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CHAPTER 5
THE PIGEON BREAST MUSCLE LIPASE

A ™ - o

The results of the imvestigations undertaken to
elucidate the properties of the pigeon breast muscle
lipase are dealt with :»inm.this chapter, The purpose of this
study was to compare t?zie ﬁroperties of this enzyme with
thoge of the pancreatic' liﬁase. The properties of the pigeon

pancreatic lipase have already béen presented{Chapter 4).
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Material and Methods

As already mentioned this enzyme was studied in the
same manner é.nd under aimilar conditions as thé pigeon
pancreatic lipase. An ether defatted ﬁry povder of the
pigeon breast muscle prepared in the manner described in
chapter 4 was used as the enzyme material, 500 mg. of
this powder wes extracted in 5 ml, waker in a small
mortar in cold for 1 hour, cenirifuged at about 2500 Tepems
and the supernatant used as the enzyme solution, 1 mi. of
the solution contained 13 -14 mg, of protein, estimated
colorimetrieally according to the n;icro-Kjeldahl method
(Hawk et _al,1954), The nitroprusside reaction and the le~ad=.
‘blackening test for sulphur gave negative results with this
solution, The presence of large amount of iron in this sol -
ution was indicated by the f.':::-.ct that BAI. formed an inso=-
luble blue green preﬁipitate ,which when ashed was found

o~

to contain iron in large quantities ( Ref. chapter 4)
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Lipase activity was manom_etr::;ca;:‘l.i;ty determined accor =
ding to the method described in chgpte;‘ 4, In studying the
effect of various substances the ﬁéthods emﬁloyed and the
chemicals used were the same a.sl for the pancrgatic lipase .
The control flask (without any addition) produced on the
é.verage 11 -12 M moles of CO, e;;ti:!.;raleni; to the amount of
butyric acid liberated,

» Results

Effect of ¥arious Substances
Inorgenic salts: (Figs. 1 and 2) MgCl, at low concentrations
slightly activated the enzyme, Naci, KC1l , CaCl, and NH,C1

-y

were inhibitory.
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Effect of inorganic aalts on ‘the BEffect of .inorganic salts on
pigeon breast muscle lipase, . the pigeon breast mmscle

£y NaGl; O,KCI; ta i ,NH401. 11?8-59. x,OaOlg; 0’m0120
Intermedisbe metabolites: (Fig. ;5) At a concentration of
0.0025 1,all the substances except citrate activated the

enzyme to a ‘limited extent, Higﬁesf activation was obtained in

L

the case of « ketoglutarate at a concentration of 0,01 M,
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' .Pig. 3. Effect of intermediate

- metabolites on the pigeon breast
. mascle lipase.x spyruvate;

.- @ysuccindte; v o fumarate;n,malate
. ¢glactate; @ ywketoglutarate;

®,icitrate. |

Amino acids: (Fig.4) Both the amino acids tested,viz.

histidine and I~methionine, were inhibitory. At a concente

ration of 0,01 M the inhibition by methionine was

only
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- 4% and by histidine about 26%.

Fige4sEBffect of amino acids o
the pigeon breast muscle lipase.
x, histidine; O,I~methionine,
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ATP: (Fig.5) Slightly activated the muscle lipase. There
wes no inhibition upto a congentration of 10~ 3,
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Hepar (Fzg.e) Inhibited the enzyme about 12% at a concen=

tration of 40/u, g/ml.

Fig,6,Effect of heparin on
the pigeon breast muscle
lipase,
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Urethane: (Fig. ?) Slightly activated the enzyme atsma con-

centration of 0.2%’. At higher concentrations the enzyme was

inhibited, the inhibition being about 12% at a concentration

of 1%,
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Fl&?.Effect of urethane on
the pigeon breast muscle
lipase,

Sodium ta.urocholate. (Flg.B) “Was found to inhibit the

enzyme to the extent of about 50% at a ‘concentration of

0,01 M

Fig.8.Effect of sodium

taurocholate on the pigeon:

breast mascle lipage.
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Metal chelating agent: 8-hydroxyquinoline inhibited the
enzyme about 4, 5% at the concentra.tz.on used :t‘or the
pancreatic lzpase.

dBiol reagents: Alkylating agent- Iodoacetate , The enzyme

was not affected much by this reagent at concentrata.ons

upto 107 % (mg.g).

-
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Fig.9.Effect of iodoacetate
and pot.ferricyanide on the
Ipigeon breast muscle lipase. -
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__;;Qgi_gé agents: ’;o‘té.ss:‘:t;n; ferricyanide at concentrations
upto 107 2M wag without eny action on this enzyme (Fige9).
Reducing agents: Monoth:.ole - Thloglycollate slzghtly -
activated the enzyme at copcen'uthions below 0,05 M , At
higher concentrations it inhibite;d the enzyme, Only 4%
inhibition-was noticed at a concentration of 0.1M (Figo 10).

Fig.10.Effect of thiogly =
collate on the pigeon
breast muscle lipase,
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Glutethione and cysteine: Both these su‘bstances were
inhibitory. Glutathione was more effective as an inhibitor.
At 2 ¢oncentration of 0,05 M the enzyme was . inhibited 90%
by glutathione and about 507 by ecysteine (F:.g, 11)

.
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At lower concentrations,yiz. 0,001 to 0.003 N, glutathione
etill irhibited the enzyme, but cysieine activated it slightly
at a concentration of 0,003 M (Fig,12)
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Figs., 11 and 12, Effect of glutathmne and cysteine on the
pigeon breast musele lipaso. %, glutathione; 0, cysteine,

Dithiol: At all concentra,tions BAL inhibited the enzyme,
The inhibition was directly related to the concentratien of

the substance added (:E‘:Lg. 13).
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Fig. 13.Effect of BAL on the
pigeon breast muscle lipase.
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Mercaptide formingsﬁbstanges:: PCHB at all concentrations

was inhibitory. At 2 oor;centré,iian of 0,0025 M, the inhibition
vas about 5%, (Fige14) . : '
Mercuric chlorides At the same concentrations as that oi‘
PCMB, HgCl,inhibited the enzyme more effectively (Fig.14).
Fven at very low concentrations of HgCl,, the enzyme was

congiderably inhibited,
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Bffect of n;_g;___mm;;:g the enzyme fizst with Esal.z and
then with BAL. comlt:,ons of the experlment same a5 for

the pancreaﬂ"(Cha-PtT.‘ 4), The resulis are givern in tables

1 and 2 h ;
Acﬁivity, Al CO, liberated
Control, without Inzyme + Enzyme + HgCLy, 107 M +
addition  [HgCly, 10~ BAL, 10”4
{1) - =a) (3)

285 ! 271 , 246
J \
Table 1. Effect 011 preincubating pigeon breast muscle
lipase with chlz 'and BAL
|
It can be sean that the enzyme is sllghtly 1na.ctz.va.ted

by HgClgo. The add:.,t‘lon of BAL brings about a further :.n_]_n’b:.tmn

.......

Act vi}z, ML 002 liberated

Control, without Enzyme + Enzyme-i- HgC.‘L 3,’10; M 4+
addition HgClz 10-41
(1) 12) iz)
257 200 250

Table 2, Effect of pre:.ncu‘bat:.ng pigeon breast muscle
lipase with Hg012 and BAI.
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At thissconcgntration the muscle lz.paae‘ was inhibited
22% and the inhibition was almost completely rgversed by
Effect of preincubating the enzyme first with BAL and
and then with HegCl.. " Conditions of the expeiiﬁent were

the same ag fo':’c the pancreatic lipase. The results are

given in table 3.

o

Activity, M1 CO, liberated

Eontrol, without Enzyme4 - Enzyme+ BAL;2:5 i10‘4m+
aadﬁ:)ion m,zz 5):: 10=4u _chla,(zé«);ﬁx 10~4m
I 2y . N

223 1757 ~ 170

Table 3, Effect of prein'eu'baﬁing the ‘pigeon breast misecle
lipase with BAL and HgClz.

, 22% of the activity of the enzyme was inhibited by
BAL., This inhibition was not reversed by HgCl,.

Disdussion

The studies on enzymes hydrolyzing fats and esterases.
have recently bsen extensively reviewed by Ammon and Jaarma
(1950). It is known that lipaser from different sources
differ from each other with regard to their solubility,
specificity and kinetic properties, Even though there is
a certain degree of overlapping of subs trate specificity
between the nonspecific esterases and lipase, it is
generally agreed that the enzyme: hy&rolysing tributyrin
is a true lipase (Desnuelle,1951)., From the results
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presenteé in this chapter,'it is clear that the muscle
enzyme hydrolyses tributyrin rapidly, In a titrimetric system
élso the enzyme readily ?&@rélyges triﬁutyrin, but the
hydrolysis of olive eil ié‘vnry slow (Chapter 1) . The

rate of hydrolysis of olive 611 by th; pigeon p&ncréatic
lipase is likewise very éiow:cbmpared to tributyrin,
However, in a manometric systiem,olive oil is not hydrolysed
by any of these enzymes, an observation also made by Martin
and his colleagues (Martin and Peers,1953),using oat lipase.
The nonhydrolysis of olive oil in such a &ystem, according
to these suthors, is due to the predominance of water in the
sys tem,

The purpose of the present study was to compare the
properties of the musele enzyme with thogse of the pancreatic
lipase., The studies on the latter enzyme: is reported in
chapter 4. It was suggested that each of these enzymes is
adapted for'maximal actdvity in the physiologi§a1 environ -
ment in which it acts, on the grounds that the pancreatic
enzyme is activated by sodium taurocholate and inhibited
by intermediate metabolites. The studies on muscle lipase
also suppprtp this assumption. This enzyme is inhibited
by sedium taurocholate and ig'éétivated by intermediate
metabolites. It should be re?empered that the pancreatic
lipase acts in an environqeﬁ@ rich in bile salts which
are promoters of digestion. The muscle lipase on the
other hand is intracellulér‘gnq the metabolic pool

constitutes its physiological environment, The exact mode of
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activation of lipase by bil;ﬁsé‘lts is not understood.

The present study shows that the activation is not due to
the emulsification of the substrate by reduciizg its surface
tengion , as is commonly believed. The fact th@at ATP does
not inhibit the muscle lipase upto a concentration'éf

10~ 3y s further supports my assumptions. It should be noted
here that at this same concentration the pancreatic lipase
is inhibited about 56% by ATP, Heparin inhibif.s the mscle
enzyme and the pancreatic éﬁéyﬁé, The enzyme does not require
any ecation for its activity.The poési‘oility that the euzyme
requires cations for its activity and the required cations
in sufficient amounts is present in the muscle enzyme
preparation is not excluded., At any rate added cations have
only an inhibitory effect except in the case of Mg, which
shows a slight activation at low concentrations.

The negative results ;Btgined with the nitroprusside r
reaction and the Ieadsbl;ckening test indicate that the enzyme !
does not contain either J-.SH 'éi*gups or =S=8« groups in its
protein, The pancreatic .enzyme also gave the same results.

In this context it is in?terééfing to note the behaviour
of this enzyme in the presence of sulphydryl reagents. Both,
potassium ferricyanide anrd icdoacetate inhibited the -
pancreatic enzyme. The iphiﬁition by the former is not

due to the oxidation of the -SH group and the inhibition

by the latter is explained a‘s“ due to combination with
reactive NH, groups (Cha.ptei‘ "4), These chemicals,however,
do not apprecié‘oly inhibit ;hqﬂmuéele lipase, at concentr -

ations used for the pancreatic lipase., This may be due to
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the fact that the protein coﬁtéﬁt o: the muscle enzyme
preparation is about 20 iimes higher than that of the pancreatiec
enzyme preparation and there‘i;,competition between the

enzyme protein and the népsenzymic protein for the inhibitor.

An alternative suggestion.ia that it may be due to interaction
with other substances prééent in the enzyme seolution.

The muscle lipase éiparéntly differs from the pancreatic
lipase in that the latter is activated by HgCly at very low
concentrations s while t;é fbrmér'is not. This may not be a
_Teal difference,if, the activation by chlz’is due to the
binding of some inhibitory SﬁbStance present in the enzyme.
PCMB, just like HgClg, inhibits - the muscle enzyme at all
concentrations. This inhibition undoubtedly is due to the
binding of reactive NH, groups of the protein, because there
are no -SH groups in fhe enzyme with which these substances
form.mercéptides. It is known that the mercaptide forming
. substances can also combine with the NHy groups of proteins
(Barren,1951), It was already pointed out that Little and
Caldwell{1943) have shown that freely reactive ﬁﬂz groups
are Tequired for the activity of the pancreatiéuiipase.

It has been shown that the pigeon pancreatic lipase
is a metallo-protein or an enzyme requiring metal for its
activity and the reactivity of the enzyme with reducing
substances such as monothiols and dithiol is due to reaction
with the metal part of the enzyme and not with any «SH or
«SeS- groups, Thiols combine with metals forming merééptidee
of varying degrees of Treversibility. The inhibition of metal
containing enzymes by BAL iéfbélieved'to be due to this »

reaction ( see chapter 4).



The muscle enzyme preparation contains large
anwﬁgt'of'iron. This iron might be mostly from the nyoglobin
and other soluble substances present in the muscle, However,
when the metal was precipitated by BAL , the enzyme was
ina’ctivated, showing that some metai"is essential for the
enzyme activity. Th insoluble blue green precipitate formed
with BAL is a BAL + iron compound (Barron et al,1947;

Webb and van Heyningen, 1947). The essential metal may also
be one like Mg which can form soluble metal complexes with
BAL, The reactivation by BAL,of the enzyme inhibited by
Hgélz‘may be due to the removal of the inhibitory effect

by combining with this metal for which BAL has a greater
affinity, However , unlike the pancreatic lipase the
inhibition of the enzgyme by BAL is not reversed by the
addition of chlg. The iﬁﬁiﬁi%&@n‘of the muscle 1ipase by
S-hydroxyquinoline fhough to gAlesser degree also. suggests
that it is a metal eontaining emzyme. The failure of the
chenmical in inhibiting the eﬁhjme may be explained as due

to the extremely low eoncentrétion of the chemical used
and the very high ooncentration of metals present in the
enzyme solution. Higher concentratlons of thls reagent could
not be tested because of its very low solubility in water.
Monothiols like eysteine can also form cemplexes with metal
ions (Warburg and Sa.kuma,,1923) The inhibition of the
miscle lipase, can be thsreforevéxylained as due to formation

of complexes with metal ions reguired for its activity. The
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slight activation of the enz&;;;by; eysteine and
thioglycollate at low congentrations may be due to the
binding of inhibitory metal ions present in the enzyme
solution, Where as this éhzyﬁsnis activated by low
concentrations of cysteine, the pancreatic lipase is
activated by low concentfatiéns of glutathione., The ability
of these substances to combine with different metals vary
considerably (Barron et al, 1947; Webb and van Heyningen, 1947),
In conclusion it may be said that the muscle lipase
in allﬁessential featureé%résemblesthe pancreatic lipase.
Both appear to be metallq-pfotein or enzyme requiring
metal ions and reactive ﬂﬂz.éroups for activity and are
devoid of reactive ~SH or «=S=8= groups. No requirement
of added cations could be demonstrated. Heparin is inhibitory
to both the enzymes. The differences in the reactivity of
these enzymes in the ﬁresance of various substances is

due to interference with inhibitory or activating substances

present in the crude enzyme preparation.



