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OXIDATION OF FATTIY ACIDS BY PIGEON BREAST MUSCLE MITO w-

O T L

GHONDRIA WITH TRIGEYGERIHES AS SUBSTRATE

Fatty acids are oxidized exclusively within oune site
in animal cells, the mi tochondria (Schneider and Potter,
19403 Lehninger end Kenmedy,1949), In the preceding chapter
was discussed the poésibiliiy of lipase playing a part
in fai metabolism by splitting up the fat into fatty acids
and glycerol before oxidation, because it is believed though
not proved that this is the first step in the breakdown
(Baldwin, 1954) and the final step in the synthesis of fat.
It has been shown that during long and sustained muscular
éctivity, the pigeon breast mmscle utilizes fat as the chief
fuel (George and Jyoti,1958) . The lipids present in the
muscle are chiefly in the form of glycerides, phospholipids
and cholesterdl (Deuel,1955) and the fatty acids are maiunly
long chain fatty acids. It was shown by quantitative and
histochemical methods that this muscle containe a lipase.
The muscle lipase hydrolyses glycerides of‘short chain
fatty acids more readily than those of long ckain fatty
acids. The pancreatic lipase also behaves in a like
manner,'but glyesrides of long chain fatty acids are
hydrolysed at a compargfively faster réte than by the
muscle enzyme, Further the behaviour of these two enzymes
towards imhibitors and a¢t£§ators are different in certain

respecte and it has been suggested that each of these enzymes
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may be suited for fhe particular physiological enviromment
;n which it acts, Iqordei to'éést this hypothesis it was
decided to measure the relative amount of oxygen uptake
in a manometric system having mitochondria and other
cofactors, when triglycerideé'of short and long chain fatty
acids and salts of the respective fatty acids are provided
as substrates, with the assumption thét any oxygen uptake
in the flask containiug tiiglycgrides would indicate
oxidation of fatty acids euzyﬁically split from the glycerol
‘moiéty. The results obtéiné& ,however, though not conclusive,
gives a logical explanatioﬁ for the differeunce in the beh -
aviour of the muscle and the pancreatic lipase. Bince the
enzymes respousible for the oxidation of fatty'aéids are
contained in the mitodhondrié, it was decided also to
assay the lipolytic activity, if any, in the mitochoundria,
Concurrently some experiments were also done to find out
the role of carbohydrates and intermediates of the tri -
carboxylic acid cyecle in the oxidation of glycerides,
because fhis at present isusarmatter of great comntroversy,

According to Scholeffeld (1957),fatty acids imhibit
the oxidation of pyruvate by rat kidﬁey mitochondria. The
long chain fatty acids and améeng them the even numbered
ones are better inhibitors., Lassow and Chaikoff (1955)
reported that carbohydrates spare long chain fatty acid
oxidation. Knox et al (1945) and Green (1954,{55) believe
that carbohydrates promote fatty acid oxidation by giving
rise to ATP for activating the fatty acid and by providing
the condensing partner, viz. oxalacetate, for active acetate

formed during oxidation, a phemomenon called "sparking'.
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Recently Masoro and Felts (1958) supported:ithé contention
of Lassow and Chaikoff and further observed that for an
optimal oxidation of fatty acids a phase of carbohydrate
metgbolism is essential and this effect does not involve
the "sparking" action of the Krebs cycle intermediates,
In this context my dbservatiohs on the oxidation of fat

are interesting,
Experimental

Isolation of mitochondria: Chappel and Perry (1953)
isolated pigeon breast muscle mitochoundria froa homogena tes
in 8,5% sucrose. I followed the method of these authors
with certain modifications. AbOut 90 ml., of an 8.5% sucrose
solution was chilled 1n a Warlng blendor surrouﬁde&“
iz‘*~lw a polyethylene bag,mn 2 Jacket containing crushed
ice, acetone and common saltﬁ'io egm., of the fresh muscle
was introduced into it aég b;épdorised for S min . At the
end of this period the temperature of the homogenate was
found to be about 5°C . To this was added 200 ml. chilled
sucrose solution and thorp&ghly mixed for a few seconds
and kept in ice bath till centrifugation was over, The
homogenate was centrifuged firét at 600 g. in a Ser&all
refrigersted angle centrifugé_for 30 mine The residue was
discarded. The supernatant was again centrifuged at
3500 g, for 10 min. The se&iﬁenf was resuspended in 10 mi,
SUCT 0886, Microscoplc examlnatzon after staaning with

B3
Janus Green showed that the sample was a pure preparation
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of mitochondria free from myofibrils. This mitochondrial
suspension which cantainéd approximateiy 10 mg. protein
per ml, was used in the following study.

Lipase activity was determined by the manometric method
described in thg earlier chapters., Each flask contained
1.5 ml, 0,025 M NaHCO; and 1 ml. mitochondrial suspension
in the main chamber and 0.5 ml., 4% trivutyria in 0,0148 M
NeHCOz, emmlsified with "Tween 80"",,in the side arm, The
éaéihase contained a miit‘i;ﬁre of 95% Ny and 5% COg. The
whole system had a pH of 7.4 at 37°C.The substrate was tipped
in,after equilibration for 10 min. Sucrose is without effect
on lipolytic activity.

Fatty acid oxidation was determined by the oxygen
uptake in a manometric system. The experiments were performed
at 37°C ., The gas phase contained air, Bach flask contained
4MM of MgCly, 4i4M ATP, 1M DPN, 0,BMM COA , O.SMM
oytochrome ¢, 0.4 ml.0,15 M phosphate buffer of pH 7,5 .
15/4M of sodium malate and 1 ml, of the mitochondrial
suspension in the main chambez.f,aa.5 nl,of the 'substrate in
the side arm and 0.2 ml., of 20% KOH and a roll of filter
paper in the centre well, Total volume of the reaction .
mixture was 3,5 ml. Two triglycerides, tribuiyrin and triolein,
and two fatty acids,butyric acid and oleic a.«'::i.d,1 were used
as gubstrates. The triglycerides were emulsified in water
with a small drop of "Tween 80%/20 ml. and the fatty acids
were converted into the respective sodium salts by neutralising
with NaOH, The 0.5 ml, of the substrate had a concentration
of 20/4 M in the case of the triglycerides and 40/(1}!11 in the
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case of the fatty acid. The flasks were kept on ice slabs

till they entered the wafer bath. The incubztion was carried out
for 2 hrs. The flasks and manometers were shaken at a speed

of 100 osclliationu/min.allowing an amplitude of about 4.5 cms.
peYr oscillation, The substrate was tipped in after O min.

of temperature equilibration, the levels adjusted and readings

taken at intervals.
Results

The oxygen consumption by mitochondria in the

different flasks is réborded in table 10
Table 1

Oxidation of fatty acids‘by pigeon breast muscle mito =

chondria. QOg,M1 calculated per 10 mg. protein®

‘ Blank, with-
"Sparker" Subs trate out substrate
o Butyrate Oleate AE?ibutyrin Triolein
Malate 0,92 3.1 5,1 20,4 7.0
Iactate 2,45 1.2 . - 21.8 8.1
Glycogen 1.80 3,26 - 1,0 25,6 3.6

* Avevage of fivee sxperiments .

It can be seen that ghe‘oxygen consumption is highest
in the flask containing triolein as substrate.A detailed
analysis of the Tesult obtained with triolein is given in

table 2.
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| ‘Table 2
Oxidation of triolein by pigeon breast muscle mitdchondria

QO02, 1 calculated per 10 mg. protein

Blank,with-Without cémpléte Corrected Inhibition Due to sparker
'Sparker" out fat sparker system ' for blank by s?afker in the complete
5

(1) (2) (3) . (4) sys tem (6)
Malate 7.0 27.5 27.4 20,4 7.1 nil
Iactate 8.1 27,5 29.9° . 21.8 5,7 2.4

Glycogen 5.6 27,5 29,1 25,5 2,0 1,6

Lipase activity of the mitochondria was found to be

14.6 Ul Cog/mg. protein/hr, on the average,

Discussion

As can be seen from table 1, the oxygen uptake is
highest in the flask containing trioleln as the substrate,
Tais oxygen uptake is evidently due to the oxidation of
fatty acid, The pH oi the flask eontaining tributyrin was
found to be about 5.8 at the end of the experiment, which
suggests that being a short cﬁain fatty acid , lipolytic
activity is so rapid and the fall in pH is responsible for
the nonoxidation of the fatty acid., On the oﬁhef hand, the
PH of the flask containing triolein was unchanged and
since the oXygen consumption in\the flask is very high, it
is believed that oxidation of the long chain fatty scid
takes place first and lipége'bodes in the picture only
when the length of the carbon chain in the glyceride is
reduced to 4or 2, This ma&ibe ﬁﬁﬁt actually takes place

.
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in the tissue also. Such a mechanism avoids any large
fluctuation innthe pH of the tissﬁe, where active metabolism
of fat is going on, The blocking of the hydrolysis of
glycerides of long cﬁain fa{ty:;;ids might be a Qevice
brought about through necessity by the other cell constituents.
This explaing the reason why glycerides of long chain fatty -
acids are not so readily acted upon by the muscle lipase,
as do the pancreatic lipase and sﬁpports the contentlﬁn that
each of these enzymes is particularly adapted for optimum
activity in the physiological énvironment iﬁ which it acts.
The effect of glycogen and and the intermediates of
carbohiarate metabolism on the oxXidation of fatty acid is
noteworthy. It appears that a"sparker" , as postuiated by
Knox et al and Green , is notknecessaiy for the oxidation
of fatty acid, because the additionfﬁalate ouly iubibits
the oxygen uptake (Table 2). The question arises as to how
then the acetyl—CeA‘snterS‘thé Krebs c¢ycle for further
oxidation., The entry of the aceiyl-CoA into the Krebs cycle
may not be through citrate by condensing with oxélacetate.
It is possible that the acetyl-CoA molecules condense by
the reverse action of the succinate cleaving enzyme in the
presence of the necessary cofaectors, to form succinate and
enter the Krebs cyele, .. - r.o.ruze o+ The succinate
cleaving ehzyme has been shownf%& be present in skeletal
muscles also( Seaman anqﬁaqghki,1955). The‘inhibition of
fatty acid o%i&ation as calculated by correcting for a
blank containing only the ﬁsparkér" is highest when malsate
is added and least in the ﬁtesence'of glycogen, It may be



20 .

noted that Scholefield (1957) has reported iphibition

of the oxidation of pyrﬁvate by rat liver mitochondriae.
Longer chain fatty acids are more effective and even
numbered are bettér inhibitors than odd numbered fatty acids.
If it is assumed that the oxidation of the "sparker" is
éompleteLy arrested in the exjeriments by fét, it cén be
seen that lactate and glydégeaja;tivates the oxidation of
fat to a certain extent an@ that malate slightly inhibits
and does not promote the oxidatién of fat (Table 2).

The inferences drawn are by ng‘géans conclﬁéive and needs
further experimental evidegce. Nevertheless, considering

all the available facts I Yenture to sﬁggest that in tissues
like the pigeon breast mﬁscle ;ﬁich utilizes fat for energy,
fat is oxidized in preference to * carbohydrates.as long

as oxygen is available and when the supply of ox&gen
diminishes, anaerobiosis is'reso:ted to and glycolysis takes place
resulting in the production and éccumilation of lactic acid

which finally leads to fatigue, .



