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HEREEEARKBOLTE, BEETcdbrbo
) vigH (PL) MRMEET S ToXFERAIZ, #
MRS B EmE TS L, B S Bkied
BT EEELESIIME LT (Toyomizu et al,,
1977; b/ - 87k, 1979a, b).

P LAY chE S HRERYIBRRME IS 2L 2 8
ELT, kEZEAZKEORB ST S AT
5. =%, PLOREMMNSERKRTH L EEER
% &, PLAMBIMREANSEERXEY 2 BEROE
TR bbby & U COBREREEERL, /NS
BARS & AR ERATRES IO B
DORMESGOTEELONS. ZThicd phbS
T, BEEDORRAKRES P LARICESTED
&5 REAERZG B pEEICER L ol II Y
5L,

2T, EREEELUI-2 4 AEROE(LEERER
LT~ BRIk 2 EEROFMEELE
BT X 0T (Meissner and Fleischer, 1972;
Meissner et al., 1973), Freeze-Etching itk
(F-E ) %F7z. F-E i3, EEERE © #%HE
BRI, FRIMFRE QBFEREDOHELEEL T
E{Hubhd kdiciote. A, BEHERME B
TcHlT 2 &, BoBENGROES THEEZ T
LZCEEFHL, BHLAEZEBARO V) A%
HEETTHEMLT ChE2BHERT 5 00TH 2.
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F-E gEfn: ALROBIRICK D, HEEoRE
& F-E BLoBE@EMHLricENTETEY, BT
HENEEOH P LTETIHAS IR F-E i
MR TR D 5 g (Deamer er al., 1970), A:{k[E
CADONDG KT AXSETH ST & (Segrest
et al., 1974) %, EPEBEREU L THREREKCD 3
&, BREELUTCEHOREISZEET F-E
Bh A& MET AT E (Verkleij er al., 1972;
Ververgaert et al., 1973; Kleemann and McCon-
nell, 1976) o TE . F4, Krzywicki
(1975) &, BHEBE-KRORBIVIAIEL B-KkD
FieonT F-E BEXBEETHEOZERE AR
LT3, zokdic, F-E H3EEBE S#Micht
BT EHETHUMBFETHDLLEEDIENTES.

BRBREBLNAFBEEETFHMBEETT 2.
B OFEERB 0L #ICEHT 5.
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% 24 o $REEN O & Hrk. 10x10x10
mm? BEOTey szl T —-5C e l, ¥H
HicEo L CBEREL:. —5C kgL
2, PLoBRNSEN 0°C o —20°C o#EifT
i —5°C TRbELEMOTHDL FER - BK,
1979a).
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ELTYDHL, L25% a7 vFe F-0.0TM
) vERET (pH 6.5) T 5°C, 2IREEL, Y
VAR I TROIBE R L 7k, 409557y &) »-0.07
My UEEERIc S°C, 2RERERE L 1.

LY A SR Lo % X I x3mme fE
oMol L TERAE Y L, BET LA
v 12h T, BAERDTHEL, BARETH
Bk JEE-4X th© 2x107¢ Torr. DELZS
T, —100°C <EMiL, 0By F 70k, A
G-I VOAICED Ve KO v E AR rick
LEEBTL Yy —va vt s~k (1:3) T
TREBRRL, BonizL Y AEET LI =LK
(1:3) TERIZEIPE 300 X v valcdT D THARE
F44 JEM 200B A1, 200KV THIEEHZ ST
7z,

E T
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W% 2 1 MEA KN E % Fig. la Ry, =
A WHAOMAN/NRE & LT, HRMEoRY v
A7 ERDAELEBEHLAC NI NARTH 28
A (Armstrong, 1975; B4k « 358K, 1975) 2
ETHY, BNk Cart BHOESA{LET 4k
WRABEHE SN CE, a3 Py TEORA
BEZIFEALBRINE LD, ZOBREYSF
BRGICBOTH/NMIUAD2EE D 80 %< i PL
THh, #DSL65% i3 phosphatidylcholine ¢
& % ¢ & (MacLennan et al., 1971), BXU#Hxz
MIHicsWT, B/MIkoREE IR TR
40~50fEch 2Dt L, HWIRFED R 374
it &z & (Peachey, 1965) » oML T, =
A wEBAOEER P LEERMERH/NMULEEZ, Z
DEEE I S B EBIE T 2 L L.

ZoRE#D F-E Bick 0T, B/NMIUEKED 3
S HATISTH S terminal cisternae & KM RHE
Eoti s triad 2AED SN H/hREE_ERE
ORI THEAZ I THIREZEN S ¥ T0 2 HEE I
BT & EASS b, I R B S O IRk i
WesE/, LAY—ONETHY, BERICEREFELL
T2k FiEEE LT Cazr-pump protein & %3
5N 5 (Saito et al., 1978). M 3B/Iak—EE
OB/NEERNIRICHT 2E/ LAY —THb, BTN
BEALHEELRY. O RBOBEOMIcHEES
JEWEmE LTRSS OIS bDbERT 5. Fig. 1b
WHEMETH 5. HEMHE & FARORESBEE S 0.

SELA

Fig. 1. Freeze-etching images along (a)
and across (b) the myofibrils of ordinary
muscle in carp immediately after death.
Particles were packed densely in a concave
fracture face and scarcely any in a convex
one. Arrow at upper left indicates the di-

rection of shadowing. sr, sarcoplasmic retic-
ulum; t, transverse system; T, triad; z, z
line; mf, myosin filament; A, A band; I, 1
band

i

Fig. 2.

F-E image along the myofibril of
ordinary muscle which was placed at —5°C
only for 10 hours.

BtEzobon F-E Bit5 1 2¥BAW S ricT
Lizdic, PLARDIZEA SR —5°C, 10855
HWEL bW E % Fig. 2 kT, S8
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RO, ZHEENTHEEAESZ T3 MmEcE
feboMHNL T3,

RS R R O B/ R L
Fig. 3 i3 ~5°C, 22 BREEO bOORME TS
. [NEOK T 3% icieE L, Fig. 2 ERZEMEL,
22 HRSITE TR/ I B bR R LA LRI
Mo,

=5°C, 0o boofkmi* Fig. 4a ik "7
YEE B L OWEDO LD 2 EREMMET L. Fig. 4b
REWETHY, MTFMHERETEL, REg—{th—
WMoOMmizAD . Fig. dc BT IHKTHS.

—5°C, 60 HD b o#thim % Fig. Sa i R_RT.
WM BXS Mo )2 BN E SIETL 2.
Fig. 5b QmTH 5. EL L HTHHO T —
{LH3B® &t

—5°C, 90 Ho b DMtk % Fig. 6 iRt #
MESXOMEO LY 2 EENE L CBDL, E¥KL
KIEE SR L, BEEE L T2 Hi f o ef ok 748
RUBTH D 7.

Table | jcilsifii & Wi o B¥ic o4 2 I o &
OEEERT. WrmoEE&E —5°C i OB IHKEL
THHET 273 TdImmU A, e & iin
L. 0 OTREETHL0ED > HNIHITEENE
OEAEZ IO TRE LIS bl

Table 1. Rate of cross section to total
section.

0 10h 22 30 60 90
(control) days days days days

Storage
period

BN (1978) 3, b FARIMERZ 7 LA v 22h KB
EIETRBEREATS &, BATMHTICER S 0k
KE D 7 D BT AR IR & S RS R, BRNRL T
DRD NI OEBAIHE L, #EEAEZ T 2 HRESHE
AL, WEsEndsEHmELTnd. —5Crlo
Bl LT BikEd 2 & Wilmo BlasBnd s &
i, ERLUIOKENEZRRN RS s &
BHETZ50THAS. Thidl, FEhicsid s
Wrmon, HEEEORD, ERNHETFAHORE—
1L, WicB<23X35ic PLAYMRICXZbDTHA
e

phospholipase P4 U 72/ NEDEALIZ in vitro

Fig. 3. F-E image along the myofibril of

ih

ordinary muscle stored at —5°C for 22 days.
A great difference was not observed as com-
pared with Fig. 2.

Fig. 4. (a) F-E image along the myofibril
of ordinary muscle stored at —5°C for 30
days. The area of fracture faces and of
cross sections of sarcoplasmic reticulum
were decreased to some degree. (b) F-E
image across the myofibril of ordinary mus-
cle stored at —5°C for 30 days. The par-
ticles in some concave fracture faces were
not packed densely but distributed irregular-
ly (square). (c) The enlarged concave frac-
ture face (the same square).
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Fig. 5. (a) F-E image along the myofibril
of ordinary muscle stored at —5°C for 60
days. The area of sarcoplasmic reticulum
was more decreased than that in Fig. 4a.
(b) F-E image across the myofibril of ordi-
nary muscle stored at —5°C for 60 days.
The irregular particle distribution in some
concave fracture faces was more notable
than that in Fig. 4(b).

TR TV, & iid Coleman eral. (1970)
i, 59 FBXOE RIS — 2 F &~ phos-
pholipase C T d 5 & I —X b RKEBMNIET
L, 20FMIVT V2 ) F&E5 I FhLE5HME
MAE LTS T &%, Verkleij et al. (1973) 3,

t bRIMMERT — X b % phospholipase A, T i3
3 ERFOBEEAB T C &, BXU Bacillus cereus
@ phospholipase C (3="— 2 F iz D AR L THEE
HERBDEELCEERE LTS, T/ Packer e
al. (1974) &, <03 b3 ¥ FY 7% phospho-
lipase A, THMFET 5 & MK T OREE, HEE OB
D XOMEOEINA b7 o L TRENIC I HBEEHS
WhT D&, BEEYHFERGOH/NEKY = ¥
7 wiZ phospholipase A, fLEIC & b FIgEE »5 fb
UTERMICABET L EEZRELTNS. s
i, Wk D U 7 BRI LT i—o phos-
pholipase Z/E S iERTH LY, in vivo THK

Fig. 6. F-E image along the myofibril of
ordinary muscle stored at —5°C for 90 days.
The area of sarcoplasmic reticulum was ex-
tremely decreased and fracture faces were
obscure.

& phospholipase it &> TP LAMED#TT 2 AN
HhMEROEh b EHBLTVS. THbL,
PLosicE>TiiEmoMn, HEmiomd, K
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DR FORE LMW 3B bh g, HiEd
AZ0R ENICGENBETEN Lz DIcBEbk.
T, FUH/MAKEER TS junctional SR
WHEEAE Z Pt d Bbils., KFO RE—(h&
junctional SR &5 BFET 5D Mmb LALLM, #
INER AL AN BT 5 ERBETET, ok
Lo MI.

AEBRCR L KRR S O 20/ ak ok ke
BREhWThHENLESOTH D, Kokt
W F-E Bichd 28/ EomEEERED L. Ly
L, PLREELAENMESN TS, PLicESLTY
TR EAE,OEHLTLES EBEI N
KoL, FNBERICBLARLCEOEELTVADT
/NIRRT 2 8 A T 2 A RElE 3D 10 & b AREER
BEEOHBAKTREVLESEI SNE., FE, PLx
BEAFRELLOWEEDLN S 200 HELFE L b
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DT, EEIESicE 2 P LARITHE > A ksgs 4L
BELIAKEORHE L TEL 3 iciiAERER
PO TRALBDTELODT, 3 /uV—L:24HWLT
T LA ED . T2V TRIICEET 2.
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Summary

Phospholipids (PL) are localized in biological membranes. So the decomposi-
tion of PL might result in the disintegration of subcells in fish muscle. Therefore,
in order to study an alteration of biological membranes caused by the PL decom-
position in frozen fish, carp ordinary muscle was stored at —5°C, because the most
rapid rate of enzymatic hydrolysis of PL has been observed at —35°C in the range
from 0 to —20°C, and the muscle was periodically taken out and observed by
freeze-etching (F-E) electron microscopy.

Sarcoplasmic reticulum (SR) was principal subcell in carp ordinary muscle im-
mediately after death, and mitochondrion or other subcells were scarcely observed
except transverse tubules. This indicated that PL were localized predominantly in
SR. So the change of SR was observed during storage of carp ordinary muscle at
—5°C. The frequency of occurrence of cross sections of SR in F-E images in-
creased only by freezing of the ordinary muscle, and then increased further up to
30 days. The F-E images of ordinary muscle after storage for 22 days showed
little difference as compared with that immediately after death. But after 30
days, the area of SR began to decrease, and the irregular distribution of particles
was also observed in some fracture faces of SR. After 90 days, few normal frac-
ture faces of SR were observed.



