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Role of Pepstatin-Sensitive Proteases on the Postmortem Changes of
Tilapia (Tilapia nilotica X Tilapia aurea) Muscle Myofibrils'
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To investigate the pepstatin-sensitive proteases in fish muscle tenderization, tilapia myofibrils (mf)
(G-I), myofibrils with crude proteases added (G-II), and myofibrils with crude proteases and pepsta-
tin added (G-III) at pH 5.5, 6.0, and 6.5 were incubated at 4 °C for 2.5-3.5 days. The increasing rate
of the degree of myofibril fragmentation (DMF) during incubation was higher in G-I and G-II than in
G-III, while the activity of pepstatin-sensitive proteases (cathepsin D was used as a marker enzyme)
of G-II maintained an almost constant level. Evidence from phase mirographs also indicated that the
proteolysis of myofibrils of G-I and G-II was much more severe than that of G-III. Disappearance of
a-actinin on SDS-PAGE profiles of myofibrils (G-I) and myofibrils with crude enyzmes (G-II) during
incubation at pH 5.5 and 6.0 demonstrated that the proteolysis of Z-disk by pepstatin-sensitive pro-
teases occurred in postmortem myofibrils. However, the dispersed myosin heavy chain on SDS-
PAGE profiles of all samples during incubation at pH 6.5 suggested that the activity of pepstatin-
sensitive proteases decreased markedly at this pH condition and did not contribute to the myofibril

degradation.

INTRODUCTION

Tenderness is a good parameter for the evaluation of
fish quality, since the duration of rigor mortis of fish is
much shorter than that of land animals (Suyama and
Konosu, 1987). Some studies (Koohmaraie et al., 1986,
1988a,b) have been carried out to accelerate the
tenderization of lamb and bovine muscle, with the
subsequent intention to save the space and costs of aging.
In the case of fish, however, because of the short period
of tenderization, it is necessary to clarify the mechanisms
further to retard the tenderization and consequently keep
the fish quality.

Although tenderization is considered to be caused by
the disappearance of Z-disks, dissociation of actomyosin
complex, destruction of connectin, and denaturation of col-
lagen (Robbins et al., 1979; Hatori, 1986; Suyama and
Konosu, 1987; Koohmaraie et al.,, 1986, 1988a), the
mechanisms of postmortem tenderization are still unclear
(Koohmaraie et al., 1986, 1988a,b). Many changes during
postmortem tenderness have generally been assumed to
arise from the release of endogenous muscle proteases
which are active at postmortem pH (Robbins et al., 1979).
The proteases indigenous to skeletal muscle possibly
include the Ca-dependent proteases located in sarco-
plasm and cathepsins located in lysosomes (Asghar and
Hendrickson, 1982; Declan et al., 1986; Ouali et al., 1987;
Koohmaraie et al., 1988a,b). Many researchers recently
reported that lysosomal enzymes were not involved in the
myofibrillar protein breakdown in rat, bovine, and lamb
muscle (Lowell et al., 1986; Furuno and Goldberg, 1986;
Goodman, 1987; Koohmaraie et al., 1988a,b). However,
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the effects of pepstatin-sensitive proteases (mainly cath-
epsin D) were ignored, since the pepstatin-sensitive pro-
teases are maximally active at pH around 3.0 (Okitani et
al., 1981) and, therefore, the activity should be decreased
at pH around 5.5~6.5, which is the postmortem pH in fish
and shellfish. The question arising at this point is whether
the pepstatin-sensitive proteases must be maximally active
to cause sufficient damage to the myofibrils to produce
the observed postmortem tenderness. According to Marsh
(1981), the breaking of only one sarcomere in every 250
could result in a significant improvement in beef
tenderness. In addition, Huang and Tappel (1971)
reported that cathepsin D is the most important within
the cathepsins in endogenous protein degradation since
it initiates the protein hydrolysis and produces peptide
fragments that can then be further broken down by the
other cathepsins. On the basis of this point, it would seem
likely that the pepstatin-sensitive lysosomal enzymes are
involved in postmortem changes. This study aimed to
investigate the effects of these proteases on fish myo-
fibrils at pH around 5.5-6.5.

MATERIALS AND METHODS

Tilapia (Tilapia nilotica X Tilapia aurea) purchased from an
aquatic farm in southern Taiwan were kept alive and transport-
ed to the laboratory. After being eviscerated, headed and
washed, samples were used for crude enzyme extraction and my-
ofibril preparation.

Preparation of Crude Enzymes. This fish meat was ho-
mogenized with 9 volumes of precooled acetone (20 °C). The
homogenate was filtered through a Biichner funnel and washed
with precooled acetone again and once with ether. The ace-
tone powder was air-dried overnight at room temperature and
stored at —20 °C until use. The crude enzymes were then ex-
tracted with 10 volumes of 2% KCl solution from 20 g of ace-
tone powder. After homogenizing, centrifugation was performed
under 13000g for 30 min at 0 °C. The residue was washed with
10 volumes of 2% KCl solution again. The collected superna-
tants were used as crude enzymes in this experiment. All the
preparations were carried out at 0-4 °C.
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