
storage at ch and this inactivation they thought to be
due to the oxidation of essential -SH groups simce they
'fopnd that the inactivation was reduced by the presénce

1

of glutathione.

Ogtimal conditions for
the actvity of the insect fat body lipage

With the manometric method of assay of enzyme activity
in a bicarbonate-carbondioxide buffer system, the insect fat
body lipase has the maximum activity at pH 7.0 with tributy-
rin as substrate at a concentration of 0.02 M. The tempera-
ture most suitable is between 17°C to 27°C. The rate of hyde

rolysis is linear over an initial periocd of 50 minutes,

o7



