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Abstract

The composition of muscle proteins and free amino acids in the mudskipper (hibernant fish) were investigated
before and after hibernation (maturity period: August, hibernation period: November thru. April). It was found
that crude proteins were 17.6% in August, 17.5% in November and 16.9% in April, while among the muscle
proteins, sarcoplasmic proteins were constituted up to 19.2~20.4%, 58.8~61.3% for myofibrilla proteins, 11.2~
13.2% for intracellular proteins and 7.5~8.3% for stroma proteins. Composition changes of the muscle proteins
were hardly noted until November but during the hibernation(from Nov. to Apr.) the amount of the sarcoplasmic
proteins and the myofibrillar proteins decreased pronouncedly. As for the sarcoplasmic proteins, 14 subunits were
found and among them, the amount of 30 kDa and 46 kDa subunits were found to increase slightly in April
compared with those in November, while the amount of 35 kDa and 65 kDa subunits were decreased slightly.
As for the myofibrilla proteins, 13 subunits were found and detectable changes in their composition were not
observed until November but in April the amount of myosin heavy chain was increased by 3%, while the amount
of actin decreased by 3% when those are compared with the results in November. The composition of amino
acids in the muscle proteins was hardly changed during the observation period. But there were considerable
changes of composition of free amino acids. Glycine and alanine were found to be the major free amino acids.
The most striking feature was the changes in the glycine and arginine content: the former, which is a dominant
free amino acid, was increased by two-fold in April compared with that in August and the latter was increased
by two-fold in November and by four-fold in April. It was also found that the amount of essential amino acids
(i.e., lysine and histidine) and others (alanine, glutamic acid, serine, aspartic acid and valine) increased
significantly during the hibernation period.
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Table 1. Comparison of protein compositions in the muscles of mudskipper from maturity, pre- and post

hibernation period

(g/100g muscles)

Sampling months"’ Aug, Nov. Apr.
Crude protein 181 10.26* 178 *0.13 169" +0.04
Sarcoplasmic protein 342 0.1 0(20.4)2) 320 £0.23(20.1) 2.92°40.07(19.2)
Myofibrillar protein 9.86"+0.07(58.8) 9.42°+0.38(59.2) 9.12°+0.06(61.3)

Residual intracellular protein 2.16 £0.11(12.9)

Stroma protein 1.32 £0.14( 7.9)

2.10 £0.09(13.2)
1.19 £0.03( 7.5)

1.70°£0.07(11.2)
1.26 +0.07( 8.3)

* Values are averagezstandard deviation; #=6.

b Significantly different from columns(p<0.05).

D Aug. : the period of maturity(2000. 8.2~5).
Nov. : just pre-hibernation(2000.11.4~6).
Apr. : just post-hibernation(2001.4.13~15).

* Numericals in parentheses represent percentage distribution to protein fraction in the muscles.
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Fig. 1. SDS-PAGE patterns of sarcoplasmic
protein and myofibrillar protein in mudskipper
muscles (7.5% gel).

*: Month

Abbreviations used: Sp-P, Sarcoplasmic protein;

M{-P, Myofibrillar protein; MP, Marker protein.
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Table 2. Comparison of sarcoplasmic protein com-
positions from mudskipper muscles, as analyzed by
subunit distribution on SDSgel electrophoreto grams

and densitometry (area %)
Estimated
molecular
weight Aug.l) Nov. Apr.
(X 10 dalton)
230 7.94 7.98 7.76
170 3.73 349 3.54
110 7.46 7.32 7.55
81 8.08 7.90 7.78
70 3.44 3.16 3.66
65 5.24 5.43 4.08
53 4.57 4.68 5.26
46 6.51 6.71 7.44
35 21.53 21.81 20.15
30 16.06 15.47 16.30
21 491 542 5.69
20 3.95 3.90 441
17 336 3.77 323
15 3.22 2.96 3.15

" Refer to the footnote in Table 1 of symbol.
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Table 3. Comparison of myofibrillar protein com-
positions from mudskipper muscles, as analyzed by
subunit distribution on SDSgel electrophoreto grams

and densitometry (area %)
Estimated
molecular
weight Aug.” Nov. Apr.
(% 107dalton)
210 25.31 2540 28.63
168 8.52 8.83 8.59
121 2.96 3.04 291
102 2.43 2.36 2.16
68 2.61 2.51 3.56
43 27.85 27.96 25.03
37 5.31 6.06 520
32 3.12 3.04 2.35
28 6.33 6.41 7.47
23 4.97 5.24 4.76
21 2.88 252 3.13
175 4.51 3.80 3.69
16 2.70 2.83 2.52

D Refer to the footnote in Table 1 of symbol.
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Table 4. Comparison of amino acid compositions
of proteins free from fat and non-proteinous
N-compounds in mudskipper muscles from maturity,
pre- and post hibernation period

(g-A - A/16g of N)

Amino acids Aug.” Nov. Apr.
Essential amino acid
Ileu 527 5.06 5.29
Leu 8.55 8.49 8.73
Lys 10.11 9.74 9.52
Aromatic amino acid
Phe 4.88 481 443
Tyr 3.39 3.49 3.82
Sulfur-containing
amino acid
Cys 1.35 1.22 1.48
Met 3.05 297 322
Thr 4.61 4.94 4.67
Trp 1.04 0.94 0.98
Val 5.16 5.27 5.45
Non-essential
amino acid
Arg 6.35 6.69 6.72
Gly 4.67 4.78 4.59
Asp 12.79 12.51 11.96
Ser 450 4.42 433
His 1.35 1.12 1.27
Ala 6.59 6.85 7.04
Glu 17.60 17.25 16.77
Pro 3.80 3.43 3.84
Total 105.06 103.98 104.11

" Refer to the footnote in Table 1 of symbol.
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Table 5. Comparison of free amino acid compositions in mudskipper muscles from maturity, pre- and
(mg/100g muscles)

post hibernation period

Amino acids Aug.” Nov. Apr.

Asp 229 +0.06%( 0.8) 2.81* £0.15( 0.9)” 3.61°40.10( 0.9)
Thr : 2051 +0.69 ( 8.5) 20.12 +0.34( 6.5) 18.73 £1.82( 4.5)
Ser 10.17 £0.92 ( 4.7) 14.14° +1.66( 4.6) 20.38°+0.91( 5.0)
Glu 6.99 1042 ( 32) 14.23* £1.04( 4.6) 19.04°+0.84( 4.6)
Pro 5.05 £338 (21) 451 +1.94( 1.5) 496 +1.16( 1.2)
Gly 92.53 £2.81 (38.3) 127.79° £2.36(41.4) 181.04"+4.2(44.0)
Ala 35.59 +2.59 (15.9) 44.92° +128(14.6) 51.85°+1.21(12.6)
Cys 0.41 £0.09 ( 0.2) 0.18 +0.15( 0.1) 0.27 £0.18( 0.1)
Val 1.91 £0.52 ( 1.6) 3.21% £0.12( 1.0) 5.05°+£042( 1.2)
Met 523 £1.53 (22) 6.71 10.84( 2.2) 6.45 +0.27( 1.6)
lleu 3.01°£0.92 ( 1.2) 2.63"+0.36( 0.9) 1.14°£1.06( 0.3)
Leu 2.84°£036 ( 1.1) 2.02°+0.64( 0.6) 1.39°£0.74( 0.3)
Tyr 1.97 1033 ( 0.8) 224 £0.24( 0.7) 2.85 £0.95( 0.7)
Phe 2.06 £0.19 ( 0.9) 2.51 +0.48( 0.8) 1.97 £0.19( 0.5)
His 9.68 =095 ( 4.0) 13.74° £0.81( 4.5) 18.72°+0.49( 4.5)
Lys 2644 £1.03 (10.8) 29.77* +1.04( 9.6) 35.33°+1.43( 8.6)
Arg 8.8 :£046 ( 3.7) 17.01° £1.18( 5.5) 38.49°43.06( 9.4)
Total 241.30(100) 308.54(100) 411.27(100)

* Values are averagetstandard deviation; »=6.
b Significantly different from columns(p<0.05).
" Refer to the footnote in Table 1 of symbol.

? Numericals in parentheses represent percentage distribution to total free amino acid in the muscles.
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