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Effect of temperature and salinity on the hatch of cresthead flounder
Pleuronectes schrenki

Shin-ichi YOKOYAMA*! and Masayuki TANAKA*?

In 30 April, 1993 artificial fertilization of cresthead flounder was conduct in Notoro Lake. A total of
161 % 10° eggs were collected from adult fish and 68 10° were attached on hatching trays. Then these
trays were suspended from ropes of scallops ranching. Once a week for a month a hatching tray was
recovered. When the cumulative temperature was 100°CD (May 20), attached eggs of the recovered
hatching tray reduced rapidly.

Hatching experiments with temperature of breeding water were made at -1.0, 0, 2.5, 5.0, 7.5, 10.0,
12,0, 15.0, and 20.0°C (constant salinity 31.5 psu) . The hatching rates at 2.5, 5.0, and 7.5°C were high.
Hatching experiments with salinity were made at 0, 5.0, 10.0, 15.0, 20.0, 25.0, and 40.0 psu (constant
temperature 5.0°C). The high hatching rates more than 60% at low salinity (10.0-25.0 psu) were shown.
The relationship between the days required hatching (T) and water temperature ( @) is shown by the
following equation; T =0.2663 62—6.5161 8 +47.9716. The mean temperature in the suspended period of
hatching trays was 5.2°C. The calculated birth date coincided with the date of the attached eggs reduced.
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Fig. 1.

Map showing suspended sites of hatching trays attached artificial fertilized eggs

of cresthead flounders in Notoro Lake.
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Table1. Numbers of adult fish and
weights of collected eggs.

Adult fish
Male  Female Eggs (g)
Ubaranai 76 212 11,500
Notoro 76 305 17,900
Total 151 517 29,400
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Table 2. Fecundities of cresthead
flounder in Notoro Lake.

BL (mm) BW (g) _Number of eggs (N/g)

Eyed side Blind side
195 170 4,632 4618
196 168 5,530 5,492
211 172 5,686 5,715
240 361 6,288 5,970
250 425 6,974 7,438
260 435 5,116 5,108
267 555 5,981 5,284
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Table3. Numbers of attached eggs on a hatching tray.

Min. Max. Mean SD N
Ubaranai 2,739 34,887 18,431 9,257 10
Notoro 2,389 49,871 27,629 18,187 10
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Fig. 2. Change of attached eggs on the recovered hatching trays and the cumulative
temperature between 30 April and 26 May, 1993.
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Fig. 3. Changes of temperature and salinity every an hour between 30 April and 26 May,
1993 off Notoro.
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Fig. 4. Hatching rates of artificial fertilized eggs in nine temperature with constant salinity
31.5 psu (A) and eight salinity with constant temperature 5.0°C (B) in 1993 and 1994.
Figures with bars indicate number of eggs in a experimental beaker.



6 WiEz— \EPEF

Table4 . Akaike's information criterion (AIC) and multiple correlation coefficient adjusted
for the degrees of freedom (Adjusted R Square) in polynominal regression between
water temperature and time in days required for hatching.

No. of Variable AlC Adjusted R Square
1 39.593 0.903
2 27.132 0.988
3 28.749 0.984

T=0. 2663 87-6. 5161 6 +47. 9716

Fig. 5. Relation between water temperature ( )

and time in days required for hatching (T).
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Cryopreservation of flatfish sperm
I .Pellet and straw methods

Setsuo SAITOH?

Cryopreservation techniques for flatfish semen were examined. More than 70% frozen-thawed sperm
using both pellet and straw methods moved in japanese flounder Paralichtys olivaceus and pacific halibut
Hippoglossus stenolepis. Pellet method using ringer's solution as extender was suitable for the
cryopreservation of cresthead flounder Pleuronectes schrenki sperm. From 5 to 30% of sperm using
pellet method showed the motility in small-mouthed flounder Pleuronectes herzensteini, marbled flounder
Limanda yokohamae, barfin flounder Verasper moseri and slime flounder Microstomus achne after freeze-
thaw. The recommended freezing speed range for post-thaw motility of sperm in japanese flounder and
pacific halibut was between 2 and 4 cm of the distance from the surface of liquid nitrogen. Only one
pellet of frozen semen of japanese flounder might be sufficient to fertilize 20% and to be hatched 15%

of a batch of 4,500 eggs.

F=g—=F:
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Key words : Cryopreservation, Flatfish sperm, Pellet method, Straw method, Motility, Fertility
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THIET 5,
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(7) ftfa

B2, AL4BOR,T, UTFoTHHEOKT%
il L7z & 3 % (Paralichtys olivaceus), <= # 7
(Verasper mosert), = #/ ' 1 (Pleuronectes herzensteini),
< 3 # L4 (Limanda yokohamae), 3+~ # v 4 (Micro-
stomus achne) , 70 #H ¥ 35 #H 14 ( Pleuronectes
schrenki), # t 3 7 (Hippoglossus stenolepis) T&H %,
O3B, E52, vYATIOVWTIE, HIEEA
G e vy —Eo ATERBAEHNV, =# L1,
TIAHVARSVWTR, [er s —THBEROKRY
BEMEHLEL, 4, Ay RAFRISRERSE
HYSERT, A v4 RER®EKERERET, 7
oy sH LA RNEREREMATEAENER,
#hO KRABIEER L1,
(A DK

kL, fcElEzy 2 2 TRKVTH S,
MEEEFE LT ¢ 0mD 75 27 1 v 7 Sk » —
VICHIERINL 7o COF, K, ELEEZORYOR
AZETE 323803 T, BEEEENLA, Hicve—
LER—N—TA X EIREEBP L1,
(2)&W

Tk Ok ETable H/RL1z, HIc L35> = »
7 %&MT B, TMREEINKTEHP Lo, DLEiEHR
ELT, YAFNRNFFHAF (DMSO) Xig sy
) ryEMW, EERS 10, 15%0 3B E L, F
e (AR RIFICE 2 £ TOIFRY) 355 iIc®
EET, HNERESICHEERECE -1,

(=)diEs (Fig. 1)

1.RVy bEE—-F34 74 RITPNERARENYG, T
MLUAHBEECONIETL, ~vy bRIZT 3 HH
AEERTIZ 6 f5Ic AN L W20 Imd > F L7,

2. Ao —E--HWLHERE S HiERERO A Y
TF LB o (0.50lF) IKHAL, ThEiE
UERcBRSHVWIRET, EEEREN EoBY 3
EICfRD, BAREROERIICL - THET 35, &
FKETIE, HFREE. 3 FoHAL, #Eilid S 0m,
2em, dem, 6EemDNETHE Lz, BL 0emid, #
ABREHGRAERICBLT, LAl L 28k 3,
(A )RFF

Wikolkbk, BbICRBAERY v 2 (36L5) B
L
(1 )Rk

ROl S LT120mM NaHCO; #EZEMIW/o, Bifs~L
FOWA, KB LA Inl NalCO; I A, Ebic3
FH9—THILMH Lz, 2 bo—NicaigsBHAEh
feboid, 2 +o—-E2WEREICAN, 20°CoiKIcE
LTHBL, ¥+ —~y PRIZE>TH S NallCO; &

EMA, %4 -—THEELERL,
(F )R

Mol Lok e, WS X 0 RSZHINICIER L 72,
(2 )¥ifistE

TRBEcHE 00, RINKRE 1 MR 54 K75
Ay, Wik & oK S & THMET T TEB Y%
MR U oo —#EFchic 5 2 ETH T O & 45100% D
bOEUFEERIFICHA Lice —7, SRR O T
St b ERRic, k& BoKE &k, SAMEET THEE)

Table 1. Component and concentration of extenders

Extender Component and concentration
Glucose 5 ~ 15%
Sodium citrate 40 ~ 100mM
Ringer’s solution NaCl 8.22g./ ¢
for flounder KCl 0.39
CaClz + 2 H:0 0.72
MgClz « 6 Hz0 0.23
NaH:PO«+ 2 H:0 0.28
NaHCOs 0.20
Glucose 1.00
pH 6.0 ~ 7.0
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{ Flatfish )

Collecting of semen

Dilution

(&2
/ \ Straw tube

Freezing — Adiabatic box
Semen o |
pellet ¥
0o 0 OO0
Dry ice(—80°C) ] \
Liquid nitrogen
v

L — Liquid ——-—_i
nitrogen
o '.. .'-'04 @ J ("‘ 1 96 OC )
(Pellet method) (Straw method)

Fig.1 Freezing procedures of flatfish sperm.
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JICEhFNRLI, E5 208G, 5% 7 va—2X
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(pH6. 0) T15%DMSODHHE & F\V K T iE %2R L 120
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x g+ b)Y AT 5 %BDMSODKE K T 15% DMSOT
Fa—2EMHHL 2 H, 5 ~30% O KT i B A
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MED LN, =V H 7 OEEE, DMSOEEI0%T
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Aot

2. RAbo—&
Zbo—kTHELIceS A, JubvIHLA,
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RE R S OHHE 2 em BT 4 em TR b 8 WH T
MERLIze pHE. 0D Y ¥ FIiEDEE, BIAKIIC6
anDEERETHT0%LL LoEtkmiEd shte, 7oy
v 4 OBE, DMSOMRE 5 % MT'10% & bic, W
THhOFHREEMLH Lo b, SF0IciGEsEH» -
oo UL, BASEERE, S OHEE 2 aflTF4md
K, #HTEUEBED O, &2 v DG, Do
MlELTyYe) vk bDMSOEMH LB
MEWIEMEERIR L, AR RS & O 2 om &

U 4 em®IFFT0%LL I ORE TS5 % 7R L e F Bk 13 70mM
JTVEEF UYL, 5% va—2x, 100mMZ = B
F LU LELTY & Vil(pHE. 5)Tdh - 10

3. WIEFEFORIERE

Table 5Ly METHERELLE S AT %,
M e 5 A ORI Lo 2/ (K
FERE) RUFERIO R ROBATERER L1,
BRE A TS, T50kiA 54, 500k F TR, 20.8
~27.2%, ErBMEESH15.6~18.1% & 13IEF—EDIH
AR LTV, —7, AERIZINE 450 Koo &
3.3 B LHEMWE VTS - 1288, fhoBGirT~T
10% Rk EERTH - 12,

z =

BEORFHEERTTIR, Blaxter® = v v O RT
ZHELTH=v VORI ERLOREYTH 5.
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BHEOWMTORBRFLZTH AL E LT, RERAR
Mot aficLiTObOMEL Sh3, 1 )EEKT
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HESR O T EERETERE L T,
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nrbo 2BE, sTVBF LYV A, Fua—
Z, hVvAHY ¥ o 3EET, FhFhiEg,
pH¥ZZEATHR Lico Ry FETR YO H VS H
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BHROFRET L TAEHTRETH A EHE AL 60 5,
FLEERE LTDMSOE—ER 2 Y £ U ¥ Z Wiz M8,
EAEDMSOA— B v s h Tz | —iichis
BERIELTZ V) y2HOEE IR, FlRRE
E< L, DMSOZH Wi, MK Lichns,
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Table 2. Effects of extender and cryoprotectant concentration on the sperm activities
of flatfish after freezing(pellet method) and thawing.

Species Extender Concentration of DMSO
5% 10% 15%
Paralichtys Sodium 100mM + + <+ ++
olivaceus Citrate
Glucose 5% +++ +++ +
10% ot +of +
15% v ++ i+
Ringer's pH 6.0 ++ + -+ +++
Solution
Pleuronectes Sodium 100mM + * +
herzensteini  Citrate
Glucose 5% — £ +
10% m + +
15% = i +
Ringer's pH 6.0 - = + +
Solution
Limanda Sodium 100mM = =~ —
yokohamae Citrate
Glucose 5% - = =
10% = - -
15% - - +
Ringer's pH 6.0 = = -
Solution
Verasper Sodium 100mM * =+ +
mosert Citrate
Glucose 5% - - +
10% - + - -
15% - + =
Ringer's pH 6.0 = + +
Solution
Microstmus Sodium 100mM — k =
achne Citrate
Glucose 5% - = -
10% E = + -
15% = o + -
Ringer’s pH 6.0 = = —
Solution

+++: more than 70% sperm moved, ++: 30~50% sperm moved, +: 5~30% sperm
moved, =: little-moved, —: non-moved



Table 3 . Effects of extender and cryoprotectant concentration on the sperm activities
of flatfish after freezing(pellet method) and thawing.

Species Extender Concentration of DMSO Glycerol
5 % 1 0% 1 0%
Hippoglossus  Sodium 100mM + I o
stenolepis Citrate T70mM + + iz
40mM - + “+
Glucose 5% - - +
10% + + | s o o
15% + + + + +
Ringer’s pH 6.0 4+ * + +
solution 6.5 + + 12 i
7.0 + + = + +
Pleuronectes Sodium 100mM - =
schrenki Citrate 70mM S —
40mM +
Glucose 5% = —
10% #* —
15% + -
Ringer's pH 6.0 i i s
solution 6.5 i -
7.0 + + F

+ + + : more than 70% sperm moved, + +: 30~50% sperm moved, +: 5 ~30%
sperm moved, = : little-moved, — : non-moved
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Table 4. Effects of extender and freezing speed on the sperm activities of
flatfish after freezing(straw method) and thawing.

Species IExtender Distance from the surface of liquid nitrogen
0 ecm 2 cm 4 cm 6 cm
Paralichtys Sodium 100mM = HEsEE H *
olivaceus Citrate 70mM =+ g s ++ ca =
40mM - +4++ + -
(10% DMSO)
Glucose 5% -+ Ff +=++ :
1096 R S e e e el 2l o —
1596 = = + -+ + +
Ringer's pH6.0 — G o +++ +++
solution 6.5 = . e i ok
7.0 * R B +++ o
Pleuronectes Sodium 100mM = = — =
schrenki Citrate 70mM = — = =
40mM = * = -
(5% DMSO)
Glucose 5% - =+ = —
10% = + + =
15% = = = =
Ringer’s pH6.0 = = — =
solution 6.5 = s — =
7.0 - e = =+ —
Pleuronectes Sodium 100mM = — _
schrenki Citrate 70mM = — = —_
40mM & = = -

(109 DMSO)

Glucose 5% = = == .
10% B * = o
15% == - - -
Ringer's pH6.0 = + = =
solution 6.5 - = = -
7.0 = = = =
Hippoglossus Sodium 100mM = - - -
stenolepis Citrate 70mM - +++ Tk +
40mM * W+ + o
(5% DMSO)
Glucose 5% . +++ ++ e =
10% = -t + -
159 * = * &
Ringer's pH®6.0 = = = =
solution 6.5 - = * -
7.0 + ++ ++ -
Hippoglossus Sodium 100mM - T T e
stenolepis Citrate 70mM = Fdt ++ +
40mM - - -
(109 DMSO)
Glucose 5% =5 L ol +++ =
10% + = = =
15% e o] —Fisln -+ -+ =
Ringer's pH6.0 = ++ -+ =
solution 6.5 <+ e ok 2 hefe =
7.0 — - - —
Hippoglossus Sodium 100mM = o - -
stenolepis Citrate 70mM — T+ o E
40mM = = = e
(10% Glycerol)
Glucose 5% = = = =
1096 — = il -
15% + + P -
Ringer’s pH®.0 —_ — = —
solution 6.5 — - = =
7.0 - = = -

+++ : more than 7026 sperm moved, +—+ : 30~50% sperm moved, -+ : 5~30% sperm moved,
=+ : little-moved, — : non-moved
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Table 5. Effects of extender used for the cryopreservation(pellet method) on the
fertility and further development of japanese flounder (Paralichtys olivaceus).

Extender Number of Fertility Hatching Anbient
Eggs (%) Rate (% ) Larvae (%)
150 48.7 22.7 11.8
450 11.3 7.1 31.3
10% 750 21.7 15.6 94
Glucose 1500 245 18.1 12.9
2250 27.2 18.1 13.3
4500 20.8 15,7 10.2

HgOBTERESHVEshTW3 Y | AWiR TR,
FRrs R E R E S ¥, HWEIE 725 o s iRE
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fila~oRBEHOBVAERMRLTVWE b L EbN S,

BEEHEELT, qLy bEEER o —FHD 2D
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Influence of cystein protease inhibitor(E—64) on modori(gel degradation)
in salted surimi paste of chum salmon (Oncorhynchus keta)

Toshiyuki IIDA*, Takafumi NISHIKIORI* and Haruo TAKAHASHI*

The salted surimi paste was prepared from chum salmon with 3% NaCl and with and without cystein
protease inhibitor (E-64). Those were incubated at temperature of 10 to 60°C to prepare setting gel, followed
by heated at 90 C to prepare setting- heating gel. Changes in breaking strength and breaking strain of
setting-heating gel, and in protein subunits composition in the gels during incubation were investigated.

Breaking strength and breaking strain of setting-heating gel without E-64 decreased notably at the
incubation temperature of 30°C and 40°C along with decrease in myosin heavy chain (HC) in setting gel.
On the other hand, with E-64, neither change in breaking strength and breaking strain of setting-heating
gel, nor change in HC in setting gel, occurred at those incubation temperature. These results indicated
that the gel degradation (modori) observed in the gel without E-64 was attributed to proteolysis of HC
in myofibrillar protein by endogenous protease in muscle of chum salmon.

A discussion was made on a difference between gel formation properties of salted surimi paste from

chum salmon and walleye pollock.

¥=7-=F: ¥4, FLERE R, E64, &b

EFAME

KE, tiEnREcERT 3 rofERIZ, IF
DML REOERIC IV HMALTWE, CohT
P AES, R WIBREAENLEH T+
rEWENS Y iR, BHSEXDEL+rHEOA
EAkbh 0B, SN AMAERL T
W3, COBHLAFHARERKSONTED, 3T
KT B¥RO—WTR7++r(2FEE LBET
DEDBEEIhTVWS, LiL, 47 idlR#BsEd
B EMAThOHOHLFERESEL: © , GoMtEl
OFWHATIR I A Y 2SO ELMAMK S <2
HAThicBEic e n3® 100, #olFory
MEBRMEICHEEES X A EMNRBEENE, Y7 TA
DOHEMLFEMR Xy a5+ v FoF 7 —¥ic/E
Ehah5s7v L (EC 3.4.22.15) oBSHHEE X
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YOERTH BE64P 0 A RTF vick - THHIT

X5 LML MIcENTVS 29 , AHETR T
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THHEEUBELAMOBI L,
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DEE, 19MFE 1 HiclgshiamiioE b+
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* LT SIREKPERARRE (Hokkaido Kushiro Fisheries Experimental Station.

085, Japan)
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20

MmNz, SwEFL, BELX

5 ((BOERKE B5BANK FAK W8 v
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Fig.1. Changes in breaking strength and breaking strain of gels by setting
and setting— heating from salted surimi paste of walleye pollock.

Surimi of walleye pollock was adjusted to pH 7.0 , mixed with and without
E-64, and with 10 % distilled water. Content of E-64 added was 32.33u3/%
salted surimi paste. The surimi thus prepared was chopped with 3% NaCl in a
chilled speed cutter at 5°C for 2min. The salted surimi paste was then stuffed
into plastic vessel( ¢ 30mm) with a cover and incubated at 30 and 60 °C to
prepare setting gel. It was subsequently heated at 90 °C for 30min to prepare
setting— heating gel. The setting gel and setting— heating gel thus formed were
sliced at 25mm thickness and measured breaking strength and breaking strain
with a rheometer equipped with a @ 5mm spherical plunger. Breaking strength
was evaluated as load value (g) from the breaking point and breaking strain was
expressed as length of penetration (mm).

Temperatures for setting were (O , @ ),30and (1, W ), 60°C .
(c), (d); Breaking strain,
(b), (d); Setting— heating gel.

(@), (M ); With E-64.,

(2), (b); Breaking strength.
(a), (c); Setting gel.
(© ), (0 ); Without E- 64.
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Fig.2. Changes in breaking strength of gels by setting and setting —heating
from salted surimi paste of chum salmon

The preparations of setting gel and setting— heating gel were conducted as in
Fig.1.
Temperatures for settng were (< )10, (0 )30, (A ) 40,and (0 ) 60°C .
(a), (b); Without E-64.  (c), (d); With E-64.
(@), (c); Setting gel. (b), (d); Setting— heating gel.
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Fig.3. Changes in breaking strain of gels by setting and setting— heating from
salted surimi paste of chum salmon

The preparation of setting gel and setting— heating gel were conducted as in
Fig.1.
(a), (b); Without E-64. (c), (d); With E-64.
(a), (c); Setting gel. (b), (d); Setting— heating gel.
Symbols are the same as in Fig.2.
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Fig.4. SDS— polyacrylamide gel electrophoretic pattern of solubilized protein
from the gels formed by setting from salted sunimi paste of chum salmon and
walleye pollock.

The gels (each 0.4g) formed by setting from salted surimi paste of chum
salmon and walleye pollock were solubilized with 2% SDS—8M urea— 2%
mercaptoethanol—20mM Tris— HCI buffer (pH8.0) by heating at 100 °C for 2min,
followed by stirring at room temperature for 24 h. The identical aliquots (each 15
AL g protein) of the solubilized protein were applied to SDS—PAGE using 1.8%
(a, b, c and d) and 5% (e) polyacrylamide gels.

The preparation of setting gel was conducted as in Fig.1,

Temperatures for the setting of salted surimi paste were (a and b), 30°C , (¢
and d), 60 °C  and (e), 10~60°C .
(a), (c) ; Salted sunimi paste of walleye pollock.
(b), (d) ; Salted surimi paste of chum salmon.
A : Actin.
E-64 ; With E-64.

HC ; Myosin heavy chain.
N ; Without E-64.
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The identical aliquots (each 15 pg protein) of the protein solubilized as _S o D—El
showed in Fig.4 were applied to SDS-PAGE using 5% polyacrylamide gels, and g &0 r P OB o -
: i . : o10 L - =——ny
stained by Coomassie Brilliant Blue R. The protein on gel rod was determinated A ——n 8 A
AA——AT———HN N A

by measuring the difference of absorbances at 640 and 700nm with a

densitometer, and the content of each component was expressed as a relative

lue (%), taking the total t of protei lied as 100% 4—0-9 _h
value (%), taking the total amount of protein supplied as 3
. ; - o = e o | %y o
The preparation cf setting gel was conducted as in Fig.1. =73 /D/ =
S
Temperatures for setting were (3 and b), 30 °C  and (c and d), 60 °C . & J:fD \..
(a), (c); Without E-64. (b), (d); With E-64 % 20 4 L pF‘ \g
(M ); Myosin heavy chain, (HC). t e o T
O
(O ); Components migrating between HC and actin, (HC>X | >A). 8 10 } 2—0—0—\_; o (‘S_Q_é (E‘ X
(@ ); Actin+ tropomyosin. 4 A A8
( © ); Component migrating faster than tropomyosin, (TM>X , ). 0 L —_
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Setting Time (h)
gel rod, ((HC)n).

Fig.6. Changes in subunit composition of myofibrillar protein in setting gel
at 10, 30, 40 and 60 °C from salted sunmi paste of chum salmon.

The preparation of setting gel was conducted as in Fig.1.
The quantitative determination of subunit of myofibrillar protein was conducted
as in Fig.5.
Temperatures for setting were (a and b), 10 °C , (c and d), 30 °C , (e and ), 40
°C and (gand h), 60 °C .
(a), (c), (e), (g); Without E~64,  (b), (), (), (h); With E—64.
Symbols are the same as in Fig.5.




H A HBOEN I RITT 2T 4> 7T P—¥{ e 2— (E—64) D:E

KE-oTHilEhBEZ EARBESThTVWAEY  F1t,
DT P IA YV I3TC-aseDIE & L TH18E%E
EAEOEEREL, TOMAN GEELE) iKikry
b Y SICIT 313 E D TG-aselG D FHET A T &
BWEINTVWEYD [ S 5iclull, v B8t
R E LTTG-aseDEHIZE T 2T A4 A
KHEAT Y CehfiEahi,

LRSS, 45T o HorvigkttZ2dEd
Bidicid, TOHE~NORRCHFHETS2ToFT7—¥
A ve €y —ORIMY PKFELICLZToFT—¥0
REFck->THVHBILENHT A2 EHBLETHY,
ESIB)OYBARB S 21D ICTG-aseZHEIC
TEHE €55 (BIA XKL IC & % TG-asePlHH T
D) ERET A L4ENH 3,

g #®

T DEIEMERMLUAZAMEAEL, méuc

LB VERBEERE L o

1. E-64%&Z 2\ 7 WNIE 10~60°C TNl #&, 90°C
TN#3 2 &30°C & A0°CHmiR# o MEA v i,
R E & bicyr vEe (BRp) &34 v T
(HC) @M@y Shi,

2. ChoDBERBEMOGFE FTllflzha &nd,
FLHLRBANEED 7o s T —-¥ofFRick
AHCORz kB bDEFEZ ST,

3. EBAfFEE FIc BV T H10~60°COMidic & 340 @
MRIED oL -1,

X ik

1) Konagaya, S. : Enhanced protease activity in
muscle of chum salmon (Oncorhyncus keta) during
spawning migration. Bull. Japan. Soc. Sci. Fish,
48 (10) , 1503 (1982)

2) SRR, EHEZK : JIinEiTHREShE Yy
b B M L. dbdsE sk EE BRI ZTR S, 45,
57-64 (1994)

3) Yamashita, M. and Konagaya, S. : Participation
of cathepsin L. into extensive softening of the
muscle of chum salmon caught during spawning
migration. Nippon Suisan Gakkaishi, 56 (8), 1271-
1277 (1990)

4) Yamashita, M. and Konagaya, S.:Hydrolytic
action of salmon cathepsins B and L. to muscle
structural proteins in respect of muscle softening.
Nippon Suisan Gakkaishi, 57 (10) , 1917-1922

(1991)

5) FAM—EB, WAREE, KK, ARHBK, 8H
#HF, HEHFEK, FHE— 27 PSS AMO%
huclEC 3 34 v v EEE S VBB OR{LITREE
T AR, Hrkig 53 (11) , 2011-2027 (1987)

6) Gornal, A. G., Bardawill, C. J. and David,
M. M. :Determination of serum protein by means
of the biuret reaction. J. Biol. Chem. , 177, 751-
766 (1949)

7) Weber, K. and Osborn, M. : The reliability of
molecular weight determination by dodecyl sulfate-
polyacrylamide gel electrophoresis. . Biol. Chem.,
244, 4406-4412 (1969) .

8) idAEsh, BAMK, ARARK, @WHALE, EHFE
¥*, SR FiHe— . itk 3AMO Y VT
K& 2 A v v OREREGRUE. BHKEE, 51 (9), 1559
1565 (1985)

9) AL, Bk, ARHRK, BHISE, EHF
XK, il #FHE—  BoicESBETOELA
i HoSDS-# vl o % k, HksE 53 (11)
2045-2049 (1987)

10) WAH B8, HBAHE, Pk, HAe— @ -8
DHEOBEAEBOND L3+ v Y EHOTERS,
H7kek, 54 (7), 1227-1235 (1988)

11) Bk, SR, Fash, AR, SHAGE
EHFE, FHE— x5 oY SHRBITTY
GO bRV I F—EiEHEE IA YV BE
DS, H7KEE, 56 (1) . 125-132 (1990)

12) Araki, H. and Seki, N.: Comparison of reactivity
of transglutaminase to various fish actomyosins.
Nippon Suisan Gakkaishi, 59 (4), 711-716 (1993)

13) JFRNK, AKHlE, %8, BX - Flk6 5
EHAKEFZSHFFALRBESE, p279

14) &R, (TR, ERATS, hEAERE : F
% 6 SFEEHAKEFLBFASHMESE, p3d4d

25



JEARGAAFHE 48,27 —29(1996)
Sci. Rep. Hokkaido Fish. Exp. Stn.

FR—VoBTENERDOFF o (EH)

B B &

A spawning kichiji rockfish, Sebastolobus macrochir Gunther, caught in

the Sea of Okhotsk.
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(Fig.1. Spawning kitiji rockfish, Sebastolobus
macrochir Giinter, caught in the Sea
of Okhotsk.)
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(Fig.2. Gelatinized ovary protruded outside a baby (A)
and transparental eggs enbeded in the ovary (B).)
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(Fig.3. Laparotomy view (A) and opaque ovary and gelatinous ovary inside a body.
@ : opaque ovary @ :gelatinous ovary.)
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(Fig.4. Opaque ovary (A) and eggs enbeded in the ovary (B).)

5 AEHIRBE L U ¥ 5 F Y RIFBO 7 KR 6 €35F AR (BRI L)
O : NEHIER @ : €5 F /R0 (Fig.6. Gelatinized ovary without a opaque
(Fig.5. Separation View of opaque ovary and ovary.)
gelatinous ovary.
@ : opaque ovary @ : gelatinous ovary.)
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