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An extensive study has been made on the relationship between the freshness and the compo-
sitions of the muscle protein of prawn, Pandalus japonica during the storage under partially frozen

condition.

The variations of the subunit distribution for sarcoplasmic protein and myofibrillar protein
extracted from the samples by changes of freshness were discussed by sodium dodecylsulfate-poly-

acrylamide gel (SDS-PAG) electrophoresis. On the other hand, the denaturation constant (Kp)
of the myofibrillar protein extracted from the prawn stored at —3°C and —20°C were successively
compared.

The prawn muscle contained about 18% of protein with the composition of 32% in sarcoplas-
mic protein, 56% in myofibrillar protein, 10% in residual intracellular protein and 2% in stroma.

‘The indices for estimating freshness of the muscle were approached to the early stage of
putrefaction on the 26th day of the storage with 25.29mg% of total volatile basic nitrogen, 31.36%
of K-value and 8.83 of pH. The content of the myofibrillar protein was remarkably decreased
with the time during the storage while that of residual intracellular protein was increased. The
Kp values of the myofibrillar protein were 9.03X10-%sec™! at --3°C and 4.42X107%sec™! at
—20°C.

The results of the analysis of SDS-PAG electrophoretograms indicated that the sarcoplasmic
protein and the myofibrillar protein were composed of 12 subunits and 17 subunits in the muscle
of instantaneously killed prawn and were changed into 8 subunits and 22 subunits in the muscle
stored for 26 days, respectively.

It is noticeable that 30,000, 41,000, 107,000, 136,000, 170,000 173,000, 185,000, and 198,000
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daltors cf the newly appeared 8 subunits were found in the myofibrillar protein from the prawn

muscle stored for 26 days.

The amino acid composition of the muscle protein showed that the most of amino acids were
slightly decreased with the days of the storage. With respect to the free amino acid composition

of the muscle of instantaneously killed prawn, glycine, proline, arginine, alanine and taurine

comprised 939 of the total free amino acids.

Teurine, valine, leucine, phenylalanine, serine, lysine, methionine, isoleucine and histidine

were increased during the storage period but exceptionally proline was decreased.
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(unit: %
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at-death 74.13 23.11(28.95) 1.19 1.57
9 days 74.05 22.52(26.66) 0.82 1.61
21 days  77.19 19.94(23.35)  1.04 1.82
26 days 78.36 18.77(21.46) 0.90 1.97
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. Inactivation of myofibrillar Ca-ATPase
of prawn muscle during low temperature
preservation at —3°C(Q)
and —20°C(@). Denaturation constant,
Kp=(InCo—InC,)/t, was 9.03X10-¢/sec at
—3°C and 4.42X10"¢/sec at —20°C
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Fig. 3. Electrophoretograms of NaDodSO,-solubi-
lized sarcoplasmic proteins and myofibri-
llar proteins from the partially frozen pr-
awn muscle during storage at —3°C

In the electrophoretic analysis, 10% of
acrylamide gel was used for sarcoplasmic
protein and 7.5% of acrylamide gel for
myofibrillar protein.

Numericals under the photographs show
the days stored.

* The capital letter H and A indicate

the cross linked hemoglobin and albu-
min, respectively
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Table 2. Changes in protein composition by freshness of the partially frozen prawn

muscle during storage at —3°C

Conditions of Non-prot- Protein-N(mg-N/g-muscle)
freshness einous
Days of storage = —————————— nitrogen Residual
TVB-N K-value (mg-N/g- Sarcoplasmic Myofibrillar intra- Stroma
(mg%) (%)  muscle) cellular
at-death 5.73 6.90 4.93 9.11(31.45) 16.23(56.04) 2.98(10.30) 0.63(2.17)
9 days 9.26 25.77 4.90 9.72(36.47) 11.11(41.66) 4.92(18.45) 0.89(3.36)
21 days 13.33  28.91 4.89 9.12(39.06)  9.27(39.70) 4.70(20.13) 0.12(0.90)
26 days 25.29  31.36 4.80 8.51(39.66) 7.21(33.60) 5.54(25.81) 0.19(0.86)

Numericals in parentheses represent percentage distribution to protein-N of the muscle proteins

oM, B2 ik o fE BLEREIEZE
B BT 29 BHHR BEAES HEEBE EAE
o dad e oA HgkE BRAKSSNTE Hisd
o BEKB& Vel subunit 8] 457EE Fig. 34
dehiiged, o4l HRBHE 5F&H subunit
8 5% % 3 #{tT micrometer 24 HiEso
Table 3~6¢] st ielvgdc).

=X, Womes BT HEY Bhd @& B
H iy #s B (Table 2), ARAL A+

Table 3. Comparison of subunit distribution
on SDS-acrylamide gel electropho-~
retograms by relative mobility be-~
tween at-death prawn and Israeli
carp sarcoplasmic proteins*

Subunit distribution by

Relative dalton unit(X10-3)
mobility
Prawn Israeli carp
0.074 108
0.086 100
0.118 79
0.137 67.5
0.179 60
(0.188 57 56.5
0.253 52
0.298 47
0. 342 42.5
0. 368 40.5
0. 399 38
0.521 30 31
0.562 28 28
0.658 23
0. 668 22
0.702 20
0.749 18
0. 806 17
0.898 13.2

* 10% of acrylamide gel was used in the electro-
phoretic analysis,

EYRF BYE EARC 31.40%, HERKE FHO
ol 56.042%, MKIPNEE BAH 10.30%, EE
BEHEo] 2.17% o1+
22, w3 B WMENS wjFe] 2 fel
A= MENRE BHEY KBS HEREM
EORY RMMS = 3 BB BREA B
el olgk REAQ Aoz eyl HESM B
BEY RES K 66%¢ ozt ZE < F A7
o] #ERd) === nEAS-pe HEREM BHEY
B b fAY BERE BEEY 234 ek
FEET d&E 45 AL+
WoBREREAN A EEAE A BE St 2
Table 4. Changes of subunit distribution on
the electrophoretograms of NaDod-
SO,-solubilized sarcoplasmic protein

from the partially frozen prawn mu-
scle during storage at —3°C*

Estimated mo- Subunit distribution

Rels'tli'\tre lecular weight by days of storage
MOPHIY (X107 dalton) at-death 9 21 26
0.074 108 + + + +
0.137 67.5 + +  + +
0.188 57 + + o+ o+
0.278 48 — — 4+ 4+
0.342 42.5 + + + +
0. 399 38 4 + + +
0.9521 30 + + + +
0.562 28 + + + +
0.658 23 + +  + -
0.668 22 + + + -
0.702 20 -+ + + —
0.749 18 + +  + -
0. 806 17 + - = -
* 10% of acrylamide gel was used in the

electrophoretic analysis
+: Subunit appeared on the electrophoretograms

—: Subunit did not appear on the electrophore-
tograms

— 284 —



BelA$-Ae BoAMEET BEE 2 ot =] ML

Table 5. Comparison of subunit distribution on SDS-polyacrylamide gel electrophore~
tograms by relative mobility between at-death prawn and Israeli carp myo-

fibrillar proteins

Relative* Dalton unit(X1073) Reference

mobility Prawn Israeli carp Subunit Dalton unit(X10°%)
0.080 200 200 Myosin heavy chain 21022, 20029,21):2%)
0.118 194 M-line M« 19520)
0.142 180 M-line Mﬁ 18029
0.175 165
0.185 158
0.191 152 C-protein 15022), 1402
0.226 140
0.258 124
0.275 121
0. 328 104 104 a-Actinin 12022), 10220, 902D
0.340 79
0.394 62
0.415 54 54
0.450 50
0.501 45 45 Actin 4922), 48%5), 4520), 4319),23)  4228)
0.563 39
0.576 38 38 Tropomyosin 3724), 3622), 35200, 3423
0.617 35
0.646 32 32 Troponin-T 3720, 3029
0.700 29
0.765 25 25 Myosin light chain-1 2929, 2827, 27.5%), 2519):20),23),25)
0.829 22 22 Troponin-1 2420),21), 21%)
0.872 20 Troponin-C 2418) 20200, 1923),24)
0.892 19 19 Myosin light chain-2 1927, 18.5%7), 1819):20),21), 17, 523),26)
0. 941 17 17 Myosin light chain-3 16.520), 16'9), 1529, 14%).27)

* 0.080—0. 340 and 0.394—-0.941 of relative mobility in SDS-PAG electrophoretic analysis were
accomplished with 10% and 7.5% of the gel concentration

18) Ishida and Konno(1982)
19) Nishita et al. (1981)

20) Porzio and Pearson(1977)
21) Reddy et al. (1975)

22) Samejima and Wolfe(1976)
23) Seki(1977)
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Wosta ERNRE BEH A5 Bl #E
& vehd gl

o] - MR ulFo EAKY SHEY T2 fLE

24) Seki and Konno(1975)
25) Spudich and Watt(1971)
26) Takashi et al.(1974)
27) Watabe et al. (1982)

28) Watabe et al. (1983)
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Table 6. Changes of subunit distribution on
the electrophoretograms of NaDod-
SO4-solubilized myofibrillar protein
from the partially frozen prawn
muscle during storage at—-3°C*

Estimated mo~  Subunit distribution

ﬁilba'tli.ve lecular weight by days of storage
ility s

(X10 da“o“) at-death 9 21 26
0. 080 200 + + + +
0.099 198 — - + +
0.118 194 + + + +
0.131 185 — - + +
0.142 180 + + + +
0.155 173 —- - - +
0.171 170 — - + +
0.175 165 + + — -
0.185 158 + + + +
0.226 140 + + - -
0.237 136 — + + +
0.275 121 + -+ + -+
0. 316 107 — - - -+
0.328 104 + -+ + +
0.394 62 -+ + + +
0.448 54 + + + +
0.501 45 + + + -+
0.545 41 — + + +
0.576 38 + + + 4+
0. 646 32.5 + + + 4+
0.720 30 — - 4+ 4+
0.767 27 — + + +
0.829 22 -+ + - -
0. 850 20 — - + 4
0.941 17 + + + +

* 7.5% of acrylamide gel was used in the electro-
phoretic analysis
+4: Subunit appeared on the electrophoretograms

—: Subunit did not appear on the electrophore-
tograms

B NS A BPE ZEEL 12082 subunit
7b Bi=g . 23 &R olAztdole T
ARG BT BYE BAEA At A%
HAA GHRE Aol golde 11489 subunit 7}
sl BRE REEY MRS FREd 2=4A
$-oF BEQ olzeteloolote] Alojel Ay B
7t A5E & F dodsh. KT w99 o2z}
dojelpyhe] BEE BAR BR subunits] o
A BRKEE HEBEEA 9T FFR &%
g Zlo] 3ff subunitz} gigevt 2 o] e
25 77l 8 STRY subunit 2 o] Fold &
&4 ek oL #MEE KIS FREMW

L
=

DRE BHES o/ F& BAH 281 g¢8¢
Rete] Fui, #s] FREY %+ subunit 5 F&
40,000 BITFQlzte] 8Mo] v HEdl Hete ol&gly
ojolell ol it 48] A= G+ HHL B
9 et

2 HREARRBA A By Hol sl H9 subunit
o BE: Bd, B 2lHA A HTFE 48,0008
Al 2% subunit 7} IS KHEH, TFE 18,000,
20,000, 22,000 & 23,0006) ZEs}= subunit:
R 26H =¥ Mkalgod, SFE 17,000¢] 2%
%ol subunit = BFEE 9H Dlfkel: #HZksie v
Hreb o)L HRE FEtd SFRe xrdAL
subunit v} =4 peptide 2 57} Yojvhm2A
Ehd #Re o= P9

o, AiEs 2l mel A MM BE
BHELRY 5FEH subunit 8] 7S Table 5
o velilglon, High ojxetdlalels] WHEHK
e GEBE BHES Mmlisld SDS-PAG BAK
Biko 2 o subunit &) HAEE SHY BES L
3tel viehy gl

BESH ZHEY subunit & £ BHHWHZ B
Eehe] #ET W R BHES HEstd 2d,
Hel AR BIRBHE BEE D 5 F& 54,000,
62,000, 121,000, 158,000 %l 165,000¢] ¥ste o}
T BpEdAE AR @55 A subunit
7t = aElm BEa bl QA E BAF
HBEHAA FE $#4EQ M line Mool M line M,
o] HEse FFRE 180,000 T4 194,000 8] subunit
7t =g, B9 BG4 #EY STR
140,0009] C-proteinz® o] R =AY HEEE
EHRENAE #ili=glet. ol £4H 4 TES

EZRT J2ov TR 104,0006] FEIFEALE o
actinin gl Z 6 229, 5FH& 45,0000 st A
2 actin §] AL BWB), oz HFE 38,000
3 32,0008 FESE R tropomyosin =z}
troponin-T ¢l Ao 2 £& FEHAS. 22z &
FH 25,000, 22,000, 19,000 2 17,0006] st
L subunit = Nishita 5!9 Porzio ¢} Pearson®),
Seki®®), Takashi 520 & Watabe $27 4£¢] #H&:e)
&j5l=l myosin light chain-1. troponin-[, myo-
sin light chain-2 @ myosin light chain-3 &1 ZA o
E £& HEsddd.

BelA-SWY BESE BHBES olazldoel B
®Ee BESE BEAES STEHN Bl subunit

— 286 —



Rl -] MOBRERET BEE 2 obv) =B MRS

Y SHLY 2RE: ¥4 TR 17,000, 19,000,
22,000 25,000, 32,000, 38,000, 45,000, 54,000,
104,000 % 200,0008] subunity: A2 —Zstd o
v, srubell me)Af$-¢) 62,000, 121,000, 140,000,
158,000 165,000, 180,000, 194,000¢] subunit & o}
2l ool Al gsim, = ozl oo
20,000, 29,000, 35,000, 39,000, 50,000 79,000,
124,000, 152,0009] £ subunitl 2o =
—#3h= subunit 7} glo] &£ FEEII . £28H
L® velAmY HEBE BOHS 17EY sub-
unit 24, 2E3 o]l oJoly WHREHGY
BEBE BRES 18fHY subunit 2 EEsEd Y
Avk. BEEENE &8 Sl wold HERKR
BHE Aste] HBRAER a0 FEHS
1789 subunit2 ZElmw MARE 16f89 sub-
unit 8 ER=e] 9otz gl oS RS
R HHBAA R BES Baslte tikstd g
o BE#HE ZREELS BEd 99t 2 subunity
el oA e 2RI d88 o 4 gt

Bl $E —3°CelA] |MoEREREE BEste
‘o] BE BME RERER 98 2 BERE
BHES w5 HEsld subunit #Re) LS
Bt 2 #5RE Table 66] VeEbQich. B H #e
Rigel o S HEMRM BHEL o] 5= subunits]
el = A de BILE 2yg. Tl BES
23, Mz HEE subunitol s BrEE 9H Rl
Bl 1 Aol 4F&E 41,0008 subunit g} 136, 000¢]
subunit & & 4 93, BE 2IHA] vehg A
L2 4FR 20,000, 30,000, 185,000 R 198, 000
8} 4 subunitz}, zEla BEEE 26F o] kg R
S 2E T8 107,000 2 173,0008] #& subunit &
= F Ysivh §4, Rraidiel MK subunite] &
i 21 Hme] 4Fi: 22,000, 140,000 = 165,000
9] subunit & BriE 265 =) o] TR 19,0009] sub-
unit & 5 ¢ Aok HIBE R dolrd of
2L BIRBHE BREY subunit MRS B B
BE ZmaEAAd sl S BESE BAES
o] 5= subunit &} #rage S gt AJL ¢
< A+

EREEETY SR BEES HREE EaR
BIL subunit o] o]o} 2 #BfhE wWolHoE HH
g HIEOAAE #EAsE gAw, AR HRBRAA U
Ehd 2eAR-9-pye] BiESF o S#Eie] 2 mlo| gl

4. EBHE #fetr| =@t Bt =R
o MR Bt

o mEERREA A Bk A R =2 AR
it REBZ e BEE #Ret =@t Hioln
=fRe] Mk LS elviwd Table 7 @ Table 83}
2+

A, AR BEE BRI =BRY MR
BLE B (Table 7), A3 welA$@ BEHE
BaRotrl e el 9lolAl3 alanine, arginine,
Table 7. Changes of amino acid composition

of protein free from fat and non-
proteinous N-compounds in the par-
tially frozen prawn muscle by fresh-
ness during storage at —3°C
(g/100g-wet muscle)

Days of storage

Amino acid

at-death 21 26
Essential amino acid
Tleu 0.565 0.485 0.488
Leu 1.104 0.973 0.983
Lys 2.096 1.772 1.814
Aromatic amino acid 0.830 0.731 0.740
Phe (0.464) (0.413) (0.417)
Tyr (0.366) (0.318) (0.323)
Sulfur-containing
amino acid 0.559 0.488 0.517
1/2 Cys (0.200) (0.175) (0.186)
Met (0.359) (0.313) (0.331)
Thr 0.628 0.548 0.541
Trp 0.105 0.093 0.075
Val 0.659 0.566 0.616
Nonessential amino acid
Arg 2.266 1.941 1.856
Gly 0.925 0.847 0.814
Asp 1.413  1.228 1.259
Ser 0.745 0.654 0.663
His 0.751 0.634 0.668
Ala 2.266 1.941 1.856
Glu 1.944 1.709 1.726
Pro 0.156 0.406 —
Total 17.372 15.016 14.616
Nitrogen content of
the protein sample*!  15.07 14.94 14.46

Recovery*2 102.92 100.33 100.97

*1: Nitrogen content of the protein samples sub-
jected to the analysis of amino acid compo-
sition

*2: N amount from the total amino acids to the
nitrogen content of the protein samples was
indicated as recovery
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Table 8. Changes in free amino acid compos-
ition of the alcohol extracts from
the partially frozen prawn muscle
by freshness during storage at —3°C

(mg/100g~wet muscle)

Days of storage

Free amino acid

at-death 21 26
Lys 5.45 28.97 33.43
His 3.06 16. 31 15.20
Arg 279.48 291.95 261.95
Tau 110. 37 207.53 201.51
Asp 9.25 17.20 15. 87
Thr 20.24 40.61 35.46
Ser 11.32 33.77 37.06
Glu 52.13 78.34 76.74
Pro 757.24 472. 42 499. 26
Gly 866. 96 839.84 768.89
Ala 226.28 269. 69 230. 38
Cys 7.60 12.73 11.82
Val 13.30 40. 87 42,97
Met 10.90 23.66 29.04
Ileu 6.44 24.81 27.35
Leu 10.99 40. 04 43.64
Tyr 3.72 5.56 8.10
Phe 7.02 32.55 36.13
NH; 8.18 9.91 11.06
Total 2409. 91 2486.76 2383. 86

lysine, glutamic acid, aspartic acid, leucine o] t}
£ ot xBel gt TR A g2 Zlo] Kol
Ao, Mokl ke # 64%4] EstI . &
3] L olm) @2 tryptophane 3} proline-& &
+ Qew, o] B weld HWEAN mMEWY EH
HO ket By MK 2428 FARHE
9 BAEY BRo =B ERMIAAE 5 &
RE 24 HE SV HEEE tryptophane 3}

proline o] FEgt JtEEol & o= A=)

Bo RN st 213 26H4], T &L
Mg MEpt: WENER 13.33mg%, K-3t
o2 28.91%C1Z-¢ RBE Hifeds HEBY F
g Rz BEE) A Ao BERN BASRER
25.29mg%, K—gto 2 31.36% (ol 22 SERBE
BRI BTl BEA THEERA s
RREY) 48] ZAEREE St o] =&Y
MRS Stk & #R £ olvl Mol Fta MR
4 B oo FiMsle #HAS ngor, o o
A wBmPste LB XM BB Y BAaBRHK
o BAHES WHlsts RS el

FRtoln] RO MRS BLE = (Table 8),
BRI A0 el = BEEolv B 24 glyci-
ne, proline, arginine, alanine % taurine, o] ¥
3] wol &F=] dglor, olE 5EY ofv] xfke]
£ 18] BEEolv] =M ¥ 93% & &elsieh

o] R E M --(Penaeus setiferus)e] ptho)
a8 e Efolv @Y HMRE oW HE
arginine, taurine, proline W glycine o] £ &
BEolu] - ERe] 93% ol Bslg i Cobb [ 59 #
Eoe g BRA o A A o] £ glycine o] &
8 Glolw nBRY #Y 67% % A TY Heabd 2eiA
el A glycine o] 713} g EEEoln] o]
e shi, &R el # 36%E AA
I e ERE 2Yh

el 3 O R b HES(E o Eo pro-
line o] XI§ MO AL Bsislkdd, taurine, valine,
leucine, phenylalanine, serine, lysine, methionine,
isoleucine, histidine &o] 25 o2 AE #m
% AL BEZ It AEGol 43T SAFE
Eliglel, Cobb [ E¢ 3445 Kistged &
o] ERMEolw] RS LT ST #E, taurine,
aspartic acid, glutamine, asparagine 3
glycine & BR4LsE ATl WHEolr] o) HEH L
2 #imsted o\ arginine 3} proline - & WAt
ste] BeElA-28 MAME BEde] BEEelr) =@
Mg Bibote e ERE 29 o] R ¥ F
o RrRE RS ol B MR ue B
BL 71A9E 2& ¢ 4+ U4

serine,

E® #

WoRFRAERT S S5 Mol ARHEY MR
1bete] BRBRE ®mWsho] std, ZA$E ABe
ko] B4 BERE BREE(—-3°Clell Byiislel Fx Bk
B Kiel ol o] #E Mo BREAZ A
BHEY S BEE Bl B ¥ Eigolrlx
B9 ik % BEE Lk FHsidch
aela, BHEY Mk #Ble ol 5 B®sl #BEfs
7] e, WA BRER ZaHES HEBM BH
e £4 flste gEwltd <8 &£ ZHEY
B subunit &} $/LE SDS-PAG BHIKEIT il
g3t sid o, ¥4, BEEHE ZBOHES A
e —3°Cel —20°Col BriEistds Ca-ATPase
EEES BT HEstd B MEEHENE
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Ratgd et

el HFelE #23% 9 HMESEE 47
st dglew, BREEERE o6 MR BER
HHH 31.45%, BEEHE BEE 5.04%, WMBAE
BEHE 10.30%, oela B8 BHE 2.17% 2 ¢
SER LS

o Bt o] BEEESBMLE  MEREBML R
K-z, #mgh Basia ¥ pHY 2 §
ER RER, BN 26H A6 Rk WY BES: 8
RN HEEER 25.29mgy, K—37F 31.36%, pH
8.83¢] FiEslal <.

oS Ik P e DRy 88 o g
BEBKE ROEE HEL B8 g HAZE
HEL 254 Bostdch. 23v MEARE BE

< B BAmE XY BRE BOREE 2% 1
sk =t

e BIEBE ZHHY —E —3°Cg —20°C
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10-8sec™t, 22z —20°C el A Kp=4.42X10-6
sec™!g Mo —20°C dwj7} W4 wEst ot

BRE ZOES BERE BEEY B subunit
9 B4E SDS-PAG BRIKBEoZ HE &R,
BYH ZEES NHEI - 1209 subunite]g]A
o] EE M & IRABE Bl 26Hx] o= 8fF
subunit xo] otw, HEMME BEE delAE
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& WL 227 subunit = MYt BEGE E
HE B subunit Fel A B A28 MBS
subunit & 30,000, 41,000, 107,000, 136,000,
170,000, 173,000, 185,000 2 198,000 dalton &
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22,000, 140,000 2@ 165,000 dalton$] & subunit
gt

BoweE I BEES BRsle o xBy
R BLE oHE BE KEFY olvxEe B
B i} ol Eo] —@poz 234 Hdste #©
mel g =t

el EEEole] RS MR BBibel dAdE HI
3t B9 e & glycine, proline, arginine,
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28 Mk
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