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Summary: The present experiment wa conducted to detennine which calpain isofonns contribute to the postmor­
tem degradation of the co tamere protein talin 2. The chicken pectoralis major (PM) and biceps femoris (BF) mus­

cles gizzard (G) and heart (H) were stored for 4 days at 4° . Talin 2 in PM and BF were degraded during early
postmortem time, but that in G and H were not degraded. While, desmin in PM was degraded faster than the others.
The ratio of calpain I mRNA level to calpastatin wa seemed to correspond to the postmortem degradation of

de min. The ratio of cal pain 2 to calpa tatin and the ratio of calpain 3 to ribo omal protein large P I were eemed
to correspond to the postmOliem degradation of talin 2. Desmin in the isolated myofibrils of the skeletal muscles
was degraded with 5 mM a l

' and not degraded with leupeptin, the ubiquitous calpain inhibitor. However, talin 2
was degraded with 5 mM Ca 21 and leupeptin. Desmin and talin 2 in the heart were not influenced by 5 mM a 2".

Furthennore talin 2 wa degraded with 1 liM a 2' at 4°C, but de min wa not. Therefore, we propo e that talin 2
degraded by calpain 3 during po tmOliem t rage.

Key words: Calpain, Meat quality Po tmOliem proteoly i Talin.

Introduction
In skeletal muscle fibers ralin is localized in

co tameres and myotendinous junction (MTJ)
(Tidball et al. 1986). Talin is a large protein (235­
270 kDa) witb binding sites for integral membrane
protein (integrin .Bl A,.8iD .82 and .83) cyto keletal
proteins (F-actin vinculin and a-actinin) and focal
adhesion kinase (FAK). it contains hydrophobic do­
maln that ancbor the protein to tbe cell membrane.
The polypeptide chain consists of two domain: a
globular -tennlnal bead domaln (45-50 kDa) and a

-terminal rod domain (190-220 kDa) . The e two do­

mains are generated by cleavage with calpain. The
bead domain has a globular confOlmation and is
responsible for interactions with membrane
phospholipids F-actin, FAK and iutegrin . Tbe rod
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domain assume an extended conformation and cou­
ples -actin to vinculin (Brzoska et al. 2004;
Muguruma et al. 1990; Mugllruma et 01. 1992;
Mugllruma et al. 1995).

Postmortem changes in muscle proteins contribute
to fre h meat quality. Meat tenderne i detennined
by tbe amount and solubility of connective tissue
arcomere shortening during rigor development, and

po l:mortem proteolysi of myofiblillar and
myofibrillar-as ociated proteins. Given the effect of
postmortem proteolysis on tbe muscle ultrastructure
titin and de min are likely key ub trate that deter­
mine meat tenderne 5 (Koohrnaraie & Gee lnk 2006) .
Degradation of costameres includjng desmin, talin and
vinculin may also significantly weaken muscle stmc­
hire (Taylor el al. 1995). A Clll1"ent hypothesis pro-
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po e that proteoly i of key mu cle protein includ­

ing the intermediate filament protein de min and the

co tameric protein vinculin and talin, minimize the

loss of water-holding capacity (Bee et al. 2007)
caused by lateral shrinkage of myofibril in po tmor­

tem mu cle (Oi bourg el al. 1988). The proteoly is
of muscle proteins contributing to these characteristics

of fi'esb meat is usually attributed to the calcium­

dependent protease calpain I (11 -cal pain)
(Koohmaraie 1992). Activation of calpain 1 might

therefore be expected to predict the water-holding

capacity and tenderness of fresh meat.
Veltebrates have two separate talin gene TLNl

and TLN2 which are found in all available vertebrate

genome. everal tudies have ugge ted that talin I

and talin 2 play non-redundant roles in vertebrates
(Senetar et al. 2007).

alpain I CIl-calpain) is known to degrade inter­

mediate filament proteins and costameric proteins (in­

cluding desmin, vinculin and talin) in po tmortem
muscle (Barbut et al. 2008). Chicken gizzard talin is

cleaved into an N-tenninal 47 kDa head domain and a

C-tenninal 190 kDa tail domain with calpain 2 (m­

calpain) ( uckolls et al. 1990). Furth m10re, mou e
keletal mu c1e talin i a potential ub trate fi I' calpain

3 (p94) (Taveau et al. 2003). However, thi tudy did

not di tingui h between talin I and talin 2. Recently it

was reported that talin 2 but not talin I wa localized

in co tamere in mou e keletal and cardiac mu c1e

and that, unlike talin 1 talin 2 may not be cleaved by
calpain 2 (Senetar et al. 2007). We previously found

that talin 2 was expressed in chicken keletal muscle

and proposed that the degradation of talin 2 may influ­
enc the quality of chick n meat (Tomi aka et al.
20 II). In this study, we aim to demonstrate which

enzymes degrade talin 2 ill chicken skeletal muscle

during postmortem torage.

Materials and Methods
Meat samples

Iticken peclorali . major and biceps femori . mu ­

des, gizzard and healt were purchased from a meat
hop. All meat wa tored around 4° for approxi­

mately I day (Id) after laughter. Each ample wa
then stored at 4° for an additional I (2d), 2 (3d),
3 days (4d).

Sample preparation
Samples (0.5 g) at each storage time point were

added to 5 mL of rigor buffer (RB . 75 mmollL K I,

10 mmoL/L KH l PO" 2 mmolfL MgCh, 2 mmollL
EGTA pH 7.0) and homogenized using a Polytron

(Kinematica Littau witzerland) on the lowe t et­

ting, u ing 3-4- bur t . The homogenate wa centri­

fuged at 10,000 X g for 10 mill at 4°C, and tlle

supernatant was discarded. Then 5 mL of fi'esh RB

wa added to the pellet and the homogenization wa

repeated. This process wa repeated three time to ob­
tain the fmal precipitate which was added to 10 mL of

RB. The protein concentration was measured using the

biuret method and adjusted to 6 mg/mL. Samples were
mixed I : 1 (final concentration of protein 3 mg/mU
with standard sample buffer (8 moUL urea 2 moUL

tlliourea, 3 % (w/v) sodium dodecyl sulfate (SDS) ,
75 mmolfL Ol-dithiothreitol, 25 mmollL Tri -HCI, pH

6.8) beated at 95° for 5 min in a dry bath heater

cooled, and applied to an electrophoresis gel.

Sodium dodecyl sulfate polyacrylamide gel electro­
phoresis (SDS-PAGE) and western blotting

Polyacrylamide separating gels of 7.5 and 10 %
were used for the detem1ination of talin and desmin,
respectively. Plate gels (120 mm wide X 102 mm

long X I mm tbick) were run on an E-6400 electro­

phor i unit ( tto, Tokyo, Japan) at a con tant

current of 20 mAo Gels were tran fened to
polyvinylidene difluoride membrane u ing a emidry

tran fer unit model BE-300 (Bio raft, Tokyo, Japan)

at a con tant current of 144 mA for 40 min. EzBlot

(Atto) reagents were u ed for the transfer buffer.

After tran fer, the membrane were blocked overnight
at room temperature in zBlock (Atto) in TTB
(20 mmolfL Tris, 500 mmolfL aCI, 0.05 % (v/v)
Tween20) and incubated for 1 h at room temperature

with the primary antibody. The primary antibodies
u d in th we tem blotting procedur weI' anti­

desmin (clone D - -10 catalog number 08281

Sigma-Aldrich aint Louis MO USA) and anti-talin

2 (catalog number A 4738 R&D Sy tem Minnea­

polis M ) diluted I : 1000 in TIBS. The membrane
were then rinsed thoroughly with TTBS and incubated

in a I : 5000 dilution of tbe econdaly antibody in

TIBS for I h at room temperature. The secondary an­

tibodies for anti-desmin and anti-talin 2 were alkaline
pho phata e (AP) -conjugated anti mou e (gG (cata­

log number AP1293 Sigma-Aldrich) and AP­

conjugated anti goat IgG (catalog number AP 106A
hemicon International emecula A), respectively.

After thorough rinsing in TB , the protein bands were

vi ualized u ing the AP Conjugate Sub trate Kit (Bio­
Rad Laboratories Hercules A USA).

Real-time polymerase chain reaction (peR)
RNA wa extracted from Id samples using
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NM_205303 ealpain I (JL-ealpain)

NM_205080 ealpain 2 (m-calpain)

NM_OOIOO4405 ealpain 3 (P94)
Reverse

NM_OO1137650 ealpastatin

NM_205322
Ribosomal protein large PI
(RP PI)

33

R easy Fibrou Ti ue Mini kit (Qiagen UK) ac­
cording to the manufacturer's instmctions. The RNA
yield was quantified by a Qubit™ fluorometer using
the Quant-iT RNA assay kit (Invitrogen arlsbad
CA, USA). A total of I f./.g of RNA from each sample
was reverse transcribed in a 20 pL reaction u ing the
PrimeScript~ RT reagent Kit (Perfect Real Time)
(Takara Bio Co., higa, Japan), according to the man­
ufacturer' in truction . The primer and ribo omal
protein large PI (RPLP I) primer u d a a refi rence
gene for real-time P R analy i were purcha ed from
Takara Bio. The e primer are hown in Table I. Real­
time P R wa performed u ing YBR~ Premix Ex
TaqTM (Perfect Real Time) (Takara Bio) on a malt

ycler' IT Sy tem ( epheid, Sunnyvale, CA). Reac­

tions contained 2 f./.L of cD A and 0.2 pmol/L for­
ward and reverse primer sets in a total olume of 25
f./.L. Reactions were carried out as follows: 95° for
30 seconds followed by 45 cycles of 95°C for 5 sec­
ond and 60°C for 20 econd. Each run wa com­
pleted witb a melting curve analysis to confirm the
specificity of amplification and the absence of primer
climer. The amplification of genomic D A wa pre­
vented by 0 ase treatment of extracted RNA. The ra­
tios of calpain J 2 3 and calpastatin InRNAs were
nomlalized against ribosomal protein large P J
(RPLP 1). The ratio of calpains I and 2 mRNA were
also normalized against calpastatin.

Myofibril isolation
Myofibrils were isolated from chicken pec/oralis

major biceps femoris muscles and heart by a modifi­
cation of the procedure of Goll e/ 01. (1974) and
Kendall e/ af. (J 993). The peclOralis major, biceps
femoris muscles and heart were obtained from a

broiler chicken within 30 min aft r e anguination at
a laughter hou e. Eight gram ofeach mu cle wa ho­
mogenized in 80 mL of standard salt solution (SS .

20 mM pota ium 1'ho phate 2 mM MgCh 2 mM
ethylene glycol tetraacetic acid (EGTA), 1 mM a 30

100 mM K I, 2 mM phenylmethylsulfonyl fluoride
(PMSF) pH 6.8) and centrifuged for J0 min at I 000
X g at 4°C. The pellet was wa hed with 48 mL of
SSS and centrifuged as before. The pellet was ho­
mogenized in 64 mL of SSS and strained through a
trainer before centlifugation. Thi tep wa per-

formed twic to facilitate removal of connective ti -
ue. Th pellet wa wa hed lICC sively with 64 mL

of plu I % Triton X-I 00 (twice) 64 mL of 100
mM K I ( ix time) and 64 mL of 100 mM a I
(three time). I olated myofibril were tored in a 0­

lution of 100 mM a I and I mM a 3 at 4° until
they were u ed (:::;;24 h). The myofibrils were wa hed
three time with 100 mM Tri (pH 7.0) and I mM

a 3 to remove Na I. The biuret protein assay
wa performed on the preparation to determine
myofibrillar protein concentration (Gornall e/ af.

1949) .

Assays of myofibril-bound calpain
The effects of incubating i olated myofibrils in the

presence or absence of Ca 2+ on the integrity of
myofibrillar proteins were assayed to determine if
talin 2 and desmin are cleaved by myofibril-bound
calpain during this incubation according to Boehm e/

01. (1998). The isolated myofibri L were incubated
with or without 5 mM EDTA 5 mM a 2

' 20,lLM
leupeptin and 5 mM Ca 2

+ + 20 f./.M leupeptin. The in­
cubation buffer consisted of 2.4 mg myofibrillar
protein/mL 100 m K I 20 mM Tris-HCI (pH? .5)
0.1 % 2-mercaptoethanol and ImM Na 3. Sample
were incubated for 24 h at 25°C. The i olated myofi­
brils were al 0 incubated with 1 pM, 50,lLM or 5 mM

a 2
' for I 3 and 7 d at 4°C in the ame incubation

buffer. The reaction were topped by adding an equal
volume of the SD -PAGE ample buffer and heating
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in a heating block for 5 min at 95°C. The ample
weI' ubjected to SO -PAGE and we tern blotting a
de cribed above. Before westem blotting, 7.5 and 10
% polyacrylamide separating gels were used for the
determination of talin and de min, re pectively.

After the incubation for 24 h at 25°C, the
pectoralis major and biceps femoris samples were
subjected to SDS-PAGE using 10% polyacrylamide
separating gel and the gel was stained with ilver

tain Kit (Bio-Rad).

Statistical analysis
Real-time PCR results are expre ed as the per­

centage of the mean for the highe3t expressing muscle.
Value are reported a the mean ± EM for five
samples of each muscle. Data were analyzed by one­
way A OVA followed by post-hoc analysis using the
Tukey test.

Results and Discussion
Postmortem proteolysis of talin 2

Figure I how the we tern blotting result of talin
labeled by the anti-talin 2 antibody and de min in the
pectoralis major and biceps femoris muscle , gizzard
and heart stored at 4 ° for I to 4 days postmortem. In
our previous study it was suggested that talin labeled
by the anti-tal in 2 antibody represents the chicken talin
2 isoform (Tomisaka el al. 201 J) . Talin 2 bands in the
pectoralis major an biceps femoris muscles were re­
duced even at I and 2 days postmortem, and band 'a'
around 200 kDa was strongly labeled ill both muscles
(Figure 1(A) and (C»). However the talin 2 bands
in the gizzard and heart were not reduced and band
'a wa weaker than in keletal I11U de during 4 day
storage (Figures I (E) and (G)). As described above
talin consists of a head (45-50 kDa) and a rod domain
(190-200 kDa), which are generated by cleavage with

(A)
2 3 4 (day)

(B)
2 3 4 (day)

Talin2~
Desmin-+

(G)
2 3 4 (day)

(H)
2 4 (day)

Desmin-+ -_-..._

Fig. 1. Westem blotting of talin and desmin in the pectoralis major and biceps femoris
muscle, gizzard and heart tored at 4 0 for 1-4 day. (A), (8) : pectoralis major.
( ), (D) : biceps femoris. (E), (F) : gizzard. (0) (H : heart. (A), ( ) ( ), (0) :
talin labeled byanti-Talin2. (8), (D) (F), (H) : de min.
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Fig. 2. Ratio of alpain I, 2, 3 and calpa tatin to ribo omal
pr t in large PI (RPLP I) mR A in the pectora/is
major, bicep jemori, gizzard and heart. (A):
calpain 1. (B): calpain 2. (C): calpain 3. (D):
calpaslatin. PM: pectora/is major. BF: biceps
jemoris. G: gizzard. H: heart. All results are ex­
pressed as the mean ± SEM. Different letters are
uscd to identify significant diffcrcnccs bctwecn
mean. tati tical ignificance wa established a P <
0.05.

during postmortem storage was the lowest and that in
heart which had no degradation was the highest (Fig­
ure 2 (D)). Whipple et 01. (1990) reported that post­
rigor calpa tatin activity ha explain d a high
propol1ion of the variation of meat tendemess. Melody
et 01. (2004) documented differences in calpastatin
acti ity between I11U cles mea ured 6 and 24 h po t­
mortem in semimembranoslIs (highest) longissimus
dorsi (intennediate), and psoas major (lowest).
The e differences cOlTe ponded to significant differ­
ence in desmin degradation between the p oas major
and semimembranosus. These findings may provide
evidence that variation in calpa tatin activity may pro­
vide a partial explanation for variation in observed
proteoly is. Similaly a higher calpastatin activity in
slow oxidative muscles (type T) relative to fast
glycolytic mu cles (type rr) has been reported in
lamb (Singh el 01. 1997). It i further upported by
observations that fast glycolytic muscles in cattle have

a lower calpa tatin activity and are rated more tender
than low I11U cle , both by en ory and hear force
analysis (0 Halloran et 01. 1997). One interpretation

be
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Expre ions of calpains and calpa tatin mR
ext we measured expres ion of calpain

calpain 2, their inhibitor calpastatin, and calpain 3

mR A levels in pectoralis majol' and bicep femoris
muscles, gizzard and heart. The ratios of them were
nonnaliz d again t hous -k ping g n RPLP I. The
expressions of calpains I and 2 mRNA level in
pectoralis major muscle were the lowest in the sam­
ples ( igure 2 (A) and (B) respectively). he e re­

sults could not explain the postmortem degradation of
both talin 2 and desmin, because the rate of degrada­
tion of talin 2 in the pe torah major wa faster than
the gizzard and beart, and that of de min wa the fa t­
est in the samples (Figure I). While, the expressions
of calpain 3 in the pectoralis major and biceps femoris
LUU cle were ub tantialLy higher tban in the gizzard
and beal1 (Figure 2 (C) ). This i not urprising as
cal pain 3 is a muscle-specific protea e (Sorimachi et
01. 1989). This re ult could explain the postmortem
degradation of talin 2 becau e the degradation of talin
2 in pectoralis major and biceps femoris mu cles were

faster tban the gizzard and heart.
The expre ion of calpa tatin mRNA in pectoralis

major wbich had a greater degradation of desmin

calpain. Therefore, band a' i likely to be the degra­
dation product of the talin 2 r d domain. While a
number of talin 2 variant may be exi t in keletal
muscle, because it was reported !Jlat not the only pro­
moter might be u ed in keletal mu cle (Debrand et
01. 2009). Therefore, the band 'a' may be a talin 2
variant. However we suggest that talin 2 was de­
graded during early postmol1em storage in the skeletal
muscles, although talin 2 degradation in the gizzard
and heart was considerably slower than in the skeletal
muscles. Desmin in the pectoralis major muscle was
reduced early and band b were strongly labeled.
However band 'b' were less inten e in the biceps
femoris muscle and gizzard, and were not present in
the heart during po tmortem torage. De min (mo­
lecular mass 52 kDa) is degraded by calpain I, and
provides 35 and 38 kDa degradation products (Huff­
Lonergan et 01. 1996). These results suggest that
desmin was degraded earlier during the postmortem
stage in the pectoralis major muscle tllan in the biceps
femoris muscle and gizzard, and desmin degradation
in the heart did not occur during 4 day torage. Con-
equently, the degradation of talin 2 and de min ug-

gest tha the activiti of the protea for talin 2 in
keletal mu cle differ from tho e in th gizzard and

heart, and that the protea e for talin 2 differ from that
for de min during po tmOl1em torage.
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could be that where there are more low glycolytic fi­
ber , tenderization i likely to b - impaired due to in­
crea ed calpastatin inhibition of calpain-mediated
proteolysis (Sazilli et 01. 2005).

The ratio of calpain to calpa tatin in cell is
physiologically important becau e this ratio greatly in­
fluences the ability of a 2' to activate calpain. That is,
an increased calpain-to-calpastatin ratio would favor
calpain activation, whereas a decreased calpain-to­
calpastatin ratio would favor calpain inhibition
(French et al. 2006). Therefore we calculated the ra­
tios of cal pains I and 2 mRNA level to calpastatin as
a normalizer. The ratio of calpain I to calpa tatin wa
tbe highest in pectoralis major (Figure 3 (A), al­
though the ratio of calpain I to RPLP I wa lowe t in
pectoralis major (Figure 2 (A». The chicken thigh
muscle contains both slow (type I) and fast (types lla
and lIb) contracting fibers (Suzuki el 01. 1985) while
the pectora/is major muscle contain only fast con­
tracting (type Ifb) myofibers (Remignon et al. 1996).
Muroya et 01. (20 I0) reported that desmin and
troponin T are degraded fa ter in type lIb mu cle fi­
bers than in type I fibe during po tmort m aging of
porcine mu cle. Th refor , it i hypothe iz d that ac­
tivity of protea e in the chicken pec/orali major mu '-

Ie i higher than in the biceps jemari mu cleo Thi
hypothe i i upported by the ratio of calpain I to
calpa tatin in thi tudy. In other word our current
re ult ugge t that the ratio of calpain 1 to calpa tatin
mR A expression but not the ab olute expre ion of
calpain I, reflects the degree of protease activity and
postmOltem proteolysis of desmin in the muscle. The
ratio of calpain 2 to calpastatin Il1RNA expression in
th pectoralis major and biceps femoris mu cl w r
higher than in the gizzard and heart (Figure 3 (B) ).

(A) (B)

120 120

C ~
.: 100 .: 100

~ 80 ~ 80" " bCo. Co.

~
60

b ]
60l! S

'" ..
c 40 b c 40.;; .;; --
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~ 20 ~ 20... ... ..Q ".S: 0 .S: 0

..
;; ;;
IX PM 1)1' G II IX PM BF G H

Fig. 3. Ralio of calpain I and 2 10 calpa talin mR A in the
pectoralis major, biceps jemori , gizzard and heart.
(A) : calpain 1. (8) : calpain 2. PM: pectoralis ma­
jor. SF: biceps jemoris. G : gizzard. H: heart. All
re lilt are expressed as the mean ± EM. Different
letter are lIsed to identify significant differences be­
tween means. Statistical significance was establi hed
as P < 0.05.

Thi finding may explain the po tmortem degradation
of talin 2 which had the fa ter degradation in
pectoralis major and biceps femoris mu cle than tlle
gizzard and beart.

Taking together, the re ult on the expression of
ubiquitous and mu c1e-specific calpain i OfOnllS

rnRNA levels and the ratios of ubiquitous calpains to
calpastatin with the degree of proteolysis in desmin
and talin 2 during postmortem storage, it appears that
desmin is degraded by calpain I and talin 2 is de­
graded by calpain 2 or calpain 3.

Myofibril-bound calpain activity
We isolated myofibrils from the pec/oralis major

and biceps femoris mu cles ( keletal mtl cle) and
heart (cardiac muscle). Talin 2 levels are similar in
the pec/oralis major and biceps femoris as in the heart,
as shown by similar expression of talin 2 mRNA lev­
els and band pattern in western blotting between the
skeletal muscle and heart (Tomisaka et al. 201 I) .
The isolated myofibrils were incubated with EDTA
Ca 2+ or leupeptin to a ay calpain activity in the kele­
tal (myofibril-bound) and cardiac mu cleo Figure 4

how w t rn blotti g of de min and talin 2 in the in­
cubated ample. Desmin wa degraded in the myofi­
bril incubated with Ca 2+, and wa not changed after
incubation with EDTA and leupeptin (Figure 4 (A)
and ( ». Like desmin, talin 2 wa degraded in the
myofibril incubated with Ca 2+ and wa not changed
after incubation with EDTA. However, talin 2 wa not
degraded after incubation with leupeptin (+Leu, Fig­
ures 4 (B) and (D», but was degraded with leupeptin
and Ca 2+ (+Ca+Leu, Figures 4 (B) and (D». Desmin
and talin 2 in the h art were not degrad d under
any incubation conditions ( igures 4 (E) and (F».
Calpains I and 2 are Ca 2+-dependent proteases and
are inhibited by leupeptin (Sorimachi et 0/. 1997).

alpain 3 is also Ca 2+-dependent, but is not inbibited
by leupeptin (Murphy 20 I0) . Furthenllore, our results
suggested that de min and talin 2 in the heart were not
degraded due to the significantly lower ratios of
calpains 1 and 2 to calpastatin (Figures 3 (A) and
(B)) and the ignificantly lower expre ion level of
calpain 3 mRNA (Figure 2 (C» nor due to the disap­
pearance of calpain during the isolation process. It
wa also ugge ted that Ca 2+ does not influence the
degradation of de min and talin 2 directly although
Tat umi and Takahashi (2003) reported that calcium
ions at 0.1 mM reacted with titin and nebulin fi laments
and induced their everance. Therefore, in thi study
we propo e that de min wa degraded by ubiquitou
calpains and talin 2 was degraded by calpain 3.
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(A) (B)

Ocsmin~-_ Tlllin2~-

(C) (D)

Dcsmin~-- --
'V~~ :v"'';:'

" x«;; xG'/> xv"'';:' xG'/>x

Tlllin2~ -

(E) (F)

Dcsmin~----- Tlllin2~

Fig. 4. W tern bl tting f i olated my fibril obtained fr m th pectoralis major «A),
(8» and biceps femoris « ), (D» mu cle , and heart «E), (F» with Ca" or
leupeptin. The isolated myofibrils were incubated with 5mM EDTA (+EDTA),
5 mM a" (+ a, 20 liM I upeptin (+Leu), 5 mM a" + 20 liM Icupeptin
(+Ca+Le ) or without them (-). The blot was labeled with anti-desmin «A), ( ),
(E» or anti-talin2 «8), (D), (F» antibody.
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(G)

50 11M
3 7 (day)

(H)

5mM
3 7 (day)
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Fig. 5. Talin 2 and dcsmill in thc isolatcd myofibril incubatcd with 0, I 11M 50 11M and 50 mM Ca" for
I, 3 and 7 d at 4°C. Arrows in (A), (8) (C), (D) : latin 2. Arrows in (E), (F), (G), (H) : desmin. (A),
(E) : without a", (8), (F) : with I 11M Ca'+, ( ), (G) : with 50 11M a'+. D), (H) : with 5 mM Ca",

The degradation of de min and talin 2 with the lower
concentration of Ca 2+ at lower temperature were re­
searched, The degradation of desmin was observed

with 5 mM a '+ e en at 4°C (Figure 5 (H» and that
wa mall with 50 pM (Figure 5 (G». Th degrada­
tion of talin 2 was also observed at 4° as desmin,
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PM BF

ig. 6. SO -PAGE r i olated myofibril obtained from the pectoralis major (PM) and
bicepsjemori (BF) mu de with a2

+ or leupeptin. Th i lated myofibril were
incubat d with 5mM EOTA (+EOTA), 5 mM a2+ (+ a) 20,uM leupeptin
(+Leu) S mM CaH + 20 ttM leupeptin (+Ca+Leu) or without them (-). M : mo­
lecular weight marker. Arrow head show band appeared or diappeared.

Remarkably talin 2 degraded even with I ,u M Ca 2+

(Figure 5 (B)). Calpain I require between 5 and 65
,uM Ca 2' for half-maximal activity (Goll et 01. 1992)

while 200 nM Ca 2' re ulted in approximately 20%
autolysi of calpain 3 (Murphy 2010). Therefore,

again our observation in this study may sugge t that
talin 2 is degraded by calpain 3 during postmortem
torag .

Figure 6 shows an SDS-PAG gel of myofibrils
incubated in the presence or absence of Ca 2'. It shows
that there are e eral band that appeared or di ap­
peared in the myofibrils of the pectoralis major and
biceps femoriS muscles after incubation with a 2+

(Figure 6, lane +Ca). The e change were not appar­
ent in the myofibrils incubated with both a 2> and
leupeptin (Figure 6, lane + a+Leu). In sheep, varia­
tion in calpain 3 mR A and protein level have been
reported to strongly con·elate with variation in tender­
ne s (llian et 01. 2001) and to be involved in
myofibrillar protein degradation in the ovine
longissimus dorsi (LD) mu c1e (Ilian et al 2004).
Although Gee ink et 01. (2005) reported that po tmor­
tern proteolysis occurred in a similar fashion in calpain

3 knockout mice and in control ild type mice, with
no differences detected in de min, nebulin, troponin-T
or vinculin degradation. Therefore, they suggested that

calpain 3 i not involved in meat tenderization. imilar
to these finding it appeared that desmin was not de­
graded by calpain 3 in our tudy. However, it i likely
that talin 2 i degraded by calpain 3. Therefore our
results suggest that the extent of postmortem protein

degradation with calpain 3 is restricted in comparison
with calpains I and 2.

For th mo t part, the two ubiquitou calpain
cleave the same sub trates, including cytoskeletal pro­
teins such as the troponin complex (Tn Tnl, TnT
tropomyo in), a -actinin titin, the Z-disk protein

fodrin and desmin and the sarcolemmal-associated
pectrin complex of proteins in vitro (Goll et al. 2003;

Murphy 2010). Titin and desmin are likely to be key
ubstrate that determine meat tendeme s (Koomaraie

& Geesink 2006). Therefore, experimental investiga­
tion have tried to detennine which i oform i primar­
ily involved in po tmortem proteolysis. Calpain I i
activated in early po tmortem (within 3 days of
slaughter) during the period when po tmOltem prote­
oly i of key myofibrillar proteins is known to take
place (Taylor et al. 1995). Sen ky el al. (1996) have
reported that calpain 2 persists longer than the less sta­

ble calpain I in aging muscle from the porcine
longissimus, ugge ling that it i not activated early
postmortem. Additionally the a 2' concentrations that
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exi t In po tmortem mu c1e are Ie than tho e re­

quired for activation of calpain 2 (Boehm et 01.
1998). Recently, the evidence for a ignificant role of

calpain 1 in po tmortem proteoly is has further been

trengthened from ob ervation made in calpain I

knockout mice (Geesink ef 01. 2005).
Calpain 3 binds to titin at the 2 line (Keil"a ef 01.

2003 ; Sorimachi ef af. 1995), a site where proteolysis

has been linked to meat tenderization (Taylor ef of.

1995), and colocalizes with talin at costameres in

mouse skeletal muscle (Taveau ef of. 2003) . Both titin

and talin are substrates of calpain 3 (Taveau ef al.

2003). Conti et al. (2008) and Senetar el 01. (2007)

have suggested that mouse skeletal muscle talin at

co tamere is talin 2 but not talin I. Like calpain I
and 2, calpain 3 is a a 2t-dependent protease but the

activation of calpain 3 needs a small but sustained in­
crea e in Ca 2". Both cal pains 1 and 3 must auto lyse to

become active in a Ca 2' -dependent manner (Murphy

2010). Therefore, it is likely that lower concentrations
of Ca l+ during early postmortem time cause earlier ac­

tivation of calpain 3 than of calpain I. It ha been

hown that calpain 3 i tightly bound to titin, and i ac­

tually quite tabl in keletal mu cle (Murphy ef of.

2006). However, u ing we tern blotting it ha been e ­

tabli hed that calpain 3 doe autolyze in po tmortem

mu cle (Koohmaraie & Gee ink 2006). Therefore it

is highly likely that calpain 3 is activated and degrades

talin 2 in chicken keletal mu Ie during the early

postmoltem tage.
Recently, a model ha been proposed that suggests

that the protease family of caspases could be active

postmortem and contribute to tenderization. It has
be n hypoth ized that he proc of laughter and

exsanguination initiates the apoptotic pathways and

caspase activity may contribute to early postmortem

proteolysis (Kemp ef al. 2010). Calpain inhibition

through over-expression of calpastatin has been shown
to increase caspase 3 activity and apoptosis. Addition­

ally tile endogenou calpain inllibitor calpastatil1 i

al 0 cleaved by caspase 1, 3 and 7, generating distinct
degradation patterns. Therefore, if caspa es are active

in the po tmortem mu cle they may influence meat

quality by proteoly i of calpastatin (Kemp el of.

2010). alpain 3 may also influence meat quality in a
imilar way as the caspases because calpastatin is

cleaved by calpain 3 (Ono ef of. 2004). Furthermore,

the other myofibrillar protein, including filamin
(Taveau el al. 2003) vinexin, ezrin and myosin light

chain I (Cohen el al. 2006), are al 0 ub trate of

calpain 3.
Tim, calpain 3 may degrade myofibrillar proteins

during po hnOltem torage which influence meat

quality. However, it appear that the extent of protein

degradation with calpain 3 i restricted in compari on

with calpain I and 2. Consequently we propo e that

talin 2 i degraded by calpain 3 in skeletal mu cle dur­

ing the early postmortem tages, and that not only
calpain I but also calpain 3, in part, participate in post­

mOltem proteolysis in chicken skeletal muscle. This

may result in development of tenderness and improv­
ing the water-holding capacity of chicken meat.

Conclusion
Po tmOltem degradation of co tamere proteins in­

fluences meat qualities such as tenderness and water­

holding capacity. Talin 2 i localized in the co tamere
and its degradation may influence meat quality. Ln tbj

study, we investigated if the ubiquitous calpains
calpains 1 (u-calpain) and 2 (m-calpain) and mus­

cle- pecific calpain calpain 3 (p94), are re pon ible

for postmortem degradation of talin 2. Talin 2 in the

pectorafis major an biceps femoris muscles were re­
duced during early po tmortem time. However talin 2

in the gizzard and heart did not dimini h during 4 day

of torage. D min i the pectoralis major mu cle de­

crea ed early. However, the degradation in the biceps

femoris mu de and gizzard wa low and there wa no
degradation in the healt during po tm01tem torage.

The ratio of calpain I to calpa tatin mRNA levels cor­

related with po tmortem degradation of de min, and

the expre sion of calpain 3 mR A level and the ratio
of calpain 2 to calpastatin mRNA levels con"elated

with degradation of talin 2. Desmin degradation wa

inhibited by leupeptin but that of talin 2 was not. It is
known that leupeptin inhibits calpain I and 2, but not

calpain 3. Therefore, we propose that talin 2 is de­

graded by cal pain 3 during early postmortem storage.

References
Barbut S Sosnicki AA Lonergan SM, Knapp T

Ciobanu DC Gatcliffe LJ, Huff-Lonergan E

Wilson EW. (2008) Progres in reducing the pale
soft and exudatiye (PSE) problem in pork and

poulhy meat. Meat Sci. 79 46-63.

Bee G, Ander on AL, Lonergan SM, Huff-Lonergan

E. (2007) Rate and extent of pH decline affect pro­
teolysi of cytoskeletal proteins and water holding

capacity in pork. Meaf Sci. 76, 359-365.

Boehm ML, Kendall TL, Thomp on VF, Goll DE.
(1998) hanges i the calpains and calpastatin dur­

ing po tm011em torage of bovine mu cleo J. Anim.

Sci. 76, 2415-2434.
Brzoska E Wrobel E Grabowska 1, Moraczewski 1.



40 Michio MUG R 1A el al.

(2004) Talin di tribution during the differentiation
of atellite cell i olatedfTom rat keletal mu cle.
Celt Mol. BioI. Lel/. 9, 723-737.

ohen Kudryashova E Kramerova I Ander on
LVB, Beckmann JS Bushby K Spencer MJ.
(2006) Identification of putative in vivo sub u'ate
of calpain3 by comparative proteomics of over­
expressing transgenic and nontransgenic mice.
Proleomics 6, 6075-6084.

Conti FJ Felder A Monkley Schwander M Wood
MR, Lieber R ritcbley D MUlier U. (2008) Pro­
gressive myopathy and defects in the maintenance
of myotendinous junctions in mice that lack talin I
in skeletal muscle. Development 135, 2043-2053.

Debrand E EI Jai Y Spence L Bate Praekelt
Pritchard CA. (2009) TaLin 2 is a large and com­
plex gene encoding multiple transcripts and protein
isofoml . FEBS J 276 1610-162 .

Oiesbourg L, Swatland HJ Millman BM. (1988) x­
ray diffraction measurement of po tmortem
changes in the myofilament lattice of pork. 1. Anim.

Sci. 66, 1048-1054.
French .TP, Quindry .TC, Falk OJ Staib JL, Lee Y,

Wang KKW, Pow r SK. (2006) r ch mia­
reperfu ion-induced calpain acti ation and

ERCA2a degradation are attenuated by exerci e
training and cal pain inhibition. Am. 1. Physiol.

Hearl Circ. Physiol. 290 H 12 -H 136.
Gee ink GH, Taylor RG Koo maraie M. (2005)

Calpain 3/p94 i not involved in po tmortem prote­
olysis. J Anim. Sci. 83, 1646-1652.

Goll D , Thompson VF, Li H Wei Wong J.
(2003) The calpain system. Physiol. Rev. 83, 731­
801.

Goll DE Thompson VF Taylor G Christiansen lA.
(1992) Role of the calpain system in muscle
growth. Biochimie 74 225-237.

Goll DE, Young RB tromer MH. (J 974) Separation
of subcellular organelles by differential and density
gradient centrifugation. Reciprocal Meal Confer­

ence 27, 250-290.
Gomall AG, Bardawill .T, David MM. (1949) Deter­

mination of erum proteins by mean of the biuret
reaction. 1. BioI. Chem. 177 751-766.

Huff-Lonergan E, Mitsuhasbj T, Beekman DO,
Parrish FC Jr Olson DG Robson RM. (1996) Pro­
teolysis of pecific mu cle lnJctural protein by
mu-calpain at low pH and temperature i imilar to
degradation in postmortem bovine muscle. J Anim.

Sci. 74 993-1008.
llian MA BekM AED, Bicker taffe R. (2004) The

relationship between meat tenderization myofibril

fragmentation and autoly i of calpain 3 during
po t-mortem aging. Meal Sci. 66 387-397.

l!ian MA Morton 10 Kent MP, Le Couteur CE,
Hickford J owley R Bickerstaffe R. (200 L)

Lntermu cular variation in tendernes A sociation
with the ubiquitous and muscle-specific calpains. 1.
Anim. Sci. 79, 122-132.

Keira Y oguchi , Minami , Hayashi YK ishino
l. (2003) Localization of calpain 3 in human skele­
tal muscle and its alteration in limb-girdle muscular
dystrophy 2A muscle. J Biochem. 133, 659-664.

Kemp M, Sensky PL, Bard ley RG, Buttery PJ, Parr
T. (2010) Tenderne s - An enzymatic view. Meal

Sci. 84, 248-256.
Kendall TL Koohmaraie M Arbona JR William E

Young LL. (1993) Effect of pH and ionic strength
on bo ine m-calpaln and calpastatin activity. 1.
Anim. Sci. 71 96-104.

Koohmaraie M. (1992) The role of Ca l+ -dependent
proteases (cal pains) in post mortem proteolysis and
meat tenderness. Biochimie 74, 239-245.

Koohmaraie M, Ge ink GH. (2006) Contribution of
po tmort m mu de biochemi try to the delivery of
con i tent meat quality with paI1icuiar focus on the
calpain y tem. Meal Sci. 74, 34-43.

Melody JL, Lonergan M, Rowe LJ, Huiatt TW
Maye M Huff-Lonergan E. (2004) Early po t­
mortem biochemical factors influence tendernes
and water-holding capacity of three porcine mu ­
cle . J Anim. Sci. 82 1195-1205.

Muguruma M, Matsumura S, Fukazawa T. (1990) Di­
rect interaction between talin and actin. Biochem.

Biophys. Res. Commun. 171, 1217-1223.
Muguruma M, Mat umura S, Fukazawa T. (1992)

Augmentation ofa-actin in-induced gelation of actin
by talin. 1. BioI. Chem. 267 5621-5624.

Muguruma M, i himuta S omi aka Y, Ito T
Matsumura S. (1995) Organization of the fUllc­
tional domains in membrane cytoskeletal protein
talin. J Biochem. 117, 1036-1042.

Muroya S, Ertbjerg P, Pomporuo L hristen en M.
(2010) Oesmin and troponin T are degraded faster
ill type ITb mu cle fiber than ill type I fiber during
po tmortem aging of porcine mu cle. Meal Sci. 86,
764-769.

Murphy RM. (20 I0) Calpains skeletal muscle func­
tion and exerci e. Clin. Exp. Pharmacal. Physiol.

37, 385-391.
Murphy RM Verburg E, Lamb GO. (2006) Ca 2> acti­

arion of diffu ibl and bound pool of.u-calpain in
rat keletal mu cle. 1. Physiol. 576, 595-612.

uckolls GH, Turner E, Burridge K. (1990)



Involvement of Calpain 3 in Talin 2 Degradation 41

Functional tudie of the domain of talin. J Cell

BioI. 110, 1635-1644.

O'Halloran GR, Troy DJ Buckley DJ Reville WJ.

(1997) he role of endogenous proteases in the

tenderisation of fa t glycolysing muscle. Meat Sci.

47,187-210.
Ono Y Kakinuma K Torii F irie A, akagawa K

Labeit S, Abe K Suzuki K, Sorimachi H. (2004)

Possible regulation of the conventional calpain sys­
tem by skeletal muscle-specific calpain p94/calpain

3. J. BioI. Chem. 23, 2761-2771.

Remignon H, Desrosiers V, Marche G. (J 996) influ­
ence of increa ing breast meat yield on mu c1e hi ­

to logy and meat quality in the chicken. Reprod.

NutI'. Dev. 36 523-530.
Sazili AQ, Parr T, Sensky PL, Jones SW Bardsley

RG, Buttery PJ. (2005) The relationship between

slow and fast myosin heavy chain content

calpa tatin and meat tenderness in different ovine

skeletal muscles. Meat Sci. 69, 17-25.
Senetar M ,McCann RO. (2005) Gene duplication

and functional divergence during evolution of the

cyto keletallinker protein talin. Gene 362,141-152.

Senetar MA Moncman eL, McCann RO. 2007. Talin

2 i induced during triated I11U cle differentiation
and i targeted to table adhe ion complexe in ma­

ture mu c1e. Cell Motil. Cytoskeleton 64 157-173.

ensky PL Parr T Bardsley RG Buttery PJ. (1996)

The relation hip between pIa ma epinephrine con­
centration and the activity of the calpain enzyme
system in porcine longissimus muscle. J. Anim. Sci.

74 380-387.

Singh K, Dobbie PM Simmons J Duganzich D
Bass JJ. (I 997) The effect of th calpain

proteolytic system on meat tenderisation rates in

different ovine skeletal muscles. 43 m international

congress of meat science and technology, pp. 612­

613. ew Zealand.
orimachi H, Lmajoh-Ohmi S Emori Y Kawasaki H,

Ohno S Minami Y and Suzuki K. (1989) Molecu­

lar cloning of a novel mammalian calcium­

dependent protease distinct from both m- and f..l.­
type Specific expre ion of the mR A in keletal

muscle. J. BioI. Chem. 264 20106-20111.

Sorimacbi H lshiura S, Suzuki K. (1997) Structure
and physiological function of calpain . Biochem. J
328, 72 L-732.

Sorimachi H KJnbara K, Kimura ,Takaha hi M,
Ishimura S Sasagawa orimachi himada H,

Tagawa K Mamyama K. (1995) Mu cle- pecific

calpain, p94 re pon ible for limb girdle mU cular
dystrophy type 2A, associates with connectin

through T 2 a p94- pecific equence. J BioI. Chem.
270, 3115 -31 162.

Suzuki A Tsuchiya T, Ohwada S, Tamate H. (1985)

Distribution of myofiber types in thigh muscles of

chicken.J. Mmph. 185 145-154.

Tatsumi R, Takahashi K. (2003) Structural changes in
titin and nebulin filaments specific to calcium ions

at 0.1 mM· Factors of meat tenderization during

postmortem aging. J. Food Sci. 68, 756-760.
Ta eau M, Bourg ,Sillon G Roudaut Bartoli M,

Richard I. (2003) Calpain 3 is activated through

autolysis within the active site and lyses sarcomeric
and arcolemmal components. Mol. Cell BioI. 23

9127-9135.

Taylor RG Gee ink GH Thomp on YF Koohmaraie
M Goll DE. (1995) Is Z-disk degradation responsi­

ble for postmortem tenderization? J. Anim. Sci. 21

1351-1367.

Tidball JG, 0 Halloran T, Blmidge K (1986) Talin at

myotendinous junction. J. Cell BioI. 103, 1465­

1472.
Tomi aka Y, Ahhmed AM, Kawahara S Mugununa

M. (2011) Expres ion and po tmortem prot oly i
of cyto k I tal protein talin in chick n meat. 1.

Warm Regional Society Anim. Sci. 54 39-4 .
Whipple G, Koohmaraie M, Dikeman ME Crou e JD

Hunt M Klemm RD. (1990) Evaluation of attrib­

utes that affect longissimus muscle tenderness in

bo tauru and b indicu cattle. J Anim. Sci. 68,
2716-2724.



42 MichioMuGURUMAela/,

肉質に影響するタリン2の死後分解
におけるカルパイン3の関与
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要 約

本研究は,コスタメアタンパク質タ リン2の死

後分解に関わるカルパインアイソフォームを決定

するために実施 された.ニワトリの胸肉,腿肉,

砂の う筋および心筋を4℃で 4日間貯蔵 した.胸

肉と腿肉のタリン2は死後早期に分解 したが,砂

の う筋と心筋では分解 しなかった.一方,胸肉の

デスミンは他の組織よりも早期に分解 した,カル

パスクチンに対するカルパイン1の相対的な発現

量は,デスミンの死後分解の速度 と一致 している

ように見えた.カルパスタチンに対するカルパイ

ン2の相対的な発現畳およびリボゾ-マルプロテ

インラージplに対するカルパイン3の相対的な発

現竜は,タリン2の死後分解の速度 と一致 してい

るように見えた.骨格筋から抽出された筋原線維

におけるデス ミンは,51mMのカルシウムイオン

の添加によって分解 したが,それはロイペプチン

の添加によって阻害された.しか しながら,タリ

ン2は,デスミン同様,5mMのカルシウムイオン

の添加で分解 したが,ロイペプチンの添加で阻害

されなかった.心筋におけるデスミンとタリン2

はともに,5111Mのカルシウムイオンに影響を受

けなかった.さらに,タリン2は4℃で 1FLMのカ

ルシウムイオンの添加によっても分解 したが,デ

スミンは分解 しなかった.よって,我々は,タ リ

ン2が死後の熟成期間中にカルパイン3によって

分解 されることを提案する.

キーワー ド:カルパイン,肉質,死後分解,

タリン


