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In troduction
Post-mortem samples o f M. longissimus dors i (LD) o f ha lo thane-sensitive  pigs 
showed considerably higher sarcoplasmic Ca2+ le ve ls  than normal (Cheah e t a l . ,  
1984). This excess o f Ca2+ release in  LD muscles, which was in tim a te ly  linked 
w ith  the form ation o f PSE meat (Cheah e t a l . ,  1984) was a ttr ib u te d  to a 
s ig n if ic a n t ly  higher than normal Caz+-ac tiya ted  phospholipase A2 (EC 3 .1 .1 .4 ) 
a c t iv i ty  (Cheah and Cheah, 1981a). The Caz+-a c tiva te d  phospholipase A£ a c t iv i ty  
was demonstrated to  be responsible fo r  the enhanced m itochondrial Ca?+ release 
in  halo thane-sensitive  p igs ; both the released Ca2+ and the lib e ra te d  long 
chain unsaturated fa t ty  acids from the m itochondrial phospholipids would then 
induce the sarcoplasmic re ticu lum  to  release add itio n a l Caz+ in to  the sarcoplasm 
(Cheah and Cheah, 1981b; Cheah, 1981).
This paper reports fu rth e r  in ves tiga tions  on m itochondrial phospholipase Ap 
a c t iv i ty  and demonstrates th a t a s ig n if ic a n t ly  higher than normal amount of 
endogenous calmodulin was responsible fo r  the enhanced Ca2+-ac tiva ted  
phospholipase A2 a c t iv i ty  in  LD muscle m itochondria o f ha lo thane-sensitive  p igs. 
Growth studies showed th a t the calmodulin content and the calmodulin-Caz+ 
dependent phospholipase A2 a c t iv i ty  are normal in  young pigs (3-4 weeks) from a 
halo thane-sensitive  lin e ,  but these increase by 2-3 fo ld  in  the adu lts  (23 
weeks). Normal m itochondria showed a l l  the c h a ra c te r is t ic  features o f 
halo thane-sensitive  mitochondria when trea ted w ith  an excess o f exogenous 
calmodulin.

M ate ria ls  and Methods
C a lm odulin -defic ien t bovine cardiac cAMP phosphodiesterase (EC 3 .1 .4 .1 7 ), cAMP, 
sodium succinate, spermine te trahydroch lo ride  and 5 '-nuc leo tidase  (EC 3 .1 .3 .5 ) 
were purchased from Sigma Chemical Corp.; t r if lu o p e ra z in e  d ihydroch lo ride  from 
Smith K line  and French Laboratories L td .;  calmodulin (p ig  b ra in ) from 
Boehringer Mannheim and a l l  o ther reagents were o f a n a ly tica l grade. 
G enetica lly -se lected ha lo thane-sensitive  and ha lo thane-insens itive  B r it is h  
Landrace pigs were k in d ly  supplied by Dr. A .J. Webb, A g ric u ltu ra l and Food 
Research Council Animal Breeding Research O rganisation, Edinburgh.
A ll the pigs were k i l le d  by e le c tr ic a l stunning (90V, 50Hz) and exsanguination. 
LD muscle mitochondria were iso la ted  immediately post-mortem by d i f fe re n t ia l 
ce n tr ifu g a tio n  w ith  the a id o f  B. s u b t i l is  proteinase (Cheah and Cheah, 1981a). 
The mitochondria were suspended in  250 mM sucrose ( f in a l concentra tion) and the 
m itochondrial oxygen uptake was measured w ith  a Clark oxygen e lectrode [Yellow 
Springs Oxygen Monitor (Model 53)] in  a to ta l volume o f 2.50 m l. Endogenous 
m itochondrial phospholipase A2 a c t iv i ty  was determined by estim ating the long 
chain fa t ty  acids formed a f te r  incubation o f 0 .3 -0 .4  ml (11.3 mg p ro te in ) 
m itochondrial suspension a t 40°C fo r  20 minutes in  a b u ffe r (pH 7.2) containing 
225 mM m annito l, 75 mM sucrose and 15 mM Tris-HCl ( to ta l volume, 0.64 ml) e ith e r 
in  the presence o r absence o f t r if lu o p e ra z in e . M itochondrial calmodulin was 
estimated on the basis o f i t s  a b i l i t y  to  s tim u la te  ca lm od u lin -d e fic ien t 
phosphodiesterase a c t iv i ty  by estim ating the amount o f  phosphate released by 
5 '-nuc leotidase (Teo e t a l . ,  1973) in  bo iled  m itochondrial e x tra c ts . 
M itochondrial Ca2+ was determined e ith e r by atomic absorption using an

Fig. 1 E ffe c t o f t r if lu o p e ra z in e  (B) on the Ca2+-stim u la ted  re*piJ°C.
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Trace A il lu s t r a te s  the con tro l experiment. Trace B is  -_hono> 
Trace A except th a t tr if lu o p e ra z in e  was added to  the mi to ^ot 
suspension. Rotenone (2 uM) was added p r io r  to  succinate. ^  tn 
p ro te in , 1.57 mg (Trace A and Trace B). The numbers a l°n9| in 
Traces (A-B) represent the rates o f oxygen uptake express 
natoms 0/min/mg p ro te in .  ̂„ f .

trea ted w ith  calmodulin to  bring  i t  to  a leve l equ iva lent to  o r i n ejj i l lu5 
th a t o f LD muscle m itochondria o f ha lo thane-sensitive  p igs. M9UI 
a ty p ic a l experiment showing the Ca2+-s tim u la ted  re s p ira tio n  of 
ox ida tion  by ha lo thane-insensitive  LD muscle mitochondria (T race .£ '’ an 
induced uncoupling observed when the m itochondria were t r e a t e d j  
exogenous calmodulin (Trace B) and the prevention o f the Caz+- i ndd 0 ) ^ 9  
uncoupling by a low concentration o f tr if lu o p e ra z in e  (Trace C). 0̂
experiments the LD muscle m itochondria were aged overn ight in  ice 0i J  
increase th e ir  pe rm eab ility  towards exogenous calm odulin. The c0tl.\oe i n 
experiment (F ig . 2, Trace A) showed tha t the aged mitochondria re j f  
a l l  th e ir  o r ig in a l coupling in te g r i ty ,  assessed on the values o f 
re sp ira to ry  contro l index and Ca^VO r a t io ,  o f the fre s h ly  iso la te ^qq n9 s; 
during succinate ox id a tio n . In con tras t to  the aged preparations, ^  
calmodulin was required to cause the Ca2+-induced uncoupling of 
mitochondria (not shown in  Fiqure 2) instead o f 25 ng calmodulin , w’ y  
preparations (F ig . 2, Trace B). The Caz+-induced uncoupling obse the 5 
600 ng calmodulin in  f re s h ly  iso la ted  m itochondria was prevented oy

the ■

Instrumental Laboratory Inc. double-beam atomic absorption/em ission 
spectrophotometer (model 251) a t 422.7 nm in  the presence o f 1% (w/v) lanthanum 
or by the form ation o f a Caz+-murexide complex. M itochondrial p ro te in  was 
estimated w ith  Folin-Phenol reagent (Lowry e t a l.,1 9 5 1 ) using bovine serum 
albumin as standard. Muscle pH was determined in  150 mM KC1 (pH 7.4) containing 
5 mM sodium iodoacetate (B enda ll, 1978).

Results and Discussion
The enhanced endogenous Ca2+-ac tiva ted  phospholipase A2 a c t iv i t y  was prev ious ly  
shown to be responsible fo r  the Ca2+-induced uncoupling and la rge amplitude 
sw e lling  o f LD muscle mitochondria o f ha lo thane-sensitive  pigs o x id is in g  
succinate a t 40°C (Cheah and Cheah, 1981a). Figure 1 i l lu s t r a te s  fu rth e r  
studies on th is  enzyme a t 37°C. Caz+-induced uncoupling occurred fo llo w in g  the 
th ird  add ition  o f Caz+ (Trace A), but th is  was prevented by a low concentration 
o f tr if lu o p e ra z in e  (Trace B), an in h ib i to r  o f calmodulin-dependent enzymes 
(Levin and Weiss, 1977; Hidaka e t a l . ,  1980). As in  previous studies a t 40°C 
(Cheah and Cheah, 1981a), spermine (not shown in  Figure 1 ) , an in h ib i to r  o f 
phospholipase A2 a c t iv i ty  (Sechi e t a l . ,  1978), also prevented the Ca2+-induced 
uncoupling o f succinate o x ida tion . E lectron micrographs o f m itochondria from 
experiments shown in  Figure 1 revealed th a t the m itochondrial Ca2+-ac tiva ted  
phospholipase A2 a c t iv i ty  was calmodulin-dependent since the la rge amplitude 
sw e lling o f mitochondria was prevented by t r if lu o p e ra z in e . As in  previous 
studies conducted a t 40°C (Cheah and Cheah, 1981a), no uncoupling o f m ito
chondria was observed when the experiments were repeated w ith  ADP. This re s u lt 
was expected since ADP is  unable to  stim ula te  phospholipase A? a c t iv i ty  (Waite 
e t a l . ,  1969). Under these cond itions no lysophosphatides and unsaturated 
fa t ty  acids were produced to induce uncoupling and la rge amplitude sw e lling  o f 
ske le ta l muscle mitochondria as p rev ious ly  observed w ith  exogenous Ca2+.
Table 1 summarizes the endogenous calm odulin, Ca2+ and phospholipase A? a c t iv i ty  
in  LD muscle mitochondria iso la ted  from young (3-4 weeks) and a d u lt (23 weeks) 
ha lo thane-sensitive lin e  p igs , and from young (4-8 weeks) and adu lt 23 weeks) 
ha lo thane-insensitive  p igs. In ha lo thane-sensitive lin e  p igs , the endogenous 
calmodulin and Ca2+, and the phospholipase A2 a c t iv i ty  increased s ig n if ic a n t ly  
w ith  growth but not so in  the case o f ha lo thane-insensitive  p igs. No 
s ig n if ic a n t  d iffe rence  was observed in  these parameters between the young 
ha lo thane-sensitive lin e  and a d u lt ha lo thane-insensitive  p igs , and between the 
young pigs o f both types. The endogenous phospholipase A2 a c t iv i ty  in  the LD 
muscle m itochondria o f both types o f adu lt pigs was in h ib ite d  90% w ith  
tr if lu o p e ra z in e  (66 nmol/mg p ro te in ) .
Table I I  summarizes the re la tio n sh ip  between LD muscle pH a t 45 minutes post
mortem and meat q u a lity  in  young and adu lt ha lo thane-sensitive  and halothane- 
in se n s itive  pigs. No s ig n if ic a n t  d iffe rence  was observed in  the pH values 
between young halo thane-sensitive  lin e  and young and adu lt halothane- 
in se n s itive  p ig s , but the pH values o f a l l  o f these pigs were s ig n if ic a n t ly  
( P<0.001) higher than those o f a d u lt ha lo thane-insensitive  pigs. Meat q u a lity  
was assessed in  LD muscles by a combination o f pH values a t 45 minutes post
mortem, co lour (Hunter L) and water-hold ing capacity measurements. Young 
halo thane-sensitive  lin e  pigs and young and adu lt ha lo thane-insensitive  pigs 
produced normal meat but adu lt ha lo thane-sensitive  pigs produced PSE meat post
mortem.
The re su lts  presented in  Figure 1 and Table 1 favour the concept tha t a 
s ig n if ic a n t ly  higher than normal amount o f endogenous calmodulin was responsible 
fo r  the abnormal features o f LD muscle mitochondria o f ha lo thane-sensitive  p igs. 
This hypothesis is  supported by the re su lts  obtained w ith  normal m itochondria

low concentration o f tr if lu o p e ra z in e  used fo r  aged mitochondria*

s ^F ig. 2 E ffe c t o f exogenous calmodulin on the Ca2+-stimulated
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