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Enzymatic Studies on the Muscles of Aquatic Animals-VIII

Changes in the activities of glycolytic and some energy-metabolizing
enzymes during chill and frozen storage

Takeshi SmiBaTA, Toshio Nakar and Tsuneyuki Sarro

Abstract

The present work was undertaken in order to obtain precise information on
the behavior of glycolytic and some energy-metabolizing enzymes in marine
animal muscles (two kinds of squids: Doryteuthis bleekeri and Ommastrephes sloans
pacificus and rainbow trout: Salmo gairdneri f. irideus) under varying conditions
of storage method.

1) These enzymes extracted with mannit solution are more stable than that
with potassium chloride solution. However, GPDH** and LDH are labile in both
cages.

2) During storage of the minced muscle in ice, the activities of glycolytic
enzymes decreased gradually as storage periods proceeded on. In the case of
storage of fish carcass, no clear trend in the changes of enzymes was observed.
GPDH, LDH and the enzymes related to citric acid cycle unexpectedly increased
during iced storage.

3) In storage of fish frozen at 20°C, these enzymes were separated into two
groups according to the changes of activities compared with those of the first day
of storage: one group with an activity change and the other without any change.
The activities of glycolytic enzymes decreased and those of citrie acid cycle enzy-
mes inversely increased by 209, respectively. PFK is the most labile enzyme for
frozen storage, and GPDH and LDH are less.

4) The storage of muscle extract of mannit solution can be stored preferen-
tially for the protection of enzyme activity.

5) The relations between these changes and the observed biochemical changes
post mortem are still being discussed.
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N5, RECHOTHRERMBER L, B INIORBIBWT b BBRIEAVSED 53D, OB

* JEIEEASK B A A Y B e
(Laboratory of Biochemistry, Faculty of Fisheries, Hokkaido University.)
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TERD KRBT RBORZRET 5D T, HEOBREEELHMTL BEYODFLDE B EES 5 1

5 rEmans,

PER, RADOBRIEROEELE PEERE LI2BIn T < 20, S1RBEOD 5 b AR ER b 2
DELBEDTNEL DS, FHEROBRELSAN = 2L ¥ —RBHC IR T 3 BEROENELicE
BEPd o177,

3705, DhDNELXDOEAETiRBLNIAED = 3 VY —REBROELD EFEE2HIET 5120
W, BERROZER R LEND 12, T/2bb, REHRIEEOEEGE2 203 IHET 3R
FREORSIMRD iz,

LZTH, MHRORE REOKE L MBEEICY 2 RSO e EL, 58
RITIE LOBEHDBEENBAL N, W OhOBERR L 7 = L BREREET 5 B3 i
RETHH L E2H/ET 3,

x B ¥ %

1) B¥ RIE=-> <2 (Salmo gairdneri f. irideus) LHROERXIZY Y A5 (Doryreuthis
bleekeri) & 2 24 71 (Ommastrephes sloani pacificus) %12,

2) BRECEE =v v ARHASAMIC LD BESRI Y, BESECOT, FER & EEROK
B3, MZOP LN EREER LI Tab5, THORHUNLAMTED 2BV TERT 5, 351K,
9 fEED 0.3M mamnit ¥ (10mM triethanolamine+3mM EDTA pH7.2) 2122 0.15M KCl
% (1mM EDTA pH7.2) 2MATHAMHT 5, 6,000 [ 10 458045, LiEH % 2 51 40,000
Bl (105,000%g) T 30 FRIERLIMET 20 LD LERZBERKE T 5, 4 7 DHE b FARICHIET
%o HHHZ T NT 4°C DBRBMENTITIS o 12, /245, RIS BSrd 55 P B % Fuv 1z,

3) BXEMOME GO JFEiid fumarase & phosphorylase %2R0 T ¢~ C BRERIBEEZ D
RINE iz E 3 {, PGI**, ALD, TIM, GDH. LDH, MDH, iso-CDH i3 Delbrueck & D},
GPDH & PGK it Adam ¥!D PFK it Vogell # HK & GK i3 DiPitro and Weinhouse #:1%
FDPase iZ Taketa and Pogell # ME i Faulkner #'™ CP i Tanzer and Gilvarg {51 % H
Wiz, GPM: EN, PK, MK (3 Boehringer fED&Ht (Jan. 1961) ichf - 70, BT T T tri-
ethanolamine #&%E#E (PH7.6) 2\, BiME% b50mM i L1z, FEHREOLAMI 3.0ml Th
%o 723, GPM 2B)EFE & U'T, glucose-1.6-diphosphate % Suthaland O#E™ X 10°M O
BETMAIL, BONEER 25°C, 340RE% AVviz, % D i3 D> i2 phosphorylase i Sumner and
Somers #1® T AMP (1x1073M) DOFEET 30°C THIE LTz, fumarase i3 Racker #:'® T=EiE
THRIELZ,

EEOFT I Y b OB THBROELED & WISHE 25k, BRI nIEED
BARELUVTHE L, 340mp ORINIELTEN ADS-Fuji-UV 2 —%—%, EAEORIZE
BMONEMER QV-50 2 LI,

4) BEaoE BHRIX 5% BEFBOLHEY % 0.2N NaOH FHME L 280 mp DIRKE 2K

*h gkt s« ALD: aldolase, ATPase: adenosine triphosphatase, CP: creatine kinase, EN:
enolase, FDPase: fructose diphosphatase, GDH: alfa-glycerophosphate dehydrogenase,
GK: glucokinase, GPDH.: glyceraldehyde 3-phosphate dehydrogenase, GPM: phosphogly-

" cerate mutase, HK : hexokinase, iso-CDH : isocitrate dehydrogenase, LDH : lactate
dehydrogenase, MDH : malate dehydrogenase, ME : malic enzyme, MK : myokinase,
PFK : phosphofructokinase, PGI : phosphoglucose isomerase, PGK : phosphoglycerate
kinase, PGM : phosphoglucose mutase, PK : pyruvate kinase, TIM : triosephosphate
isomerase,
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FE 2 FEL T Kjeldahl #it k3 N-SRiIEBELI,

5 ¥ HED glucose-1-phosphate®, glucose - 1.6 - diphosphate3?, 2 - phosphoglycerate®™,
phospho-enol-pyruvate®, N 2 2hF N0 Fkic TR UL, fructose-6-phosphate &
fructose-diphosphate ® Na #, 2,3 - diphosphoglycerate ¢ Ba #, glyceraldehyde - 3 - phosphate,
dihydroxyacetone phosphate i3 Sigma $% Ft>, NADH, NADP, ATP, ADP, AMP i3 Boehringer
#4, 3-phosphoglycerate @ Ba HX FGAISERI % Utc, IEMERIED#IEIEESRIZ 3 ~TC Bochringer
ez,

HEEREY ) ~XL b 3~b B2 L h, ZOTHERLELI,

& %

1 HHEORAECHITIEL

YU 4 RO LB 4°C WREFEL, FOMEBROREEL R U RESE1KTH 3,
#Ht mannit, AR KCl 2R b UBERE®OEMES 1009 & U7z, mamit & KCl &i3&
ST B ZRL, —R#%IC mannit PHEROLENMCHELD 5, BREOBHER I > TREEZRILT
3%, PG, ALD, GDH iz Z DFIEBE L, b DEEED/tH» T GPDH, LDH i3Z&@itssd
{, mamnit FETH 509% FBET THPT 3, TIM, PGK, GPM i3&<{ BETH 3, PFK T
BBy A6 0305, CORREBIEPTH S, KCl Milid#kicfi~3 X 5z, PFK &
55 mannit DBPEIH BIKL, YV A HDE ZRREEMENALNT, FHEAROHNTR S &
AL 3,

SU v 2AGARERMELIZEE, FROBRLSBEE U 2V mannit ORERY BEERE K
W) BRI (-20°) % 24TV, EROME L EERIC OV T BREEPRE UER
DE2MTH 3, BROLEMHIIKELHFORFRNC» b ) 2 {RAILEM%2 & 5, PGI, ALD,
GPPH WiEHET A 6N 505, MOBRRIRBEASERETH S, LRRBICR~ZAKZOTI TR
RET 5 X h L HHRER CRE LIV EREECEEY s v, BIREROEAMZ 5 Th B,
RIERD key emzyme DEALHRHIERTE CH 2 L T3 ir, MM EFEROEREETIS, ALD 2
WT, Al b —BREEVSHK S,

2 KRBRFECBIIEEL

FIBI AN A 1 HBHAE AR 2E L TH—BE L, 4°C DREC—HARE LT mannit il
BISSIERTH B, —MRICHTEERIOREE - & & iiEEOBEd 277, GDH, TIM, PGK, EN
IRPFSDESII/NIV, ELVEIZ PGM, PFK, ALD, GPM itA 60 3, RE %L GPDH
t LDH ka5 h, FFEYEOEMc 2N TIEMELSEMNT 2, COBRREELZPIVPY=v e
ORI LASN %, COREIZHD S VDS, GPDH BBEERcBELE2TTD C b b,
BEBOOEMHITE > THRENELNIZD, B3V, X I7V¥EbhiziipetELLNS, LDH
TRE—7¥H507705, GPDH & b2 COFEMLIOIID EHERINSG,

3 Mannit & KCI o3HBR

# 1 i mannit & KCl OO BEPHRERLUICN, HFRM¥ 14—t b THII2DEBROM
HWEESAHETH 20T, mHEOMEESE 2N A4 B INTRUZOBELRTH 3, Ric
{2 mannit % 100 & LT KCl * sucrose DS R LI, BEEMICIIFEIL BETDH 2, &
By mlshE» s 6 n 201k GPDH & PFK Td 5, HiHEAIX mamnit & KC1 T, 88 : 100
T KCl OFBHHEN S, ZhTRE EOEMIX GPDH & PFK 2BV TRAR D E-TH/IW,
sucrose & sorbit MIFPAiE mamnit ¢ FLTH 5,

GPDH iz KCl HIHTE L KAWL EELRT, ABSICEERCE->THRILY, 3~54 ¢&
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Fig. 1 Changes in the activities of glycolytic enzymes in the squid muscle extract
(Doryteuthis bleekeri) during stroage at 4°C; expressed as percentage of the activity extracted
on the first day; continuous line, 0.3 M mannit solution; broken line, 0.15 M KCl.

Nzl 10D LK X B %R T, i KC1 7210 Tid GPDH DOiEH: 2R L 20, HDRIERS
PFK it 54, PFK i3 mamnit SHHOFH, KEZEEEFRT, +Y 42 0%E0 FRAETIE
KCl fiie, COFEMMNED b, AT PFK EME mannit fiIl T —#ich30® O
T, KCl CRIZBIbHiEBbR3,
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PGM PGl PFK ALD GPDH TIM PGK GPM EN PK LDH MK

Fig. 2 Effects of chilling and freezing on the activity levels of glycolytic enzymes
extracted from the muscle of rainbow trout; extraction medium, 0.3M mannit; open bar,
chill-stroage at 0°C for 24 hr; shaded bar, frozen-stroage at —20°C for 24 hr

4 KWPOMUBROEL

RO SRMSMETETIC ED & S BT 5, REOELIBEROMBIED L > sHERE
A AW EHBZIDIC, =UTRCOWT mamit & KCl ORIHZEL X BEED KEEZRUIZOVE
5EThs, AEFOTIREELIZEDTH 3, mannit HiZ DT 4 & & R HR 25T R
GPDH & LDH T, EHOBMSA 50, PGM, PGK, PK it %77, PG, PFKiXIFALD
B MR AR B, KCl RIREESAYSVR LY, P 3> HA%RL, PFK ALD
PRNTVDE & 5 it 2R LTV 5, mannit & 3173 2BE% & LT PGM, PFK, PGK, EN %
»HIF 5B, PGl & ALD Tiz2 < tH#ET 3, FAb, KCl HHiE#S mannit Hi & b REZ
BEb by, MHDRR UTHEEES ¢4~ 2h 85, bbhOERTIR MHEARCES 2
Dolte WEDELS, 4HE =0T ADEN, FEROE D, IRREFLFOEVICIZ O
b, FOEBRERBS LTI,

FOEIY = A, BEERET 5 3 OTit FDPase 2R\ T mamnit & KC1 & i2#4TL,
7 DS OCRMEE TS 3, CP RO HEficd 3, 1277 phosphorylase iz # 5 2> it O
BiCh 3, CHITKILOBED s o3 FRTH S, mamit & KCl OHHHR2H O »icd
20 2SR b o tods, 2z AR T S BROEMOEING, BEROMIBND RTEME 2R
TEEEINS,

5 WMERFCHUIDIELL

—ow2OREE LY, ZOTT —20°C TRIFUIE AOBEOREMRE 6 RiTR Uz, b
% LT PG, GPM, EN, LDH, FDPase HEEM 2R U, BREOHHME LT, BlberIB#
i, BEEEBICK 209 MBOENEIEAR, ORI ZDOI IOV VEHRT S, COERE
[EHSRIINT 2B E LWV T 2BEHD 5, WA T 3 RCIARER, BT 5 & Diid s = RRERE,
ZOEPOEERENAS. &b AREL bDIF PFK T, Hhitd o T 70% Y EOEEREKRD, Fi
T ALD ¥ L10¢ GPDH & 723, MDH %\ T iso-CDH ¢ ME idiEM%2#MT 5, s OB
RITTEMRERCET2 4D TH Y, — izt bar FY YOMMRTFIRAFET 5, —HiT, &
BRI LT, BREREEEEHEBEL TN EX5Td 5,

x ®"

®ik, BRIt 2 b HRE L MECREN A 6N B M, THEEL THADEHER
BTSN T 3DO3D BRI st TIEHORELLTED 51308, EHFROKEF 0K
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Fig. 3 Changes in the activities of glycolytic enzymes of minced squid muscle (Ommas-
trephes sloani pacificus); extraction medium, 0.3 M mannit
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300

250 F

150F

100

Relative activity (9)

50

oL ]

PGM PGI PFK ALD GPDH GDH TIM PGK GPM EN PK LDH MK

Fig. 4 Influence of the extraction media on the levels of glycolytic enzymes of squid
muscle (Ommastrephes sloans pacificus); expressed as percentage of the activities extracted
with mannit solution; open bar, 0.15M KClI extraction; shaded bar, 0.3 M surocse extraction

{LCRFBHETD PHREOOHRINE DV TV h  — R UIEEBE S L Tviv, FA—ART
bESIERMNALND, Chb OfiHEE BIEER OB HH#ED ATPase b oRETLNT
VB, Connell®™ IXFHFETHETD 505, kit ATPase DIEMHEL X BEREE & 123474
T, BRENHOBRIEERBEAORRIGERE I b BN L 2HELTVW3, bhbhOXKBERT
BEMHBRENT D > 12h, BEVAVIREBERIE h B h —ED il kR Lb o108, Z=%
BROTHIRETCRIVDGEAONE, B3IXEE4HOMKT, 4 1) —BEEOET2RLT
WBH, TR S AKDOI IOEFOEIZ IO LBbhE, WEOBENERcZY, B
RORZERICEET 3, BRTH, B (FEOERCEBEAERC X > TESE2X IS, 20%Iz—
BB IND, ChIRERETORBEEROETOEAPRAL T3, IFERE, FEHEELD
RETER OB LRV, b2 S TEWEE T BEEROEESK IV AN 3H, Thid
BROZEECREDRE I Y b EH L BH L OEMRBT AV 3020 BNk b ZEFic s 3 L H#
BIND, 2OXE & BEROEMOE I Tk - THRIERHOEESEEINh S,

FRPBWRHIC L - TEMEOEM T 285, HHE LTEC»ER LIS, IREELTH B4
ARrEALN, Vs 2  BEKRCERT ZBERCALNS,

MHBEE T3 mamit BZELIR 24, FOHEMIIHASL » T2, U L mannit OIFEREME
PKDRREERM A, BEELQOMEE: b, KXY EEALN S, IEAHBHED IV
R, RERBIOATERLSCEROBRH2 2L LT3, WEHHED GPDH DiEHOME
LEREORET, BEEA~DORE, SR INS &5 Arnold and Pette®™ % Starlinger™® O
B SBEEIN I @RI,

T 1) 2 BEREECHEOTLITITRE T 203, MEIBEM OV, BROEEEL
Ebin, BHLBR TobbERCERORBEE BERATNTORYE, MHESEEA 2R
effector DFFE 74 V¥4 2 0FL, BREAHBEOEL, BRMELOBEE, MEMEBEOES, 4
BIOAEBEAHOFE, WBIE BEZLE¥HY, OMER2—2F>EBERCOVTRAI LA
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Fig. 5 Changes in the activities of glycolytic and other energy-metabolizing enzymes

of rainbow trout muscle during iced stroage; continuous line, mannit extraction; borken
line, KCl extraction
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Fig. 6 Changes in the activities of glycolytic and other energy-metabolizing enzymes
of rainbow trout muscle during frozen stroage; extraction medium, mannit solution

25750,

3 n

REBEREZEL LTZOEIPRZZO 3 V¥ ~REBRORTOL e AEHOTK & O
EHEDBRD 12D I OFERITIS - 10,

1) FHBEOHEETIE KCl kb b mamit kY H2TH 3, GPDH, LDH REHED £ET
REED DTN,

2) HHEOKEFORETE, MRHEAKZOTIIORBTIIRZY, ¥iF Cz—& i iRDm
DM U TRD T 2, BEOHE TR 2R U—EDHERAM A 512, GPDH, LDH
Rigne, 2z BERERESR b EMOER2RT,

3) FREREGETREELERE, FRHERCEERELR2RL, ZORZOTIDOUVANEHERT S
BRI AEIN S, BEI IS IEEEL (20%) BEMTI 0 WP T2008d 3, HIFER
BRI L. 7 2 BEREED L ORENERT, BREICH LT PFK & AEET, ALD,
GPDH X #E<,

4) BREOEFETIR, EBANKHB L0 b, mannit THIHINTHBTEFUIZEBLEEI L,
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5) RHEOEFHNEILEEEEL: OBRBERINI,
(AWFFEO—ERILFE TN 43 FESTBEREHERIC X > TIT s bhic,)
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