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Light Microscopic Observation and Biochemical Properties of
Carp Myofibrils during Wash-treatments with
Distilled Water and/or CaCl; Solution

Chihiro TosisEiMA*, Norio INoUE** and Haruo Suinano*™*

Abstract

Isolated carp myofibrils were washed with distilled water and/or 0.1%, CaCl, solution.
The cross striation of the myofibrils was observed under a light microscope (phase contrast),
and their biochemical properties were measured at the same time. The myofibrils showed
remarkable swelling and their cross striation disappeared after repeated wash-treatments with
distilled water. Myofibrillar EDTA-ATPase activity increased gradually with an increase in
the number of washings, though no change was recognized in Ca- and Mg-ATPase activities.
The two-phased first-order thermal inactivation mode showed that a portion of actin was lost
with repeated wash-treatments. This was confirmed by SDS-polyacrylamide gel electropho-
resis. When the myofibrils were washed with CaCl, solution prior to the wash-treatment
with distilled water, no change was observed under the light microscope and no increase in
EDTA-ATPase activity occurred. Furthermore, no marked swelling of the myofibrils
occurred. Calcium bound to the myofibrils during the wash-treatments using CaCl, solution,
was scarcely released from them by the water wash-treatments, although it was easily released
by the wash-treatments using 0.1 M KCl solution.

BRI MBS T 5HLEOWE CKFL) Qe BiE HEo BN TiThh s 2R
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*ALEE VR EREER
(Nemuro High School, 146 Makino-uchi, Neruro-city, Hokkaido 087, Japan)
T ALEE KK A S B
(Laboratory of Marine Food Technology, Faculty of Fisheries, Hokkaido University)
AP TELTFOBRER#FER L7, EGTA, Ethyleneglycol bis-(2-amino ethylether)-N, N’-tetra-
acetic acid ; SDS, Sodium dodecyl sulfate.
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RIS S © WHEEREED KL CaCl, BIRIC X B 8%

VA7 BT HHEBEL ORI 2,3 OW|ES" #2565, KWL E a3y AL DIEF
2w TR ERTHSRBRIThbR T Wi, 22 TR I a4 MIRHERAL, BEK X
HUE ROBGMETESOML L3RRS0 TARE TS LHES) 2 KEL - M
WEDL D e BRDH B OCTHRHL, ToMERTA A>T AHEOBEEL S,
KThZEXHMBE L,

X B F &

Mf DFAR = 1 Cyprinus carpio DFTEEA (FH) 7 SHHY & AFOHECHBL 2,

HFOHE 016 M KCIEEWK (0.16 M KCl-40mM Tris - HCl, pH 7.5) BE L1 Mf %
20,000 X g, 20 Zpfalsd o BE U C 87 “PoBs ME” %4630 U ie, KEE%E - TRER ME ot U C bR E D
9 REBEDOAIRG KL b HEHBHES Licnb, 20,000 X g, 20 5F85E.0 58 L T2l Mf %
1B B oK M & Lic, 2B HEBEE 6 (SEBEOGRERy ML CRABCELTEYREL, 2-
46 HDOEKEES Mf %1587, KB 3EBR KL 4B E KT MELELABIC L b FRE 5
BLELVEEOEELY S LD T, COBSIBKEENLIM 75X 5k KCl #5mL
TR Mf 287, #hEFhoKEE#E MI2016 M KCLEGEK L HBL, 600xg, 10 A 0ELL
SR X 5T 3EEERTY, TR 016 M KCl #HRICHECRE LU ToLMECHEL
foo AL Ay ABEHRIZ X BPEE (LLUT Ca Pi#e L HEED) : 0.19, CaCl, K%¥% (pH 7.0-7.2) %
FRL, A#tEO & X LRBOEODEIEC L » THE Uiz, Inds, KEEG & Catits & OB EM
PRHTADICUTERZR L ¢ BEORE IR L 0 B g L,

1) CaltiEDHRETHTbD (C*)

2) Ca BB KkBEGXTobD

(Cn-H,*?)
3) K& H Catie v iTo7b 0
(H,~C»)
4) 2) © CaBEB# 1 0.16 M KCl BHEE TH&E L, B\ TKESET-7dD
(Cr-K,**-H,)
ATPase FEME D RIE IR ARG H, Mf % 0.16 M KCl £ZE % & 058 (600X2, 10 5/) X
h 3ETGEE LI DAL, Cadiids X 000.16 M KC 2EHIC X 2 5% ikE R Mf WA
B 10 fSE0RKEL Avic,

FREEE MIBEBERIBYASA PP IR LoD A—552%@HL, =2 v $KeFfy
HZEBRWE L\ 400 5 THEL &,

ATPase JEHEDBIFE Mg-, Ca-, ¥ X 0 EDTA-ATPase {5 1 H1#HY & RO HFETRAEL 72,
Ca BRZMDBITFIZSE SO HEY IC#EL TfT» oo FIESM120.1M KC, 25 mM Tris - maleate
& (pH 7.0), 2 mM MgCl,, 1 mM ATP, Mf DEE 3 0.05-0.1 mg/ml ORIEEKE S L, 0.1 mM
CaCl, 712 2mM EGTA%Mx, 25°C TRIGETTWAER LR Y vEBLHEEE L 2,
Ca-ATPase {5t 35°C K 81 5 RIEEEBER (b)) REEL" OFEICL - TR LA, KIE
BRO—KKE 72 v P BO0ERPLS L EIHPOENKTERS L OFOEBOEVEFI
DV, KRIEREERE ZNTLH ko, kp2 E LT,

SDS-HRYFLYVILT I FANEBER KB Weber and Osborn ® HiE'? 5 & B0 FEY i

*1 Cafkfra n BT 72 & %TFT,
*2 KEE T AT ERRT,
*3 0.16 M KCI-40 mM Tris-HC] (pH 7.5) £E® cnBHEG Lic s & 25RT,
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PE>T, 01%SDS % &¥10% £V 7 27 VAT § FEATIT -1, efar L% OZUMOR 82 5 v
YhA—#— (BHAELE) CEhrr—2l, TOLERCNTLE v FOHEMHEEY KD
THHEGEEE LY,

BEE Mf#EE (8-9mg/ml)0ml #3050 # (20,000xg, 20 5R) L, Ml Mf o&E#E%
Fd Tz, & OV Mf 2 #8EKD B % 0.19%, CaCly REHRIC X 5 e UFE %47\~ 20,000 X g, 20 5
MO LAEEOEEEEAIIE L, EHABRMOBRKCN T2 ERBREAIZEE & L,

BYRZBEIIEY L P EBIVI s s A LB D ERLL, Ca D EEIL Yanagi-
sawa D Y T » o,

HREEE

MBI L BATRELTE FAREo MR LIEALRD L S B ABEEYHET 541 3 4
TELTHESh, 20X 5 M % 1-3EIAGEEY B ko cBERICEF N T WEBEMBHE T
5 &, 1 [EH DG H T Mf O B ESE 4 RSB\ IEE OB I & s o T, 20

Figs. 1-4. Light micrographs (phase contrast) of freshly prepared and wash-treated myofibrils.

In all light micrographs, the bars represent 50 ym. The numbers in the micrographs
indicate the figure number.
Fig. 1. Myofibrils in 0.16 M KCI solution after preparation. Fig. 2. Myofibrils which were
washed once with distilled water and then three times with 0.16 M KCI solution. Fig. 3.
Myofibrils which were washed five times with 0.19, calcium chloride solution (pH 7.0).
Fig. 4. Myofibrils which were washed twice with 0.19, calcium chloride solution and then
five times with distilled water. Each KCI solution contains 40 mM Tris«HCI buffer (pH
7.5).
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FIES : HIRSHEO AT CaCl, BRI X 588

KGO MEf #0016 M KOl &K CROHC L 2WHE XTS5 & M BB L s =+
2, B2iabinsk i BiEERINEeELLEET, —RLTEBRRYEL TV,

Mf 2 KB LRSS A TS b e fnhd & LR L AR KRBEEC L 3 &%
2bhb, COZLF3MUEORERLSBEERIFICL > THELRVWZ ENLIEMT BRI, B
WY CHRBALEBINC L 2 HECE, BELAEMI %016 M KClEHR BN T2 LIV IE
HRHERRESE A H T ME BT Licd, KERTORLSEIC L 5 K55 T3 0.16 M KCl &6
WCHEE LT KGO ER MBI EL L it ofe, TOMEOMRE, HEs L
EHEMHESMETHI DO LT, AERTHALLELSB L 2y FRESRIFEE
OO TBERAFBETH DD EE LTS,

Wi Catith b DRIETHE L -EREAR L 4IR L, 2hb b HLM L 512 Ca il
DHEIT - THMEHE LIRS HhT (K3), Catiis® 2BIT - ok, KSEELIEEIE
Licd ® (Co-Hs) im oW T SRR RED B L TE, BRELIBE CE oo
(K4), —H, RCBRERD 500, ROCKEGE 2ET, oK Calidy SEREL -
Mf (H,-C3) CRBHEER DDA Z L2 TET, K1 LRBRCERE E 7t -7

KikigbB LU Cafiific & % ATPase FENOEL 2172 b $ A2 v LM 2K
ERERTHEYRVEZT L, ThALRBESA S Z EVBRICHEShTV5, 2 2 TiIK
e r CathEict - C ATPase FMNED L S IE LT 5 DD, i Ca RZHICLHFEST A0
ES3 o TRE Lic, K5 k&Rt > ATPase [T OB R R L1z, Ca-ATPase iE
# (60mM x L 0'05M KCIAET) X 1-3EChi5EEIC L » TELIRD Lhish -1,
Mg-ATPase it RICIR & A BRI A B hich - Tcny, 3EIEOKESETH 10% LA TS
L b Hotz, —F, EDTA-ATPase i X BEE BB T I LIch - T, IEHOH KT HZ &
MDD, THIZI AV ET 275V OREDTHE > -TRER"Y ¥ EFTH/ERTH -,

Baokdeie & Ca Bttt RiIc X 5B L oW THRET L e, K 6 1okt & Ca i 0l A&
W X 545 ATPase [EM(E % T L7, Ca-ATPase FEtE (60 mM ¥ L 18 0.5 M KCI 4 TF) (2
FThORELIZ L - THEALLRD S hirh -7, EDTA-ATPase FEfER RS L b FRL,
CDOXBEMIEIZ Y »C—H A U7 EDTA-ATPase [FEtEiY, F0HEO Ca it - TR

0.8 X X X X
/o
Fig. 5. [Effect of repeated wash-treatments

with distilled water on Ca-, Mg-, and

EDTA-ATPase activity of carp
myofibrils.

0.4 ./.

ATPase Activity (umol Pi / (min-mg of myofibrils))

O, Ca-ATPase activity (60 mM KCl); | ——© O—_
4, Ca-ATPase activity (0.5 M KCl); x,
Mg-ATPase activity ; @, EDTA-ATPase
activity. 0.2~
L 1 1 ] ]
0" o 1 2 3

Number of Wash-treatments
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Fig. 6. Changes in ATPase activity of carp myofibrils wash-treated with distilled water and/
or 0.1%, calcium chloride solution.
Capital H and C, and the figure of subscript are the same as in Table 2.
B : Mg-ATPase activity, []: EDTA-ATPase activity,
N : Ca (60 mM KCI)-ATPase activity, g : Ca (0.5 M KCIl)-ATPase activity.

Table 1. Effect of repeated wash-treatments using distilled water on
Mg-ATPase activity and Ca-sensitivity of carp myofibrils.

Mg-ATPase activity
Number of wash- (zmol Pi/(min + mg)) Ca-sensitivity*
treatments (%)
with Ca with EGTA
0 0.833 0.204 75.5
1 0.830 0.276 66.8
2 0.953 0.511 46.4
4 0.768 0.698 8.2

ATPase activity with EGTA)

N ~
Carsensitivity (%)= 1°°><(1 ATPase activity with Ca

Bk ote (HeCs)o—H, Ca D Lh B Z iz o eife (Ca) B L0 Ca BB kKEtE LI
& (Co-Hy) 123 EDTA-ATPase iE#: 0 RIS b ieh - f2, ¥ 72, Mg-ATPase it i3 K i
L Ca e D A& 8T 20-30% O EA X B,

Mf @ Ca BEZ iR B LR R 2R ISR LT, BEaiC 75.5% TH » 7o b DAKEHEH O
Bine L bR AIIETL, Kk 4BIETIE82% Ky HLLCHREEEhicZ t&RL:
(1), FeF@RL TN CakBr LT LEHE (Co-Hs) © Ca RZ L 56.6% TH

D, KEGEETLIEES (He-Cs) 1325.9% T Cai T LD R S 25 Ca R %
BHEL T,

COL S AEEDREICL »Thbht: EDTA-ATPase 5D F R4 L U Ca BZHDOET
WAL, CattBrrECTo I THHIZIhD 2 EVBLL L -1,

Bi%ic & B Mf Ca-ATPase G NBICERROETIL S LD =21 $ 4> v BT 2 M
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; Time at 35°C ( h)
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Fig. 7. Logarithmic plots of the remaining % — S
Ca-ATPase activities for the thermal {:l e
inactivation of carp myofibrils before 3
and after wash-treatments with distilled o os b
water. o ' ° O
O, Before the wash-treatment with dis- §
tilled water. The k&, is 8.64x10°%s"!. @
o, After the wash-treatment with dis- ‘& . o
tilled water (three times). The k, and E
k,, are 22.4 10551 and 9.58 x 1075 s}, E’
respectively. %
S *

PRBIET S EE, 7275 VO—HARBLTWA I ERBECHASRATVS, ZOHIEDOWT, &
ST EE D B UiE Ca Be i AL EE U 7 ME % V€ 35°C Iz $si3 % Ca-ATPase 1% i o B4 1 iy
B LEF Lic, RTIKIEHBRO —RRIL T v v P R U, &R0 ME L — kKGRI HE S
B—EBRTRIN, TOREEEEH (b) 1864X107°s™ TH o, —7, KEEHIEED S
D TERINERHT, ROCTERLLEREYTL, WTFhd —KkUGRCEIBERTEDLTZ

Table 2. The apparent rate constants for thermal inactivation of

carp myofibrils wash-treated using distilled water and/or a
calcium chloride solution.
The apparent rate constant (k) for the thermal inactiva-
tion of Ca-ATPase activity was calculated by the method
described by Murozuka et al.'V  #;,, represents the appar-
ent rate constants for the initial rapid phase and £, the
slower second phase which are calculated from the two-
phased first-order plots.

Apparent rate contant ( x 10° s7')
Wash-treatment
ko Koy Lo
Hy! 11.2
Cy2-H, 9.26
C,-H, 10.2
H, 12.5 5.76
H,-C, 13.3 7.14
H,-C, 13.9 8.15

*1 Capital H means water wash-treatment and the subscript
figure indicates the number of wash-treatments.

*2 Capital C means 0.19, CaCl, wash-treatment and the subscript
figure indicates the number of wash-treatments.
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Table 3. Proportion of the myofibrillar components calculated from the den-
sitometric tracing of SDS-polyacrylamide gels.

Proportion of component (9,)*!
Component Loss in each
P before wash- after wash- component (%)*?
treatment treatment*?
Myosin** 54.2 65.3 0.00
Actin 20.4 17.8 27.5
Tropomyosin 6.4 2.8 64.1
Troponin 8.1 3.2 66.7
Others 10.9 10.9 17.4

*! The percentages show the relative densitometric area of each component to the
total densitometric area.

*2 The myofibrils were washed three times using distilled water followed by three
times using 0.16 M KC1-40 mM Tris - HCI buffer (pH 7.5).

*$ The loss in each component was calculated on the assumption that no myosin loss

occurred in the myofibrils.

Heavy and light chains are included.

*

s

EMNTEI, ThEhORIEREER (bor & koz) 1%, 224X107%s7" & 958X10°s™! TH - 72,
IO ERKEBORERL L - TI A v ERELTWE7 7 5 v B L aThet
ERTLDOTRROBEY RO LELRTELDL LT 7 F v ORBE2BLEHTIEETH -
oo KBB4 M2 2mM  Tris - maleate 2% % (pH 7.5) TH& T 52ER I T Ca-
ATPase D 35°C e BT ABEFC L - TCT7 2 F v OREFFHERL T iovad, AEBDFRSEKIC
LAHBETHEHLLIC 2BEOERBER YR LI, 20X MBEVWRAALRERERE LT, %
CRWICEROEY (BEREREK) 3L OHRBHEFRNEDE Y (AEE Tt Triton X 100
HEALTEY, IHLEEEBEERDIE ) KHEDOTREVHEELT VB,

Kt & Ca b v Ml LB bR D 35°C COREEEE (b H5\ 13 ks & ko) 2 E2
R LT, BT (He) 5L U Caia LT LA Mf (C-H, & C-Hy) TRHE—EHETRIR
B —REIERICHE » TRIE LI, Shic L TREERD L (Hy) & 08 Cadhiic 672 - TKE%E
HHIT o7 Mf (Ho-C) & Hp-Co) TIRIERH KB E FRICHECERHRIERYRL, FhEih
—RRIGRICHE 5 QBB ORERA CEbL IR, ZDL 51T kEG 2T LR 2 B ©
KENETTH LD, fIiLL 57 27 F vORBETHTOEENMI O, Calilart
TLIEEEGRE, 7725 v ORBEH LTI ERL TV LARE R,

KiFHFMED SDSRY T O YLT I FAVBERAR KEGNSLOSEAGRGE T
MEI>WCSDS- RV 727947 3 FEABKEKB LT, FO ML —2ZARKE b Mf O &R #
VAR BOMBRN T RDIEONKITHD, brEidtrvBIVOet=vRHEMRE v 2
BX 5 DEKE64-67% L KEVELRL, 727 F VESIH28Y DLV R LI, K&
LYBAMENLT 7 v BEAREMBLDOERBLLCAVRLT 75 v (Ac) &+ v EHEH
(HC) ot (Ae/HC) ZRDI-E 25, KEBTET043 55 032 1IE T LTV i, KBS
LEBROKRAY AR OE L LTI -7 hy, AEOEREAB B, 20X 51k Ca REHOET
% Ca-ATPase [EE O BERERR OB LHR L FESRE v 7 B2 7 7 7 v OiR% % SDS-
HYVT72IAT7 3 A BERKBIICL > T HERTAZ L TE I,

BRESSLUINIBOBRH MI2ABRKCER LARCEL W ATEEY T L%
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Table 4. Comparison of the swelling of carp myofibrils under various washing condi-

tions. :
Wash-tre?.tment Number of wash- Swelling™!
solution treatments Hpe-Cy2 O,-H, C,-K#3-H,
Before washing — 1.00 1.00 1.00
. 1 1.09 | |
Distilled water** ! !
2 7.09
0.19, Calcium 1 1.36 0.72 0.73
chloride 2 0.73 0.58 0.64
0.16 M KC1-40 mM 1 —*s 0.82
Tris « HCI buffer 2 — 0.87
(pH 75) 3 — l 0.91
1 — 0.83 1.09
2 — 2.30 6.82
Distilled water 3 — 3.30 NP+s
4 — 3.50 —
5 — 3.67 —

The volume of myofibrils after wash-treatment

The volume of myofibrils before wash-treatment

*2 Capital and subscript are the same as in Table 2.

*3 Capital K means wash-treatment using 0.16 M KCI1-40 mM Tris - HCI buffer (pH 7.5)
and the subscript figure indicates the number of wash-treatments.

*¢ A forty ml aliquot of the sample suspension (9 mg/ml) was centrifuged at 20,000 x
g for 20 min, and following a wash-treatment was again centrifuged under the same
conditions.

*s Not tested.

*¢ No precipitate was found.

*1 Swelling=

BIEY CHE Lo, 2 2Tk & Ca i L DI EHR I X 2BEE0E/LIC OV TR
BLELIEODEED FBBCERT A2 v 7 BLVEE LY, BEEOREERYE 4 1R
Uiz, SedAER O Mf OREE L LT, K& 2EE T3 T ORBEERRLI, KEt&E?2
EcfEyT Ca B %75 & (Ha-Co), BB 1 LT &t ote, CaliBoREE,N1LUTK
RABDIE, EEISELNTVEL S CHEARELET LD (RAHPMETTEL5Y) Th
BEEZTVE, ZheH LT CatigahTT5 & (CHs), BEERAUETL, SEIREL
TH# 3T TABEGEOLOBDO L > RELVIBEERED bhithot, L, CafEikic 0.16
M KCI-Tris « HC1 (pH7.5) T3 @& L THhOHKEELT S & (C-Ko-Hs), ESEREEL 2
Bl HOKES CREERHTER LT, SEEOKKETIKEEDLDLEDL H>IKEL LK
FZE L, B X » CIBRIX 330 b hie s o o, KEEIC X AL Ca B b 1 fT
5t o THIHITAZENTE, O ERVEBROETHENICEEEELZREL TV
HBRLISHLTIIDOTH T,

BEEREOR & AEONEYT, FOROELIEEBBRCEH T2 v 7 HEYER
Lo b (ERLTVRY), He-C, T 5.899%, C.-H, T 1.59%, C:-Ks-H, T 5.80%, TH -
foo Ho-Co & Co-Ky-Hy im0 T 2 v o3 7 BRHED 82-929%, 115 2 B B O KB BRI L7z,
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Table 5. Calcium content of the calcium treated myofibrils which were washed using distilled
water or 0.1 M KCI solution.

Wash-treatment Number of wash- Calcium content Remaining
solution treatments (g Ca/100 mg protein) calcium (%)
0 574.7* 100
1 475.7 82.8
Distilled water 2 441.0 76.7
3 434.3 75.6
4 4345 75.6
0 574.7 100
0.1 M KCI- 1 162.5 28.3
25 mM Tris « HCI 2 57.3 10.0
buffer (pH 7.5) 3 26.4 4.6
4 115 2.0

*  Myofibrils were washed twice using 0.1%, CaCl, solution. The ratio of 0.1%, CaCl, solution
to the precipitated myofibrils is 10: 1 by volume.

IO EIBEEOKR LD L SHIGL T, £ L THAKRERAOFE(LKS L USDS-A Y 727 )
LT I PP LBREKBOBRYE 2t b L, BEHY RS TERERCET TELILMIE s vz
Bo—MurBEH LS VREBEHDLZ LERB LT3,

AN LBOTAL ®kic CaERELC o WTERFALEEEXED /R LI, KESETH
Ca B Ih#l, BA A VHEEOHRR TERCBREINDS I EBbhb, ZOMRIESEH
HORLLEBEECOWTE 2 TH 5 L, Co ik o KK TELVER RS ORI 52D
W Ca BT HADTHY, Ei Calil s KEGOMICES & VHEEOBK CTHRE T2 L Ca
Bk, LN TMIEBEBELEL hokfcdThD o rd BB TES,

BRI EHRA A v KEAG, A7 b X SEEES LR, CaBHE D L RHREL T
kb, E51201% RIEKEAVCTHEELESY, Cat Mgl BN BHTAZ L H LTy
%, Berman and Swift*” 12 3’CIZ BT FHELH 0-3.79%, OREKRKICL - TEHRINS Ca &
PEEL, BEEOEEI N CaBHENDE W ERBEL T3, 2D X 5 ki gaE+
5Ca tAEBROIICHENLEMICL > T2 v A7 BRACBBHCES L Ca?® L ¥R
—BF B L EENL D AR, AERNCERRETEETS CakELIHE, 5
BORBERIZ N SBBOBREYITHTED0L 025,

BEoz &mb, KEECL > T M GAFMBEEYSCL, 340 v ET7 27V OREENTEDL
H, COBT 7 vREFEDOz Vs HORBEETSH, CaiiFilz 0 X 5 B gcxt L
HENVER-+5 2 LB LT - T,

X [

1) FH £ (1964). oAk L ORFE, BAKEE 30, 255-261.

2) FiFHME— (1986). HHT O HFEEOLFEMEE, pp. 79-84 BETH H, 265p. HAREMLEH
#, EH.

3) SHALCE (1978). 21 FHB I UV FERBHEGMED Ca BRI FO LB oW1, BK
=k 44, 239-246.

4) K# -5 - mHER - BEHAZ - FHE— (1983). ¥ I 2 HERIUCREONH
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