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Studies on the Mechanism of Meat Tenderness
During Postmortem Ageing
Changes in Myofibrillar ATPase Activities

Akihito HATTORI, Minoru YAMANOUE and Fumio NAKAMURA
(Department of Animal Science, Faculty of Agriculture,
Hokkaido University, Sapporo, 060, Japan)

ATEOERECIBGET 77y LAy YROHE
L& @& PEROASLE LTS %, isHE ATPase fiil%
BRI 5 fe A DIRAL D BR D —DTdp % JEHL B e LUl s 57 2 F v - L v vIBOEL
R L2 v 3 4 T AN EAETET B &\ 5 Bl gu fEAESET B¢ bak 4y e Lic,
1967 421 TAKAHASHI HIZ X » TH R X b 23,
SR 1L EBEMHRURRAE
DHINGT 4 5 AV P EKNT 454y FOWHIT LT 1) #RIHEICHREFIILORR

AT ERWLMIC LY, ATP offdkUicIFER FKRDNGFR N & KT % U658 U tc, WisHE s B
fl’J/f\ [T B % f J@Ankdﬂk’;{_‘ ZhYa A TOEX 1 OK MRS HATTORI & TAKAHASHI DJjiED
DEICE S IFEAILE, WEEERC ST 5T 7 7 o T, WIFEEHRE R EIEEN 2> b 1L ETLINGER
v & LA vy OBCEY ﬁxlifo T s 2 EEBRL TV LD T, ieHsEs 51 PERRY & GREY ©Jf
%, TAKAHASHI Lt fIHOHE A iS50 B9 WG o T L 72,

W fe 2 mn, L MEEYEET D0/, H5H (2) ZunRoBEOREE

DR NRPERRET D ERRNEL, 208y 14 v it PERRY OF#1®, 7 2 F vit REES &
AR DB - L, 5 toRi4v vk YOUNG DD %5 L (¥ SPUDICH & WATT 052
WMABLIY, 27 b uH 4y ik EROMFREIT K - T L f, BT 7 F 34 v v 05M KCL

WTERWT 4 5 A Y 1~0>|iﬂj““ﬂév FEL TV 505, ML Ay v EOIMKCLFD F-7 75 v %
DB Cat JEEA 104 M 75 &% 03M KCl & LTHIZAREL, 300 xka L
DS HWEHLCHGT7 1+ 5 2 v DT 2 F v LS CHEEH AT 015 M KCl £ 7% L5 EFHHRL, &
T3 L5 b, TR, FHHEERICER ST BT 7 b Ay B A, R —ERD A
7FvE LAY YRIOKEEBEHIC TSN, EbiC, 20 v v (055 mg/ml) R LT, BaADT 7 F v B
225 b e A Y VI X BIWHEREA ONEES LA RIA O (0-06 mg/ml) DEWT 7 b LA v EHMRLL,
AR By v 2 2 7 REOETEAIE KT I &) (3) HEHKEOVLIXTEORE
A e v % 7 B A L mg/ml i I U o iR
AW TUL, RA ORISR Z B iSO ¥ v = REAEPE SRS (A4 Y v e RYE TS24 BHSU-

BT RS
368



M-z b s B S TIRRE ATPase HEo Rl 369

23 0) TCHEBEBHNME L rox—s - %
U, 100 LA oW ORI EZRE L Cyvax 7
BcL, SEEfEryra 2 7RE LT,

4) K*'-ATPase EOMTE

ETLINGER HDFHES H 5 X HATTORI & TaA-
KAHASHI DD L b 8 U WiBEEE (2 S5 ik
5mg/ml) HHEFADT 7 F VIEOEKT 7 b3
# ¥ v% COOKE & FRANKS O JiE & 13 (0.15 M
KCl, 4 mM EDTA, 20 mM Tris-maleate buffer pH
75 % 5L 7.0) TC4mM &5 ATP 28U,

25°C CHIE Ltc, k% itk FISKE-SUBBAROW

M) TIERE LT
(5) Mg2t-ATPase FHDORE

Wil (1.0 55\ 2 05 mg/ml) H 5\ AT 7

b3y v DM (015 M KCl, 4 mM MgCl,, 0.01
mM CaCly, 20 mM Tris-maleate buffer, pH 7.5) &
4mM HBUMNE03mM D ATP ML CRIEEL 72,
(6) EEHHEEBOAE

EEEERE folin #219) 5 X O° biuret 310 JIE
Lz,

1IL. #& 2

10°C @IEHE U Ao U8 7 B — T IR i SRR
ZIML, KT-ATPase &% ME L, Fig 1icmt

S 0.04 <)
E
£
E
[y
g o
Z 003}
2
=
- [¢)
1 ®
o \ .
[7]
[\] o °
Q. /
g 002} . .
19
[o] 2 4 6 8

Postmortem time (day)

Postmortem changes in the K¥-ATPase
activities of myofibrils. Rabbit skeletal
muscles excised immediately at death (@)
or attached to skeleton (O) were stored
at 10°C. At appropriate time intervals,

Fig. 1.

X3, FEEHOEEEL 0.025 (2 mol Pi/min/mg) ©
Hotohs, WEMONE 2 BBk, ERCidic: ¥
W3 U 7o 1A 5 © B8 U o 3 RIS Jo\ » Ui il 28
0.022 N &, FRA S L TIFIE L 7R s B3R5 L 7o 5
FRAEC 3Tk 0019 & TN FNAETF L, FERIFE
WMEBED L ThoBsed fiaxic K+-ATPase 1
P B Utc BOSE T LA-dEH 8 B Hizit, i
e & N LA A B O RS HEC 3\~ T ik 0.040
EFEMOFERMEON 18 5 X THML, BHrbitL
TR L 7oA 20 B O AR 35\ Tk 0.024 L BFH
WHOVEHEEOM 1.2 5 TWINL, DD EEHILE

N

/
30} l I —
I /
- /
€ | T/
£ T 7
o 25F /
0 }/ y
[ /l
B
8 20f /|
» Y
=97
1
a
150 — . . -
80 100 120 140

Length of fiber bundies (%)

Relationship between sarcomere length
and fixed length of fiber bundles. Fiber
bundles were fixed at various lengths and
immersed in a Krebs-Ringer’s solution
(120 mM KCl, 1.2 mM MgCly, 1.3 mM CaCl,,
and 26 mM Na-phosphate buffer, pH 7.4)
for 24 h at 5°C. Fiber bundles were ho-
mogenized, and sarcomere lengths were
measured under a phase contrast micro-
scope. DBroken line, calculated values of
sarcomere lengths expected from fixed
lengths of fiber bundles.

Fig. 2.

myofibrils were prepared from stored mus-
cles by method of ETRINGER et al., and
K*-ATPase activities were measured un-
der the following conditions ; 5 mg/ml of
myofibrils, 0.15M KCI, 4mM EDTA, 4
mM ATP and 20 mM Tris-maleate buffer,
pH 7.5, at 25°C.
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Fig. 3. Relationship between sarcomere length
myofibrillar K*~ATPase activities. Fiber
bundles were fixed at various lengths and
immersed in a Krebs-Ringer’s solution
for 24 h at 5°C. Myofibrils were prepared
by method of ETLINGER et al. Sarcomere
lengths and K*-ATPase activities were
measured under the following conditions ;
2mg/ml of myofibrils, 0.15M KCl, 4 mM
EDTA, 4mM ATP, and 20mM Tris-
maleate buffer, pH 7.5, at 25°C.
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Fig. 4. Effect of actin on the K*-ATPase acti-
vities of myosin. After the addition of
various amounts of actin to 0.55 mg/ml
of myosin, K¥-ATPase activities were
measured under the following conditions;
0.65 mg/ml of myosin, various amounts of
actin, 0.15M KCIl, 4mM EDTA, 4mM
ATP, and 20 mM Tris-maleate buffer, pH
7.5.
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Fig. 5. Postmortem changes in Mg?+t-ATPase ac-
tivities of myofibrils. Rabbit skeletal
muscles excised immediately after death
(@) or attached to skeleton (O)were stored
at 5°C. At appropriate time intervals,
myofibrils were prepared from stored
muscles, and Mg2+-ATPase activities were
measured under the following conditions;
1 mg/ml of myofibrils, 0.15 M KCIl, 4 mM
MgCl,, 0.01 mM CaCl,, 4mM ATP, and
20 mM Tris-maleate buffer, pH 7.0, at25°C.
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Fig. 6. Effect of actin on the Mg?+-ATPase ac-
tivities of myosin. After the addition of
various amounts of actin to 0.55 mg/ml
of myosin, Mg?+-ATPase activities were
measured under the following conditions ;
0.55 mg/ml of myosin, various amounts of
actin, 0.15M KCI, 4 mM MgCl,, 0.0l mM
CaCl,, 0.3mM ATP, and 20 mM Tris-
maleate buffer, pH 7.5, at 25°C.
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Summary

An important aspect of the meat tenderness dur-
ing postmortem ageing concerns the intrinsic pro-
perty of a myofibrillar protein, paratropomyosin.
By measuring the ATPase activities of myofibrils,
the effect of paratropomyosin on the actin-myosin

interaction during the ageing of meat was examined
in this study.

The K*-ATPase activity of myofibrils from
stored muscles decreased at the time of rigor
mortis and was recovered during postrigor ageing.
In cotrast, the Mg2+-ATPase activity of myofibrils
increased at the time of rigor mortis, and then
decreased during postrigor ageing. Addition of the
actin to the purified myosin inhibited the K¥-
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ATPase activity of myosin, concurently, Mg+~
ATPase activity of myosin increased. The change
of the sarcomere length during ageing of meat
looked like to change the degree of the binding
between actin and myosin in myofibrils. The
myofibrils having different sarcomere lengths were
prepared. Although the KY-ATPase activity of
myofibrils, whose sarcomere lengths were more
than 2.4 #m, increased according to lengthening of

sarcomere length, the K¥-ATPase activity of
myofibrils, whose sarcomere lengths were less than
2.3 #m, remained unchanged.

These results indicate that paratropomyosin
which is translocated from its original position
onto actin filaments during ageing of meat weakens
the rigor linkages formed between actin and
myosin.



