i+ OkER%)  THITIMA JANTAKOSON
F X E A

Characteristic denaturation of myosin and actin in
whiteleg shrimp (Litopenaeus vannamei) abdominal
muscle upon heating and freezing
(FABEEICOME. FRHICEEIFT 77 F v OB#MINEEN)

FA R ICHEDEE

Shrimps are important internationally traded fishery products. Major species of cultured
shrimp are black tiger shrimp and whiteleg shrimp. The latter is the most recently
abundantly cultured shrimp in Thailand because of its merits of quick growth, high tolerance
to change in salinities, easy domestication, and ability to spawn in captivity. Shrimp and
shrimp products are distributed in frozen state to global markets. In spite of its importance,
there is little information on the properties of the edible meat parts; muscle protein, myosin
and actin. The purpose of the project was to clarify the properties of shrimp muscle proteins,
myosin and actin, and to characterize their denaturation profiles upon heating and frozen
storage. To study these, various types of materials were employed from the simplest material
of myosin isolated, myofibrils and shrimp meat itself. )

In chapter 1, the fundamental properties of shrimp myosin were investigated using whiteleg
shrimp, black tiger shrimp, and kuruma prawn as shrimp samples. Myofibrils of these showed
similar striation on the surface by microscopic observation indicating the typical structure of
striated muscle. Shrimp myosin was isolated from these myofibrils by a direct application of
the established method for fish myosin isolation, which is the ammonium sulfate fractionation
method in the presence of Mg-ATP. The Sodium Dodecylsulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) pattern of purified shrimp myosin showed two types of Light
Chain component (I.C) that were similar to the ones found with crayfish myosin. Three types
of ATPase activities (Ca2+-, K*-, and Mg2-ATPase) of shrimp myosin were also similar to those
of fish myosin showing high activities of Ca?*- and K*-ATPase and negligible Mg2+*-ATPase
activity.

In chapter 2, the internal structure of shrimp myosin was studied using chymotryptic
digestion to determine whether shrimp myosin is cleavable at two distinct regions, namely at
Subfragment-1 (S-1)/rod and Heavy MeroMyosin (HMM)/Light MeroMyosin (LMM) junctions
dependent on the conditions. Shrimp myosin in myofibrils (filamentous form) was cleaved at
the S-1/rod junction under a low salt medium in the presence of EDTA. Cleavage of myosin
was accompanied by the degradation of a type of myosin light chain. However, the cleavage at
the site was not specific for shrimp myosin and the cleavage at several sites on S-2 were also
found. Such cleavage was never observed with fish myosin. The most striking difference
between shrimp and fish myosin was that shrimp myosin was not cleaved into HMM and
LMM even though the digestion was carried out at high concentrations of NaCl. Instead,
shrimp mvosin contained a unique cleavage site that was not affected by filament formation or
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by Ca?* addition. The cleavage at the site was prominent when digested in a medium
containing 0.3 M NaCl and Ca?. These results indicate the internal structure of shrimp
myosin differs from those of fish myosin. The cleavage sites in shrimp myosin Heavy Chain
component (HC) were identified by determining the several N-terminal sequences of the
fragments produced. For the identification of the cleavage sites, myosin from kuruma prawn
instead of whiteleg shrimp was used because kuruma prawn myosin was similarly cleaved as
whiteleg shrimp myosin and its primary structure of myosin HC has been determined. Two
typés of kuruma prawn myosin HC were reported, type A and B. All of the chymotryptic
fragments produced were only from type B HC. Thus, types B would be the myosin mainly
expressed in the abdominal muscle tissues.

Comparison of amino acid sequences around the three regions (S-1/rod junction, HMM/LMM
junction, and newly found cleavage site on shrimp myosin) among myosin from several species
showed the similar amino acid sequences at S-1/rod junction. The amino acid sequence around
HMM/LMM junction for kuruma prawn was practically the same as those for other species of
myosin containing cleavable hydrophobic amino acid (W). Nevertheless, shrimp myosin was
not cleaved at the site. Amino acid sequence around the new cleaved site for kuruma prawn
was different from others, and hydrophobic amino acid (F) was detected only with kuruma
prawn. The secondary structure at the new cleavage site found with shrimp myosin in S-2
region was in the helical region. Accordingly, the secondary structure does not always
determine the cleavage. Shrimp myosin as well as carp myosin showed a random coil
structure at HMM/LMM junction area. However, chymotrypsin failed to cut shrimp myosin at
the region. It was concluded that a much higher structure (tertiary structure) determined the
cleavage.

In chapter 3, thermal denaturation of shrimp myosin in isolated form and in myofibrils was
studied by using whiteleg shrimp mainly. As whiteleg shrimp is cultured in warm (23 to 32°C)
culture ponds in Thailand, its high stability was expected. Thermal stability of myosin has
been discussed using thermal inactivation rate of Ca2-ATPase quantitatively. The
inactivation rate is usually calculated from the slope of the straight line produced by plotting
logarithmic remaining activity against heating time by assuming a first order reaction
mechanism. However, whiteleg shrimp myofibrils showed a curved inactivation, whereas
myofibrils from fish showed a straight line as expected. As myosin isolated from whiteleg
shrimp gave a straight line, whiteleg shrimp abdominal muscle contained practically a single
type of myosin in terms of the stability. Several possible mechanisms to produce the curved
profile were examined. The first possibility was less amounts of actin in the myofibrils.
Relative amounts of actin to myosin were indistinguishable between tilapia and whiteleg
shrimp myofibrils. The next possibility was the low affinity of shrimp myosin to F-actin
showing insufficient protection in an early phase of the heating. The method used was to
study NaCl concentration dependent thermal inactivation rates because increased NaCl
concentration reduces the affinity. A complete loss of protection was achieved at 0.75-:0.8 M
with whiteleg shrimp myofibrils, which was roughly half that required for fish myofibrils (1.5
— 2.0 M). This suggests a weak binding of myosin to F-actin. It has been reported that binding
of myosin to actin prevents salt-induced actin denaturation. Low affinity of shrimp myosin
and actin at increased NaCl concentration was studied by measuring actin denaturation upon
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treatment of shrimp myofibrils with NaCl on ice. Treatment above 0.75 M NaCl denatured
actin. Another possibility was that F-actin in shrimp myofibrils protects myosin weakly. The
strategy to answer the question was that F-actin in shrimp myofibrils was replaced by carp
F-actin after denaturation of shrimp actin in myofibrils by NaCl-treatment. Such
reconstituted actin/myosin complex also gave a curved profile as original shrimp myofibrils
when proper amounts of actin (approximately 50%) were mixed with the treated myofibrils.
When the amount of actin added was increased to 100%, inactivation became linear and slope
became small. The fact indicated that myosin in shrimp myofibrils was not protected fully by
F-actin present. It was concluded that curved inactivation for shrimp myofibrils was formed
not by actin but by myosin. Black tiger shrimp and kuruma prawn myofibrils also gave a
curved inactivation profile. A commonly observed property with kuruma prawn myofibrils was
the loss of the protection by F-actin at lower concentration of NaCl (0.8 M).

In chapter 4, freeze denaturation of myosin and actin when stored in myofibrils and in meat
was investigated at -20°C. As fresh whiteleg shrimp was not available, kuruma prawn was
used. A strong protective effect of F-actin on myosin during the frozen storage of myofibrils
was expected. However, Ca?-ATPase inactivation for myofibrils and isolated myosin was
identical, indicating no protective effect of F-actin. The phenomenon was explained by a
preceded and quick denaturation of actin in myofibrils taking only one day. In contrast, such
actin denaturation was not observed when shrimp meat itself was frozen and stored. Actin
denaturation was much slower than myosin denaturation. A half inactivation of Ca2*-ATPase
occurred after 300 days with meat, while a few day with myofibrils. It was proven that myosin
is kept very stable in frozen meat probably by a strong protection by F-actin binding. The
above results obtained with myofibrils and meat showed that myofibril cannot be used as a
model material for meat even though a basic arrangement of myosin and actin is the same as

in meat.

The extraordinarily high stability of myosin in frozen shrimp meat proved a strong
protective effect of F-actin. Another possible factor involved in the high stability of myosin was
stabilization by organic compounds in shrimp meat. The stabilizing effect of the compounds
was suggested by the decreased stability of myosin in dialyzed muscle homogenate than
homogenate itself. Moreover, myosin in the dialyzed meat was less stable than that in the
original meat, but more stable than in myofibrils and was similar to one in dialyzed muscle
homogenate. This indicates that unknown compounds in the shrimp meat also contributed to
the increased stability of myosin in meat. Possible compounds are organic acid salts and

amino acids.

The results obtained in these chapters provide evidence that frozen storage of shrimp meat
does not denature myosin due to two factors: protection by F-actin and organic compounds in
meat for a long period. The results suggest that high-quality shrimp meat can maintain its
quality after 1 year of storage at -20°C. This will benefit shrimp manufacturers and
consumers.
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Characteristic denaturation of myosin and actin in
whiteleg shrimp (Litopenaeus vannamei) abdominal
muscle upon heating and freezing
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