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ABSTRACT

Certain biocheémical properties of lipase in aqueous -
extracts of an ether defatted dry powder of the pigeon -
pancreas were studied in a manometric system using tributyr-
in as substrate. No cation requirement for theenzymic =
activity could be demonstrated. This enzyme is.activatedby .. =
sodium taurocholate and is inhibited by Krebs cycle inter-
mediates and lactic acid. This lipase is activated about
6009, by mercuric chloride at very low concentrations of the
salt and inhibited by PCMB and HgCl, at higher concen- ~
trations. The enzyme solution does not seem to contain |
—8H or even sulphur in its protein and still behaves as if it

. is a sulphydryl enzyme in the presence of sulphydryl reagents.

" The enzyme-appears to be a metallo-protein or a protein re-
quiring metal (probably iron) and reactive NH, groups for
its activity. ST T e et

Introduction ' B

The occurrence of lipase in the breast muscle of pigeon and certain other
vertebrate skeletal muscles has slready been reparted in an earlier paper by
George and Scarial. In a subsequent paper it was shown that the vertebrate
" heart muscle also contains a lipase which appears to be similar to that of the
pigeon breast muscle (George and Scaria)?. The presence of this enzymie in’
these tissues was also demonstrated histochemically using ‘“Tween 80 as
substrate (George and Scaria®* and George, Busheela and Scaria®). The
_ properties of the enzyme from these two different sources and from the pigeont
pancreas twere then studied under identical conditions to find out how far they
are similar or otherwise. ~ The properties and chemical nature of the pancreatic -
lipase of pigeon revealed by this study are so different from sccounts on
pancreatic lipase by previous workers that they merit special consideration. -
Material and Methods ' el T :
The material used for the enzyme was an ether defatted dry powderof the
pancreas of the pigeon (Columba livia). It was observed that theé lipolytic
activity of the acetone powder of the pigeon breast muscle was nil and that
when sections of the muscle and pancreas were treated with acetone, the lipase

* This work was done in the Latoratory of Animal Physiology, Department: of‘ Zoology,
-M.S. Uniersity of Baroda,in partial fulfilment of the requirements for a thesis- for the docto-
rate degree submitted to the above University in 1658, = = -~ .
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activity was completely destroyed (George and Scaria)®. Therefore, a dry
powder of the material was made without treatment with scetone. Fiore
and Nord® used an ether defatted dry powder of Fusarium lini Bolly as the
enzyme material for the study of this mould lipase. This method of preparing
-8 powder was adopted and found highly satisfactory. The pancreas of decapi-
tated pigeons were removed, cut into small pieces and dried at room temperature
#n vacuo in a-desiccator over calcium chloride. Dehydration was quick and
was complete within 12 to 24 hours. The dry tissue was then crushed info a
fine powder in a mortar and the coarse parts removed by sieving through fine
silk. The powder was then treated with a large quantity of cold ether for
one hour. At the end of thisperiod during which much of the fat was extracted,
the ether was filtered off; the residue washed with more ether, spread on a
filter paper and dried at room temperature, till all the ether was completely
removed. - An aqueous extract of this powder was used as the enzyme solution
in all the experiments. The powder thus prepared keeps well in the refrigera-
tor for months without much loss of the enzyme activity. . ‘

) 10 mg. of this powder was extracted in 5 ml. of water in.cold for one hour.
It was then centrifuged for 5 min. at about 2500 r.p.m. and the supernatant
used as the enzyme solution. The protein content in 1ml. of this solution was
0-6—0-7 mg. Protein was estimated according to the micro-Kjeldahl method
by Hawk et al.”. The nitroprusside and the lead blackening test for sulphur
gave negative results with this enzyme solution. _A blue green precipitate was
obtained when the enzyme solution was treated with excess BAL (British-Anti-.
Lewisite, 2:3:dimercaptopropanol). The precipitate formed with BAL,
according to the descriptions of Webb and van Heyningen® and Barron etal.®
is & BAL-iron compound. It was ashed and the ash taken up in 3N HC1 was
~ found to contain large quantities of iron. o CE -

 Lipolytic activity of the. .extract was determined manometrically in a
bicarbonate-CO, buffer system of pH 7-4 at 37°C (George, Vallyathan and
- Scaria).® 'Anemulsion of tributyrin (4%, v/v) in 0-0148 M NaHCO, prepared by
shaking in a conical flash with 1 drop of ““Tween 80" (Atlas Powder Co. U.S.A’)
was used as the substrate. Each reaction flask contained 1-5 ml. 0-025 M
NaHCO,, 0-5 ml. of the substance under test (the various chemicals used), in
concentrations to give the final concentrations as noted below, and 0-5 ml.
enzyme in the main chamber and 0-5 ml. substrate in the side arm in-a total
volume of 3 ml. . This gives a final concentration of .0-0148 M NaHCO, with
s pH of 7-4 (Umbreit et, al.)'*. The test: .solutions were introduced into
the reaction flask before the addition of the enzyme, except in cases where it is
otherwise stated. The'flasks and manometers were gassed for 3 min. with a
mixture of 95% N, and 59, CO,. After equilibration for 10 min. in the con-
stant temperature water bath, the substrate was tipped in and again allowed
to equilibrate for another 3 min. This period is sufficient to ensure complete
mixing of the contents of the flask. The readings were taken at regular inter-
vals of 1 hour. ) ' R

For each experiment a control was run in which 0-5 ml. distilled water was
added in place of the solutions under test. Auto-hydrolysis was found to be
nil. The readings given are after correction for the thermo-barometer. The
controls produced on the average 13 to 14u moles of 0, equivalent to the
amount of butyric acid liberated. ' ' :
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' Effect of Varions Substances:
~Inorgamic salts—(See Figs. 1 and %) KCl NH4 Cl CaCl,;, an&MgU] | Were

tnhibitory. Activation or inhibition of the enzyme by NaCl -could wot Jao

wemonstrated. Greatest. mhlbltmn was by NH, Cl ,
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Intermediary Metabolites—(See Rig. 3) All the mterme&lary ‘mistabolites
%ested had a marked inhibitory effect on this enzyme at concentrations
00025 M to 0-01 M. Greatest m}ubltlon was hy citiate and the least by a—
ketoglutarate.
Amino acwls-—(See Flg 4‘)&? ﬂle two ammoacxds tested hxstxdme inhibited
_'the enzym> whereas L-msthionine activated it at low. ﬂOncentratmns' At a
concentration of 0-01.M the latterazmno acid also wai
ATP~(See Fig. 5) ATP was found to mhlblt the enzym& Inhlbztmn
“was more than 50% at-a concentration of 103 M
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) - Heparin—showed an activation of about' 79 . at a concentration of

10 pg/ml. Above this concentration the activity fell sharply and the inhibition
was about 30%, at a concentration of 40 ug/ml. (See Fig. 6). -

Urethane—(See Fig. 7) The en'v'zyme was slightly activated at a concentra~

tion of 0-29. At higher concentrations the activity was considerably reduced,
-the inhibition being about 509, in a 1%, solution. of the substance. :

-
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Sodiuin taﬁrbdhblat'e——-ﬁas‘fduﬁd to activate the ‘_ehz&mé about 200% at a -
woncentration of 0-0025 M. Further activation at higher concentrations-could.

not be demonstrated. - (See Table 1),
| o :  TABLEI .
“Activation of pigeon pancreatic lipase by sodium taurocholate. -
‘Addition Activity, u moles butyric acid produced

o

~Concentration X M T
0 00025  0-005 0-0075  0-01

Sodium taurocholate

136 394 . 387 .35 376
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_ Metal chelating agent—8-hydroxyquinoliné is known to bind many metals
in’biological materials (Alber and Gledhill)!2, - The solubility of this substance
in ‘water is extremely low. A saturated aqueous solution was prepared
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(31°C) and 1-5 ml. of this solution was added fo 1+5ml. of the enzyme and in- _
cubated at 37°C for 30 min, ~ A control was prepared by similarly incubating
15 ml. of the enzyme with 15 ml. water. ‘1 ml. each of these pre-incubated

enzymes was added to each flask. The enzyme wag inhibited about 84% by .
this chemical.

'

Thiol reagents: Alkylating ﬂg'ént~—10doacetaf;e ‘was found to mhlblt the
enzyme about 35%; at & concentration of 0-01 M. (See-Fig. 8).

Oxidizing agent—Potassmm ferricyanide was found to bea strong inhibitor.
At a concentration’of 0- *004 M the activity of the enzynw was decreased by
about; 56% (See Fig. 8)
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_ Reducing agents—Monothiols, Thioglycollate inhjbited the enzyme about
32% at a concentration of 0-1 M. (See Fig.9). - o

Glutathione and Cysteine—Both inhibited the enzyme at concentrations 0-01
t0 0-05 M, the inhibition by glutathione being more pronounced (See Fig. 10).
At lower congentrations, 0001 to 0-003 M, however, cysteine was still inhi-
Litory but glutathiong astivated the enzyme about.32%, at - a concentration of -
0-003 M. (See Fig. 11).. -~ : o

Dithiol—BAL at concentration 0 -0002 ;M -gotivated the enzyme by about
24%. Higher con-entrations:of. the reagent had a. marked inhibitory effect
(Scc Fig. 12). When the enzyme was preincubated with excess BAL (1 drop
ia3 ml) for about 15 min. at 37°C, the supernatant after centrifugation was
found to be completely inactive. ‘
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- Mercaptide forming Substances—PCMB (p-p‘hlﬁxomémurifb@gpgté)ggg}i
concentrations was inhibitory. Complete inhibition wag obtaitied at & coneen-
tration of 2 X 10~3 M in the flask. S

- Mercuric Chloride—was no* so. effective as.an. inhibitor at concentrations
wt which PCMBinhibited the enzyme, ' R,
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“Fig, 12

At a concentration of 0-0025 M the inhibition by HgCT, was very slight.
Even at a concentration of 10—2 M the inhibition by HgC1, was only about 66%,.
At a concentration, of the order of micrograms of HgCl,, however, the enzyme
was tremendously activated. The activation was about 6009, at a: concentra-
tion between 75 and 100 pg at which concentrations also PCMB behaved as am:
mhlbltor (George and Scarla.)13

} Eﬁ"ect of preincubating the enzyme first with H'gC'[ and thew with BAL Toa ’
¥'5 ml. of the enzyme solution was added 0-5 ml. 24X ¥0—¢ M'HgCl, and
incubated for 15 min. at 37°C. A control was also similarly incubated side
by side, with 0-5 ml. H;0 added to 1-5 ml. of the enzyme (tube I). To 1 ml.
of the former was added 1 ml, H,0 (tube 2) and to the remaining 1 ml. 6x 10— M-
BAL. To tube 1 was added 2 ml. H;0 soas to make the concentration of
the enzyme the same in all the three tabes. All the tubes were again incubated:
for 15 min. and 1 ml. each was added to the Warburg flasks in duplicate and the -
activity of the enzyme determined as usual. The results ate given in table 2. -
Flask 2 had a final concentration of 10—% M HgCl2 and flask 3 contained:
- 105 M. HgClz an(I 10~4 M BAL. '

/
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TABLE 2

Effect of preincubating pigeon pancreatic l@pase 'wztk H gC’l2 and BAL ‘
Actzmty, pl CO, liberated

Con‘trc;l, without Enzyme+HgCl, Enzyme+ HgC1,, 10“5 M +

addition ) 105 M ) . BAL,10#* M
965 398 . 198

. HgC1, was found to activate the enzyme about 54% The a.ctivatéd en-
oz 7ine was inhibited about 509, by the addition of BAL. RO

N

In another set of experiments in'which the concentration of HgCl,and BAL
was ton times that in the previous expemments ‘the followmg results were ob-

toined (see Table 3)
| TABLE 3
Eﬂeat of prczmubwtwg pigeon pancreatw lipase wat‘z H gClz and BAL
‘  Activity, pl CO, produced

Control, without = EnzymexHgCl,  Enzyme+ HgCl, 104 M-+

additon =~ 104 M 7 BAL, 103 M
n @) e
204 360 e

At this concentration the lipase was st 111 activated 229, by HgCl, and
the activated enzyme was mhtblted about 909, by the addition of BAL.

E ffect of premcubatmg the enzyme first-with BAL and then with HgCly—

1-5 ml. of the extract was incubated for 15 min. with 0-5 ml. 6X 10—3 M BAL
at 37°C. A similarly incubated enzyme to which 0+5 ml. H,0 was ‘added
was used as control (tube 1. Tol ml. of the former was added 1 ml. H,0
(tube 2) and to the remaining 0-6-ml. 2-4 x10—* M Hg CL, and 0-4 ml. H o

(tube 3). 2 ml H,0 was added to tube 1 and the tubes incubated for a
~ further period of 15 min. 1 ml. each of these preparations was added to the
flasks and the astivity noted. The final concentration of BAL and HgCl,:
in the flasks was 2-5X 10—4 M and 2- 4>< 10“4 M. respectively.

¥
SO

" TABLE 4

Eﬂact of preincubating pigeon panc'reatw hpase with BAL and HgCI
- Activity, C’O2 produced, 111 '

.Control, without Fnzyme-}—BAL Enzyme—l—BAL2 Bx IO'—‘* M+
addition - 0 2BX10* M - HgCl2-4x 10—+ M
M e e

03 35 .. . 313
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“"The enzyme was inhibited about 12-3%, by BAL. The inkibition was
seversed by HgCls to the extent of 0%, v S

Discussion’ - : i , ,
. The extensive studies on’ lipases: and esterases by the schodls of Will-
statter and. Rona are-well known. Ammon and Jaarma recently reviewed the: -
literature upto 1950: * It is generally agreed that the hydrolysis of tributyrin:
is effected. by true lipase (Desnuelle) . In the manometric system the:pan--
* creatic lipase hydrolyses tributyrin readily, but olive oil is not aeted. upon.-

This is: in. conformity with the: observations of Martin and. his colleagues:

(Martire and. Peers)15, They. observed that oat lipase does mot hydrolyse
olive' oil in a manomietric system and. that fributyrin is readily hydrolysed..
They explained. the nonhydrolysis of olive oil in- a manometric system as:
‘due. to the predominance of water in the system. "It is also realized that-
lipases from various sources differ from each other with regard to their solu-
bility, specificity and kinetic properties (Martin and Pbers) %%, Each enzyme:
may be adapted for maximal activity in the physiological environment in:
which it acts. From.the results presented abowe it is.clear that sodium tauro-
cholate highly. aetivates the enzyme and all the krebs cycle intermediates and’
Tactic acid inhibit the enzyme considerably. The reverse effect is observed.
in the case of the muscle lipase (George and.Scaria) 1%, This can be-apprecia—
ted when we consider that the activity of the muscle lipase is intra-cellular
‘and the metabolic pool constitutes its physiological environment while it is-
not so with pancreatic lipase: This enzyme acts in an' environment which.
is rich in bile salts which are known to enhance digestion. Evidently the-
activation of pancreatic-lipase' by sodium taurocholate: is mot due to emulsi-
fication, of the substrate by the bile salt as is generally believed. Heparin
and ATP are also likewise inhibitory. But a slight activation by heparin:
was observed at a-concentration of 10 pg/ml. - No cation requirement if any,.

“eould be demonstrated by adding these substances. It may be: that the-
‘crude ‘enzyme contains these' substances in: sufficient amounts, if required
for maximum activity. = s )

- The behaviour of the pancreatic lipase in: the presence of suphydryl rea-:
gents is highly interesting because this enzyme does not contain —SH or
—8—8—groups as judged from the fact that the nitroprusside reaction for —SH.
groups and the lead-blackening test for sulphuar are negative and still behaves-
asif it is a sulphydryl enzyme, according to the litesature'by Barron ¥,

' Potassium ferticyanide, an oxidizing agent inthibits the enzyme. Enzyme’
inhibition by ferricyanide is assumed to be due-to the oxidation of sulphydry}
groups to the disulphide (Massart,) ®. It is evident that the inhibition of
this' enzyme by ferricyanide is not due to oxidation- of sulphydryl group.
Todoacetate, an alkylating agent, is also an inhibitor of the enzyme. Accor-
ding to' Dickens 1° iodoscetate reacts by substitution of the hydrogen of the:
sulphydryl by the- carboxymethyl group. Michaelis and Schubert # how-
ever, have noted that acid halides combine with amino groups. The nhibi-
. tion of pancreatic lipase by iodoacetate may be due to the latter reaction. -

Barron: and S’ingﬁnbr (Barron) 17 have classified . pancreatic ‘-lipé,se “andl
esterases under sulphydryl enzymes. Ions of heavy metals such as Hg aresaid .
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#o fnactivate such enzymes by combining with reactive —SH groups forming
mercaptide compounds.. ‘Such inactivation can be reversed’ by the ‘é,ddi@;}o‘m
of BAL because of its greater affimity for the metal. " This author could not
eonfirm this, for it was found that small concentrations of the metal aetivates:
the anzyme to the extent of 600%, and is inactivated by BAL.. “The activation:
of pancreatic lipase by mercury is difficult to explain. PCMB- inhibits the
enzyme at concentrations at which HgClL, activates it. The toxicity of
PCMB may be due to the non-metal part of the compound. Hellerman 32t
used POMB as at offactive reagent for the detection of —SH groups.in profeins.
The inhibition of this enzyme by PCMB and HgCl, at high concentrations
however, is not die to reaction with —SH groups. ~ Barzon ¥ has reported
that all mercaptids forming substances can also react with the NH, groups of -
protein. This might perhaps explain the inactivation of lipase by PCMB
and H3Cl, at higher concentrations. It should be of interest to note here
that Little and Cardwell 2 have reported that free amino.groups are essen-
tial for the sctivity of the pancreatic lipase. It appears from this study
that thess substancys are not specific inhibitors of sulphydryl enzymes and.
their usefulness in the detection of —SH groups in protein is limited.

Relucing substances such as thioglycollate, cysteine, glutathione and
BAL oonsiderably: affect the activity of the enzyme. - This cannot be explained
a3 due tointerference with the—SH or —S—S—groups.of the engyme protein..
Other explanations have to be sought. It is well known that thiols can com-
bins with motals forming mercaptides of varying degrees of reversibility
{Barron et al,%; Webb and van Heyningen, %). , ' o

Me+2RSH 2_—= Me(RS),+2H+

The inhibitory effect of BAL on metal containing enzymes is explained
as due to this reaction. . The enzyme solution used in this study . was found.
%0 contain large quantities of iron. It.is possible that they eontain other
‘metals as well,  Tons of metals can inhibit the activity of ettzymes in a variety
of ways depending upon the molecular'structure of the enzymeprotein. The
activation of the pancreatic enzyme at very low congentration of BAL (0-000F
to 0-0003 M) may be due to the binding of some inhibitory metal ions present:
in the extract. The fact that pre-incubation of the enzyme with excess BAL
completely inhibits the enzyme suggests that it may be an enzyme which
requires metals for its activity, probably a metalfo-protein. . The essential
metal appears to be iron. because it is known that BAL forms an insoluble
bluish green precipitate with iron and such a precipitate was obtained and
found to oontain irom. The inhibition of the HgCl, activated enzyme by
BAL may be explained as due to two reasons: (1} the removal 6f the agti- )
vating effect of mercury by combining with this metal, (2) inhibition of the .-
enzyme by forming mercaptide with the metal required for -the énzymic:
activity. On this basis it is easy $o explain the reactivation by HgCly, of
the enzyme inbibited by BAL. BAL leaves the enzyme metal and combiries-
with mercury for which it has a greater affinity, bringing about & reversal of
* the inhibition. That the pancreatic enzyme may be a metal requiring enzyme
#s further indicated by the fact that 8-hydroxyquinoline which is a metal
chelating ‘agent (Albert and Gledhill) 1 inhibits its activity about 85%,.
The inhibition of this enzyme by monothiols like cysteine, glutathione and
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thloglycollate also may be due to combma.tmn mth the metal part of the enzyme. ’
The oxidation of thiolsby atmospheric.oxygen is brought about by the cata-
lytic action of metals (Warburg and Sakum&) 2 and it is known that cystema ,
forms a metal complex with iron previeus to-the oxidation of cysteine.  Simi-
lar metal- complexes may.be formed with all thiols prior to oxidation. How-
ever, the activation of the pancreatlc enzyme by glutathione at low concen- -
‘tration remsins unexplained. ' Just as in the case.of BAL this might be due.to
binding of some inhibitory metal. - It is known that the éfficiency of these
substances .in combming with different metals vary eonsiderably (Barron).
This author is fully aware that further studies on a. purified enzyme are re-
quired before concludlng that the hpase 158 metallo-protem
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