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Introduction

Japanese manufactures and consumers for meat products share a common interest in
production othigh-quality sausages since domestic production weight of sausages and
quantity of purchaseper householdof sausages are higher than those of the other meat
products. The high-quality sausages bear an adequate level of the water-holding
capacity and binding property. An expression of the water-holding capacity and binding
property is essential for myofibrillar proteins (Mf-ps) in meat being a major ingredient.
During the process for sausages, Mf-ps are extracted from meat in curing process and
then a three-dimensional network of Mf-ps is formed in heating process. The formation
of the network produces the good water-holding capacity and binding property. Curing
process at low salt concentration (1.5%) prevailing in Japanese sausage production has
used pyrophosphates to extract Mf-ps. The pyrophosphates dissociate a rigor complex
(actomyosin) which is formed by an association between actin and myosin in rigor
mortis. Dissociatedactomyosin is extracted easily from myofibrils.

Actomyosin was found to be dissociated to actin and myosin by
nucleoside-5’-monophoshaptes (NMPs) (e.g., adenosine-5’-monophoshapte (AMP) or
inosine-5’-monophoshapte (IMP)). This effect of NMPs is similar to that of
pyrophosphates described above. However, this dissociation mechanism of actomyosin
by NMPs was unrevealed. In this study, the mechanism was examined by the use of
NMPs containing different bases. It was found that actomyosinwas dissociated
bypurine-nucleoside-5’-monophosphates (PrMPs) such as guanosine-5’-monophospahte
(GMP) containing purine as bases.

An extraction of Mf-ps by PrMPs was examined. PrMPs such as IMP and GMP are
used as food additives of umami in the production of sausages. It was found that the
extraction of Mf-pswas enhanced by IMP and GMP.

Heat-induced gelswere prepared by an addition of IMP in order to enhance the
extraction of Mf-ps. It was found that the water-holding capacity, physical and sensory

properties of heat-induced gels was enhanced by IMP.

I, Effect on dissociation of actomyosin by NMPs
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Actomyosin was incubated with GMP, CMP, dTMP or UMP in the presence of 0.2
M KCl at pH 7.2 and0°C for 16 hours. The various NMPs’ concentrations were 8
mM.Actomyosin was dissociated by GMP similarly to AMP and IMP, but not by CMP,
dTMP and UMP. Thus, it was found that actomyosin was dissociated by the PrMPs
containing purine as bases, but not by the pyrimidine-nucleoside-5’-monophosphates
(PyMPs) containing pyrimidine as bases. It is assumed that the dissociation of
actomyosin of PrMPswas brought about by those tighter binding to actomyosin than

PyMP s because of differences in the structure of both bases.

II, Extraction of Mf-ps by PrMPs: a comparison with pyrophosphates

In order to extract Mf-ps, minced meat was mixed with 9 volumes of 0.3-0.5 M NaCl
solutions containing 9-36 mM IMP or GMP. Effects of NaCl, IMP or GMP
concentrations and extraction time on the extraction were examined and compared with
effects of 1.5-9 mMtetrapotassium pyrophosphate (KPP). The extraction of Mf-ps was
found to be enhanced by IMP and GMP. This effect was attributable to the dissociation
of actomyosin by IMP and GMP. In the case of IMP, the amounts of the Mf-ps were
increased by the rise of NaCl and IMP concentrations and the elongation of the
extraction time. In the case of GMP, the amounts of the extracted proteins increased by
the rise of NaCl and GMP concentrations. But the amounts were lowered by the
elongation of the extraction time. In the case of KPP, there was the same increase of the
amounts of the extracted proteins, but this increment was not raised by the elevation of
NaCl concentration and the elongation of the extraction time. Thus, it was found that
IMP, GMP and KPP, which have a common ability to dissociate actomyosin, differ in
an ability of the extraction of Mf-ps. KPP was able to extract Mf-ps at relatively lower
NaCl concentrations and for a shorter time than PrMPs. The decrease of the
extractability by GMP may be attributed to the re-association of dissociated actin and
myosin free from meat induced by the formation of a G-quartet which is a tetramer of

GMP.

II1, Extraction of Mf-ps by a combination of PrMPs and KPP
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In order to examine a combinational effect between PrMPs and KPP on the extraction
of Mf-ps, minced meat was mixed with 9 volumes of 0.3-0.5 M NacCl solutions
containing 9-36 mM IMP or GMP and 1.5-3 mM KPP. The extraction of Mf-ps was
markedlyenhanced by the combination of PrMPs and 1.5 mM KPP. The synergy effect
was indicated in particular in the extraction of myosin. It was assumed that this marked
increase was induced by a complementary effect between PrMPs and KPP. It means
that KPP may remove a rate-limiting step in the extraction by PrMPs because of the
difference between PrMP and KPP in a mode of extraction. The elongation of the
extraction time enhanced the extraction of actin but not that of myosin. This result was
attributed to be the difference in an existence form of both proteins in myofibrils. Thus,

actin and myosinexist as thin and thick filaments in myofibrils, respectively.

IV, Mode of extraction of Mf-ps by IMP and KPP at the physiological ionic strength

In order to examine time and KCI concentration required for the dissociation of
actomyosin by IMP, purified actomyosin was incubated with 8 mM IMP at 0.06-0.2 M
KCI, pH 7.2 and0°C up to 4 hours. It was found that the dissociation of actomyosin by
IMP finished within 10 minutes and occurred in the KCI concentration above 0.19 M.
On the other hand, the dissociation of actomyosin by KPP occurred in the KCl
concentration of above 0.06 M. Since time required for the dissociation of actomyosin
was similar between IMP and KPP, the dissociation of actomyosin itself was unlikely to
be responsible for the time-consuming extraction of actin and myosin from myofibrils
by IMP at the high ionic strength. The KClconcentration required for the dissociation of
actomyosin of IMP was higher than that of KPP, suggesting that an affinity of IMP on
actomyosin is lower than that of KPP. Thus, this may be a possible cause of the
difference in the extraction mode between IMP and KPP.
Purified myofibrils were incubated with § mM IMP or KPP at 0.2 M KCI, pH 7.2
and0°C. Mf-ps were not extracted by IMP but were by KPP and by the combination of 8
mM IMP and 1 mM KPP. These results lead the following assumption. At the
physiological ionicstrength, IMP dissociates a binding between thin and thick filaments

but does not dissociate those between thin filaments and Z-lines or between thick
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filaments and connectin-Z-lines. Thus, IMP may be unable to extract actin and myosin
restrained within myofibrils. KPP may have an ability to dissociate not only the
bindings between thin and thick filaments but also between thin filaments and Z-lines or
between thick filaments and connectin-Z-lines. This assumption was supported by the
enhancement of the extraction of a-actinin and connectin accompanying that of actin

and myosin at the high ionic strength.

V, Water-holding capacity, physical and sensory properties of IMP-added heat-induced
gels, a comparison with KPP

Heat-induced gels containing IMP were prepared. For the determination of
water-holding capacity, minced meat was mixed with 9 volumes of 0.3-0.5 M NaCl
solutions containing 9-36 mM IMP or 9 mM KPP. The heat-induced gels were obtained
by the incubation of the homogenate for 0 or 12 h and the subsequent heating of that.
For the determination of physical and sensory properties, minced meat was mixed with
0.5 volumes of NaCl solutions containing IMP. The homogenate was heated to obtain
heat-induced gels which contained the salt (NaCl and KCI) concentration of 0.3 M and
the IMP concentration of 9-36 mM or the KPP concentration of 9 mM KPP. It was
found that the addition of IMP enhanced the water-holding capacity, physical and
sensory properties of heat-induced gels. These features of IMP-added gels were
comparable to those of KPP-added gels. This improvement of the features appears to be
a result of the increase in the extraction of Mf-ps. Furthermore, it was assumed that
water-holding capacity and physical properties of heat-induced gels were also enhanced

by myofibrils where IMP dissociated the binding between thin and thick filaments.

Conclusions

The findings in this study indicate that PrMP brought about the improvement of the
water-holding capacity, physical and sensory properties of heat-induced gels (model
sausages), markedly contributing to the manufacture of good meat products.

The synergistic effects of PrMPs and pyrophosphates on the extraction of

Mf-pswould enable the production of high-quality sausages using a little amount of
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pyrophosphates, leading to large industrial merits. The findings that PrMPs are
necessary for the dissociation of actomyosin and modes of the extraction of actin and
myosin by PrMPs and KPP are different appear to contribute to the clarification of the

structures of actomyosin and myofibrils.



