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INTRODUCTION
Myosin is the major protein of striat
ed muscle myofibrils and it plays an 
important role in water holding and 
binding properties in processed meat. 
When myosin is heated at appropriate 
salt concentrations and pH levels, it 
forms a gel.  Many types of gel 
strength measuring devices are avail
able in the market, however, most of 
them are not that sensitive for weak 
gels and unsuitable for the small 
volume of samples. Yasui e_t aj_.
(1979) developed a shear modulus 
tester for measuring gel strength of 
muscle protein. Their device requires 
only about 4 ml of the sample and is 
quite sensitive to measure weak gel 
strength. However, the operation of 
their device is not so easy. We have 
improved Yasui’s gel strength measur
ing device to reduce sample volume and 
to achieve easy operation, and applied 
it to evaluate heat-induced myosin 
gel.

MATERIALS AND METHODS
Myosin was prepared and purified by 
the method of Offer el al_. (1973) from 
rabbit back and white portion of leg 
muscles. Myosin was stored as ammoni
um sulfate precipitate at 4°C until 
use. It was dialyzed against 0.5 M 
KC1 to remove ammonium sulfate and 
c la r i f ied  by centrifugation just 
before use. Protein concentration was 
determined by UV absorption at 280 nm. 
Outline of the gel strength measuring 
device is shown in Fig. 1. A rectan
gular stainless steel blade (7.5 x 19

. jit“'
mm), glued on a needle, was co(|/ 
into a 10 g load cell by a LeÛ  to 
nector. A load cell was connec ^  
a strain amplifier. A cuvette ¡(t 
contained 2 ml of protein s0 ca 1 ̂  
was placed in a thermos tat1 
controlled cell holder on a ^  
The position of the stage was a  ̂ ttie 
so that the blade immerse 
sample at a depth of 5 to ^  
After heating at 65°C for apPr°̂  0r  ̂
time, the stage was lowered W  ̂
mm. The force detected by a ^  
was recorded and then the rig1 eqUa 
calculated from the follow!^ 
tion: /c /
rigidity = (980.7PH)/(2Sd) dyn®red 

where P is the weight (g) ret}U d>5j 
pull the blade in the gel 
tance (d cm), H is the thic  ̂
the gel on both sides of the rf) 1 
is a constant factor, and S 
the area of blade immersed in ^  1  ̂
The improved device required 0 ^  1
(or less) of a protein soluti 
gave successful results.
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RESULTS AND DISCUSSION ,s
Gel strength measuring je pi
The temperature of the sa^
monitored from 0 to 20 11,1 at̂ fe.
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S l y  ann{ he and reached 65°C after 5 min 
eCame ing* The myosin solution  
%t6g *Ur6id after  a couple of 
Slats ° f  heating, indicating the 

°n of gel.

>  2
Changes in temperature of

fllj Q£ -O .» V * *»Q .
S  in °-l  M KC1 and 20 mM K phos-

dll ^"during heating.

a glass cuvette ( 1 x 1 x 4  
eld in a thermostatically 

Vag " CeH holder. The tempera- 
^asured every 30 sec.
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^oS ih- Effe°t of heating time on 

ir/*y of myosin.

6.0)“> . 
V

(? 0,1 M KC1 and 20 mM K phos- 
^ at „ 6-0) and 2.5 mg/ml was

* Q CO
H , The stage was lowered

L  a speed of 10 mm/min.
K Cates standard deviation.

1 ’s tj ^re the values obtained by 
a type viscometer.

gUi ty of myosin in 0.1 M KC1

and pH 6.0 was measured at appropriate 
intervals after heating (Fig. 3). 
Although the gelation occurred at 2.5 
min of heating, it was found to be 
weak. Rigidities of the gels formed 
from 5 to 20 min of heating were 
almost the same, but the standard 
deviation in the 5 min sample was 
greater than those of others, sug
gesting the formation of gel was not 
completed.
Fig. 4 shows the rigidity of myosin 
in 0.5 M KC1 and pH 6.0. Rigidity 
at this KC1 concentration was consid
erably lower than that at 0.1 M. In 
this case, rigidity reached its maxi
mum value just after 10 min. The 
results in Fig. 3 and 4 suggest that 
15 min heating is sufficient to meas
ure rigidity with this device.

FIGURE 4. Effect of heating time on 
the rigidity of myosin.
Myosin in 0.5 M KC1 and 20 mM K phos
phate (pH 6.0) and 4.0 mg/ml was 
heated at 65®C. The stage was lowered 
by 1 mm with a speed of 10 mm/min. 
Bar indicates standard deviation.

Effect of the downward speed of the 
stage on the measurement of rigidity 
was examined. The stage speed from 5 
to 40 mm/min had no effect on the 
rigidi ty.
Effect of salt concentration and pH on 
the rigidity of myosin gel 
It is known that myosin aggregates to 
form filament at low ionic strength
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salt solutions (Huxley, 1963). The 
length and thickness of filaments are 
varied by the final ionic strength and 
pH levels of the solution (Kaminer, 
1969).
Myosin in 0.5 M KC1 was dialyzed  
against 0.1 M KC1 and Fig. 5 shows 
the changes in KC1 concentration by 
dialysis. KC1 concentration rapidly 
decreased from the beginning of dialy
sis to 1 hr and it reached approxi
mately 0.1 M after 2 hr.

FIGURE 5. Changes in KC1 concentra
tion of myosin solution during dialy
sis.
Myosin in 0.5 M KC1 and 20 mM acetate 
(pH 5.5) or 20 mM K phosphate (pH 6.0 
and 6.5) at a protein concentration of 
5 mg/ml was dialyzed against 0.1 M KC1 
and 20 mM buffer at 4°C. A ;pH 5.5, 
OJPH 6.0, and □ ;pH 6.5.

The samples at pH 5.5 and 6.5 showed 
low rigidities throughout the dialysis 
time, except that the sample at pH 6.5 
at 24 hr. On the other hand, the 
r ig id ity  of the sample at pH 6.0 
rapidly increased from 0.66 to 1 hr of 
dialysis and it gradually increased 
until 4 hr (Fig. 6).
The formation of myosin filament by 
decreasing the salt concentration at 
pH 6.0 was observed under electron 
microscope and the length and the 
diameter of the filaments were meas
ured. As shown in Fig. 7, the f i la 

ured.

0.3 " V
ments were grown up after
they reached maximum value
of dialysis. The rapid * p °*^
filament length was observe
to 0.66 hr of dialysis. In ^  /
the growth of diameter of ^
was almost linear up to ' J 1

rifliufl)the filament gained maxl
at 24 hr of dialysis. These
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, > st
%  nat the growth in length and

Ss °f myosin filaments do not 
V6CohcomitanUyi

,ave reported (Yamamoto et a l . 
V ntrhe. sPeed of lowering the salt 

t̂̂ j a^°n affects the rigidity of 
i°!' Î0ÜCed myosin Sel. Rapid dilu- 

shorter filaments which5,
riiCf Weali gels having aggregated 

e‘ °n the other hand, gradual 
j ced 1 ln salt concentration pro- 
(Sc6(j nger filaments and their heat- 
jN 1 s had a fine network struc- 
U Presf V+e hiSh rigidity, 
i^ieg nt study and our earlier  

 ̂ SuSgest that the rigidity of 
on1106̂  my ° s i n gel strongly  
m ^egree of aggregation of 

¡̂Hg °^ecule into filaments before

S N ion

H0 iilsUi n measuring device designed
t«fe eff ^  ^1* was improved to be
i. redi,!Ctive and convenient and also
I,. . l he sample volume. TheWas „
^ ' gel sensitive enough even for 
(0° 111 0jS ^ss than 1,000 dyn/cm2.

a Sample solution was enough 
 ̂ *c6 re the r ig id i ty  and this 

te/°r We° u»d he useful for small 
Sels such as muscle pro-

h is.
§ i (J *

%S in0rlties of heat-induced myosin 
hy lowering the salt 

l0n' Myosin formed strong 
i, PH 6.o, however, the gels 

PH 5.5 and 6.5 were weak.at

Sth c° nciuded that the gel

to .

0 fOf x myosin depends on the 
^°sin before heating.

thank Dr. W.C.D. Livera,
in -* y., rooa science, Rakuno 
V iptlv^ s i ty ,  for reading the

ent
11«: 0f Food Science,

s "  E’ (1963):
n>icroscope studies on the

structure of natural and synthetic 
protein filaments from striated mus
cle. J. Mol. Biol. 7, 281-308.
Kaminer, B. 8 Bell, A. L. (1966): 
Myosin filamentogenesis. Effect of pH 
and ionic concentration. J. Mol. 
Biol., 20, 391-401.
Offer, G., Moos, C. 8 Starr,R. (1973): 
A new protein of the thick filaments 
of vertebrate skeletal myofibrils. 
Extraction, purification and charac
terization. J. Mol. Biol., 74, 653- 
676.
Yamamoto, K., Samejima, K. 8 Yasui, T.
(1987) :
The structure of myosin filaments and 
the properties of heat-induced gel in 
the presence and absence of C-protein. 
Agric. Biol. Chem., 51, 197-203. 
Yamamoto, K., Samejima, K. 8 Yasui, T.
(1988) :
Heat-induced gelation of myosin f i la 
ments. Agric. Biol. Chem. 52, 1803- 
1811.
Yasui, T., Ishioroshi, M., Nakano.H. 8 
Samejima, K. (1979):
Changes in shear modulus, u l t ra 
structure and spin-spin relaxation 
times of water associated with heat- 
induced gelation of myosin. J. Food 
Sci., 44, 1201-1204.

6 6 7




