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BUNG-ORN HEMUNG : CROSS-LINKING REACTION OF FISH MUSCLE
PROTEINS CATALYZED BY THREADFIN BREAM AND MICROBIAL
TRANSGLUTAMINASES. THESIS ADVISOR : ASSOC. PROF. JIRAWAT

YONGSAWATDIGUL, Ph.D. 193 PP.

THREADFIN BREAM MYOSIN/FISH LIVER TRANSGLUTAMINASE/CROSS-

LINKING/NATURAL ACTOMYOSIN/MASS SPECTROMETRY

Ca”" at 10-100 mM induced the unfolding of threadfin bream (Nemipterus sp.,
TB) myosin and actin after incubation at 25 and 40 °C as evident by an increase of
surface hydrophobicity. Circular dichroism spectra demonstrated that Ca*" reduced the
a-helical content of myosin and actin. Myosin Ca-ATPase activity decreased at Ca*" >
50 mM, indicating conformational changes of myosin head. Total SH groups decreased
with an increased Ca>” concentration, suggesting that Ca®" (10-100 mM) promoted the
formation of disulfide bonds. Both hydrophobic interactions and disulfide linkages
were possibly important in formation of myosin aggregates, and were promoted by
addition of Ca*" (10-100 mM).

Transglutaminase (TGase) from TB liver was partially purified by ion exchange,
size exclusion and affinity chromatography. Three protein bands with molecular
weight (Mw) of 95, 63, and 43 kilodalton (kDa) were observed on denaturing
electrophoresis whereas only one distinct fluorescent band appeared on TGase activity
staining on native-PAGE. Protein from the fluorescent band exhibited Mw of 95 kDa
when it was eluted and analyzed on SDS-PAGE. Partially purified TB liver TGase

(FTG) required Ca®" up to 1 mM for full activation. TGase activity was markedly
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inhibited by sulfhydryl reagents. Optimal conditions for catalytic activity were at 50
°C and pH of 8.5-9.0. TGase activity was not affected by NaCl up to 0.6 M and
reduced to 75% at 1.2 M NaCl.

Changes in a-helical content revealed that transition temperatures of natural
actomyosin (NAM) from Pacific whiting (PW) were at 31.8 and 43.1 °C, compared to
at 35 and 49.3 °C of TB-NAM. Endothermic transitions of PW-NAM measured by
differential scanning calorimetry were at 31.8, 42.1, and 75.3 °C, while those of TB
were at 36.1, 50.9, and 78.4 °C. PW-NAM unfolded greatly after incubation at 25 °C
and the cross-linking of PW-myosin heavy chain (MHC) catalyzed by FTG and
microbial TGase (MTG) was observed. In contrast, TB-NAM slightly unfolded at 25
°C, resulting in less TB-MHC cross-linking. Unfolding of NAM from both species at
40 °C was greater than that at 25°C. MTG catalyzed MHC cross-linking to the greater
extent than did FTG, resulting in higher textural improvement of NAM gels. Unfolding
NAM played a much more critical role for FTG in catalyzing protein cross-linking
than MTG. The decreases in Ca-ATPase activity of TB- and PW-NAM after
incubation at 25 and 40 °C were not changed by either TGase, suggesting that the
cross-linking sites might not be at myosin head.

MTG exhibited higher thermal stability, leading to its ability to catalyze TB-
MHC cross-linking and 5-(biotinamido) pentylamine (BPNH,) incorporation into TB-
peptides to the greater extent than FTG. The amino acid sequences of BPNH,-tagged
peptides were identified by tandem mass spectrometry based on amberjack-MHC
sequence. The identified sites of BPNH, modification catalyzed by both TGases were
at the myosin rod and most BPNH,-tagged peptides contained hydrophilic amino acids

e.g. lysine, arginine, and glutamic acid at glutaminylamide site of reactive glutamine



v

(Q*). FTG tended to catalyze BPNH, incorporation of peptides that contain
hydrophobic amino acids including glycine, valine, leucine, and isoleucine at the a-
acrylamide site of Q*. Those hydrophobic amino acids located at the hydrophobic core
of the intact myosin rod. Amino acids at a-acrylamide site of Q* for MTG were either
hydrophobic or hydrophilic amino acids, suggesting broader glutamyl substrate

specificity.
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