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Storage of sea urchin gonad in oxygenated sea water

YASUNORI KINOSHITA, 2% TAKEYA YOSHIOKA,! SYUN-ICHI MIYAZAKI,!
SANAE KATO3 AND KUNIHIKO KONNO?

1Hokkaido Industrial Technology Center, Hakodate, Hokkaido 041-0801, *Faculty of Fisheries Sciences,
Hokkaido University, Hakodate, Hokkaido 041-8611, 3Department of Biochemistry, Asahikawa Medical Col-
lege, Asahikawa, Hokkaido 078-8510, Japan

Changes in the contents of ATP related compounds in the gonad of sea urchin Strongylocentrotus nudus stored
in artificial seawater were investigated. A gradual decrease of ATP content was followed by an accumulation of
HxR and Hx during storage, while total nucleotide content decreased from 2.6 to 1.2 umol/g in 8 days indicating a
leaking of the compounds from the gonad. The ATP content relative to the sum of ATP related compounds was
used to show the ATP content of the gonad. Turbidity of seawater used for storage, a commercial sensory fresh-
ness index of gonad of sea urchin, also increased during storage. The increase in turbidity seemed to correspond to
the decrease in relative ATP content. The effect of oxygen volume filled in the storage bag on the change in the
relative ATP content of gonad and on the turbidity increase of seawater was studied. Decrease in the relative ATP
content and turbidity development were both suppressed by an increase in filled oxygen volume. Almost no in-
crease in the marine bacteria population was observed during the storage under any conditions. It was concluded
that storage of sea urchin gonad in oxygenated sea water was an effective method for main taining freshness.
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a VNV R IS, REEKCEERKICE» LA
THEKE EBITH v TREBICEE LBy 7 O
BEAHEINL TS, T, THEAKYZ] 2EINT
B0, BREY —ORKBHED 2 5 & HBEICITFFCH
5o WA UL, FBICHEWED B84 L TAE O LA
BT EhD, FEMICE, BENTIEKO®E D BAN
BEORESL L CHCONRTEY, — RSSO
fli3 3 HERE &5 <, 10 B RFHEM OB AR D B
TWwb, =77, FEE, HEREOEEEENCHNT 5
7o, BEEZHIG L D AR IEN Lo T % TR
5HEVSHLUWKEDOIFBINEPREIN TV A, K
B FH A BRZBERE F Ty nid ATP §B %K
TERFICHERT 5 LB TE, ATP HEICHES il
REEZMETE AL ERRESINTVAMN F/, A
WAAHNTEH, BEOHEBIIEPOINEREG D ATP
DOWAEIHL, BHROETZRBETESLZ LIRS
NTW5,W ZD k57, £72 ATP OFFARE D kit &
NTWBEFHRINAREDOLOTHE, KHELD LT
L5, ATPEEZOLORHEREME L CTHET S
FIERENC A TEEREREWEEZ NS,

T, AEmETE, 8Ky _oRBERD ORER
FDORBITAE > T C 2K OE D O & ERY 72 i
B R Z, AEBRICEEhS ATP OBESHEL
fLOFEE L U TR T E 2 \, ERERIRBKOE Y O
HET BB LB OMGEE L 72, E28HE T, KT I
BWTHMEL G L cEEEREDPRN WD, Bits
ﬁo fCo

AHBLUHE

FBRME HEHAOMTEELD, F184ETH
259 AOMIC, WETREHMX CRETIh, K
W HBR X N2 F X AT Y7 2 Strongylocentrotus nu-
dus DAEFER A L7z, REHCIE, BR LKA
<, FAEMICIIE LHIENTWALORHER L2, &
no, ERICRELTCRETCERZNEDS, 5600
DECIHHL T Wiz ALK (EHREIER : MA-
RINE ART Hi, #/KBEHREME : 34%) #HAVWT3E
Gede 7=V h T, 5°CTI0HREBET AT LI
X0, oKy LTERL,

FEAHOFER AN THOBWEEEN (FUE
ETER : &9 /8y 7, BFRFEE : 40cc/m?+24h -
atm (23°C, 75%RH), 0.09 x 110X 210 mm) 2, &5
LB 5CICHEHL T Wiz ATHAK 100 mL &R
5~50 g #H AL TEH L7248, 0~200mL OFEFEH A
(99.9%) #FHEL 72 OZITEAR & Lz, ML 0
~10°C Vf‘ﬁ’) 77

ATP &k &0 RAIE ATPHEELEWEEL,
BEICfWEEER 7 1< F 757 (TOSOH, LC-8020)

BHWTHE L 72,0 —EHEEER L 72 b 00 HARER
BRI, WRAEFRE CHIRRR Lo, o £ T-80
C CHE L7, Hhbi, Ho 2RBOATERIC 25 58
D 10% BEFEE >IN, KKPTERTLILICK
D47 - 7ze BHH¥EIE, 5000 rpm T 10 HMEE D B4
TV, ALz EEA 5 M KOH C¢HRIL 724%, 0.2 um
DAVT S5V T 4 VE—"BLTHALK, 7T AT
TOSOH #: % » ODS-80TS (4.6 mm I.D. X 250 mm)
FHAW, BHITA®R (01MY VB KEFTFY T A
(pH4.1)J & B (20% 77X F = MUV EETRBK)
D2WEAN DT 7SV /LD To 7, it
HiZ 1mL/min, 75 AREZZERE, BHEEL 254
nm & U7z, #iE, ATP, ADP, AMP, IMP, HxR, Hx
D6EFITONTITY, X7 VT FFRER, b
DMEDOEFHEE L UR L7z, RO, X7 VFF
FEEICLHDS ATP OElE (%) # ATPEEE LT
FLT,

BKDOFY OFEETFM 0~10 BREAFR L 720OF B
ZRE L TR EERRL, 2 HBSIBY OFRETN%
To7ce FHliNE, EERIBMEE /L& LT 6 BT
MEIC L 0T, FIFEDBRVIRER 6 4, 08
DHBLREZTLE, PEVEBEVIDHIRER 4 5,
OEBORDLRET 3N, BELLEIADLIRE
w2 M, TERIE - TV CREMAMmE S 7 &S
N5H0% 1 e L TEAL.

K-EOEH DTFoXaAwTaEE LY

Kl (%) ={(HxR +Hx)/(ATP + ADP + AMP
+IMP +HxR+Hx)} x 100

& R

RO ATP BBE(LEMDEL B, HERFD
ATP B#AL & OB BT 9 HERED B8 3 BT C 7
WD, FHERS LT, HEMICIIES IO
TS R oW Tl BRABR T\, ATP B#E
(L& ORIE T BIFL 72, ZTORER, FBHRICHNT
P & A SN2 A OO HBETEFO ATP GEOET
DEREWHEBICH S T EBbrot, £ TEANE T,
ML AT DR 720, ERibshiciz, H
B ARG < FRERICINE M I T 5 D%
AT &E LT .

50 g OAEFERR % 100 mL O A THEK & 3512 5°C THR
L7z ATP BE LA OB E(L % Fig. 1 IR 7,
H7 BB tA N O ATP BE#E L 5% D £ 713 ATP (1.2
umol/g) T#H YV, iz ADP (0.8 umol/g), AMP (0.3
pumol/g) DIEICEAL %<0, IMPIXZ LA Y
SN oto, ATP B3, IR ORBICHE > TH
AL, 8 HATIRIFWSA L7, ADP & ATP L hiEeh
B Lo, AMP L, K74 B E CEHBMICHENL 72
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Fig. 1 Changes in content of ATP related compounds in
gonad of sea urchin stored in artificial seawater. Fifty
g of gonad was stored in 100 mL of artificial seawater
at 5°C. ATP (0), ADP (e), AMP (A), IMP (A),
HxR (o), and Hx (w) contents were measured on
HPLC. Sum of the compounds was expressed as total
content (<).

B, ZTOEELPIZHAL, 10 B TLE VL)L EHE
FLCQz, IMP BT, HELS, FRMHZEL
TRERBAEDP RGN Aoz, HXR B LU Hx 1T,
FPEBRIERHE AR L i S, Relaic bV E
BENCHE L 7225, 10 BADEIZ AMPIZ R 5 EFE
WILENV NV THo T, e, X7 VFFFORE
X, RPRBALARE 2.6 umol/g 72 » 7245, EREIREEICEE -
THA L, SHEICHE, BX7F%450 1.2 umol/g T
KT L7

COBOBAKOBVICOWTERIME T/ 2
%, FHtisE, FERABRE R THh--7cbDOH2HE
T5HM, 4HHT3HLETL, 6 BHIKIF 1 AKKED
FAERMES 72\ LT SNz, COLD B OFL
i, BIC4BE»HL6HBICAT CTHEETHD, 4
B ATP %3 AREH & —B L T,

ATP 2K LU K-ED LR (CHT 2MERAEEDE
# 100mL DA THKICS50g DTS Ah, B
O I X 512 0~200 mL OEEFE A AW 2ihA4, 5C
THRLU7. 20RO ATP §EOR AR L% Fig. 21
R, BEAXREL VWSS, ATP &5, WEbik
K OB Lk, SHTIHIEMELTLE >k, —
7, BEREATRE LSS, FRERIC—HEEML, £0

BBA U7z, BAOOESBTRET HMAREICTIKFL, B

FHREESSOmL OFE, —HERL722 HhoEd
ICEE L 72, 100 mL OBE, 2~4 BIZ—FEDO LNV A E
B, FOBBA LT, 200mL OBEIT8HETH WL
NIV HERE L T\,

Fig. 2 Change in relative ATP content of sea urchin
gonad stored in artificial seawater with various oxygen
volumes. Fifty g of gonad was stored in 100 mL of ar-
tificial seawater together with 0 mL (@), 50 mL (0),
100 mL (A), and 200 mL (D) oxygen gas at 5°C. ATP
content (%) was defined as the ATP content relative
to the sum of the ATP related compounds.
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Fig. 3 Change in K value of sea urchin gonad stored in
artificial seawater with various oxygen volumes. K-
values were estimated from the result in Fig. 2, and
the same symbols were also used as in Fig. 2.

C OO KHEDOZL% Fig. 312Rd, MEAKEL
inip o 1o, WRBAMREE A DL, 8 HIC30%
B2 Iz, BiEY 50mL I L /-84, K—ED LR
AHBETRILT, TOBBECPICER LM, 8H
Td 10% BETH -7z, BEL 100mL TEL 2854
IHIC, K-EO EFECOMHEBEL LD, 6 HE»
DIAE 572, BER 200 mL TR L 7254, ERiZe-
ESHEMDIE S, THDOOFKR, BMERERED
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Bk & LI KAMEO EABBNL I ERHLA RS
7o CORDEBREBRKOBEBRIAREEZNEL/-EZ
%, BERARHOEE, HBBKK8.1mg/L22-7/3
OB, 2HHIIZZ0.7mg/L 270, 1FITHEL /IREE
Yo, —77, BERSOMLFEL -3 DTIE, ¥
BREIARFIC 17.6 mg/L AN EHEIIL TR Y, frk2 HH
T 10.9mg/L €, KFEHEXIC KT 5 IFRGROR
L EOE A #ER L Tz, 100 mL 35 KO8 200 mL 3
HLZ3DE, Win b iFEbnR T 20 mg/L HLED
VNIV H - 7o, BiZETIE6HHTY, £AEET
1312 HE T3 10 mg/L DI EA#EFF L T\,

B % OmL 35 X008 200 mL I L 7= b DI DWW T
A OB R ik O® D OB AT L 726, @
F0mL FEX T, BB 6 i TH 72D D 2
HETHA, 4HHAT3MEEFL, 6 BRI LS
FAIN, BE200mL FHEKX T, 6 HETL 3
HEERLTEY, 1ALE-7DR8HHTH -7,
FHI A, W ARG TET L2, £
HEY, B3R 200 mL REXOTHFEE THAH T LR
INTo, BRENZEKOED OH#TIE, FFEFD ATP
EEBIUKAHOR E B EUL TWiz,

ATPEEDETICRETHREEDOHE Y _4M
RO TICN T A BiRE O LM A 1-D, L
ST (MR 50 g, ALK 100mL, EAFEAT A 100
mL) 0,5, 10°C Ty L 725D ATP BEOK T ZBH L
7o (Fig. 4), 0°C THYRL -84, —H R L7/ ATP
EBRA2EHPLIFERICO L RETFHRIYD, 14
HThE242D0 ATP BBH SN/, 5°C THRL -
BET, ATPREABRESH 4 B E» L EE WD »
D, SHAIKYHIKEL, 6, HREREr L
AIH10C TR B EIL, 2 HE»LEBULED
DIEED, 5CIDERHITET Lz, T7bb, ATP
EREEE L5401, KRERAHEEKTRELK
TXRBLBFRTHLIERHLL LT,

ATPEEBDOETICRETHRHEROKE V-4
MROEEFEFIE R AR REE ERL T 5700, BERFHC
Wy AAEBREROFE R L, $abb, 100
mL O ATH#EK, 100 mL OBERH AD&HT, AFElR
FEAEOTLT (50,10,5g), MEEMREEAE
%5 5C CHERLALKO ATP GEBOKRAZELEE
72 ZORER% Fig. 5107, CHETOERS
HThH550 g DEERAFERL-HAT2E»H12H
T CTATP B LT, BEA 10gICTIFS &,
ATP OB B »ICHY, SHET—EDOV L%
B ZOBEBA Lz, $7hbb, WREEZDVHT5E
HOPERERRD LN, SHICEXDERSL, 5g
OEMBEBETHNERIT10gDES LIIERLU T, 8
AU A PR E, Thez, AEBREEZES X
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Fig. 4 Change in relative ATP content of sea urchin
gonad stored in artificial seawater at various tempera-
tures. Fifty g of gonad was stored in 100 mL of artifi-
cial seawater with 100 mL oxygen gas at 0°C (0), 5C
(A), and 10°C (o). Other conditions for storage and
the calculation of ATP content were the same as in
Fig. 2.
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Fig. 5 Change in relative ATP content of sea urchin
gonad stored in artificial seawater. Five g (0), 10 g
(A), and 50 g (O) of gonad were stored in 100 mL of
artificial seawater with 100 mL oxygen gas at 5°C.

DL, BERBIMEZRITLIENTEES, HE
By ERIARR, BRI iR A 2 CHIRT g,
50 g BENRHETHH D LB L7,

R K OBHIREL, AR ATE Lo Kb
O A RE L TR RISTEELE 2 b, £C
T, MEATEE 100 mL FEE L 22l 20T,
5°C € 10 HIEE R L 7cRO— A OB L & #iat L
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7zo ZTOFER, RrERBIOBEET 250 cfu/g TH- 12,
MEAFTBELZVLOTEERE B cu/gitETL
Too ETo, BEETHEL 23O THRBICHARUIIGES
D 120cfu/g FTEF L TWADT, BEFHEICLS—
R ARE B OB i m@%hﬁb;kﬂb@oﬂomﬁ
EVIRHOHR T, BEIIMEREICHEDLL T,
fﬂ%S%dﬂgUTT%ckpk#%,@Ku&ﬁw
BT 5 EEERDP—BHEROBEKZHFH L BT &
PRE SN, —AEOMICRER T 2 @B &
Wil 7z £72, PIROFESDICH IR E BlE
U755, BRETE 2.0 X 104 cfu/g Th o 7275, BFBiE
REEEYHREL WSO T3.0x103 cfu/g, MELFIE
L7cd D3 3.0x103cfu/g LRLTHD, ZOIFBSEMHE
TCIE— BB & MR, BEEME TH - TH KR,
AR T & ABEITE C B\ ZHMTL 72,

£ 2®

R O ATP BEA L& OBALBIER Y OB
BLLTRATER WA EZRATAHNT, ZORHEE
b%EHF L 7o B, BB ATP B#E L GHO%E
LRI THEREO B LB L7225, BELID LI
BL L CENSNZLOD S ATP GEOK T ARV
BERICH D Db o, COBRBICOWTE, BHH
PTEZEWD, EBMEHNCE, #EICX AT %8k
BrdA7-01, IR EHNIINADDEFRT L E
L7z IPRRBAMGINO 7 A MR 613 ATP 2 £ &
L7aBbd, ADP,AMP A2 VOEHEB I N
(Fig. 1)s &L, IHETCVWAEEGICATP T LA T
HHEEETHEOE, HETHWLIIZPLIMOMLL
AFERRO ATP 13, H#H, BEE 7% & OQB I SRS
TLIEEZAEBTES, HBEFOLRER» B
W7 ¥ LEL < ATP, ADP, AMP, IMP, HxR, Hx #
wmianr (Fig. 1), FHEHE, VoAMEOTF R
WA OWTHRE 2T\, IMP 288 X hd, HxR+
Hx 71 61.4mg/100g H - 7= L HEL T\ 5,19 & E A
WIREHTIE, BPRRBAAIRFIC HxXR R Hx 281F & A K
HaNeho e, Thid, BOTEHEORWERARE >
el Bz, IMPIZOWTE, N7y —T
VNI U ZCHRBEDPOHET S EAREIh T
B Z Lk, FEHLLIEHL TWE LB, st
ICHERERIFE 70 Y IC L BB ERBP K E W E Bbh/,
ZOMDEE, COBEELITTERETH /2 &b,
ATP BAE L &4iE, BIFICHE « S TETW5 &
Zz 6N,

FPEARICiE, ATP 2METF L, HxR - Hx 2B8hL 72
(Fig. 1)y COEDHEARE, ZYTA <A
IO N F 20 a 20 <7 URin Y, %L ORAT
RESINTOAGERAZ—V ER{EPL T, —

7, WK O 7 U AF FRED, FEREEICE - T
ETFL2 (Fig. 1, —MIC, BERmELTURBSNTY
LYK ZOBEEMRIL, 5COKTI ARELE 2
LRATWAO DT kpd, SEFHL -BERTHE
ORFEALHTL, TRROMBEZ T B RILTh5 &
Hr I Nz, HRPOEKOBFEIEBIL /2L A,
10 B ORFE TH A X %739 LHER 70 205 36 & THA
L, BRAYRTDMER 1326549 FTHML Tw
Too AT, ToARBEORBKIC X A2 & EERFHY
CEZRL, EHEMEIC LABESR, D, AR S
VRAETEBEE S I RRIC A - THEFRME L, BRI X - TR
ONBYHBEREIINB T A L, F-BERTE TN
B L ABEGPD, WETRIIEROLY, BTl
BFERIIOEAN D EPREILETHEL TW5H,B
BARDAEHBEL CHEDPEL RN b, kY
ZORBRPICTRAET BV, ETROMMRES S
LT OBEDIE T 720 %2 bilz, ZOWE
PTCH LT BRE S TRHTH LM, X7V EF R
BELE/, MM EOPENEL A LIk T
ATP BB AWM R L 272 d B Lz O LifEE
ENtce TNHDOT EMD, ATPERZD LD EEE
DOWEL L THERTAC LIRS EE25NR, X
7 VAF FREICED 5% 7% ATP OfEl4 (%) O
HRIE, EKY B THLEERED— L L THFIH
TE B EHWL 7,

AR ZTIET HC LIk o T, KT ZOREE SR
TEh\Wip, ATPEERHEEE L Bt a2 fT-7, £
DWER, RPRFEO ATP £RBOK T, BERBER%
WEEMHEShAZ bbb 7 (Fig. 2), BEAIC
RONDEKOBHEHRBEOKET LARBEO ATP &
BOETB XUHEKOEY O#TREEIT, BROFHLT
W, EBAEE O ARNT, MRIC L ABEZEOMHEIC
£ o TRER ATP DEERB R INTEY, HEP
DEFED, FIE—FILEZNTHA T EBMON T
HT 06, BEREENS VLY, FEBOATP &
ESPRIICOI - THERSh D, 7 4R Ak
BLLIEH S OMATP OFARELMRFL Tk, THE
SINBEEFIHTLHZ EICE-T, IFEFS ATP O
EPEDRkIE SN LB, BIRC, BBEAEE
DT EEKOE D OETBEBEINZDE, BED
BT X C—E MR ATP LU 35 < B S n /-7
O, HRMICHEEECEEAREIN LItk -T
HEW OB AIIH Nz L BRI N, BEPD
ATP GEOK T, FREBEMEITE, /- EMmiF
HEADEVEY, MESNAERIICH-7- (Fig. 4,
5) BREW THARAICEWTIE, HRHNORINEM R
BREKRIC L - TRESEEIN, ~RICEEMEVT
CMRMEBEEN NI ZHT ERMLNT VA2 IR
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HEMEVZEE ATP SEOETAIH S h-0ik, K
i CHEMEBROBENBESMH SN/ L HEX
Nl E/o, FHEFEESV VT E ATP G EPHER
ENDD, HBRARFOBEROEEES V- 77
OEBbhlc, INHLOBRIL, VoERBRPHBEED
LIZH DM, ATP OFARZHEREL WS 24 5%
BrYRHTALDEEZ LN, BEARELZLDT
2, £2TORRT, BK2 HBIC—EYIC ATP &&5
EmL7: (Fig. 2,4,5) 7, KsBiaRs 2 HE G

X7 VI FFOBBICKERZE(L 2\ (Fig. 1) 2 &
»h, ZOATP HEO#EM, WHiOY ZPBEX
CORREICH > TATP OAENIMHENTE D, B
AR OMEREMAEIC L - T, ATP OFAEAEX
Nl 2 bnlz, TOB, KHEb %7, BER
HENSWEEIBRFOE AR S (Fig.3) Z
EDD, BERELX L THATESEE2DN, L
LA 0, BEOHOZIISEETHY, ATP OFA
BRAMERL C0A X2k, BOTEEBEORREIIHS S
OxFHET 5T LiZREEE Ebhic, TOTEhDY,

BRY —OFEX, ATPSE TR 4 C &M RLIF
T LW el T,

S RO, Rk TGS S N KT Z Ol
FOBAMEROB{EEHL, 5CHH VT 10C T
7T HEFRLICBETh, —BREROE L VWEEIER
DHENT Do T2 EHEL TV 51O SE DR REED
BERICH -/ b, KT T, BEOFEIE
FERR D — MBS 35 J OB NI OB % (RAE T 5 DT
W Ehbhol, TOBRBITEN TRV, K
ik, BF & MURFELZREG LKA H TR 74 A
BREAERLUICEREZTV, BRICHNTED S O
R EUCREOH PR OLEHBORIEN VN &
BHEL, TOERE ZFRREIC X ABELE &R
LTW53,DAEORB TBLREZTZHATO RN
7, HPEAPICAETERR B AL HAWIC X A RIGEIC X
0, BB REL TWAC EATFHEINS, IR
ROERER S L OEAKO pH ZHET 5 &, WTEhd B
FRAEL TRV LDOICHER, FHELALLOOHLE
HEER XN Tz, TOROHEAD pHIE T, FEL
7o TV IREDIIR L CREEA A LTe - 72 &R
LEZONAD, pHASWIC L D6, BAEHD
WA R OGN p -2 b, WAL
Do oD, THLREIC L AHENE LR HER
BHBHIEERELTWAEEZDON, SEIOERT
i, BEERBHCARRERD 2 fEEOEABHFEL T
WHTI LD, WAKICE A0SR LD A RN,

LiEDT &b, BEEIRRBICH 5EMERE V7o
KT, BEAAHTLC LIk T, AFED
ATP G B KOBDICRKMINAHEZH KO

ERTEDTEBRLPICE S T,
E) 2

ABIREAT OB, KIATHRE R N2 vt
BEARFRMEAEBRIER T 5, £/, TEEHOR
ISR I HEE TR S S AR S &
UZAEARICEH S 5, ABHEO—IIE, HEERT T
U7 EFHEEIGERR CUORSE) L fTbnik
bDOTH%, il THEEZERT,

X R
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