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Introduction

Post-mortem samples of M. longissimus dorsi (LD) of halothane-sensitive pigs
showed considerably higher sarcoplasmic Ca* levels than normal (Cheah et al.,
1984). This excess of Ca2+ release in LD muscles, which was intimately 1inked
with the formation of PSE meat (Cheah et al., 1984) was attributed to a
significantly higher than normal Ca +-acti)éated phospholipase A, (EC 3.1.1.4)
activity (Cheah and Cheah, 1981a). The Ca‘*-activated phospholipase Ay activity
was demonstrated to be responsible for the enhanced mitochondrial Ca¢* release
in halothane-sensitive pigs; both the released CaZ+ and the liberated long
chain unsaturated fatty acids from the mitochondrial phospgo]ipids would then
induce the sarcoplasmic reticulum to release additional Ca¢* into the sarcoplasm
(Cheah and Cheah, 1981b; Cheah, 1981).

This paper reports further investigations on mitochondrial phospholipase A
activity and demonstrates that a significantly higher than normal amount o?’
endogenous calmodulin was responsible for the enhanced Cal+-activated
phospholipase Az activity in LD muscle mitochondria of halothane-sensitjve pigs.
Growth studies showed that the calmodulin content and the calmodulin-Cac*
dependent phospholipase Aj activity are normal in young pigs (3-4 weeks) from a
halothane-sensitive line, but these increase by 2-3 fold in the adults (23
weeks). Normal mitochondria showed all the characteristic features of
halothane-sensitive mitochondria when treated with an excess of exogenous
calmodulin.

Materials and Methods

Calmodulin-deficient bovine cardiac cAMP phosphodiesterase (EC 3.1.4.17), cAMP,
sodium succinate, spermine tetrahydrochloride and 5'-nucleotidase (EC 3.1.3.5)
were purchased from Sigma Chemical Corp.; trifluoperazine dihydrochloride from
Smith Kline and French Laboratories Ltd.; calmodulin (pig brain) from
Boehringer Mannheim and all other reagents were of analytical grade.
Genetically-selected halothane-sensitive and halothane-insensitive British
Landrace pigs were kindly supplied by Dr. A.J. Webb, Agricultural and Food
Research Council Animal Breeding Research Organisation, Edinburgh.

A1l the pigs were killed by electrical stunnin? (90v, 50Hz) and exsanguination.
LD muscle mitochondria were isolated immediately post-mortem by differential
centrifugation with the aid of B. subtilis proteinase (Cheah and Cheah, 1981a).
The mitochondria were suspended in 250 mM sucrose (final concentration) and the
mitochondrial oxygen uptake was measured with a Clark oxygen electrode [Yellow
Springs Oxygen Monitor (Model 53)] in a total volume of 2.50 ml. Endogenous
mitochondrial phospholipase A, activity was determined by estimating the long
chain fatty acids formed after incubation of 0.3-0.4 ml (11.3 mg protein)
mitochondrial suspension at 40°C for 20 minutes in a buffer (pH 7.2) containing
225 mM mannitol, 75 mM sucrose and 15 mM Tris-HC1 (total volume, 0.64 ml) either
in the presence or absence of trifluoperazine. Mitochondrial calmodulin was
estimated on the basis of its ability to stimulate calmodulin-deficient
phosphodiesterase activity by estimating the amount of phosphate released by
5'-nucleotidase (Teo et al., 1973) in boiled mitochondrial extracts.
Mitochondrial Ca¢* was determined either by atomic absorption using an

Instrumental Laboratory Inc. double-beam atomic absorption/emission
spectrophotometer (model 25}) at 422.7 nm in the presence of 1% (w/v) lanthanum
or by the formation of a Ca‘*-murexide complex. Mitochondrial protein was
estimated with Folin-Phenol reagent (Lowry et al.,1951) using bovine serum
albumin as standard. Muscle pH was determined in 150 mM KC1 (pH 7.4) containing
5 mM sodium iodoacetate (Bendall, 1978).

Results and Discussion

The enhanced endogenous CaZ*-activated phospholipase Ay activity was previously
shown to be responsible for the Ca2+-induced uncoupling and large amplitude
swelling of LD muscle mitochondria of halothane-sensitive pigs oxidising
succinate at 40°C (Cheah and Cheah,_1981a). Figure 1 illustrates further
studies on this enzyge at 37°C. Ca®*-induced uncoupling occurred following the
third addition of Ca¢* (Trace A), but this was prevented by a low concentration
of trifluoperazine (Trace B), an inhibitor of calmodulin-dependent enzymes
(Levin and Weiss, 1977; Hidaka et al., 1980). As in previous studies at 40°C
(Cheah and Cheah, 1981a), spermine (not shown in Figure 1), an inhibitor of
phospholipase A, activity (Sechi et al., 1978), also prevented the Ca2*-1induced
uncoupling of succinate oxidation. Electron micrographs of mitochondria from
experiments shown in Figure 1 revealed that the mitochondrial CaZ+-activated
phospholipase Ay activity was calmodulin-dependent since the large amplitude
swelling of mitochondria was prevented by trifluoperazine. As in previous
studies conducted at 40°C (Cheah and Cheah, 1981a), no uncoupling of mito-
chondria was observed when the experiments were repeated with ADP. This result
was expected since ADP is unable to stimulate phospholipase Ap activity (Waite
et al., 1969). Under these conditions no lysophosphatides and unsaturated
fatty acids were produced to induce uncoupling and large amplitude swelling of
skeletal muscle mitochondria as previously observed with exogenous Ca2+.

Table 1 summarizes the endogenous calmodulin, Ca2+ and phospholipase Ap activity
in LD muscle mitochondria isolated from young (3-4 weeks) and adult (23 weeks)
halothane-sensitive line pigs, and from young (4-8 weeks) and adult 23 weeks)
halothane-insensitive pigs. In halothane-sensitive line pigs, the endogenous
calmodulin and CaZ*, and the phospholipase Ay activity increased significantly
with growth but not so in the case of halothane-insensitive pigs. No
significant difference was observed in these parameters between the young
halothane-sensitive line and adult halothane-insensitive pigs, and between the
young pigs of both types. The endogenous phospholipase /\2 activity in the LD
muscle mitochondria of both types of adult pigs was inhibited 90% with
trifluoperazine (66 nmol/mg protein).

Table II summarizes the relationship between LD muscle pH at 45 minutes post-
mortem and meat quality in young and adult halothane-sensitive and halothane-
insensitive pigs. No significant difference was observed in the pH values
between young halothane-sensitive 1ine and young and adult halothane-
insensitive pigs, but the pH values of all of these pigs were significantly
(P<0.001) higher than those of adult halothane-insensitive pigs. Meat quality
was assessed in LD muscles by a combination of pH values at 45 minutes post-
mortem, colour (Hunter L) and water-holding capacity measurements. Young
halothane-sensitive line pigs and young and adult halothane-insensitive pigs
produced normal meat but adult halothane-sensitive pigs produced PSE meat post-
mortem,

The results presented in Figure 1 and Table 1 favour the concept that a
significantly higher than normal amount of endogenous calmodulin was responsible
for the abnormal features of LD muscle mitochondria of halothane-sensitive pigs.
This hypothesis is supported by the results obtained with normal mitochondria
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