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192} Exanination of myofibrils froa conditioned beef by Si
Telant oy ”'J" elactrophoresis revealed that a polypeptide nf nolecul ar

J dS produced (3) ana that try

as degraded (3,4), the
r beinyg shown to parallel t e in touyhness (5).

an increas2 in the f
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mlh"vlt lx‘.;' 01, wt ] x 197) {4), which has postu'ated to fora
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"lru»:” Is 3 '"wJ;” 10tecutar weight protein, nebulia (mol, wt ™5 x 107) (9),
:Imful. Youn hr’f Component of the transve ,-1ine of myetiprils, could be
c“_,,”."“Jur S ‘Mu «;v‘m.f!'..l ning <‘|‘;). The loSs of these proteins, which

s era) o ucr.ur’, elements within the myofibril, could make a
| Contrinution to the increased tenderness of conditioned neat.

1 that proteclytic enzyaes are responsible for the loss
F13g conditioning (11,12) but it is not known which

ban Since the discavery of a Ca-activated neutral
Hu » Which degrades Z-lines in myofidrils (13), this enzyme has
th f to be a1 important agent in conditioning (11,32). There are

or)

L e: ::f the enzyie, one optimally actjvated by 1.5 mid Ca®+ (mit CANP) and
pi ¥ bug tnstmall/ activated by 100 uft Cag+ (utt CAUP) (14,15). It is
-s- the concentration of free Ca®+ jons in post-morten muscle would
e Lo activate the latter (16). The optinun pH for these i
sU to pH 7.5 (13) and although they are still active at the §
"‘tr'd' r_x_'“)"’;i“»' P 5.5 to pH 5.9, their activity is considerably o
h"uu&-e se of as been shown to remove the Z-lines of ayofibrils by causin

Nin | 3 = =actinin (17). The enzyae also degrades troponin T,
3:11,12) and desmin (18).

Cagpethept i f
w1, 0Sing ‘,‘di';zf‘“’ﬁ of the lysosomes may also take part in conditioning. |
’”t-:" haye e (t‘” can degrade nyosin, actin and tropoain (13). These 4
(g.]‘yc»'( P, th PLimwn activity between pH 3.5 and 4.5 (1Y) and, therefore, as

aj 1 F 2 :

acpil) hoyye ” ACtivity woula be greatly diminished in meat. Cathepsin L
\{ er-Y“v]S an optimun o4 of pH 5.5 to pH 6.0 and therefore could be

. This enzyne has been shown to degrade myosin, actin,

=Foponin (29),
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3\15',5“1” ity -1'1 r”i'ymi'lrils from 1-dorsi nuscle of a beef carcass have heen

Uggy yacryy ol CAVP, ubt CAUP and cathepsin L and the changes analysed hy

Incyy o dineg f‘h‘v‘Jul electrophores T'ng results have been compared with
Aty uii« rom the uyofigrils from conditioned beef and from homoyenates

Vand without Ga“+ and with an endogenous inhidbitor to CANP.

e

M CANP and uM ¢ The muscles from a rabbit were removed

:”’a“*‘?th and honogenised in 2 1/2 volumes of 0.025 M NaCl, 10

\"V\Eryf"h‘ﬂ EOTA, 2 mM mercaptoethanol, 0.5 mM PMSF pH 7 The
uged at 29,000 g for 30 min, The supernatent was
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i i .‘,fu to a coluan of NDEAE-Sephacel and after washing with 0.02%
P and mM CANP were recovered separately in a gradiant of

M NaCl. A1l these solutions and others subsequently used
aMai, o f’f\ were made in 10 mM Tris acetate, 0.2 mM £DTA, 2 mM
uh;x] "4 an i,”’_'”" 1,5, Most of the fractions containing uM CANP also
Sty 8t coly "'bitor to CANP.  Tne uil CAYP and mM CANP were separately
u ‘1|yc“f'“”5 Of Phenyl Sepharose in 0.5 M NaCl and eluted in 1%
“')fla MCl 5y .o, The inhibitor ia the uM CANP fractions was not absorbed in
g trat

os enp ted gn 2 € win. The fractions containing enzyme activity were
””‘li lag Were 'f')s”” through a column of Sephacryl S-200 in 0.5 M NaCl and

% ent Fron . ,'”fny applied to columns of Phenyl Sepharose and eluted in
35 742 1 Hatl to 11 ethylene glycol.
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L as 3 I The enzyme was added to,l.5 m1 of 0.5 % casein

"'" 'hsml r ,'J': ft”ih‘. 15 mM mercaptoethannl , 5 mM Ca“+ pH 7.0 and incubated

‘]‘tl\,itf”ﬂti-)nd\,fv > 1.5 ml of % TCA were added and the solution filtered,
iy Y the filtrate was measured at 280 mn. A unit of CANP
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Y 1yg” By .A,,tr‘t'""'r temperatyre for 15 min,  The resulting precipitate was

tay ll‘lﬂng and the inniditor f"(.‘l'«”ftr"’ by precipitation in 30%
o0t g )80, The inniditor was further purified by elution
The” fractions containing inhibitor were pooled and

f inhivitor solution completely inhidited 20 units of

t
A of -.‘dﬂulﬂ’iu L Cathepsin L was prepared from rabbit livers by
Tlen SON @t av1 | 1 unit 4 1 1 §

( 3N, - al (21). 1 unit of enzyue digests 1 u mol of
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e
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it Ang After sl . A
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S At e adjusted to oM 7.0 ny the addition of 1 Tris, To
1

To the other 500 ul of CAN® inhivitor

calculated to he more than enough to inhibit the
3 her with CaCl, to 2.5

nt in the sanple) toge
vted at 20°C for 24 0

H 5.7.  One of these incubated at 217C for
anuther was incubated at 30°C for 24 h and to the third, 500 uluof
inhivitor solution and , to 2.5 mid were added and incubated at 30°C for
24 h, nyofiorils were prepared fron these sanples.

(b) Three sanples

Preparation of ayofidrils  Myofibrils were preparad by honogenising in 80 ml
of 0,1 M NaCl, 10 mM Tris-HCl, 4 mM EDTA pH 7.0 at full speed for 1 min, 53
of beef or 109 of honogenates and filtered through “stockinette" to renove
connective tissue, The homogenates were centrifuged at 3,000 y for 19 min,
The myofidrils were resuspended in 0.1 " NaCl, 1) mM Tris-HC1 pH 7.0 and
centrifuged. This was repeated 5 times.

Preparation of K1 residues Myofidrils (300 mg) were extracted 3 times for
at lTeast 2 h with 0.0 M KI, 10 mM Tris HCl pd 7.0. The precipitates were
recovered by centrifuging at 30,000 g for 15 min. The precipitates were
washed twice with 0,1 M NaCl, In these residues the desnin which is
iasoluble in Kl is more evident than in myofibrils after SDS electrophoresis.

Preparation ot Desnin Desnin was purified fron chicken gizzard muscle by
the method Snall & Sohiaszek (22).

SOS Polyacrylamide yel electrophoresis (PAGE)  SDS PAGE was carried out on
nyofibrils or KI residues by the method of Laemmli (23) on gels of 11%, 7%
and 5% acrylamide on an LKB 2001 electrophoresis unit. 40 to 50 ug of
protein were applied to the sample wells. 3% tube gels were carried out by
the wethod of Wang et al. (8).

Digestion of ayofidbrils 170 5] of myofivrils (7 mg/ml) were iﬂcunateg with
5 units of WMCANP in 2.5 mM Ca™+ or with 5 units uM CANP in 0,25 Mn Ca“+ in
0.1 “HaCl, 10 mM Tris-HC], 2 mM mercaptoethanol pHd 7.0 for 30 min at 30°C or
with cathepsin L in 0,1 i NaCl, 30 nM Na glycerophosphate-HCl, 20 mM Cysteine
pH 6.0 for 3i) mia at 30°C,

Results
Effect of proteolysis on nyofidrils  Uhen myofidrils were treated with mM or
uM CANP, SDS PAGE on 11% gels (Fig. la) shows that troponin T and troponin I
were digested . Two polypeptides appeared, one with a molecular weight of
30,000 and the other 32,000, The myofibrils digested with 0.0005 units of
Cathepsin L were also altered. Troponin T was not degraded but there was a
strony band of a component of molecular weight of 30,000 although not at
32,00, Tais 30,000 band must be derived from a source other than troponin
T - perhaps from actin the intensity of which was less thaa in the control
myofidrils. However, with 0,002 units cathepsin L there was extensive
deyradation of wost myofibrillar proteins, Myosin, a -actinin, actin
troponins T and 1 and tropomyosin were all digested, The least affectd
proteins were the wyosin liyht chains and troponin C.

Nuaerous bands of
components resulting from the digestion of these proteins appeared including
the 30,000 but not the 32,000 component.

Changes due to conditioning and treatment of homogenates

Conditioning of ueat at 10%¢ and 20°C caused the loss of troponin T and the
production of two polypeptides of molecular weight 30,000 and 32,000, the
latter giving the more intense oand (Fiy la). Myofiorils which had been

prepared from homogenates which had heen incubated with 2.5 mM Ca/* at pH 7.0
at 20°C for 24 n, yave results shown in Fig 1b very similar to the
conditioned samples. Tne myofivrils from the homogenate incubated in the
presence of CANP inhidbitor showed a strony troponin T band and a slight
production of [},"—‘ 32,000 polypeptide. The myofidbrils from the hom)genatu
incubated at 20°C at pH 5.7 had a 32,000 polypeptide, When the homogenates
were incubated at 30°C, the troponin T and | were digested even when CANP
inhiditor was present. In both cases the 32,000 polypeptide and 3 faint
sands in the reyion of the 30,000 components were present.

All these samples were also run on 5% acrylamide gels in order to examine the
,'vrotf'ﬂa_uf nolecul ar weight higher thang-actinin. In Fig. 2a when 3
nyofibrils were treated with U.002 units of cathepsin L the loss of myosin
was apparent with a multiplicity of bands appearing below the myosin band.
However, in none of the other samples shown in Figs 2a, 2b, was there any
evidence that myosin had been degraded. There were two proteins which were
digested by CANP but were unaffected by conditioning, one below myosin and
one with a molecular weight of 85,000, There was alsa a protein of a
olecular weight of 95,000 which was present in the lanes of the control
5:!‘1,“»«;, cathepsin L (0.U005 units), conditioned at 30°C and homogenates held
at 30°C but was absent from the others.

The effect of treatment on titin and nebulin

)f great interest were the protein bands of very high molecular weights.

The pri pal band is believed to be nebulin. Fig 2a shows that CANP
caused sone breakdown of this protein in myofibrils and cathepsin L (0.002
units) destroyed it completely This protein appeared to be partly degraded
11 hoawyenates treated with Ca“+ and also with CANP inhibitor and in
honoyenates incubated at 3-)0(: (Fig. 2b) but it is not clear in the gel in
Fij. 2a wnhether there was any change in the conditioned samples,

The 3 1/2% acrylanide tube gels in Fig. 3 show more clearly ti
titin, fne untreated cor

e changes in
"0l shows mainly the titin 1 band, When
1y0fibrils were treated with wil CANP there was a greater proportion of titin
2 dand, which is considered to be a product of proteolysis of titin 1 (3).
Cathepsin L (1,002 units) destroyed titin completely, The titin was much
less in the myofidrils from the two conditioned sanples and mainly in the
form of titin 2, However, in the myofibrils from homogenates stored at 20°C
the titin was presegt in all three as the titin 1 band and there was no
change even when Ca“+ was added,

Thera was a difference in the intensitiss of the possible nebulin bands in
Fig 3 compared to those in Figs 24 and 2b The reason for this is not known
but it may arise fron the different systeas of electrophoresis. For the
gels shown in Fiys 2a and 2b a discontinuous buffer system was used and it is
possible that a nuaber of proteins could be concentrated at this position
Jivinyg sharp dense bands., A continuous buffer system was used for the gels
shown in Fig. 3 which may have caused the proteins to spread out and hence

jive wore diffuse and weaker bands, Clearly more work is required to

resolve this problen,

Tne effect of treatment on desmin The chanyes in desmin were difficult to
residues, prepared from unconditioned meat, were incubated
1" CANP or cathepsin L (0.002 units) it was apparent that the
lesnin had been deyraded by CANP but not by cathepsin L as shown in Fig 4a.
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in the KI residues. Both these proteins were deyraded by mi CANP and uM

CANP, Presumably the structures of these have been altered by the treatment

with KI in such a way that they have becone accessable to the enzynes. The
results from the KI residues of conditioned beef were more equivocal (Fig.
4b). It would appear that Lgere was ]ess desnin in the samples which had
been conditioned at either 10°C or 30°C and also in the sample fron the
honogenate which had been incubated with Ca™+. The KI residue from the

Of interest also was the effect of CANP on the residual actin and -actinin

homogenate incubated with CANP inhibitor contained more desnin. 1t was not
possible to obtain XI residues from the homogenates incubated at 30°C because

the actomyosin had denatured and was insoluble in KI.
Discussion

THS results from tnsse experiments indicate that when beef was conditioned

30°C for 24 h or 10°C for 7 days, during which the meat would become tender,

there was a loss of troponin T, the production of two polypeptides with

molecular weights 30,000 and 32,000, a loss of some desnin and a breakdown of

titin and possin]g nebulin. There was no evidence of the breakdown of

myosin even at 30°C but it has been widely rgported that myosin is deyraded

during storage at temperatures of 30”c to 4n°C usually after a period longer

than 24 n (3,24,25,26).

The degradation of troponin T, and desmin and the production of the 30,00)
and 32,000 molecular weight components were reproduced by the agtion of mt
CANP and uM CANP on ayofidrils or in a homogenate containing Ca™+ but not
when a CANP inhiditor was added. Cathepsin L did not reproduce these
changes. Therefore, these changes are most likely to be caused by the
action of CANP during conditioning.

CANP had a slight effect on titin in myofidbrils, but in honogenates in the
presence of Ca“+ there was no evident change. Therefore it is far less

likely that the degradation of titin during conditioning was caused by CANP.

Titin was far more susceptible to the action of cathepsin L.

CANP and cathepsin L degraded nebulin, the latter enzyme heing far more

effective but the breakdown of nebulin during conditioning was not clear froa

the gels and more work needs to be done.

Therefore it can be concluded from these results that a role during
conditioning can be ascrided to both CANP and cathepsin L. Tne CANP is
responsible for the breakdown of desmin which would result in a loss of
adhesion between myofiorils and also for a weakening of the Z-line
(3,11,12,13) thus causing a loosening of the general structure within the

fibre, The cathepsin L on the other hand would degrade the larger molecules
titin and nebulin - and myosin at high temperature - which would considerably

weaken the integral structure of the fibre,
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SDS PAGE of myofibrils. (1a, 1b) in 11% acrylamide; (2a, 2pb) in 5'2]),“2'

acrylamide. Fig. 1a, 2a: Lanes (1) control, (2) with mM CANP, atheps,'.

uM CANP, (4) with 0.0005 units cathepsin L, (5) with

(6) from meat conditioned 7 days at 10°C, (7) from meat conditwﬂﬁ it
30°C. Fig 1b, 2b: myofibrils from meat homogenates incubated 4h

0.002 units S5 by

(8) at pH 5.7, (9) at pH 7.0 with 2.5 mM Ca2*, (10) at pH 7.0 Wi%5 5t
inhibitor: myofibrils from meat homogenates incubated 24 h at pH 2°
(11) no addition, (12) with CANP inhibitor.
Fig. 3
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Fig. 3

SDS PAGE of myofibrils in 3i% acrylamide. Lanes (1) control,
CANP, (3) with cathepsin L, (4) from meat conditioned 7 dayS,n ub?

1

(5) from meat conditioned 24 h at 30°C; from meat homogenates a) at P"
24 h at 20°C, (6) at pH 5.7, (7) at pH 7.0 with 2.5 mM Ca, (

with CANP inhibitor.
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SDS PAGE of KI residues in 7% acrylamide. Fig. 4a:
with, lane (1) control, (2) mM CANP, (3) uM CANP,
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v
L. Fig. 4b: KI residues from (5) meat conditioned for 7 days aed f”%ﬁ

(6) meat conditioned for 24 h at 30°C: from homogenates inc
at 20°C, (7) at pH 5.7, (8) at pH 7.0 with 2.5 mM Ca®*, ol
with CANP inhibitor: (10) purified desmin, (11) control KI re
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