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I tha t a polypeptide o f nolecular 
was produced (3) anti tha t troponin T was degraded (3 ,4 ) ,  the

ïX n t i f * « *  electrophoresis reveal
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recent i <1" te r  he in-j shown to p ir a l le i  the  decrease in  toughness (t> ).I... L ' y it lue ... » .1 ,.,l __ . . -I _ .1(Ill Jl*h0$ m ... —  ..... . u )/• UWÏ Ml , ' "I I •
fJ)|X»tl ^ H b r i U  at the Z -lin e  and lin k s  adjacent n y o f ib r i ls  ( '.)  was 

I1; ! " ? .« "d U lo n in «  (7 ).  I t
N t s’ . *  * x v r> , !■■:),

y i t  has been ftiuod tha t the Cytoskeleta! p ro te in , tlesn in , which

2 X in  V 'l,r1n‘J cond ition ing (7 ).  I t  has also bee 
which has

vh ""’Jther h J filam ents in adjacent sarcomeres through the Z - lin e ,
h„’ch 's à 'n°'«?cular weight p ro te in , nehijl in (mol. wt. "5 x H r )  (9 ),
^  th ic

Su-jjeted that the 
postulated to

« Ul?ei> Oowr, ,1JU? Co,ni>onent o f the transverse Mv- l in e  o f m y o fib r ils ,  could be 
Cn '̂.'^Jor s f ',r cond ition ing (1 0 ). The 1 o^s o f these p ro te in s , which 

nsi-er̂ »> ] e r,JCturdl el «.»merits w ith in  the m y o fib r il,  could make a 
1̂ . con tribu tio n  to the increased tenderness o f conditioned neat.
Jf * ? 'Jenera 11Vn l '"iSe j)r . ^ ,3lJfeed that ¡ iro te u ly tic  enzymes are responsible fo r  the loss 
jlr fe$  e ins during cond ition ing (11,1?) but i t  is  not known which 
be„ ( rA' îp'»°*Vê * 5’ r1C0 f ' 1- discovery of a Ca-activated neutral
tC  c"nsid e r. ’  w,)«cl1 deyra«les Z -lines  in m y o fib r ils  (1 3 ), th is  enzyme has 
W. for"'s of fk  t0  t,e an important agent in  cond ition ing  (11,12). There are 
#XiL'>*,>er uf,ti <J enzy|,le» ° n<? o p tim a lly  activa ted by 1.5 mM Ca ♦ (nM CANP) and 
r j j Cteu that ?a l ly  dCti,,dt,i<i l,y 1,,iJ uM Ca,+ _(uK CAM?) (14 ,lb ) .  I t  is  
u»,e Suffic i the concentration o f free Ca"+ ions in post-mortem muscle would 

;*nss i« ^ t0 a c tiva te  the la t te r  (16 ). The optimun* pH fo r these i,.n^ y to a c tiva te  the la t te r  ( Id ) .
. pjj 7,u f °  pH 7.0 (13) and although 1 

^ -d .  ̂ ^  t0  i5'"1 5 .8 , a c t iv i ty  is  considerably
ease of ^âS ÜGlin s!l0wn t0  rc,nove f-He Z -lines  o f n y o f ib r i ls  by causing

^W te  nuP̂ .7*^ to  pH 7.0 (13) and although they are s t i l l  ac tive  at the

The enzyme also degrades troponin T, 
( IB ) .

X
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» » n i/p  (17).
T1e »)1.1?) and desmi'

t*n>he?sin<f KC,e" Zymes o f the lysosomes may also take part in co n d itio n in g , j  
wit j X  haVp . , ,IJ Cdn degrade myosin, ac tin  and troponin (19 ). These f 
(2,j CA;|P, ^ ^ t im u n  a c t iv i ty  between pH 3.5 and 4.5 (19) and, th e re fo re , as 
acH^) W 1r d c t1v ity  would he g re a tly  diminished in neat. Cathepsin L 
AactVtf «n neat0’ an °Ptioiuii pH o f pH 5.5 to  pH 6.0 and the re fo re  could bp

lni i  anw . onzyne has been shown to  degrade myosin, a c t in ,
I -coponin (2 -j).
'n Pa
H & t C  Wf> r,avti r,i" asse^sed the possible ro le  o f CANPs and cathepsin L 

w ith ? : M y o fib r ils  from 1-dorsi muscle o f a beef carcass have been
t.io,Pu»yacryl .:i,i  uM CAMP and cathepsin L and the changes analysed by
X h  0lltrtini-d,,f-de Je' e ,e c trbphoresis. The re su lts  have been compared with 

D«ted ^ro!:i the iiy o f ib r i ls  fr«xn conditioned heef and from homogenates 
1 and w ithout Caz+ and w ith  an endogenous in h ib ito r  to  CAMP.

(b) Three samples were held a t dH 5 .7 . One o f these incubated at 20UC fo r
24 u , an«;ther was incubated a t 30°C fo r  24 h and to  the th ir d ,  SJO ul o f 
in h ib ito r  so lu tion  and CaCl? to 2.5 mH were added and incubated a t 30°C fo r 
24 h. M y o fib r ils  were prepared fron these samples.

Preparation of n y o f ib r ils  M y o fib r ils  were prepared by homogenising in BO ml 
of 0.1 M H ad, 1U mM Tris-H C l, 4 nM E0TA pH 7.0 at f u l l  speed fo r  1 m in, 5g 
o f beef or 10g o f honoyenates and f i lte r e d  through “ s tock ine tte " to  re.nove 
connective t is su e . The homogenates were centrifuged at 3,000 g fo r  1!) min. 
The m y o fib r ils  were resuspended in  0.1 '1 NaCl, 10 mM Tris-HCl pH 7.0 and 
cen trifuged . This was repeated 5 tim es.

Preparation o f KI residues M y o fib r ils  (300 mg) were extracted 3 times fo r 
at least 2 h with 0.6 M K I, 10 mM Tris MCI pH 7.0. The p re c ip ita te s  were 
recovered by ce n trifu g in g  at 30,000 g fo r  15 min. The p re c ip ita te s  were 
washed tw ice w ith 0.1 M NaCl. In tnese residues the desmin which is  
inso lub le  in KI is  more evident than in m y o fib r ils  a fte r  SOS e lec troph ores is .

Preparation ut Desiiin Uesmin was p u r if ie d  fro*n chicken gizzard muscle by
the method o f Snail > Sobieszek (22).

SOS Polyacrylamide gel e lectrophoresis (PAGE) SOS PAGE was ca rried  out on 
•n y o fib r ils  or KI residues by the method of1 Laemmli (23) on gels o f 11*, 7% 
and 5% acrylamide on an LKB 2001 e lectrophores is  u n it .  40 to  50 ug of 
p ro te in  were applied to the sample w e lls . 3f. tube gels were ca rried  out by 
the method of Wang et al . ( 8 ) .

O igestion o f n y o f ib r ils  100 ul o f m y o fib r ils  (7 mg/ml) were incubated w ith 
5 u n its  o f mMCAMP in 2.5 mM Caz+ or w ith 5 un its  uM CAMP in 0.25 Mn Caz+ in 
0.1 MNaCl, 10 mM T ris-H C l, 2 mM mercaptoethanol pH 7.0 fo r  30 min at 30°C or 
w ith  cathepsin L in 0.1 M NaCl, 3'J nM Na glycerophosphate-HCl, 20 mM Cysteine
pH 6.0 fo r  30 min a t 30°C.

Results

E ffe c t o f p ro teo lys is  on n y o f ib r i ls  When m y o fib r ils  were trea ted w ith  nM or 
iiM CANP, SOS PAGE on 11% gels (F ig . la ) shows th a t troponin T and troponin I 
were digested . Two polypeptides appeared, one w ith  a molecular weight of 
30,000 and the other 32,000. The m y o fib r ils  digested w ith  0.0005 u n its  o f 
Cathepsin L were also a lte re d . Troponin T was not degraded but there was a 
strong band o f a component o f molecular weight o f 30,000 although not at 
32,000, Tnis 30,00!) band must be derived from a source other than troponin 
T - pernaps from ac tin  the in te n s ity  o f which was less than in the contro l 
m y o fib r ils .  However, w ith  0.002 u n its  cathepsin L there  was extensive 
degradation o f most m y o fib r il la r  p ro te ins . Myosin, o i.-ac f.in in , ac tin  
troponins T and I and tropomyosin were a l l d igested. The le a s t a ffee td  
pro te ins were the myosin l ig h t  chains and troponin C. Numerous bands o f 
components re su lt in g  from the d igestion  o f these prote ins appeared including 
the 30,000 but not the 32,000 component.

Changes due to cond ition ing and treatment o f homogenates

Conditioning o f neat a t 10°C and 2U°C caused the loss o f troponin T and the 
production o f two polypeptides o f molecular weight 30,000 and 32,000, the 
la t te r  g iv ing  the more intense oand (F ig la ) .  M y o fib r ils  which had been

ip, -■ and uM CAnp The muscles from a ra b b it were re«*ioved
X J ?  dcetatH*r /i th  ',nd Homogenised in 2 1/2 volumes o f 0.025 M NaCl, 10 
X st- w*s Cg : . mM EOTA, 2 mM mercaptoethanol , 0.5 mM PMSF pH 7 .0. The 

to r ’ f oged at 20,000 g fo r  30 min. The supernatent was 
,'^Cl Wds 4Pol ■ add ition  of 1 M T ris  and recen trifu ged . The c la r i f ie d  

r, X  uM rA^ d  to  a coluiin o f DEAE-Sephacel and a fte r  washing w ith  0.025
' Na ci ufl CAr 

to
* “ j '1 «y u i ‘ ■

and mM CANP were recovered separately in  a gradient o f
!l NaCl. A ll these so lu tions and others subsequently used«UTr,.. ' ‘-OtlOn ----s:?to<'«thanol . were made in 10 ,nM T ris  aceta te , 0.2 mM EOTA, 2 mM

4n 7*5 * Most o f the fra c tio n s  containing uM CANP also
“S l ^ t o  c0i? i!_b lto r  to  CANP

«n/Jî«* J i ï ' ! . “ " - . -

Tne uM CANP and mM CANP were separately
. - , a

The in h ib ito r  in the uM CANP fra c tio n s  was not absorbed 
The fra c tio n s  containing enzyme a c t iv i ty  were

i,fjç-|1yc.:>PnS ? ! Phenyl Sepharose in  0.5 M NaCl and eluted in 1*

d “n> u anil ....... " «.vm vu ■ •• I Iiy Til cjr'i'c uv.«. i » i uy «ci c
9rd(1̂ e s  We Passed through a co lir in  o f Sephacryl S-200 in 0.5 M NaCl and

u f r0( ' in a l ly  applied to columns o f Phenyl Sepharose and eluted in
M NaCl to  It. ethylene g ly c o l.

"* vlS>£Pt
jUr 15 '^~TrTr~~^iltL dc t iv i t y  The enzyme was added to?1.5 nil o f 0.5 % casein 

a-)?1’’ 0 at 3,,S^tdCe, 15 nM ;*iercaptoethanol , 5 mM Ca^+ pH 7.«) and incubated 
U t |vu0rl»tlon o f^ ’ ^  B i TCA were added and the so lu tion  f i l te r e d .
'%! f i l t r a t e  was measured a t 280 mn. A u n it o f CANP

n * ’ in 1,efJ as th d i amount wliich gave an increase in absorption of

p-yj-l l b i t o r  to  CANP The fra c tio n s  which were not absorbed in 
to '"to h,?1d d t*^  SePhdrose 1n the preparation o f uM CANP were heated to 

7’>t C en trif d t ten?e r4ture fo r 15 min. The re su lt in g  p re c ip ita te  was 
Co Sha Urdte«i . ^ inU and the in n io ito r  recovered by p re c ip ita tio n  in 3U* 
C . 'IX t r ^ l S-?on H4 ^ ^ ()4 ' rn,? wds fu rth e r p u r if ie d  by e lu tio n

The frac tio ns  containing in h ib ito r  were pooled and 
* i *■ o f in h ib ito r  so lu tion  completely in h ib ite d  20 u n its  of

Cathepsin L was prepared from rabb it l iv e rs  by 
(21 ). 1 u n it o f enzyme digests 1 u mol of

rC.

S lices o f 1 . dorsi muscle from a beef carcass were 
'r li|0b l°tteu  s,du9tlte r .  The s lice s  were lipped in a so lu tion  of 5 : 

Hr*. )  ̂ fo r ? * Th°y wf,Ce l>acked in polythene pouches and stored at
i s X  7 Hays or 3<J°C fo r  24 h.

¡^ M S a ü a s f
S  X td « '?  d Chopped pieces of beef were coarsely homogenised at

Sorvdl 'Jmniniixer fo r  2U secs w itn  an equal volume o f 0.1
1 "»M NaN,

.........
«.*t , ai|î. "•*  « 2 ,0  l r  » " jw t« *  to  pH / ,! )  ny tlw

log portions o f the homogenate were weighed out

‘i ' in‘ QfWa$ adejn i / t0  z,s ,lM* Tu t,,e o ther 500 
h **ANp i ' t h is  was calcu lated to he more 

Sai,i.,u?ly  t0 Pfe sorit in the sample)

Tolid it fo n  o f 1 •! T r is .
To the other 500 ul o f CAN3 in h ib ito r

more than enough to In h ib it  the 
Sam i " '*  tlJ :,'i present in the sample) together w ith CaCl.. to  2.5 

'Hies were inc-ibated at ?0 C fo r  ?i

prepare«] from homogenates which had been incubated w ith  2.5 mM Ca2+ at pH 7.0 
at 20 C fo r  24 h, gave re su lts  shown in Fig lb  very s im ila r to  the 
conditioned samples. The m y o fib r ils  from the homogenate incubated in the 
presence o f CANP in h ib i to r  showed a strong troponin T band and a s liy h t  
production o f the 32.U0U po lypeptide . The m y o fib r ils  from the homogenate 
incubated at 20 C at pH 5.7 had a 32,0JU polypeptide . When the homogenates 
were incubated a t 30 C, the troponin T and I were digested even when CANP 
in h ib i to r  was present. In both cases the 32.UOO polypeptide and 3 fa in t  
bands in  the region o f the 30,000 components were present.

A ll these samples were also run on 5% acrylamide gels in order to  examine the 
prote ins o f molecular weight higher than iv -ac tin in . In F ig. ?a when 
m y o fib r ils  were treated w ith 0.002 un its  o f cathepsin l  the loss o f myosin 
was apparent w ith  a m u lt ip l ic i ty  o f bands appearing below the myosin band. 
However, in none o f the other samples shown in Figs 2a, 2b, was there any 
evidence tha t myosin had been degraded. There were two prote ins which were 
diyested by CANP but were unaffected by cond ition ing , one below myosin and 
one w ith  a molecular w«.»ight o f ” 85,000. There was also a pro te in  o f a 
molecular weight o f 95,000 which was present in the lanes o f the contro l 
samplgs, cathepsin L (0.0005 u n its ) ,  conditioned at 30°C and homogenates held 
at 30 C but was absent from the others.

The e ffe c t o f treatment on t i t i n  and nebulin

Of great in te re s t were the pro te in  hands o f very high molecular weights.
The p rin c ip a l bend is  believed to be nebulin . Fiy 2a shows tha t CANP 
caused some breakdown o f th is  prote in in m y o fib r ils  and cathepsin L (0.002 
u n its ) destroyed i t  com pletely. This pro te in  appeared to be p a rt ly  degraded 
in  homogenates trea ted w ith  CaS and also w ith  CANP in h ib i to r  and in 
homogenates incubated at 30 C (F iy .  2b) but i t  is  not c lea r in the gel in 
F ig . 2a whether there was any change in the conditioned samples.

The 3 1/2* acrylamide tube gels in F ig. 3 show more c le a r ly  the changes in 
t i t i n .  Tne untreated contro l shows m ainly the t i t i n  1 band. when 
m y o fib r ils  were treated w ith  mM CANP there was a greater proportion o f t i t i n  
2 band, which is  considered to be a product o f p ro teo lys is  o f t i t i n  1 (8 ).  
Cathepsin L (0.002 un its ) destroyed t i t i n  com pletely. The t i t i n  was much 
l«»ss in  the n y o f ib r ils  from the two conditioned samples and mainly in the 
form of t i t i n  2. However, in the m y o fib r ils  from homogenates stored at 2U°C 
tin? t i t i n  was present in a l l three as the t i t i n  1 band and there was no 
change even when Ca'+ was added.

There was a d iffe rence  in the in te n s it ie s  o f the possible nebulin hands in 
Fig 3 compared to those in Figs 2a and 2b. The reason fo r th is  is  not known 
hut i t  may 4rise  from the d if fe re n t  systems o f e lec trophores is . For the 
gels shown in Figs 2a and 2b a discontinuous bu ffe r system was used and i t  is  
pt)ssible th a t a number o f p ro te ins could be concentrated a t th is  pos ition  
g iv ing  sharp dense bands. A continuous bu ffe r system was used fo r the gels 
shown in F ig . 3 which may have caused the prote ins to  spread out and hence 
give i.iore d iffu s e  and weaker bands. C learly more work is  require*! to 
resolve th is  problem.

Pu; e ffe c t of treatment on desmin The changes in desmln were d i f f i c u l t  to 
assess. When <1 residues, prepared from unconditioned meat, were Incubated 
w ith  nM CANP, uM CANP or cathepsin L (0.QU2 u n its ) i t  was apparent th a t the 
desmin had been degraded by CANP but not by cathepsin L as shown in Fig 4a.
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Of in te re s t also was the e ffe c t o f CANP on the residual a c tin  an<1 -a c tin io  
in the KI residues. Both these prote ins were degraded by mM CANP and uM 
CANP. Presumably the structu res o f these have been a lte red by the treatment 
w ith KI in such a way th a t they have become accessable to  the enzymes. The 
re su lts  from the KI residues o f conditioned beef were more equivocal (F ig .
4 b ). I t  would appear tha t there was less desmin in the samples which had 
been conditioned a t e ith e r 10°C or 30°C and also in the sample from the 
homogenate which had been incubated w ith Ca^+. The KI residue fran the 
homogenate incubated w ith  CANP in h ib ito r  contained more desmin. I£ was not 
possible to  obtain KI residues from the homogenates incubated at 30 C because 
the actomyosin had denatured and was inso lub le  in KI.

Pi scussion

The re su lts  from these experiments in d ica te  tha t when beef was conditioned at 
3U°C fo r  24 h or 10°C fo r  7 days, during which the meat would become tender, 
there was a loss o f troponin T, the production o f two polypeptides w ith 
molecular weights 30,00(1 and 32,000, a loss o f some desmin and a breakdown of 
t i t i n  and possib lv nebu lin . There was no evidence o f the breakdown o f 
myosin even at 30°C but i t  has been w idely reported th a t myosin is  degraded 
during storage at temperatures o f  30 C to  40 C usua lly  a fte r  a period longer 
than 24 n (3 ,24,25 ,26).

Fig 1a

1 2 3 4 5 6 7

Fig. 1b
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The degradation o f troponin T, and desmin and the production o f the 30,009 
and 32,0)0 molecular weight components were reproduced by the action o f mM 
CANP and uM CANP on m y o fib r ils  or in  a homogenate conta in ing Ca£+ but not 
when a CANP in h ib ito r  was added. Cathepsin l  d id not reproduce these 
changes. Therefore, these changes are most l ik e ly  to  be caused by the 
action o f CAMP during cond ition ing .

CANP had a s l i f lh t  e ffe c t on t i t i n  in m y o fib r ils ,  but in  homogenates in  the 
presence o f Ca*+ there was no evident change. Therefore i t  is  fa r less 
l ik e ly  tha t the degradation o f t i t i n  during cond ition ing  was caused by CANP. 
T i t in  was fa r  more susceptib le to  the action o f cathepsin L.

CANP and cathepsin L degraded nebu lin , the la t te r  enzyme being fa r more 
e ffe c t iv e  but the breakdown o f nebulin during cond ition ing  was not c lea r from 
the gels and more work needs to be done.

Therefore i t  can be concluded from these re su lts  tha t a ro le  during 
cond ition ing can be ascribed to both CANP and cathepsin L. The CANP is  
responsible fo r  the breakdown o f desmin which would re s u lt in a loss o f 
adhesion between m y o fib r ils  and also fo r a weakening o f the Z -line  
(3,11,12,13) thus causing a loosening o f the yeneral s truc tu re  w ith in  the 
f ib r e .  The cathepsin L on the other hand would degrade the la rge r molecules 
t i t i n  and nebulin -  and myosin at high temperature -  which would considerably 
weaken the in teg ra l s tru c tu re  o f the f ib re .
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