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Light Microscopic Observation and Changes in ATPase
Activity, Viscosity and Swelling of Carp
Myofibrils under 0-0.6M KCI1 Solutions

Chihiro TosisaiMa*, Norio INoue** and Haruo Sminano**

Abstract

Isolated carp myofibrils were observed under a light microscope (phase contrast) after
dialysis against a buffer containing 0-0.6 M KCI (KCl-buffer). ATPase activity, viscosity
and swelling were measured at the same time in connection with structural changes in the
myofibrils.

After dialysis against distilled water, the myofibrils showed remarkable swelling ac-
companied with the disappearance of their cross striation and an increase in Mg-ATPase
activity. These properties were then restored to their original states when the myofibrils
were dialyzed against 0.16 M KCl-buffer. When the myofibrils were dialyzed against 0.025-
0.16 M KCl-buffer, they seemed to be stable, because no significant change was observed under
the light microscope, and was recognized in ATPase activity, viscosity and swelling. After
dialysis against 0.2 M KCl-buffer, the myofibrils swelled and their cross striation disappeared
partially, however restoration did not occur after the subsequent dialysis against 0.16 M
KCli-buffer. Furthermore, no change was recognized in ATPase activity. Under 0.3-0.6 M
KCl conditions, the myofibrils dissolved and swelled. No cross striation was observed under
the light microscope and Mg-ATPase activity decreased to a low value. These properties
were not restored after the subsequent dialysis against 0.16 M KCl-buffer.

A basic study of the carp myofibrils is of interest in order to gain a better understanding
of Kamaboko processing.
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FRETI EROBRKEBMT 511 = 4 M BB A E ~ 0 KCLBEDBIICEN L, Mf
DML IS 5 LIRS, ATPase ihite, ¥, BEEOE{c L THRN L1,

X B FH &

Mf OFREL = 1 Cyprinus carpio D2 S IEESD OB B s Yang 5% OFEB AL
T M 238 L 72,

KCURBE DR 31875 M OB HAR L7 M OBBR (0.16M KC1-40 mM Tris -
HCL pH7.5; 3-5mg/ml) % 10m! FoBHHF = — 7 1c Ah T LRI L7z, KClEEAO,
0.025, 0.05, 0.075, 0.1, 0.16, 0.2, 0.3, 0.4, 05,06M L7255 5% L7 40 mM Tris - HCI (pH
15) BW (ATFASUR TR, #1243 0025 MKCLBHE & v 5 & 5 icBs#i+ %) 1000 ml ixfL, %
NEhEFHAEEE 2K TSR 5°C © 18 BB L 7o, EFRTH, 1EBDF2— 70 Mf
% ARSI 2E, ATPase {5, ¥, BOE o RIS @ B Lico b 5—TT0RBBA oo F 2 —
7k, SHREH L < ZCHR LA 0.16 M KCL ¥ 500 ml T 5°C, 18 BERIFBN L 7245, Fish & Rk
FHBORE T - 7,

Mi DK% (f1i8%) SRS L 2WMBE LU X OMORKORE MISEER 1L A5 ¢ ¢
AIAERDREN A —=HF5ATEE V=2 SKe BIRTHIZETEMEE A L 400 BETHEL,

BEEET RO M BBE 5 ml % BBA 2 E2LECAR, 1,000 rpm (150 X g) © 10 43f%
DOtk ME OREERE Y RIE L, BHAENO Mf AT 5 cHRb L,

RERE A 2 b 74 FREBEH (B8 2ml) 28 T O T TR A 80-120 B O REEE
AL, 10+0.1°C cRIEL %,

Mf & Ca-ATPase itk i3 &+ 5 D FFHICEE U T 60 mM %5 X 08 0.5 M KCI, 5 mM CaCl,, 25 mM
Tris » maleate (pH 7.0), 1 mM ATP, Mf 0.1-0.2 mg/m! O FS#K T, Mg-ATPase {2 60 mM
KCl, 1 mM MgOl,, 25 mM Tris - HCI (pH 7.0), 1 mM ATP, Mf 0.2-0.3 mg/ml DRIGER T, F7
EDTA-ATPase {E#E 2o Tk Yasui 5% o Fpic#e LT, 056M KCl, 10mM EDTA, 25mM
Tris - maleate (pH 7.0), 1 mM ATP, Mf 0.15-0.2 mg/ml OFEHE TIT » 72, 25°C ORIGEE T
ERTHEB ) VY LEEELY, HERLY RS, & vty BREZICY Ly FEY L 5T
EELT,

R EE

Mf ORREZEL A0 KB Uiz X 2 fizs & 2.5-3.0% BIEHRMIC X B BB STt
LCHDRTCD0, 20 & X OFMEOTIEENC >V T Mf L ATtk < FNBh TR

Figs. 1-8. Light micrographs (phase contrast) of carp myofibrils isolated and exposed to KCI
solutions of 0-0.3 M.
In all micrographs, the bars represent 50 4m. The numbers in the micrographs indicate the
figure number.
Fig. 1. Freshly prepared myofibrils (Mf) in 0.16 M KCl solution. Figs. 2 and 3. Mf observed
after dialysis against distilled water (Fig. 2) and after the subsequent dialysis against 0.16 M
KCl solution (Fig. 3). Fig. 4. Mf observed after dialysis against 0.025 M KCl solution.
Figs.5 and 6. Mf observed after dialysis against 0.2 M KOl solution (Fig. 5) and after the
subsequent dialysis against 0.16 M KCl solution (Fig. 6). Figs. 7 and 8. Mf observed after
dialysis against 0.3 M KClI solution (Fig. 7) and after the subsequent dialysis against 0.16 M
KCI solution (Fig. 8).
Each KCl solution contains 40 mM TrissHCl buffer (pH 7.5).
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9.0 p-=---0----0----0

' Fig. 9. Effect of KCl concentration on the
swelling of myofibrils after dialysis.

0, After dialysis against 0-0.6 M KCl
solutions ; @, After the subsequent
dialysis against 0.16 M KCl solution.
The myofibrils dissolved in the range of
0.3-0.6 M KCl, therefore no precipitate
occurred.

Each KCl solution contains 40 mM Tris.
HC1 buffer (pH 7.5).

Degree of Swelling

0.2 0.4 0.6

KCL €M)

U S TIEAD KOl BEBRKRCENTLic: 2o M oWRELLEE L, K1 3HEE%D
0.16 MKCl B BRE LI Mf 08T, 5-20fD 9122 7 bl 2BEAEEEEEY R &
NTE D, FEE 18-36 BREIBEFTHE L BEMBERICE(LEIRD bhiod - fo, ME 2B KCEN
LizBa (1=0) Mf ORISR X b COREB & fnoteht (K2), 2h% 016 M KClIERK
SLUTCESENTS &, BITEE M oMBRcET L (K3), [k 0.025 0.05,0.075,01M
KOl ZFH BN LT b BB e Sl s h, ¥ 51016 M KCL B BENE G WRELD
FALIZED B oT (K 4), ®ic 0.2 M KClBRICHET LB a1, B ssEEs i
BLHABTEAELR (K5), 2h 016 M KOl BERCHESBN L TS L BoToRE
CETE Lkt (06), LI KCIEEYEMIRA 0.3MBHE T T M 0 FEF eRizeL
AZbhT (BT, 2h% 016 M KCl AR CEEN L BB EORERR AL THRERO ¥
¥ ThHote (08), KCIEES 04,05, 06 M 0BA S 03MBROBE LABOEBRTH -1,

Mf DiEE KRcENPFZ 2 M OBEBEOBT(ME S WTHIE LICEREZR I ICRL A,
KCLEED 0.025-0.16 M 0EHTHENT5 &, M DEEIRITLOLXTRL, ¥kfhbr 016
MEKCIBRTHEN L Th, BEECELIRDbhh o, BEKTERNLALDIH5 G
OEBEELRRL, chu 016 MKCIBE TEEN T4 tEEEXLOCEEL, Bl 28
ZLRER L FRRIC T T H o oo 0.2 MKCl R OBE TN 2T E0EFBEES R L, 0.16 M KCl
B CHEFR L COREERBIORBICL E bk ol, T 03-06M KCIBRTENTL
ToBE, MEABRHCEROBLTEY BB L > THWMEL s o7, R RN E
OBEBEEL L CERETCTRLIBELTRLE, chb% 016 M KCIBWIZHENT T5L 3~4 D
BEEA R LN LOCECEREE LA -1, & 2 CELIIEE OB % §itE 0 e Bk
B XA BERRCBLTASE, HECISFELTWB I bbb,

EOT(L Mf2EGKTHEELTEOLRS ME VL (I50) OBERELIEGL Kb LY,
FRRRT7 7 b i A VEBRTREBREYRTIEIRHALATHDEDT, 22 THHENED
KBV T EDOHERLZ KR L, BIOHE & MIBEOBRI W THANTERYE 10
R L7, 0.05, 016, 02M KCl BHRETILS v A 7 BERECHTAHREEIRD LAY, 02M
KCIBHEOBE D L2 H MEY TR LT, £, “hb® 016 MKCI BRI 5BHENMED,
FEROEAMEFABETH oo — 5, BEKTER LM 32 v 7 BEEOHEME & b ITHEDN
EULLSEL YD, AV A7 GREREEYRLED, Zhx 016 MKCIBRTHENTHE, &
DE VA BEERERIT I ot S OEEIKEEE M v A EEAY 1-10mM fnx 7
LERBTHEMET TS EVOLRLY OREALEBECES, K203 KL0°06M KC1 &
BB MEEVBTHE L2 v 7 BBECKETHARERELY R LI, EbRIhbHD
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Fig. 10. Reduced viscosity of ecarp
myofibrils dialyzed first against 0-0.6 M
KCl1 solutions (first-dialysis solutions)
(A) and subsequently against 0.16 M KCl
solution (B).

The KCI concentration (M) of each first- N %0.2)
dialysis solution is shown in parentheses. “—se X o a : Uftléf)]-f’s’
Each KClI solution contains 40 mM Tris- 0 I o ow oE om
HCI buffer (pH 7.5).

Protein Concentration (2/dl)

B ©.6)
A/E(Ao.s)

s B //
C a
— ©
O
vg.g_—_:ggﬁ&’_ﬁ%‘”o-”
0 ' 1 L 1 L <0'05)4];

0.05 9.10 015 0.20 0.25 0.30
Protein Concentration (9/d1)

KEPORE 016 M KCl BB THENZ L REREYRLAY, ETHEREELLTETL
72,03 8L 0V06M &5 KCIEET TR M OEHERES? D v E7 75 v AEHIRE
CESTTZ I AV Y ERBRL, KR7 7 b1y v OFE0—oTHLBEREY ¥Rl
b0 EE LI,

B L D ATPase SEMHOEIL BTk 2 KClEBEDZE{L & ATPase G OB X 11
FLU121ER LT, Ca-ATPase iE#E (2 60 mM 35 L 0°0.56 M KCl 4 FCRIE L 1A, 0-06M
KCl BB TEN LY, 3E—FEERL, 60mMKCl FZE FCRIE LA b0 Diz 5 5 0.5 MKC]
HETTCHELLEEE L0 bBEEWHEERLE, ¥4 £ 016 MKCl BRI & 2 HENHE
LAz B e stz K 11), EDTA-ATPase iG> T & Ca-ATPase i & RO HRA
THoto (M12), Mg-ATPase iEHEE 0.05-0.2 M KCl B o &iF €13 0.8-0.9 D LLiFEMEARL,

a 4 Iy Activities were measured at 60 mM KCl
(O, @) and at 0.5 M KCl (2, A). ©, &
After the first-dialysis; @, a: After the
R L R 1 second-dialysis. Each KCl solution con-
0.2 0.4 0.6 tains 40 mM Tris«HCI buffer (pH 7.5).
Concentration of KCI ( M}

2 0.6}

é ! $ '

> ; e 8 g * Fig. 11. Changes in Ca-ATPase activity of
S ot ° ° carp myofibrils dialyzed first against 0-
< 0.6 M KCl solutions (first-dialysis) and
g subsequently against 0.16 M KCl solu-
z S PO tion (second-dialysis).
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F 4 - Fig. 12. Changes in Mg- and EDTA-ATPase
0.8 v

activity of carp myofibrils dialyzed first
against 0-0.6 M KCl solutions (first-
dialysis) and subsequently against 0.16
M KCl solution (second-dialysis).
0. g v, w: Mg-ATPase activity; O, ®:
o ¥ EDTA-ATPase activity; v, O: After
* the first-dialysis; v, m: After the
second-dialysis. Each KCl solution con-
tains 40 mM Tris«HCI buffer (pH 7.5).

4
<4

=3 }

ATPase Activity (w moles P1 / (min-mg))
L el

0 i | . 1 2 |
0.2 0.4 0.6

Concentration of KCI ( M)

016 M KCl B CTHEEN L CLRABETH o7, L, BEKTENL 7o ME L HLEHE S 1.3-
15 k&< th, Zhx 016 MKCI BRTHENT 5 & iGf(ErL 0.05-0.2 M KC1 %5# D IREE
OPE LRBEOEE CET L, 0.3 5L 000.6 MKCI BEETHN LB, HiEHENS
HalL /&b, 016 MRKCI BRICL 2BENME S ENEEDOhizh o (K12), 2D Z
LIRMESY Na A BL = =A0 MiicowT, —HEEBR CHEMRT S & Mg-ATPase ik
150% ASAETFTTAZERBMELTVWB L LRABERBEREE X,

Mf #ff « © KOl BEBRR THEN L & 2ick 2 2THREALid Mg-ATPase 150, ¥, BEE
DOFLE LSBT 2 ERBREIh, 20O ErbERSTLALEBEGEY O EFK
(0M KCI), @ 0.025-0.16 (0.2)M KCl X0t ® 03-06M KClD 3 oieXKH L TEL D E, *
RENGHET H HRERO KA L TRE, RAIERSLI ORI MAERMEROET Y TRICHCiTD
BLENTES, BEKCI - TENTH LR ELOBBRTHIE SR, Fhict dhuAkRsrs
CoTELWEERIIERCT, SO LRARLEREYETE Licd > THBBKS hE< &
5LV E—FTB, FLTOI6MKCIARICL - CTHEBHIL, WAMLHbR5E M A0
KBBRG i Y WEBOEE LR, ZD& % ATPase EHICEA LEEL B IIFEL T W2
EPRERTE, O ERAKFELAOHRKEBRHCT ALDIIVBEDEYMZ D 2 &0 FY
THBETEERLTVS, Thb—BEONBI L A5BEATHHTHD 2 L ITEELR S 1B A
BE, TOLIIGBBRTE v AZBEOENLEICNTAHENRLAL VWS STEERE
BR& 5 T 5, 0.025-0.16 MKCl BB & CIISFE T L EELY#EL Tk b, ATPase i§
%, WE, BEEHLLIZTCLRAETH -, 02M KCl B C3REMAY 7 salting in (¥EH)'® D
PBRICL D LB I2BEEEBEEBEO —BRE RSO LhLY, ZhiloofhaoEEE =
YRR 2 SHAY hLEEE S v BOMBABBEIhSATHB I L E LKL,
03-06M KCl B CORBEIIME 5 b s Ao v 7 2 F VB LELRETHVEFY T
Bic4T5E 025, COBBIFROKIEL, BRABENIYETH - Dicx LCBERT
BIEWRE » TGRS Z ERKRERESTH Y, TOROBEBEIRY ROy A5
B LEVBIRA D B Y,

AHETE, FETIEREOR T L 5B LD, ATPase N L L2 v 2 BDHE
BZEL, BERSIUBEENDLI 2 v A2 BHFOKA, HACKREOLE(L, S Mf OMRK L
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