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Biochemical study on denaturation mode of myosin and
actin in frozen fillet of catfish Clarias macrocephalus x
Clarias gariepinus
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Introduction

As protein resource, fish have been playing a very important role traditionally for peoples in
Asian countries. Aquacultures of marine fish and culture freshwater fish have been very
important in these areas. In Thailand, there are various fish have been cultured in inland
traditionally for a domestic and local consumption. Hybrid catfish (Clarias macrocephalus x
Clarias gariepinus), rather than domestic one is the most abundantly cultured. Economically
the fish culture is important because frozen fillet and frozen mince are exported to Western
countries especially to United State of America. However, there is little information on the
properties of muscle protein, myosin, especially on its biochemical functions and stability. The
information on the stability and denaturation of myosin of the fish would be valuable in the
quality evaluation of the filet. Tilapia is another important fish species cultured in Thailand,
and properties of its myosin is well characterized, especially its stability. In the dissertation
myofibrils were mainly used as a model material for studying the properties of catfish myosin.
After investigation on the thermal denaturation of catfish myosin, myosin denaturation furing
the frozen storage was also studied. Moreover, myofibrils were replaced by meat itself for

obtaining the information on myosin denaturation in frozen fillet.
Materials and Methods

Hybrid catfish (Clarias macrocephalus x Clarias gariepinus), Hybrid tilapia
(Oreochromis niloticus x Oreochromis mossambicus) and American catfish (Clarias gariepinus)
were the samples for this work. A majority of the research was conducted with myofibrils
suspended in 0.1 M NaCl, pH 7.5 because the material is considered as a model material of
meat, and because the preparation of myofibrils is easy to prepare. Heating and frozen storage
at various temperatures are the method to induce denaturation. Meat itself was also used as
the last stage of the research. Myosin denaturation was monitored by employing established
several indices, Ca2+-ATPase inactivation, loss of salt-solubility, aggregate formation as studied
by ammonium sulfate fractionation, and myosin head (S-1) and tail (rod) denaturation mode as

studied by chymotryptic digestion.
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Results and Discussions
Chapter 1

Thermal stability of catfish myosin in isolated form and in myofibrils (stabilized form by
F-actin binding) was indistinguishable from corresponding preparations of tilapia. This is
reasonable because catfish and tilapia are cultured under the same conditions especially high
water temperature (25- 29°C throughout a year). It was also found that both myosin
preparations are equally stabilized by F-actin. However, chymotryptic digestion revealed
different denaturation pattern between two species of fish myofibrils. A quick denaturation of
rod than S-1 was the pattern of catfish, while the pattern of tilapia myofibrils was opposite. It
was concluded that catfish myosin in myofibrils was characterized by a quick denaturation of

tail region.
Chapter 2

To understand the different patterns obtained, myofibrils were heated by changing the
conditions. The conditions were arranged by considering myosin filament structure because
the rod denaturation detected by chymotyrptic digestion was detecting myosin filament
structural change. The most effective and easy factor that can change filament structure was
pH, namely myosin forms rigid and strong filament at acidic conditions, and oppositely forms
fragile and weak filaments at alkaline pH. As expected, pH change for heating significantly
affected rod denaturation without affecting on S-1 denaturation. Consequently, S-1 and rod
denaturation pattern was pH dependent in addition to fish species dependent. Comparing the
patterns as affected by pH, catfish myofibrils required lower pH by 1 unit to have a similar
pattern given for tilapia myofibrils. Thus, fragile filament structure for catfish myosin filament
was proved. The conclusion was confirmed by the chymotryptic digestion of the unheated
myofibrils at varied pH. Cleavage at HMM/LMM junction became obvious at pH 8 for catfish

but the site was well protected for tilapia.
Chapter 3

Structural difference of myosin tail was compared with isolated rod and its inner
subfragments (Subfragment-2, S-2, and light meromyosin, LMM). Unfolding profiles of rod
upon raising temperature for two were very similar to each other. LMM from two species of fish
showed the single unfolding peak at the same temperature. Meanwhile, S-2 preparations from
both two fishes gave two unfolding peaks. The peak found at low temperature was the same as
found with LMM, additionally another unfolding peak was found at much higher temperature.
It was demonstrated that S-2 region cqnsisted of two regions with a slight different stability.
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Chapter 4

Myosin and actin denaturation during the frozen storage of myofibrils were compared
between catfish and tilapia. Myosin denaturation rate in myofibrils was found to be storage
temperature dependent, the lower the temperature the slower the denaturation. Salt-solubility
was kept high for both species. A very slow denaturation of rod portion relative to S-1 portion
was the common pattern obtained. These were completely different from the patterns obtained
in heating myofibrils. A surprising finding was that actin denatures very quickly for both

preparations. The rate was greater than that for myosin.

Myosin and actin denaturation in frozen stored meat was finally investigated. For analyzing
myosin and actin denaturation, meat had to be converted into quantitative material. The
procedures to convert frozen Surimi into homogenate were successfully applied for the purpose.
As established by the study with myofibrils, ATPase inactivation proceeded slowly when stored
at lower temperature such as -40°C than at -10°C. However, ATPase inactivation in meat was
very slow compared with one in myofibrils. Moreover, no actin denaturation was detected at
any storage temperatures. These two showed that myofibrils cannot be used as a model
material for meat, especially prediction of myosin denaturation extent in meat from the study
with myofibrils is impossible. From the results obtained, the most sensitive index to detect
myosin denaturation was ATPase inactivation, which was not the fastest in thermal

denaturation process.

Actin denaturation was not detected in the heated myofibrils, which was the same as found

with heated meat. Myofibrils can be used as model material for thermal denaturation.

Quality evaluation of frozen fillet has been an important subject from scientifically and
economically. There are several established indices to access the quality such as drip content,
color of dark meat, texture, and bad smell. An attempt was made to establish the method to
evaluate the quality by studying myosin denaturation with frozen fillet. The proposed
procedures to evaluate the quality of frozen meat are the preparation of homogenate from the
meat and its Ca-ATPase measurement. Combination of other well established indices and
ATPase activity measurement is strongly recommended. Fundamental experiments are always
important for the information on the prediction of shelf-life of fish fillet. The present results
clearly showed that its quality of frozen fillet can be kept high when stored at -20°C. Trimming
catfish meat to shape the fillet produces small pieces of meat. The meat can be stored frozen for
the production of value-added meat-based-products such as fish ball, fish sausage, fish hams,

fish burgers and extruded products.
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