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CHAPTER 6
THE RAT HEART LIPASE

-

The presence of a 1ipa§e in the heart muscle of
vertebrates was reported in ap earlier chapter. The conce =
ntration of lipase in the heart muscle of differént
vertebrates is related to thé basal metabolism of the
animal and is supposed to play a role in the energy
metabolism of the heart by breaking down fat.into fatty
acids and glycerol, which in turn are effigiently oxidized
by the enzyme system preseﬁt in this muscle, & role similar
to tpe one played by the skeletal muscle 1ipase such as
the pigeon breast muscle lipase. It was thought thezefore
that the heart muscle lipase should resemble the skeletal
muscle lipase with regard to specificity, kinetic apd other
properties, A detailed study was undertaken to find.out
how far this enzyme from these two different sources compare
with each other on the one hand and the pancreatic lipase
on the other., The rat heart was choseh as a convenient
material for this study,. |

Material and Methods
In the studies on thejpigéon pancreatic'lipase and
the pigeon breast muscle 1ipasa,ﬁit was found that an ether
defatted dry powder of these %iéédeé was superior to the
acetone powder as an enzyme éateriél. Treatment of these
tissues with acétone aefinitg;y destrq&s a‘larée amount o?

lipase, An acetone powder of the breast musele was found
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to be completely inactive. A similar obse;vation was also
made by Korn and Quigley (1955) in their studied on the
lipolytib activitymof'theﬂrat i@£§t muscle. Rats were
decapitated and the heart mégnvaa~§nd placed on _filter
peper. The hearts were gplit oéen»and 2ll the blood removed
by means of filter paper. They were then cut into small
pieces, dried and a pbwder'pgepared according to the
method mentioned earlier. j
200 mg, of this powder was extracted in 5 ml,water
in cold for 1 hour, centrifuged at about 3000 r.p.m. for
5 min.and tke clear supérnatént used as the enzyme solution,
1 ml. of this solution contéineﬁi 6 -7 mg., protein. The
nitroprusside resaction for -SE‘;nd‘the leadpblackeniﬁg tenst
for sulphur gave negative results with this enzyme solution.
An insoluble blue green precipitate was obtained when this
solution was incubated with BAL, This precipitate is a BAL -
iron compound because it is known that BAL can form such -a
compound with iron (Chapter 4). The prebiﬁitate was ashed
and the ash t2ken up in 3 N HC1 was found to contain a large
smount of iron, |
The method of determination of lipase activity was
exactly similar to the one used for the study of the pancreatic

and breast muscle lipase of the pigeon.
Results

Effeoct of Various Bubstances

Inorganic salts: (Figs. 1 and 2) All the substances tested



69

were inhib:. tory.
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Fig.1l. Effect of imorganic salts on the rat heart lipase.
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Intermediate metabolites- (Pige3) At a concentration of

_0.0025 M 211 the substances a:ctivated the enzyme to a

limited extent. At higher conoeritrai_:ions the enzyme was
further activated by succinate and fumarate, while the
others inhibited the enzyme. e ; |
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Fig.3.Effect of intermediate .
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Enino acids: (Fig.4) Both histidine and I-methionine
inhibited the enzyme.Inhibition was only slight.
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ATP: (Fig.5) Slightly activated the enzyme. There was

no ‘marked mh:.bitmn upto a concentration of 10 3M
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Heparin: (Fig.6) Was iohibitory. e
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Urethane: (Fig.?) The enzyme was slightiy activated in a

0.2% solution . High concentration of the substance was
inhibitory, the inhibition being about 18%.at a- concentration
of 1%, 12}
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‘ Metal chelating agent: 8-hydroxyquinoline. When 1.5 ml.
of the enzyme was preincubated at 37°C for 30 min.with
1.5 ml, of a spaturated solution of this chemical, the
enzyme was inhibited 3.3%. ‘

Thiol reagents: Alkylating agent. Iodoacetate did mot
affect the enzyme much. But the tendency was to inhibit
(Fig.9). : ( 5
Oxidizigg_ag_é_gj:' Potassium ferricyanide slightly inhibited
this enzyme (Fig.é)k.

P =

|| -Fig.9.Effect of ipdoacetate
i and pot. ferricyanide on the
. rat heart lipase.
xyiodoacetate; O,pot.

- ferricyanide |

13

3
i

o1
p T p ol
0-0025 0005 0-0075 Q 01;

Concey@% L

i —
i

Reducing agenté: Monothiols,. mi;;glyéollate activated the
enzyme about 18% at a concentration of 0,025 M. Higher
concentrations of the substance were inhibitoxry (Fig. 10).
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Glutathione ,and‘c’x:stei'pé: Both these substiances inhibited
the enzyme at hiéh concentrations, Whereas the inhibition
by glutathione was almost complete at a concentration of

5 x 10‘2M, ecysteine inhibited this enzyme only about 20%
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at this concentration. (Fig.11) At lower concentrations
viz. 0,001 - 0,005 M, both cysteine and gluta.thione
slightly activated the enzyme (F:.g.lz)a o
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Figs.- 11 and 12, Effect of glutathlone and cysteine on
the rat heaxt lzpase. "+ Xy glutath:.one- O, cysteine,

Dithiol: At coneentra.tmns betwsen 0 0001 and 0.,0004 M,

BAL activated- the heavt‘;:ipage. At higher concentrations,
however, the effect was inhibitory(Fig.13). It was found tuat
when the enzyme solution was preciz;itatea w:.th BAL, the

sﬁpernatant after centrifugé‘tion showed decreaséd"activiw.
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Mercaptide forming W' PCHMB completely inhibited

the enzyme at a concentration of 0,0025 M (Fig.14).
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Mercuric chloride; Was a.lso highly inhibitory., About 90%

z.m:u‘bz.tlon was obtained at a concentration of 10° 2M (Fz.g. 14),

S e o e s P o~

iy

12

10
L]
«& 8
e ~Tig, 14.Effect of PCMB and HgCly

on the rat heart lipase,

= x, PCMB; O, HgClz.

G x x. x

0 25 50 5 10

Cmcen[va&onij?’M

Effect of preincubzting the enzyme guceessxve;x with
& o and BAL. Conditions of the experment were the same

és for pigeofz pancreatic and breast muscle lipase. The results

are given in tables 1 and 2,

Activity, ul ccé evolved

Control, without Enzyme + ~ Enzyme+ HeCl,, 10~ o,
addition HgClg, 10~ %1 BAL, 10”
(1) (2) (3)
225 - o8By 274

Table 1, Effect of pre:mcu‘bating rat heart lipase with
HgClo and BAL.

The enzyme was not: apprec:.ably affected by Hg012 at
this concentration.; A 24% activation of the enzyme was
brought about by the addition of BAL.

At higher concentrations of the substances, the heart
lipase wes inhibited sbout 25% by HgCl, and the inhibition
was completely reversed by the addition of BAL (Table 2).
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1
i

Activity, L1 CO, evolved
, Eﬁzymea;-Hngz, 10"41T1+

Control, without Enzyme +

addition TeClpy 10-4 :BAL,10
(1) - ~ o {R) - -
184 138 190

Table 2, Effect of preincubating rat heart lipase with
HgClo, and BAL,

Ef feet of Qreln g rat heart lipage first with BAL
and then with HgCl oe Cond:.tions of the experment we.re
the same as for the pigeon pancreatic and breast muscle

lipage. The results are given in table 3,

Activity, M1 COg evolved

Control, without -Enzyme: ) Enzyme+ BAL,2.5 X 12M4M+
addition BAL, 2.5 x 10=4u Hg012,2.4 x 10°
(1) (2 i
180 253 = - 179

Table 3. Effect of pre:.ncubating rat heart ln.pa.se with
BAL and HgClz.

The enzyme was a,eta.va.ted abcut 40% by BAL and the
activating effect was complejtaly removed by H3012°

Discussion.

The purpose of the present study, as already stated,
was to find out if the hear:h enzyme is a true lipase and
it could be put under the same class as belong';s the

~pancreatic lipase and the pigeon breast muscle lipase.
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In the earlier chapter, comparison was drawn between the
substrate specificity and other properties of the,
pancreatic lipase and the breast muscle lipase of pigeon
and concluded that they are essentially similar except fox
certain minor differences in their behaviour in the
presence of certain chemicals, which is largely due to the
presence or absence of activating or inhibiting substances
in the extract., The influence of bile salt: and ihtermediate
metabolites on tﬁese enzgymes wasg thought to be on account
of what may be called the adaptability of these enzymes to
their physiological environment. The pancreatic lipase was
aetivéted by sodium tagro?holate and inhibited by ATP and
intermediate metabelités,?while the breast muscle enzyme
wes inhibited by the bxle salt and activated or uninhibited
by ATP and 1ntermed1ate metabolltes at low concenirations.
The rat heart 1ipase is‘alao similarly inhibited by
gsodium taurocholate and act;vated by intermediate metabolites
and unaffected by ATP. In this respect the heart enzyme
resembles the plgeon breast muscle lipase.

Heparin 1nh1b1tstthe heart lipase., Inhibition by
heparin was also obs@rvedﬁin the case of the pigeon pancreatic

and breast muscle Iipaéé; Added inorganic salts greatly

pancreatic and breast mnscle lipase., It is not concluded
therefore that the enzyme idoes not requzre ‘the cations for
activity. It .is possible that the undialysed crude extract
used in this study contains c¢ations in sufficient quantities

if required for the enzyme activity. However, added cations



, 16

are inhibitory and not required for enzyme activity.

Thix enzyme like the pigeon pancreatic and breast muscle
lipase'does not contain ~SH or =S-S-groups in its protein,
because the nitxoprussidehieactién;aﬁd the lead - blackening
test gave negative results with this enzyme solution. The
behaviour of this énzyme in the presence of sulphydxyl'reagents
also is very similar to that of the pigeon breast muscle
lipase. Vhereas the pigeon irpanereatiecs lipase is inhibited
by iodoacetate and pot, ferricyanide, the rat heart lipase
like the pigeon breast musclé lipase is not inhibited to
any great extent, .This may he due to the rela@iVQly high
concentration of the protein in the enzyme solution., The
protein concentration of this enzyme is 10 times that“of
the pancreatic enzyme solution and one half that of the
pigeon breast muscle enzyme~solution. ‘

Both PCMB and HQClz‘iﬁhiBit the rat heart lipase
just as they inhibit the pigeon breast muscle lipase.
Inhibition by thesé substancesvare probably due to
combination with the reactive NHp groups. which are neeessary
for its activity. and not due tb combination with ~SH groups
by forming mercaptides, because no suéh groups are p%esent
in the enzyme solution. iittlg{and Caldwell (1943) have
shown that reactive NHo éroups are essential;for the activity
of pancreatic lipase., The heart lipase apparantly differs
from the pancreatic enzyme in that the latter is activated
by small quantities of H3012 while the formexr is not, A

possible explanation is that the activation of the pancreatic



7

lipase by HgClz may be due to combination with some
inhibitory substance present in the crude extract.

A It has been suggested that the pancreatic lipase is
a metailo-protein or a metal requiring enzyme and the
reactivity of reducing substances is due to combination
with the metal part of the enzyme and not with apwnsﬁ
0T =SwSe gro?ps. It is also known that thiols combigé with
metals forming meicaptides.of varying degrees of reversibility.
The inhibition of metal containing enzymes by BAL is belleved
to be due to this reaction. (éhapter 4),.. The neart enzyme
preparation contains large qpéﬁtitiea of iion. Ions of other
metals may also be present 1ﬁ,ﬁhe solution, It‘was observed
that the iron content of the heart emzyme soiutipn is much
higher than that of the pigeéﬁ breast muscle solution. The
ivhibition of this enzyme by low concentrations of Egclé
was. only slight. But addition of small amounts of BAL
to this enzyme brings about an activation which may be
due to the removal of some toxic metallic ions by combining
with them., Higher concentrations of HgCly, is toxic and the
reversal of the inhibition by BAL is due to its combination
with Hg for which BAL has a gréa%er affinity. The same
explanation holdskgobd for the activation of this enzyme
by BAL and the removal of the activation by the additien
of Hgélg. It was also noted that when the enzyme solution
was precipitated by the addition of large quantities of
BAL and centrifuged, the lipolytic activity of the super=

petant was considerably reduced. It is therefore believed
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that the rat heart lipase like 'tht?'"pigeon pancreatic and
the breast muscle lipase requires metal for its activity.
8- hydroxyquinoline also inliibi}:sjthe enzyme to a limited
extent, The inability of the cﬁemfg;a,l to inhibit the enzyme
completeiy is due to the extremely .low concentration used
and "&’gxe abundance of metal present in the enzyme vhich
ey compete for the imhibitor. Monothiols like cysteine
are known to form metal complexes, iThe inhibition of the
heart lipase by cysteine and é‘lutatﬁione mzy be said to be
due to combination wi"th the métal ions required for ite
activity. The activation of the enzyme by these substances
at low concentrations and by fhioglycollate can be explained
as due to combination with inl;xibitory metal ions present
in the enzyme solution, The variations in the ability of
these substances to eombine with different metal ions will
account for the variations in the behaviour of these
enzymes in the presence of these substances,

It should be concluded that the rat heart lipase is
identical with the pigeon pancreatic and breast muscle
lipase with regard to its specificity and other properties.
Like therother lipase this enzyme also appears to be a
metallo-proteon or,one which requires metallid ions and
reactive NH, groups for activity and is without -SH or
-5+5 « groups in its molecule. Added cations as well as heparin
are inhibitory., The difference in the activity of this enzyme
in the presence of various substances is due to interferencs

with inhibitory or a.ctivating subs tances present in the



79

crude undialysed enzyme preparatién.‘ r
Mention should be made in thisjconnaction of the
work by Korn and Quigley (1955) on‘tﬁgjlipoprotein lipase
of rat‘heart and adipose tissue. These workers observed that
serum lipoproteinsand not simple %riglycerides are the major
substrates for tissue lipases. It is doubtful whether this
statement is correct, This lipoﬁrotein lipase according to
these authors is inactive in the absence of added catious
and heparin, They also showed that aqueous extracts of thé
fresh adipose tissue do not requirelheparin or cation
for its activity, But agqueous extracté of an acetone powder
of the sanmrmateriél is showh to be activafed by heparin
and cations. I have seen that agueous extracts of the
fresh heart mﬁscle as well as the ether defatted powder of
the tissue readily hydrolyse§ simple triglycerides without
any added cations or heparin and these substances on the
contrary are iuhibitory to this enzyme. Fawcett (1951)
expressed doubt as to whether the adiposé tissue contains
a true lipase or an esterase after a histochemical study
of the enzyme , using the saturated "Tweens" as substrates.
Recgntly George and Eapen (1957)~usiﬁé "Tyeen 80" and
tributyrin as subs trates iﬁ hisiodhemicéi and quéntitative
methods respectively showed the’pres?npe of a high
concentration of true lipase in th§ adipose tissue of the
pigeon, It is fairly well establighed therefore that these
tissues contain a true lipase, which in all essential

features is identical to the pancreatic lipase. It is also
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possible that the"lipoprotéiq lipase" of Korn and Quigley
and the lipase I have been st&dying’ére one and the same,
because -the former can catalyde thé’hydrolysis of simple
triglycerides and chylamicroﬁ@é, Gq%lson and Wadstrom(1957)
expressed the ppinion that the action of the élearingpfact%;
on chylomicrones is a simple,lipol&eis. The chemical changes
ocourring during the clearing of chylomicrones in vitro
can then be described a8 a simple hydrolysis ofhtriglycegides
to partial glycerides, fatty;aéids‘and glycerol, quité
gimilar to the action of pancreatic lipase upon fat emulsion.
It is also known that fat containing long chain fatty acids
are not effectively hydrolysed—even by pancreatic lipase
in a medium predominated by‘water. The aqueous extract of
the "lipoprotein lipase" of the above authors also hydrolyses
cocomut oil to a certain extent. The inability,of the
aqueous extract of the acetone poﬁder to eatalyse the
reactions may be due téd the denaturing of the enzyme by acetone,
This inactivation.of.the enzyme may be reversed by other
proteins in the presence of heparin and cations. Thig is
indicated by the fact that in the caée of the aquéous
extract of the rat édipose tissue, heparin and cation
requirement could not be shéwn and the requirement of these
substances was easily demonstrable in the case of the
aqueous extract of an acetone powder of the tissue(Kbrn
and Quigley,1955), From the data presented from my
experiments it is clear thatiéqueéus extracts of the

ether defatted powder is active:by,itself and is not
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dependent on any added subst-ance.

Iselin and Schuler (1957) also reported that heparin
has no effect when added to cléar extractes from fresh or
lyophilized hearts or to soluble enzyme preparations
partially purified by fractionation with ammonium sulphate
and they suggestéd that heparin acts as an agent promoting
the liberation of the enzyme from tissue cells, This
suggestion may not be correct, for, Korn and Qpléley could
demonstrate activation of the enzyme;by heparin , in aqueous
extracts of the acetone powde; of the rat adipose tissue,
Overbeek (1957) reviewing the studies on the fat splitting
enzymes in bloéd remarked thgtflipoproteins are attacked
by ordinary lipases, which makes it hard to prove that
certain preparations actually contain lipoprotein lipese
and not just lipase, |

Very recently Nachlas and Blackburn (1958) studied
the activity of urinarxy iipase aﬁd compare& it with pancr=
eatic lipase using chromogenic. fatty acid esters as subste
rateé,in e colorimetric éystem. They caencluded that the
two enzymes are similar and tﬁét'the urine contains an
anti lipase which prevents thé detection of the enzyme
by ordinary methods and that the.anti lipase is a dialysable
subs tance and suggestedtthat similar éntillipases may be
present in the serum slsgo, which masks the act;on of the
serum lipase, This is in agreement with my suggestion that
the muscle 1ipése and the pancreatlc lipase are essentially

the same and the differences in the behaviour ofhhe enzymes
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in the presence of added substances may be due to the
presence or absence of inhibitory or activating substances

in the undialysed crude enzyme preparations used. It is also
interesting to note from their data that the efficiency

of the pancreatic and urinary lipases decreases as the length
of the carbon chain of the fatty acid in the ester used as
substrate incresses, an observation I also have made in the
cage of the muscle and the pancreatié lipases,

It may be concluded that the rat heart and the adipose
tissue'contain s true lipase which can hydrolyse triglycerides
and the apparent differences exhibited by these enzymes
mey not be real and may be due to the differences in the
method of assay amd alsc in the method of preparing the

enzyme golutions.



