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FaRy sy (PG, & 2EUD LT 2WMABMEN CHRL LEAZHES> Tw 3 £
FaT—F—ThHO, IhoRBEEEEHERT 2 Y VIEED CodBHEREMIENE (PUFA) »
sEHFHREND,

KREBYIDIEEICIE Coy Co, PUFAREWEIETEENTE D, TICHBEEE,» S A, FE
i3 < D OBIRIEME Y S D, T o OXJERRHE I PUFA, % it PUFA ORIEMET
HoHEREINTVS, £ MNTE, =4 3V VB EDM/IMRERSENMFEIER 2> &
DIEIS T 308, KEBYI Tt PUFA 255D & 5 2 EBIRER 13- L Tw 2001, 128K
SESMIZEN TV, BZ6 KEBYTS, Co PUFA 75 PGOBESESh, Ihvdk
HEICHBREL Twa b o Ll NS, UL, ZORBRRIEMFNTH S,

—7, WEEICRFR I NLKEBYOIBEIC S Cyp PUFA ITFEET 575, PG AHEVICEET
HME D DIIAEE TR TH -, BB 5 PGS, £AKES L UAEHMERICO
WTORIRIZ R 512050, }

K TIE, KRELWTO Cy PUFA OREID U & D, PG AREIEEE LTHBaENSZ
ETER W EEZ, B BREOLEIRTE L PG R & OFE, KESYO PG ARKEE
EPG DAEHBRE~OMYS, BETO PG HIEE E PG OFEDOEE I DWW THET L7z,

II R PREOVEEVE: P GATERE & nB8E

1 PREORBMESHE (S E, $2%5)

RSB ISIFE A SREEE M T 2 72, Penaeus BORENE, 1) Penaeus merguiensis X
U P. monodon (=7 £ 7 — h=1-MC Z1EGIL, L OIEHBAOWMD RoH%EH#H~T, i) 71
<2 IE P. japonicus O T T NN 2 F YB-1-MCESYA 70 TRt e LTSs L,
BEBRC R D A & L7 R & Tz '

BRI DB NI ERGEE A F VT ATV EHBIEESE Y A BEE 7 o< N ECTRamERIC
SEEL, DA A7 0w MEKK L THEEL%, BENEEERHEL L 25, SV F U,
RFT7) B OB LU VI MA v, VB, AVAVEBREDE T UBICE VI
ABDED BN, V. —VEE, V)V /VvAYBCIREEASE DR, LpL, =4
AYRy I U, FavAdd vk, 775 F U8B &0 PUFAKREDAADNED St

(Table 1, 2), '

IOBREBIUERORRELS, PREAZABR AN EWRARBKEE L, #g, «
STV EER de novo BFRTE LD, )V /—1VE, V /) VVEBEESKRTERWIE, LML, 77
F R UEBER R apA~F T B O PUFA CBEHEELRED SN2 e,V / —LEH» S
@ 6 PUFA~, BXUV /v ED»S v 3 PUFA ANQOISREAET 2 EE 2 5Nz,



2 B, BREOU/LUEHY DS o 3 PUFA ~igifige (3 5)
HBOEBE, S, HRERAELEN L EREREREL B, Y L % o 3PUFAA

7o IRIEICE T 2B IRSED SNLDICRLT, V /v o BE5 2 BEICE, F0%)
HEFEBICLDENDL I ENHIONT NS, 22T, B, FREORECRIZT) /L v BO
ZHEN, © 3 PUFA NOIEEEOEIHREAL T 52D Tk R L, @, FEEcy /
LofgE—1—"C S L, o 3 PUFA NOERH#IgE % F 72,

EDRER, w 3 PUFA ~OEAREE X EREN (= ~ X Salmo gaivdnerii, 71 Plecoglossus
altivelis, 7 7 ¥ Anguilla japonica, <% A Chysophrys major, b 7 7 7 Fugu rubripes rubripes,
# W3 Sebastiscus mavovatus, 7 V<ILY  Penaeus japonicus) X TIZERD & #7-5 (Table
3), EHEaEnt) /v v BOBBEEICNT 5 o 3 PUFA OBEHEEO#IE EBRFE) 1, V)
VB w 3 PUFA OFEMENIZIZFHLVE SNDE Y2 AN, ) /v BBER (<
54) 7, w 3 PUFA L D2 (7r=xt) LANHETH, B EnTEH SN (Table
), MMEDZEms, UV /v eBE o 3 PUFA IZEBRT 21RENEKL, ERNTLEE S S
TEROEE, o 3 PUFA 28RS E L TREET L EEZ SN,

O L DI RS E L TER s N A LARREE L, RATO PUFA #tf5 4H- T8 0, PUFA
LLTHBEROE Y ORRICEE L T 2 T[REEAE L S b,

M KEEWICHTS PGESH (B43)

PUFAD S b T T I F F VBBV LY PG DRIEREE K2 2 L8HIBNTWEDT,
WERSIAEE DEEERBE & 2T 5 7 O KEEBMIC BT 57 5+ P B o0 PG EAGKFEIC DOV
THRE L. KREBIOMBEEY 2 — AT 7% FUBE—1-4C & 1> F 20—k L&, PG
ML, S5 0HE 7 o< bE (TLO) 12 & - THEEL 72 PGE,#5 X UF Fo i 43 0O UEHE M %
ELT.

TORER, BBEMO 2 X7 77 RRE, 8, BRES L OWEZHRE, 773NV ErS
O PG AERKAERFF > Ture s, SHED 7 4 FBEA 1 BIZHAT, OTFhoOfE, 7 8Thin
BRI EIRICE D Z NI TH -7 (Table 5), LoL, M0 5 TlE, 8, BEAOE
W, ¥ERE MR OSBRI HRIE WERESED s v, —F, a4 0BERWIERT, 7
AEY v, A Ao, BEORRIEE I IHAETH STV AIBE © (2IZFE CRE T PG &/
SBEE L7 (Table 6)0 SR SOMEERL, BFLLT T HE v EMD PCCADY 704 %5
Fr—ERIEEAET 2 b TE Y, O PG ARG CORIGZEHET 2 2 L 4%, 58 R
aEntz, UEORR, KESYHNT 7 F R BrSDY Y PGHEEKAEER D Z LS i
feotie 72, TE, BETIA IRV IIVELS ) LY PEGOESREINE LRESINT
WA Z eSS, AECHBEICE) S CoPUFADEZED VD O, PCORERIETHZ Z & L&
P WA ‘
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IV < HFEERORFIH) EFEE PGF,,0E{L (F5F)

PLED & D IKEEW T, C,PUFA 25 PG SEUICFIF & b, KEBWICIL 3T % PG
28, KEEE DA ICBES L T ahE D nEMAS i, EEBRIEOEL: PGEBEDE
e DBERERANLILELN DL, T TIHF AL, ETREHEORPICEE> TEFEE PGF, BE
BEDEIRET I RS VA1 LT ve148E (RIA) THEL,

R BEORE, 6 20825 7 HI4HII» T T, JIEHABRAR ETH > 7248, 8
B 4 HTIZIPRHI IR L, ENERIORM ThH 2ES{ZNRBO s, TR L TIED
PGF 8813 6 H20H 45 7 BU4B W) TFH 7 ng/g-wet L iFIF—~ETH > 70 LvL, NN
EAID 8 A 4 HTI325ng/g « wet &£3.5(F 280U 7 (Fig. 1),

77 ETIFESER O PG 2> FRALA F ¥ Ry o ¥ —CENEHN 7 ¥ FDRIZIRD 1L D#100
ELWMNTHDH L, 1, WHE, BEBIUEETIE, HHIIEEC PGF, BELE LR T2 &
WEENTVE I L, SSHITHAETIE PG PEBEREORFUCEE LR E2E L TWE I Ln
SEZ, REROBERIZ, BEKEOEEARIC PGF, L Twa I 2R BT 200D L
20503,

V #IEA 3/ Y Gracilaria verrucosa (2115 PG OBEBETE S L U
AIBRASEHEE DIRR (BB 6 E)

INETORREYS, KEBWII PCESHEEEE T 2 I EHHS ML 572, — 77, HEREIC
L7 I9F N UBRL A 2 RUVFZVEBIEISENTED, £ —2 7 ) 7TEOLLE Gracilaria
lichenoides 75 & PG EBERIE I N T3, PG PHREEREOTHNRF L LTEAL TWw50
Thhif, BETHL PCGREEGREIN T AAREENH L, 22T, HAEDAT T /U sD
PG BIBXADRE B & U PG D BEERIE 21T - 720

AT SELRIEEORBER TS £, PGHIEREICZDELZ 7 7% KB
1.7%, =4 a4y 2 yBE3 IR TH 12, IROT, AT/ VD5 mM Y VEEF U7 L5
% pH7 SHHKIC DWW T TLCBI U A B I L7 0~ MECED T v + BIEESFIEHIEE
ENE B OWE S 2EEBMLS, Thoid, TLC, AR70% MEBLPEBATEITY 2 &2
& 5T PGE,B & U PGF L RESI N (Fig. 2, 3), YLD &S24 7./ Vizix PG #iBktk s
YUPGHBEET 2D, T/ VBT TEE L EHh oD PG ASKIE LD - L AL S
iz, 72, RIA TR EZB 4T/ ) O PG EBE X PGE, 544 ng/g-wet 8 X U PGF,, 80 ng/
gewet ThH D, BEOHHBE BT 2 L0 D EBETH-(Table 7)., 77, 13UDT
W75 7 v oo b PGR, 3 &N, PCGHEEICL LS OH L THATEESEATRE XN
72
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3. BEBEOHSAEICERT 2 HE (B, B <« PG SEREXRED SN2 Lid, PGD I %
FIVREANDEEETRET 5D TH %,
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WEBTH -, A FOINRIZE T ZEIFTO PGF,0 &N, BWAELABEOEHIC BT
% PGOEE L DRI E TR T 2 5D TH 5,
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Table 1. Radioactity of fatty acid in total lipids isolated from zoea 24h feeding on a
microencapsulated diet containing [1-14C] palmitic acid.

Radioactivity
Fatty acid dpm in 1 mg Distribution Specific
FAME mixture (% of total FAME) activity '
(x 103 dpm mg=1)

14:0 310 1.9 24.7
15:0 150 0.9 50.3
16:0 11,900 74.2 63.2
17:0 80 0.5 5.0
18:0 1,190 7.4 17.7
20:0 290 1.8 58.0
14:1 150 0.9 38.9
16:1 440 2.7 7.0
17:1 90 0.6 12.7
181w9 560 3.5 1.6
20:1w 9 50 0.3 2.2
182w 6 trace nd nd
202w 6 100 0.6 12.2
20:3w 6 140 0.9 29.2
204w 6 250 1.6 4.4
224w 6 trace nd nd
18:3w 3 trace nd nd
204w 3 trace nd nd
2050 3 100 0.6 1.1
225w 3 trace nd nd
22:6w 3 140 0.9 1.8

FAME : fatty acid methyl ester, nd : not detectable, trace : <50 dpm

Table 2.Proportional radioactivity in the individual fatty acids constituting polar and
neutral lipids 24hr after injection of acetate-1-14C

% Distribution of radioactvity*
Fatty acid P. monodon P. merguiensis
PL NL
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% Fatty acids from neutral lipid (NL) and polar lipid (PL) fractions were subjected to
argentation TLC as methylesters, and then the methylesters of saturated, monoene,
diene, triene, tetraene, pentaene, and hexaene fatty acids were subjected to prepa-
rative GLC on 10% DEGS followed by radioactive measurements of trapped samples.



Table 3.Proportional distribution of radioactivity in the individual fatty acids

% Distribution of radioactivity*

Lipid Fatty Rainbow Red sea

fraction acid trout Ayu Eel brean Rockfish  Globefish  Prawn
Saturated 2.3 11:.4 3.1 14.0 1.1 0.9 1.8
Monoene 1.0 1.4 1.6 2.7 0.6 0.2 3.8
Diene 2.6 1.1 1.5 0.8 0.1 0.6 5.4
18:3w 3 49.7 62.4 62.1 76.6 94.0 90.8 66.7

Polar 18:40 3 6.5 5.2 8.2 2.7 0.7 7.6

lipid 20:3w 3 5.7 3.5 3.6 3.4 0.4 4.4 4.3
20:4w 3 3.1 3.5 1.9 0.3 0.4 1.4
20503 12.5 2.3 2.51 0.1 0.4 4,0
225w 3 3.6 1.8 2.0 2.5 0.1 0.2 2.0
22:6w 3 10.0 4.5 4.7J 0.1 0.2 2.1
Otherst 2.5 2.9 8.8 ] 0.5 1.2 1.6
Saturated 2.4 5.8 0.7 5.3 1.8 1.3 0.6
Monoene 7.0 9.9 4.6 3.6 2.3 3.4 0.4
Diene 3.5 5.6 3.1 3.7 2.3 0.8 2.6
184w 3 55.3 51.2 57.3 79.8 79.2 84.6 73.1

Neutral 18:4w 3 1 5.1 5.6 13.9

lipid 20:3w 3 13.9 20.5 24.8 3.6 3.9 1.7 1.4
20:4a)3J 0 0.1 0.7
20:55w 3 0.8 0.8 3.7
225w 3 17.9 7.0 9.5 4.0 4.1 0.8 0.6
226w 3 0 0 1.7 0.4 0.4
QOthers 0 0 1.8 0.5 2.4

% 9 of polar or neutral lipid fractions.
t Others were mainly composed of 20:3w 6 (70-80% of others), 22:4w 3 and 22:5w 6.

Table 4. Percentage incorporation of [1-14C] linolenic acid into the @ 3 pentaenes and
hexaenes of lipids from the aquatic animals injected with [1-14C] linolenic acid

Radioactive w 3-pentaenes and hexaenes

formed from [1-14C] linolenic acid Relative
Radioactivity % Incorporation
Animal (dpm x 104) % Incorporation* to rainbow trout
Rainbow trout 128.4 12.7 100
Ayu 6.5 4.5 36
Eel 11.3 2.5 20
Red sea bream 5.0 1.9 15
Rockfish 19.6 0.9 7
Globefish 25.8 1.6 13
Prawn 18.5 2.6 20

% 9% Incorporation of injected [1-14C] linolenic acid to w 3-pentaenes and hexaenes
comprising 20:5¢ 3, 22:5w 3 and 22:6¢ 3.
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Table 5. Biosynthesis of prostaglandins by aquatic animals

%Conversion of substrate
into prostaglandin*

Animal Tissue
PGE; PGF24

Rabbit Renal medulla 9.0
Carp Gill 5.5
Kidney 0.3

Intestine 0.2
0.2

5,0

4.8

N = O

Ovary (December, 10%)**
Sea bream Gill
(Chidai)  Kidney

Stomach

Pyloric caeca

O O O SN
S N =N

—
»
<
w

Intestine
Liver
Prawn Gill
Hepatopancrees
Crab Gill
Crayfish Gill
Muscle
Hepatopancreas
Oyster Gill
Mantle
Digestive diverticulum
Ovary (July, 26%)**
Ovary (August, 219)**
Teetis (August, 30%)**
Mussel Gill
Mantle
Qvary (February, 229%)**
Scallop Gill
Mantle
Ovary (February, 119)**
Testis (February, 129)** R
Jelly fish ~ Whole body nd ***
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An amount of tissue homogenate equivalent to 1g of wet tissue
weight was incubated with 0.6 gxci of (1-14C) arachidonic acid.
% All values were corrected for the percentage conversion
obtained with a boiled enzyme control.
% % Month and Gonosomatic Index
x % * Not detectable
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Fig. 1.Gonad prostaglandin F2, concentrations during sexual maturation
in the oyster. Mean values (circles) and standard errors (vertical bars)
are shown. Numeral indicates the number of oysters determined individually.
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Fig.2. Mass spectra of PGE2 fraction-ME-MO-TMSi1 from
G. verrucose
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Fig.3, MYMass spectra of PGFQ& fraction~-ME-TMSi from
G. verrucosa



Table 6. Effects of aspirine-like drugs, fatty acids and 7-oxa prostaglandin

derivative on biosynthesis of prostaglandins by the homogenate of carp gill

9% Radioactivity in

Inhibitor Concentration (M) PGE, PGFy, 9%Inhibition
Aspirine None 6.4 2.5
1.8x10-7 5.5 2.1 15
1.8Xx10 -6 5.2 1.9 20
1.8x10°5 4.4 1.5 44
1.8%x10 4 1.6 0.6 75
1.8x1073 1.3 0.3 82
Indomethacin* None 7.8 5.2
3.3x10~ 8 7.0 5.0 8
3.3x10°7 5.8 3.8 26
3.3X10 -6 4.3 2.5 49
3.3%x10°5 0.8 0.7 89
3.3x10 4 0 0 100
None 0 5.7 0.9
Oleic acid 1.5X10 3 3.3 0.6 41
Linoleic acid 1.5X10 -3 2.6 0.8 49
Linolenic acid 1.5X10-3 1.0 0.2 82
7-Oxa-13-
prostynoic 7.5X10 -5 2.9 0.3 52
acid** 1.5x10 4 2.0 0.2 67

* Tween 80 was added to the reaction mixture to solubilize the
inhibitor (0.123)
* % Kindly synthesized by Prof. J. Fried



Table 7.Comparison. of prostaglandin level in ‘G. verrucosa. and several animals.

Tissue Prostaglandin  Level ng/g  Method Author
G. verrucosa Whole PGE; 544 RIA
PGF2, 80 RIA
G. lichenoides  Whole PGEz 500-7004 g/g dry Gregson, E. et al
Bioassay
PGFa, 700-1200. g/g dry 1979
Phytoplankton
Prorocentrum micans PGF2, 0.9
RIA
Skeltonema coststum PGF24 4.3
Rat Kidney PGE 0.7 RIA Jaffe, B.M. et al
Rat Serum PGE 1.4 RIA 1972
Pond roach Ovary PGF2, 17 Bioassay Ogata, H. et al 1978
Garp Gastrointens- PGE2 75 Bioassay 1 Nomura, T. et al
. tial tracts
Cray fish Gilt PGE: 45 Bioassay [ 1976
Oyster Ovary PGF2, 6.3 RIA
Chrysaora PGA 4 ng/ml RIA Burnett, J.W. et al
quinquecirrha PGE 0.37 ng/ml RIA 1974
Plexaura Whole PGA 2 mg/g dry Weinheimer, A.J.
homomalla et al, 1969
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