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Background
Paratropomyosin is exclusively located at the A-I junction region of sarcomeres in living and pre-rigor skeletal muscles and transloc3 
by 0.1 m M  calcium ions to thin filaments (Hattori and Takahashi, 1988), where paratropomyosin may inhibit actin and my°sl11 
interaction and induce weakening of rigor linkages formed between actin and myosin. Such weakening of rigor linkages allows lengthen'n" 
of the rigor-shortened sarcomeres (Yamanoue and Takahashi, 1988) and accounts for the increased tenderness of meat dur'^ 
postmortem ageing. So far, it has not been known what protein or other substance interacts with paratropomyosin at the A-I junct'°n' 
or why paratropomyosin is released from the region by increased calcium ion concentrations. We have shown that paratropom)'05 
bound to 0  -connectin (titin 2) and 400 kDa fragment which was a portion of N-terminal side of 0  -connectin, and suggested 
paratropomyosin interacts with connectin filaments at the A-I junction region (Yamanoue, et a l, 1998a; Yamanoue, et al., 1998b)- ^  
the other hand, the physiological concentration of calcium ions varies from 10 7 M  to 10*5 m  during the contraction-relaxation cyĉ e  ̂
livingmuscles (Ebashi, 1972) and the concentration increases to 2x  10'4 M  in postmortem muscles (Nakamura, 1973). The influenceS 
these changes in calcium ion concentration on the interaction of paratropomyosin with the connectin fragments are unclear.

Objectives
The objective in this study was to determine the influence of calcium ions on the interaction of paratropomyosin with the conn1 
fragments which were 0  -connectin and 400 kDa fragment.

lecti"

Methods ^
Proteins. Chicken breast muscle was used. Paratropomyosin was purified with a hydroxyapatite column by the method descf1̂  
previously (Yamanoue et al., 1998a). 0  -Connectin was prepared by the method of Kimura and Maruyama (1983) and Purl £ 
according to Itoh et al. (1986). Separation of 400 kDa fragment from 0  -connectin preparation digested by a  -chy motry psin was 
by the method of Kawamura et al. (1995), with omission of adding of 0.1% SDS. feS.
Turbidity measurement. Paratropomyosin was mixed with the connectin fragments in a solution described in the legends of 
Various pCa values were calculated under the assumption that the binding constant of EGTA in the Tris-maleate buffer (pH 6.8) 
be 5.0X 105 v r1 (Oj^wa, 1968), and achieved by varying the total CaCb at a constant 2 m M  EGTA. Above 0.1 m M  calcium '°nŜ aS 
solutions were prepared by adding of various amounts of CaCl2. After incubation of the mixture for 30 min at 25X3, turbid'ty 
determined by measuring the absorbance at 320 nm with a spectrophotometer (UV-2200A, Shimadzu Co., Kyoto). Mean value 
two experiments was expressed.
Microscopic observation. The mixtures of paratropomyosin and the connectin fragments were observed under a phase co 
microscope (OPT1PHOT, Nikon Co., Tokyo) and photographed with a Neopan F film (Fuji Photo Film, Tokyo). , 1̂,
Calcium binding. After SDS-polyacry lamide gel electrophoresis (SDS-PAGE) by the procedure of Laemmli (1970) with a 2 - 1 “ ^
the separated proteins were electrotransferred onto a PVDF membrane. Binding of calcium ions to a protein was detected 
fluorescent quinoline Ca2+ indicator, quin2, by the method of Tatsumi et al. (1992).

with

Results and discussions in1 j  
unl

Figure 1 shows changes in turbidities of the mixtures in adding various amounts of paratropomyosin to the connectin fragment5̂  
presence of 1 m M  EGTA or 1 m M  CaCl2. Turbidity in the presence of 1 m M  EGTA was increased with added am° ^ 
paratropomyosin up to 4 times to 0  -connectin by weight ratio tested here (approximately 240 : 1 molar ratio), and the increas®
suppressed in the presence of 1 m M  CaCh (Yamanoue et al., 1998a). When paratropomyosin was added to 400 kDa fragment u p ^ .  
1 by weight ratio (approximately 47 : 1 molar ratio), turbidity was increased almost linearly to 0.036 in the presence of 1 mM 0{
The increase was also suppressed to 0.025 in the presence of 1 m M  CaCl2, but the suppression was less than that of the mi -ty.
paratropomyosin and 0  -connectin. Addition of various amounts of bovine serum albumin to 0  -connectin gave no effect on tut ^
In examining of the mixture of paratropomyosin and 0  -connectin by a phase contrast microscope, aggregates formed in the jjj

were observed (Fig 2A). Aggregates of 0  -connectin (0.1 mg/ml) without paratropomyosin were rarely observed (data not sho sjji 
the presence of 1 m M  EGT A, the aggregates in small projections of irregular conformations were formed in adding of paratrop011’̂  4 
at 1:1 by weight ratio to 0  -connectin and enlarged aggregates were observed frequently with increase of added paratropomy oSlt1̂  $  
1 by weight ratio (Fig. 2A-a, b). However, in the presence of 1 m M  CaCl2 smaller aggregates were formed and the number^ 
aggregates was less than that in the presence of 1 m M  EGTA (Fig. 2A-c, d). In the case of adding of 65 and ,32L e / S 
paratropomyosin to 400 kDa fragment (65 u  g'ml), small and spherical aggregates were formed and the number of the 3 0  ¡(2 
increased with increase of added paratropomyosin under both conditions containing 1 m M  EGTA and 1 m M  CaCl2 (Fig 2B)- /X
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 ̂mbei- of aggregates formed in the presence of 1 mM CaCl2 (Fig 2B-g, h) was less than that in the presence of 1 mM EGTA (Fig 2B-e,
Can US’ the llmited formatlon of aggregates by 1 mM CaCh seems to attribute to the suppression of increase in turbidity by 1 mM 
p Ll2 as shown in Fig. 1.

ĉ ,r<!j10myos'n was added t0 the connectin fragments with various calcium ions from 0 mM to 10 mM (Fig. 3). Turbidities were 
Was p ln sli8flt|y higher level when the Tris-maleate buffer was used. Turbidity of the mixture of paratropomyosin and 0  -connectin 
reac, lttle changed beIow 3-5X10-7 m calcium ions (pCa 6.45). With increase of free calcium ions, it increased almost linearly and 
pa 6 a maximum value of 0.040 at pCa 4.42 (3.8X 10'5 m), and then decreased sharply to 0.017 at pCa 4.00 (1.0X 10“* m). When 
decrerOPOrnyOSin W3S added t0 400 1<Da fragment, turbidity changed in a similar pattern, but above 10“* m calcium ions the extent of the 
parat 6 was *ess tban tbat oF tbe m'xture of paratropomyosin and ¡3 -connectin. These results show that the interaction of 
Figur POmyOS'n W' th thC connectin fragments was drastically changed by the increase of calcium ion concentration, 
this T 4 Sh° WS b‘nding of calcium ions to 0  -connectin preparation, which included of several degraded fragments of 0  -connectin in 
t0J Xpenrnent’ 400 kDa fragment and paratropomyosin on a PVDF membrane. When the membrane was exposed to UV light, both 0 
p,a(eCtin pmpamtion and 400 kDa fragment were fluorescent. However, no fluorescence was detected in the region of 
b'ndin°P °my os'n • 1 his result suggests that changes in the interaction of paratropomyosin with the connectin fragments are attributed to 

8 of calcium ions to the connectin fragments, not to paratropomyosin.

^ nclusions

V h0VVed that thC interaction of Paratropomyosin with j8-connectin and 400 kDa fragment was influenced by various calcium ion 
V i ntrallons and weakened by above 10'4 m calcium ions which corresponds to postmortem condition of calcium ions of skeletal 
to re(eeS' Thus’ weakening of the interaction of paratropomyosin with connectin filaments by increased calcium ion concentration seems 
K e ^ V paratrop°m yosin from connectin filaments to translocate onto thin filaments, where paratropomyosin may weaken the rigor- 

between actin and myosin, thereby inducing meat tenderization.
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F ig. 2. Phase Contrast M icrographs o fthe  Aggregates Formed between Paratropom yosin and Connectin 
Fragments.
Various amounts o f  paratropom yosin were m ixed w ith  /? -connectin (A ; 0.1 m g /m l)  and 400 kDa 
fragment (B ; 65 M g/m l) in 0 .1 M N aC I, 50 m M  M O PS buffer(pH  7 .0), and 1 mM E G T A  (a, b, e, and f) 
o r 1 m M C a C l2 (c , d ,g  and h). A fte r incubation fo r 30 m in at 25°C, th em ix tu re  was observed underaphase 
contrast m icroscope, a and c, 0.1 m g/m l paratropom yosin; b and d, 0.4 m g/m l paratropom yosin; e and g, 
65 M g/m l paratropom yosin; f and h, 325 Mg/ml paratropom yosin. Bar, 20 Mm.

Fig. 3. E fle c to f C a lc ium  Ion Concentration 
on T u rb id itie s  o f  the M ixtures o f  
Paratropom yosin and C onnectin Fragments 
Various amounts o f C aC l2  were added to the 
m ixtures o f  paratropom yosin (50 Mg/ml) 
and connectin fragments (50 Mg/ml) in 0 . 1 
M NaCI, 50 mM M O PS buffer (pH  7 .0) as 
described in “  Methods”. 0 , 13 -Connectin; 
A ,  400 kD a fragment.

a b e d  e f  g

F ig. 4. B in d in g  o fC a lc iu m  ions to 
C onnectin Fragments. 
ft -Connectin preparation (b, e), 

400 kD a fragment (c, f) and 
paratropom yosin (d, g) separated by 
S D S -P A G E  were transferred onto a 
P V D F membrane. T he  membrane 
was stained w ith  naphthol blue 
black (A). Another membrane was 
incubated w ith  I m M  CaCl2 
overn ight and then w ith  I mM 
qu in2 for I h (B ). Fluorescent 
patterns were v isualized w ith  U V  
lig h t at 365 nm. a. M olecu lar 
w e igh t marker.
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