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Open tubular  gas l iquid chromatographic  (GLC) 
analyses  of  fatty acids from total lipids of  12 species  
of Echinoidea  col lected at several locat ions  along 
the Pacific coast  of J a p a n  showed the same unusua l  
cis-5-olefinic acids in all species,  i.e., cis-5- 
octadecenoic  acid (5-18:1), cis-5-eicosenoic acid (5- 
20:1), all-cis-5,11- and 5,13-eicosadienoic acids (5,11- 
and 5,13-20:2), all cis-5,11,14-eicosatrienoic acid 
(5,11,14-20:3) and all-ciso5,11,14,17-eicosatetraenoic 
acid (5,11,14,17-20:4). The structural analys is  of  par- 
tially purified 5,11,14,17-20-4 was undertaken by re- 
ductive ozonolys i s  with GLC and gas chromato- 
graphic-mass spectrometric analyses  of  the prod- 
ucts. 13C-Nuclear magnet ic  resonance  analyses  of 
the totals and fractions of  fatty acid methyl  esters 
from the sea urchin lipids did not  show any occur- 
rence of fatty acids having an isolated olefinic bond  
in the 2, 3 or 4 posit ions.  The 5-olefinic acids were 
concentrated  on  the polar l ipids rather than  neu- 
tral lipids. The branched and odd chain fatty acid 
contents  of  mud-feeding sea urchins were found to 
be relatively greater proport ions  of total fatty acids 
than in algae feeders. 
Lipids 21, 558-565 (1980. 

The fat ty acid details of sea urchin Strongylocentrotus 
droebachiensis harvested near  Halifax, Nova Scotia, 
Canada,  have been reported previously (1). The occur- 
rence of unusual  5-olefinic acids was noticeable in all 
samples, amount ing  to as much as 10-21% of fat ty  acids 
from the total lipids of whole animals.  The major 
components found were 5-18:1, 5-20:1, 5,11- and 5,13- 
20:2. In a subsequent  study, fat ty  acids from six species 
of sea urchins collected in J a p a n  were investigated, and 
the occurrence of the 5-olefinic acids was s imilar  to tha t  
in Atlantic sea urchins (2,3). 

In this study, fat ty acids of lipids from 12 species of 
Echinoidea obtained in J a p a n  have been investigated in 
grea ter  detail. The 5-olefinic acids were found in the 
lipids of all of the samples, and their  occurrence is thus 
established as a common and characteristic feature of 
Echinoidea lipids. The 5,11,14,17-20:4 and 5,11,14-20:3 
were found to be minor (~<0.5%) components of the total 
fat ty acids. The former has been found in seed lipids of 
some gymnospermae  (4), but  has  not been reported as a 
fat ty acid component  of animals.  

MATERIALS AND METHODS 

Materials. The species of Echinoidea studied are listed in 
Table 1. Samples  1, 5, 6, 8, 9 and 11 were obtained in 
Kanagawa prefecture; 3, 4, 7, 10 and 12 at Hokkaido; and 
2 in Okinawa prefecture. Samples were collected from 
shallow subtidal  water, except samples  3, 4 and 7 (50 m 
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off Hakodate),  10 (50 m off Sarufutsu),  and 9 (740 m in 
Sagami Bay). 

Salted gonads of sea urchins S. intermedius and S. 
nudus were obtained at  a food marke t  in Hakodate.  

All samples were kept frozen at  -20 C in MeOH for a 
few months  unti l  used. 

Preparation of methyl esters. The total lipids of sea ur- 
chins and gonads were extracted by the method of Bligh 
and Dyer (5). Fractionation of total  lipids (TL) into neu- 
t ral  (NL) and polar  (PL) lipids was carried out by column 
chromatography using silicic acid (Kiesel Gel 60, Merck, 
Darmstadt ,  Federal Republic of Germany) with 
chloroform and methanol  as the developing solvents. The 
lipids were converted to fat ty acid methyl  esters by di- 
rect transesterif ication with 5% HC1 solution in 
methanol  by heat ing  at 80 C in screw-cap test  tubes for 
3 hr  under  nitrogen. The methyl  esters were separated 
from other products by thin layer chromatography (TLC) 
with Silica Gel G plates of 0.5 m m  thickness by develop- 
ing with n-hexane/e ther  (85:15, v/v). 

Gas liquid chromatography (GLC). Open tubula r  GLC 
of the methyl  esters was done with Shimadzu GC 6AM 
and 7A ins t ruments  (Shimadzu Seisakusho Co., Kyoto, 
Japan) ,  with an FID detector, on wall-coated open-tubu- 
lar glass columns coated with SP 2300 (50 m • 0.3 m m  
id). The column tempera tures  were 175 or 180 C and the 
injector and detector were held at  230 C. Peak area  per- 
centages were obtained with Shimadzu integrators C- 
R I A  and C-R2AX. 

13C-Nuclear magnetic resonance (13C- NMR). A JEOL 
FX-90Q spectrometer  (Nippon Denshi Co., Tokyo, Japan)  

13 in the Fourier t ransform mode a t  22.5 MHz for C was 
used to obtain the ~3C-NMR spectrum of methyl  esters 
in CDC13. 

Argentation chromatography. The tr ienoates and tet- 
raenoates  were concentrated by argentat ion column 
chromatography using 20% AgNO3-silica gel as the pack- 
ing and ether/n-hexane mixtures  as the eluting solvents. 
The percentage of ether  in the mixtures  was pro- 
gressively increased from 2 to 100%. 

The separat ion of the tr ienoates and te t raenoates  was 
carried out by prepara t ive  argentation-TLC (AgNO3- 
TLC) on AgNO3-impregnated layers of Silica Gel G by 
developing with ethyl aceta te /n-hexane (1:9, v/v) for the 
t r ienoates  and (3:7, v/v) for the tetraenoates .  

Reductive ozonolysis. Reductive ozonolysis of 1-5 mg 
methyl  ester samples  was carried out in methylene 
chloride at -70 C using the procedure of Kle iman et al. 
(6). The ozonides were reduced by addition of a few crys- 
ta ls  of t r iphenylphosphine.  Aldehydic products were 
analyzed by GLC using a 2 m • 3 m m  id glass column 
packed with 3% Silar 10C on Gas Chrom Q (100-120 
mesh). The column tempera ture  was programmed from 
60 to 280 C at  2 C/min.  The weight percentages were cal- 
culated from the peak  area percentages using C-factor 
(7). The detector and injector tempera tures  were kept at  
300 C. The carr ier  gas was nitrogen at  30 ml/min.  
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Gas chromatography-mass spectrometry (GC-MS). GC- 
MS of the ozonolysis products was carried out with a 
Hitachi M-60 GC-MS system containing a 2 m • 3 mm 
id glass column packed with 3% Silar 10C on Gas Chrom 
Q (100-120 mesh), using helium gas as the carrier  gas. 
All mass spectra were obtained at 20 eV ionization elec- 
tron energy and a source temperature  of 180 C. 

RESULTS AND DISCUSSION 

Unusual fatty acids. In  our previous paper (I), three un- 
usual 5-olefinic acids, 5-20:I, 5,11- and 5,13-20:2, were 
identified as major and unusual  components of the At- 
lantic sea urchin S. droebachiensis. Their  structures 
were determined by GLC of the ozonolysis products, 
mass spectroscopic analysis of the pyrrolidides and other 
procedures. A small component was tentat ively iden- 
tified as 5,11,14-20:3 by comparisons of GLC retention 
data. 

A typical gas chromatogram of the fatty acid methyl 
esters (C2o fraction) obtained in this study is shown in 
Figure 1A. All peaks found in the previous paper (1) 
were also observed in the chromatograms obtained in 
this study. An additional peak "b" for an unknown minor 
component was noted between the peaks of 20:3(n-3) and 
20:4(n-3). 

Large-scale fractionation of polyenoic acids. To facili- 
tate identification of peak "b," which was common to all 
samples, a large-scale fractionation of fatty acids from a 
readily available sea urchin material  was undertaken.  
Total lipids (9.78 g) were extracted from 100 g of salted 
gonads of S. intermedius (sample 3) and S. nudus (sam- 
ple 4). The fat ty acids (7.27 g) obtained from these lipids 
were fractionated by urea adduct methods using urea (20 
g) and methanol (100 ml). The polyenoic acid fraction 
(3.94 g) recovered from the filtrate was converted to 
methyl esters. The methyl esters of polyenoic acids sepa- 
rated by argentat ion column chromatography, and the 
tr ienoate and te t raenoate  fractions were fur ther  frac- 
t ionated by AgNO3-TLC. The gas chromatograms of the 
tr ienoate and te t raenoate  fractions obtained are shown 
in Figures 1B and 1C. Peaks "a" and "b" in each figure 
were identified as 5,11,14-20:3 and 5,11,14,17-20:4 on the 
basis of the agreement  of the retention data with those 
of the reference methyl esters of those acids obtained 
from Podocarpus nagi seed and Juniperus chinensis seed 
(4), respectively. These Tesults were confirmed by open 
tubular  GLC analyses on another  liquid phase SP-2340 
(50 m • 0.3 mm id; column temperature  160 C; injector 
and detector temperature  230 C). 

The te t raenoate  fraction could be separated into two 
fractions by AgNO3-TLC, using ethyl acetate/n-hexane 
(3:7, v/v) as the developing solvent. Fraction 1 
(Rf--0.44) contained 46.3% 20:4(n-6) and 53.7% 20:4(n- 
3). Fraction 2 (Rf= 0.34) contained 1.3% 20:4(n-6), 53.8% 
20:4(n-3) and 44.9% "b" (5,11,14,17-20:4). The composi- 
tions of these two fractions indicate the order of mobility 
from the top to the bottom to be 20:4(n-6), 20:4(n-3) and 
"b" (5,11,14,17-20:4). 

Products from reductive ozonolysis. Since complete 
separation of individual 20:3 and 20:4 acids was impossi- 
ble, fractions 1 and 2 were subjected to ozonolysis fol- 
lowed by GLC of the products. Some component peaks 
were identified on the basis of the agreement  of the re- 
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FIG. 1. Parts of gas chromatogram of fatty acid methyl esters of 
the total lipids from H. pulcherrimus. A, Total; B, trienoate frac- 
tion; C, tetraenoate fraction. *, See Table 4. 

tention times with those of authent ic  reference esters 
and through oxidative fission products. Thus, reductive 
ozonolysis products from 5,11,14-20:3 contained n- 
hexanal  (I), 1,6-hexanedial (II) and methyl 5-oxo- 
pentanoate  (III); those from 5,11,14,17-20:4 contained II 
and III; those from 20:4(n-3) contained methyl 8-oxo- 
octanoate; and those from cyclohexene contained II. The 
compositions of the ozonolysis products from fractions 1 
and 2 are shown in Table 2. The fair agreement  of the 
proportions of mole percentages (II/III) between fraction 
2 and reference acid 5,11,14,17-20:4 (Table 2) charac- 
terized peak "b" as 5,11,14,17-20:4. 

GC-MS ofozonolysis products. The mass spectra of the 
hexanedial  fraction from the ozonolysis products of the 
5,11,14,17-20:4 concentrates were taken by the GC-MS 
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TABLE 1 

E c h i n o i d e a  S a m p l e s  a n d  Their  Content s  o f  Lip ids  a n d  5-Olefinic A c i d s  

5-Olefinic Date 
No. Order Genus and species Lipids (%) a acids (%) b obtained 

1 Echinoida Anthocidaris crassispina 5.20 
2 Echinoida Echinometra mathaei 0.50 
3 Echinoida Strongylocentrotus intermedius 0.56 
4 Echinoida Strongylocentrotus nudus 0.58 
5 Echinoida Hemicentrotus pulcherrimus 1.84 
6 Echinoida Pseudocentrotus depressus 5.30 
7 Arbacioida Glyptocidaris crenularis 1.12 
8 Diadematoida Diadema setosum 2.10 
9 Cassiduloida Echinolampas sternopetala 1.00 

10 Spatangoida Echinocardium cordatum 0.30 
11 Clypeasteroida Clypeasterjaponicus 0.64 
12 Clypeasteroids Scaphechinus mirabilis 0.60 

11.13 July 80 
5 .90  August 83 

19.18 March 84 
21.14 March 84 
11.39 July 80 
9 .88  August 80 

10.88 Feb. 84 
9 .07  August 83 

14.49 August 80 
12.44 August 83 
8.38 July 81 

12.54 August 79 

aWt %: total lipids to a wet sample. 
~vVt %: all 5-olefinic acids in total fatty acids. 

instrument. The mass to charge ratio of the fragment 
ions and their intensities are shown in comparison with 
those of an authentic reference sample in Table 3. The 
agreement further supported the occurrence of 
5,11,14,17-20:4 in the sea urchin lipids. In the assign- 
ment of the ions in Table 3, the mass numbers of the 
fragment ions were attributed to the loss of the following 
fragments: 18 (HsO'), 29 (HCO'), 44 (CH2 = CHOH'), 57 
(OHCCH2CH2") and 70 (CH2 = CH-CH2-CHO'). The (M- 
70) and (M-57) ions were formed by the fragmentation 
process, including McLafferty rearrangement,  and the 
scission of the central C.~-C4 bond, respectively. 

13C-NMR, infrared (IR) and ultraviolet (UV) analyses. 
Previously, Kochi reported occurrence of 3,11-20:2 as a 
component of roe lipids of sea urchins obtained in Japan  
and Korea (8,9). To investigate the occurrence of 3-olefin- 
ic acids and any other acids having an olefinic bond near 
the ester group, the 13C-NMR spectra of the original acid 
methyl esters and their fractions were examined. No sig- 
nals were found at the chemical shifts ofcis- and trans-2- 
to 4-olefinic acids expected from literature data (10) as 
shown in Figure 2. The characteristic signals of the cis-5- 
olefinic acids shown in Figure 2 were in accord with 
those reported in previous papers (4,10). This result also 
supported the occurrence of the 5-olefinic acids in the sea 
urchins. IR spectra showed no absorbance near 971 cm 1, 
and UV spectra showed no absorbance near 232 nm, 270 
nm and 302 nm, respectively. These results showed the 
absence of trans and conjugated unsaturated compounds 
in methyl esters of the sea urchins (11). 

Unusual 5-olefinic acids. The compositions of the fatty 
acids from the total lipids of Echinoidea are shown in 
Table 4, and the gas chromatogram of fatty acid methyl 
esters of total lipids from Pseudocentrotus depressus is 
shown in Figure 3. All the samples contained about 6 -  
20% of the 5-olefinic acids. The results are similar to 
those of the Atlantic sea urchin S. droebachiensis (1), 
which showed somewhat higher percentages of total 5- 
olefinic acids (10-20%). 

It  is noteworthy that  all samples of Echinoidea in 
Table 4 show very significant contents of the 5- 
monoenoic acids (2.3-9.3% to the total fatty acids). The 
5-monoenoic acids have been reported as minor compo- 

TABLE 2 

C o m p o s i t i o n s  o f  O z o n o l y s i s  P r o d u c t s  from the  20:4 Fract ion  
a n d  a S a m p l e  o f  Authent i c  5,11,14,17-20:4 from Juniperus 
chinensis S e e d  

Products a 

6A 5AE 6AA 8AE 

RTb(min) 3.65 28.03 34.87 43.93 

Fraction 1 c 
Wt % 23.85 29.17 0 46.97 
Mol % 32.41 30.49 0 37.11 

Fraction 2 c 
Wt % 0 47.98 6.33 45.70 
Mol % 0 53.47 d 8.04 38.49 

Authentic 
5,11,14,17-20:4 

Wt % 0 86.97 13.58 0 
Mol % 0 84.81 15.19 0 

~6A, n-hexanal; 5AE, methyl 5-oxo-pentanoate; 6AA, 1,6-hexane- 
dial; 8AE, methyl 8-oxo-octanoate. 
bRetention time on Silar 10C. 
CCompositions given in text. 
dCalculated percentages of the ozonolysis products from 
5,11,14,17-20:4 in this fraction: 5AE 52.17 and 6AA 9.34. 

nents of certain marine invertebrates, such as 
periwinkle Littorina littorea, moon snail Lunatia 
triseriata and sand shrimp Crangon septemspinosus, but 
at levels of 0.2% or less (12). 

The totals of 5,11- and 5,13-20:2 fatty acid methyl 
esters of acids from the total lipids of Echinoidea were 
as much as 2.6-10.0% in this study. These contents were 
relatively higher than in some other marine animals 
(12-14), where starfish Asterias vulgaris had the highest 
content at 5.6%, and most of the totals were less than 
1%. However, the totals of 5,11- and 5,13-20:2 found in 
this study were rather  lower than  those reported for the 
Atlantic sea urchins (5-10%) (1). In all of the samples 
studied, the proportion of 5,11-20:2 was always higher 
than that  of 5,13-20:2, similar to the results of the previ- 
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FIG. 2. '3C-NMR spectrum of dienoate fraction from the lipids of salted gonads of sea urchins, c5,3:C3 carbon of cis-5-olefinic acid; t3,2: 
C2 carbon of trans.3-olefinic acid. 

ous study (1). 
The distribution of the 5-olefinic acids in 

triacylglycerols (TG) of S. intermedius was elucidated by 
Grignard  hydrolysis and following GLC analysis  in our 
previous study (15). These 5-olefinic acids distr ibuted 
mainly  in t he  l{3)-position of TG. 

Fatb' acid compositions of TL. Samples 1-6 in Table 1 
belong to the same animal  order. Fatty acid compositions 
were similar  in samples 1, 5 and 6, and in 3 and 4, in 
the contents of 5-20:1, 5,11- and 5,13-20:2, 20:4(n-61 and 
20:5In-31, respectively. Sample 2 showed a ra ther  differ- 
ent composition. These samples were obtained from Hok- 
kaido 13 and 4/, Kanagawa fl,5 and 6i and Okinawa 12~, 
respectively. The differences among the fat ty acid com- 
positions of these samples  may be at t r ibuted to the envi- 
ronments  and ecosystems of the respective habitats .  

Samples 7-12 belong to different orders, and it is sur- 
pris ing tha t  the fat ty  acid compositions of 7-12 showed 
individually different patterns.  Samples 9 and 10 con- 
tained higher contents of 22:61n-31. Since the propor- 
tions of 22:61n-3~ are usual ly very low among the fa t ty  
acids of mar ine  algal lipids t16,171, the high content of 
this fat ty  acid in 9 and 10 suggests that  it came from 
their  diets, e.g., the carcasses of fish and other mar ine  
animals.  Sample 9 was obtained at 740 m depth, where 
algae are not directly available to the sea urchins as part  
of the diet. In such a case, it is known that  the diet in- 
cludes the carcasses of mar ine  animals  118 t. The animals  
belonging to the order Clypeasteroida I samples 11 and 

12) live on sand bottoms, and their  diets are general ly 
detri tus from mar ine  animals  and plants. Their  specific 
fat ty acid features (Table 41, notably the low (<3c2) con- 
tents  of 20:4(n-6~, could be at t r ibuted to diets different 
from those of other sea urchins. 

Fatty acid compositions of NL and PL. Fatty acid com- 
positions of NL and PL are shown in Table 5. Fatty acids 
having a nonmethylene- interrupted (NMI) 5-olefinic 
bond [5-20:1 and 5,11-20:2] and those having a 
methylene- interrupted 5-olefinic bond with other olefin- 
ic bonds [20:4(n-6) and 20:5(n-3)] were general ly rich in 
fat ty acids from PL. On the contrary, monoenoic acids 
such as 18:1(n-9) and 18:1(n-7~ and minor polyenoic com- 
ponents such as 18:2(n-6t, 18:3(n-3~, 18:4(n-3~ and 
22:61n-3~ were rich in fat ty acids from NL. The total  5- 
olefinic acids in PL described above will have important  
roles as the consti tuents of lipids in membranes ,  as well 
as the source of supply for physiologically active compo- 
nents and biological energy. The NMI 5-olefinic bond in- 
creases the stabil i ty of the nearby ester l inkage toward 
lipolytic hydrolysis, and the effect would increase stabil- 
ity of the membrane  against  the microbial lipases (12). 

Branched and odd chain fatty acids. The fat ty acids 
from samples 3, 4, 6, 7, 9, 10 and 11 in Table 1 contained 
high levels of iso and anteiso branched and odd chain 
fatty acids, total ing more than  4.7c~, as shown by the 
data in Table 4. The high contents of the branched and 
odd chain acids in the neutral  lipids of the gonads and 
visceras from a mud-feeding sea urchin, S. franciscanus, 
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were reported in a previous paper (19). High contents of 
the branched and odd chain acids were also found in 
other mud-feeding marine animals, such as the mullet 
Mugil cephalus (20,21), the smelt Osmerus mordax from 
a specific location (22) and the holothurian Scotoplanes 
theeli (23). The origin of these branched and odd chain 
acids in the mud-feeding marine animals is known to be 
bottom material  taken into their diets. Both branched 
and odd chain acids in sediment and bottom material  
have been reported to be formed by the action of microor- 
ganisms (24). In this study, it is thought  that  the origin 
of the branched and odd chain acids in the lipids from 
the Echinoidea samples is also basically from their diets. 

Origin of the unusual 5-olefinic fatty acids. Several ex- 
planations can be put forward to account for the 5-olefin- 
ic bond in the fatty acids of Echinoidea. These are in situ 
production by a 5-desaturase on preexisting fatty acids, 
absorption from lipids of food such as algae and sedi- 
ment, assimilation from lipids of microorganisms nor- 
mal in Echinoidea digestive system or absorption 
through the skin from seawater or epiflora. However, 
only trace amounts of 5-olefinic acids were found in most 
algae (16,17), with exceptions being Cladophora rupes- 
tris and AscophyUum nodosum (25,26). Particularly, 5- 
20:1 in the major 5-olefinic acids of Echinoidea has not 
been reported among the constituents of algal lipids. The 
occurrence of the 5-olefinic acids has not been reported 
in marine microorganisms or in seawater. Therefore, the 
most plausible explanation for the origin of the 5-olefinic 
acids is that  Echinoidea have a 5-desaturase. It is 
suggested that  the biochemical formation of 5-20:1 from 
20:0, 5,11-20:2 from 11-20:1, 5,13-20:2 from 13-20:1, 
5,11,14-20:3 from 11,14-20:2 and 5,11,14,17-20:4 from 
11,14,17-20:3 is by a 5-desaturase, as suggested for the 
sea urchin S. droebachiensis (1). The acyl group in seed 
oil of meadowfoam Limnanthes alba contains about 60% 
5-20:1 with small amounts  of 5-22:1, 5-18:1 and 5,13-22:1 
as 5-olefinic acids, and 5-desaturation of fatty acids from 
oilseeds was demonstrated by incubation of 14C-labeled 

substrates with developing seed slices and with a cell- 
free homogenate of meadowfoam (27,28). The unusual 5- 
olefinic acids in the Echinoidea can be formed in a simi- 
lar manner  by a 5-desaturase. An analogous desatura- 
tion has been suggested for the formation of the unusual 
5-olefinic acids and the acids derived from C2 elongation 
(7-olefinic acids) in gymnospermae seeds (4), and some 
molluscs (12, 29 and 30). The longer chain 5-olefinic 
fatty acids have also been found in some sponges, and 
formation by 5-desaturase has also been suggested 
(31,32) in these cases. However, the occurrence of the 5- 
monoenoic fatty acids in appreciable amounts has not 
yet been reported in lipids of other marine organisms. 
The facts suggest that  the remarkable features of the 5- 

TABLE 3 

Comparison of Mass Spectra of 1,6-Hexanedial from 
Ozonolysis with a Reference Sample 

Intensity percent a 

Relation 
m/e Ozonolysis products Reference with M b 

113 3.0 1.3 M-1 
96 57.7 42.7 M-18 
95 22.8 18.6 M-18-1 
85 2.6 2.8 M-29 
84 1.8 3.7 M-29-1 
78 1.6 0.5 M-18-18 
70 65.5 63.7 M-44 
69 5.2 4.0 M-44-1 
68 18.3 18.9 M-46 
67 100.0 100.0 M-18-29 
57 45.8 36.5 M-57 
56 2.7 1.3 M-29-29 
44 4.3 2.7 M-70 

aPercentages relative to the intensity of the base peak m/e 67. 
bSee text for the assignment. M = m/e of molecular ion 114. 
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FIG. 3. Gas chromatogram of fatty acid methyl esters of total lipids from Pseudocentrotus depressus. *, See Table 4. 
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Fatty Acid Compositions of the Total Lipids from Echinoidea (wt%) 

No.  F a t t y  a c i d  1 2 3 4 5 6 7 8 9 10 11 12 

1 i s o - 1 3 : 0  0 .01  - 0 .01  0 .01  - - 0 .01  - 0 .11  - 0 .13  - 
2 a n t e i s o - 1 3 : 0  - - 0.01  - - - 0 . 01  . . . . .  
3 13 :0  0 .31  0 . 2 8  0 . 0 3  0 .01  0 . 3 7  0 . 0 2  0 . 0 8  0 . 0 6  1 . 5 8  0 . 0 9  5 . 5 2  - 
4 i s o - 1 4 : 0  0 .03  0 . 2 4  0 . 2 3  - 0 . 0 4  0 . 0 2  0 . 1 0  0 .13  0 . 2 6  0 . 6 0  0 . 2 4  - 
5 a n t e i s o - 1 4 : 0  - - - 0 .03  - - 0 . 02  . . . . .  
6 14 :0  1 5 . 1 5  9 .31  4 .61  4 . 2 5  8 .40  1 9 . 6 9  8 . 1 7  1 5 . 7 5  3 . 9 0  4 . 4 3  2 . 7 8  2 .62  
7 14:1 (n-7)  0 . 0 5  0 .26  - 0 .13  0 . 0 4  0 . 0 5  - - 0 . 0 9  - 0 . 4 6  0 .01  
8 14:1  (n-5)  1 . 1 4  0 . 8 3  - - 0 . 6 4  - - 0 . 7 0  1 . 5 6  2 . 2 3  2 . 4 2  - 
9 i s o - 1 5 : 0  0 . 0 2  - 0 . 4 7  0 .55  0 .01  0 . 9 3  0 .71  - - - 0 . 3 0  - 

10  a n t e i s o - 1 5 : 0  0 . 0 7  - 0 . 2 0  0 . 3 7  0 . 0 9  0 . 0 5  0 . 8 8  - 0 . 8 0  - 0 . 7 0  0 .21  
11 15:0  0 . 3 8  1 .73  0 . 3 3  0 . 9 6  0 . 4 5  0 . 3 2  1 .01  1 .07  1 .13  2 . 1 9  1 .96  0 . 4 4  
12  i s o - 1 6 : 0  0 .28  0 .21  0 . 1 2  0 .52  0 . 3 6  0 . 1 6  0 . 7 8  0 . 7 3  0 . 7 6  1 .42  0 . 4 4  0 .07  
13  a n t e i s o - 1 6 : 0  - - 0 . 1 2  0 . 4 2  - - 0 . 4 7  . . . . .  
1 4  16:0  1 6 . 4 2  1 8 . 3 9  1 4 . 4 5  9 . 8 4  1 6 . 3 0  1 6 . 4 2  1 2 . 2 5  2 0 . 8 1  1 0 . 8 1  1 5 . 5 3  1 8 . 8 7  1 4 . 9 6  
15  16:1  5 0 . 2 0  0 . 1 8  0 .17  1 .73  0 .36  0 . 1 8  1 .74  0 .13  0 .81  0 . 5 3  - 0 .15  
16  16:1  (n-9)  0 . 2 0  0 . 7 0  0 . 4 7  0 . 4 8  0 .26  0 . 1 6  - 0 . 1 5  0 . 9 8  0 . 6 7  2 .57  14 .11  
17  16:1 (n-7)  1 .60  3 .92  6 . 0 4  1 .99  2 .35  2 .21  5 .06  3 . 2 5  4 .47  9 . 0 5  3 . 6 0  - 
1 8  16:1 (n-5)  5 . 0 2  0 . 6 0  - - 1 .39  - - 0 . 77  1 .97  2 . 0 8  0 . 3 3  0 . 0 5  
19  i s o - 1 7 : 0  0 .25  - 2 . 2 8  2 . 5 9  0 .21  2 . 7 8  0 .83  - 0 . 5 8  - 0 .37  - 
2 0  a n t e i s o - 1 7 : 0  0 . 0 4  - 0 . 0 6  0 .41  0 . 0 9  0 .01  1 .00  - 0 . 4 8  - 0 . 6 4  - 
21  16:2  (n-6)  - 0 . 4 6  0 . 2 3  0 .23  0 . 0 2  - 0 . 0 8  0 .13  0 . 1 6  0 . 3 4  0 .11  0 . 2 9  
2 2  17:0  0 . 2 7  0 . 4 3  0 . 3 0  1 .18  0 .31  0 .11  1 .05  1 .29  1 .19  1 .03  1 .98  0 .37  
2 3  i s o - 1 8 : 0  - - 0 . 1 2  0 . 4 0  0 .26  0 .37  1 .18  - 0 . 0 7  - 0 .17  - 
2 4  a n t e i s o - 1 8 : 0  - - - 0 .17  - - 0 . 0 6  . . . . .  
2 5  16:4  (n-3)  3 .69  2 .16  0 . 5 9  0 .43  2 .27  0 . 0 6  - 0 . 2 2  1 .10  0 .11  1 .33  1 .30  
2 6  18:0  3 .57  4 . 2 4  2 . 1 6  2 .61  3 . 1 4  2 . 0 9  3 .22  3 .43  4 . 4 6  3 . 3 5  1 0 . 2 2  3 .72  
2 7  18:1  5 0 . 5 0  0 . 1 6  1 .01  1 .00  0 . 5 8  0 .77  0 . 9 8  1 .20  1 .79  1 .27  0 .83  0 . 4 5  
2 8  18:1 (n-9)  0 . 6 5  0 . 5 9  2 . 8 5  0 . 9 8  2 .03  2 . 5 3  6 .23  6 . 2 6  2 . 5 9  1 .41  6 .27  1 .64  
2 9  18:1 (n-7)  4 . 4 3  2 .75  3 .01  3 . 2 8  3 . 5 6  2 . 7 7  6 .89  3 . 2 7  5 . 4 3  6 .11  4 . 6 8  3 . 8 8  
3 0  18:1  (n-5)  0 . 3 6  - 0 . 2 9  - 0 . 1 2  0 . 2 3  0 .37  0 .26  0 . 4 9  0 . 6 4  0 . 1 6  0 . 0 4  
31  a n t e i s o - 1 9 : 0  - - 0 . 1 0  0 .17  - - 0 . 36  . . . . .  
3 2  18:2  (n-9)  1 .07  0 .51  1 .03  0 . 3 2  0 . 5 8  0 . 9 0  0 . 8 4  0 . 1 7  0 . 1 6  0 . 6 0  - - 
3 3  18:2  (n-6)  0 .37  1 .75  1 .27  0 . 4 4  0 .82  0 . 5 8  1 .09  0 .84  1 .00  0 . 7 9  1 .18  0 . 8 3  
3 4  19:0  0 . 3 8  0 . 1 4  0 . 3 4  0 . 9 5  0 . 2 3  0 . 1 6  0 . 3 8  0 .31  0 . 8 9  0 . 7 4  0 .61  0 . 6 0  
3 5  18:3  (n-6)  0 . 3 4  0 . 9 5  - - 0 . 2 8  - 0 . 3 4  0 . 2 8  1 .37  - 0 . 7 7  0 .49  
3 6  i s o - 2 0 : O  . . . . . .  0 . 3 5  . . . . .  
3 7  18:3  (n-3)  0 .43  3 .47  0 . 8 2  0 . 3 0  1 .90  1 .23  1 .15  0 . 7 8  0 . 0 8  0 . 1 6  0 . 1 9  0 . 3 6  
3 8  18:4  (n-3)  1 .09  3 .83  0 . 9 3  0 .33  4 . 1 8  4 . 2 7  0 .82  1 .54  0 . 2 6  0 . 2 9  0 . 3 8  1 .26  
3 9  20 :0  0 .85  0 . 1 9  0 . 4 6  0 . 5 9  0 . 7 8  0 . 6 0  0 . 8 9  0 . 7 7  0 .75  0 . 6 7  1 .34  0 . 7 4  
4 0  20:1  5 3 . 7 5  2 . 1 0  7 . 7 6  8 .25  3 . 8 4  2 .57  4 . 0 5  3 .67  6 . 8 5  5 .32  4 . 5 3  5 .22  
4 1  20:1  ( n - l l )  2 . 1 4  0 .29  0 . 9 4  1 .37  0 . 9 6  0 . 5 8  2 .09  1 .77  0 .65  0 . 5 8  1 .60  0 . 1 0  
4 2  20:1  (n-9)  2 .17  0 .51  2 . 5 3  2 .21  2 . 9 8  3 . 7 6  1 .52  2 . 7 6  0 .52  0 . 6 9  1 .62  4 . 1 7  
4 3  20:1  (n-7)  0 . 8 3  0 . 3 4  0 .81  1 .28  0 .81  0 . 5 7  0 . 9 8  1 .00  0 . 3 9  0 . 4 9  0 . 8 6  3 . 6 0  
4 4  20 :2  5 ,11  5 .17  2 .31  6 . 6 9  7 .23  4 . 5 9  4 . 9 7  3 . 0 4  3 . 3 2  3 . I 0  4 . 1 4  2 . 1 7  3 . 7 2  
4 5  20 :2  5 ,13  1 .34  0 .27  3 . 2 7  2 .47  1 .56  1 .25  0 .80  0 .67  1 .45  0 .91  0 . 6 3  2 . 8 0  
4 6  20 :2  (n-9)  0 .20  - 0 . 0 6  - 0 . 0 5  1 .14  0 . 3 3  0 . 1 2  - 0 . 0 8  - 0 . 0 4  
4 7  20 :2  (n-6)  2 .67  1 .15  2 . 8 3  1 .98  1 .46  2 .17  0 .82  1 .01  0 . 9 4  0 . 3 4  0 . 4 0  1 .10  
4 8  20 :3  (n-9)  - 1 .50  . . . .  0 . 8 7  0 . 8 8  - 0 . 5 0  - - 
4 9  20:3  5 , 1 1 , 1 4  0 . 0 8  0 . 3 5  0 . 2 7  0 . 4 0  0 . 2 5  0 . 0 8  0 . 2 6  0 . 0 6  0 . 4 3  0 . 2 4  0 . 1 5  0 . 1 8  
5 0  20 :3  (n-6)  0 . 7 9  0 . 8 5  0 . 8 0  0 .25  1 .03  0 . 8 5  0 . 5 9  0 .41  0 . 1 9  0 . 2 0  0 . 8 9  0 . 2 8  
51  20 :4  (n-6)  1 0 . 5 3  1 5 . 2 2  1 5 . 4 4  1 9 . 2 1  1 0 . 8 0  1 0 . 7 6  8 .50  7 .77  1 5 . 1 2  8 . 0 0  3 . 1 6  2 . 9 3  
5 2  20 :3  (n-3)  0 . 7 9  - 0 . 5 6  0 .73  2 .01  1 .08  0 . 4 8  0 .07  0 . 1 6  0 . 0 4  - 1 .91  
5 3  20 :4  5 ,11 ,14 ,17  0 . 0 9  0 .53  0 .01  0 . 0 6  0 .21  0 . 0 6  0 .01  0 . 0 2  0 . 0 6  0 . 0 3  0 . 0 8  0 .02  
5 4  20 :4  (n-3)  0 . 8 0  1 .80  - - 1 .95  1 .79  0 . 2 5  0 . 2 4  - 0 . 2 4  0 .11  0 . 1 0  
5 5  20 :5  (n-3)  6 .21  1 2 . 6 5  6 . 5 4  7 .83  9 .91  6 . 5 4  1 1 . 8 6  6 . 5 3  1 0 . 3 1  1 3 . 8 2  2 . 2 9  1 8 . 2 6  
5 6  22:1  ( n - l l )  . . . .  0 . 1 9  0 . 0 6  0 .47  0 . 1 9  0 . 3 4  0 .21  0 . 6 6  0 . 8 6  
5 7  22:1  (n-9)  1 .87  0 . 2 7  2 .01  1 .19  1 .77  0 .87  1 .55  0 , 9 6  0 . 3 0  0 .41  2 . 1 8  2 .99  
5 8  22:1  (n-7)  - - - 0 . 02  0 . 0 9  0 . 0 2  0 .17  0 . 4 4  0 . 2 8  0 .07  0 . 9 3  0 .47  
5 9  22 :2  7 ,13  0 . 1 3  - 0 . 4 6  0 .51  0 . 1 4  0 . 1 3  0 . 2 3  0 . 2 9  0 . 1 2  0 . 0 9  0 . 4 5  0 .01  
6 0  22 :2  7 ,15  0 . 2 5  - 2 .13  2 . 3 9  0 .71  0 . 3 4  1 .14  0 . 1 4  0 . 9 9  0 .49  0 .21  0 . 3 8  
61  22 :4  (n-6)  0 . 4 0  0 .20  0 . 2 3  0 . 3 9  0 .51  0 . 2 4  - 0 . 2 9  0 . 5 8  0 .27  1 .73  0 . 7 5  
6 2  22 :5  (n-6)  - - 0 . 11  0 .39  0 . 2 9  0 . 0 5  0 .07  0 . 3 6  1 .06  0 . 3 8  0 . 3 6  - 
6 3  2 2 : 5  (n-3)  - 0 . 8 3  0 . 7 5  0 .56  0 . 2 6  0 . 1 5  0 .07  0 . 2 9  0 . 5 5  0 . 5 8  0 . 2 5  0 . 0 6  
6 4  22 :6  (n-3)  0 . 6 4  0 . 5 5  0 . 6 9  2 . 5 9  1 .20  0 . 2 6  0 . 4 6  2 . 4 5  3 . 5 5  5 . 5 8  1 .96  1 .23  
6 5  24:1  (n-9)  - - - 0 . 03  - - - 0 . 0 2  - - 1 .25  0 . 2 2  
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TABLE 5 

T. T A K A G I  ET AL. 

Fatty Acid Compositions of the Neutral and Polar Lipids from Echinoidea (wt%) 

No. Fat ty acid 2 NL 2 PL 3 NL 3 PL 4 NL 4 PL 7 NL 7 PL 8 NL 8 PL 10 NL 10 PL 

1 i s o - 1 3 : 0  - - 0.01 - 0.03 0.03 0.01 0.01 . . . .  
2 a n t e i s o - 1 3 : 0  - - 0.01 0.01 0.02 0.06 0.02 0.02 . . . .  
3 13:0 0.30 0.14 - - - 0.11 0.11 0.02 0.08 - - 0.07 
4 i s o - 1 4 : 0  0.32 0.07 0.09 0.09 0.16 0.13 0.14 0.06 0.19 0.08 0.18 0.46 
5 a n t e i s o - 1 4 : 0  - - 0.01 0.02 0.03 0.03 0.02 . . . . .  
6 14:0 8.84 8.88 6.39 3.15 4.23 4.11 11.93 0.95 20.60 4.59 5.08 3.85 
7 14:1(n-7) 0.36 0.06 0.19 0.04 0.27 0.06 . . . . . .  
8 14:1(n-5) 0.91 0.29 . . . . . .  0.91 0.31 0.83 2.19 
9 i s o - 1 5 : 0  - - 1.14 0.19 0.92 0.36 0.98 0.13 . . . .  

10 a n t e i s o - 1 5 : 0  - - 0.24 0.17 0.51 0.27 1.21 0.12 . . . .  
11 15:0 2.11 1.26 0.44 0.24 1.90 0.67 1.36 0.25 1.54 0.66 1.24 2.19 
12 i s o - 1 6 : 0  0.28 0.04 0.21 0.08 1.01 0.27 0.67 0.87 0.69 0.16 0.50 1.29 
13 a n t e i s o - 1 6 : 0  - - 0.17 0.01 0.35 0.06 0.46 0.45 . . . .  
14 16:0 15.52 24.43 19.04 10.09 11.95 9.01 14.50 9.42 18.71 29.99 18.18 12.67 
15 16:1 5 0.10 0.10 0.19 0.09 1.49 0.42 1.83 1.55 0.34 0.04 0.50 0.59 
16 16:1(n-9) 1.22 0.12 0.59 0.33 0.55 0.41 - - 0.20 0.14 0.30 0.73 
17 16:1(n-7) 4.87 0.65 11.64 2.51 2.53 1.50 6.63 0.93 4.37 1.94 4.98 9.76 
18 16:1(n-5) 0.68 0.17 . . . . . .  1.00 0.32 1.23 2.13 
19 i s o - 1 7 : 0  - - 3.27 1.10 2.69 1.51 0.86 0.84 . . . .  
20 a n t e i s o - 1 7 : 0  - - 0.11 0.07 0.51 0.16 0.95 0.63 . . . .  
21 16:2(n-6) 0.78 0.03 0.26 0.04 0.29 0.04 0.05 - 0.16 0.06 0.06 0.40 
22 17:0 0.53 0.52 0.31 0.47 1.28 1.84 1.27 0.93 1.38 1.91 1.13 1.07 
23 i s o - 1 8 : 0  - - 0.07 0.14 0.89 0.18 0.59 3.02 . . . .  
24 a n t e i s o - 1 8 : 0  - - 0.01 0.01 0.12 0.04 0.04 0.09 . . . .  
25 16:4(n-3) 2.91 0.26 0.54 0.06 0.28 0.10 - - 0.14 0.17 0.88 0.06 
26 18:0 3.01 6.70 1.72 2.20 2.89 1.51 3.05 5.15 2.95 5.11 3.40 3.87 
27 18:1 5 0.15 0.11 0.71 1.33 0.71 1.09 0.72 1.01 1.13 0.66 1.21 1.57 
28 18:1(n-9) 0.91 0.29 5.37 1.15 1.46 0.76 7.75 1.76 7.03 1.86 3.56 1.48 
29 18:1(n-7) 3.64 1.05 4.08 2.43 4.00 2.88 7.69 3.50 3.93 1.14 7.26 4.76 
30 18:1(n-5) 0.37 0.05 0.30 0.25 0.51 0.34 0.37 0.02 0.02 0.20 0.70 0.32 
31 a n t e i s o - 1 9 : 0  - - 0.03 0.03 0.19 0.08 0.31 0.11 . . . .  
32 18:2(n-9) 0.61 0.07 1.71 0.69 0.35 0.20 0.90 0.16 0.10 - 0.06 0.26 
33 18:2(n-6) 2.04 0.40 2.15 0.47 0.61 0.24 1.35 0.27 0.95 0.33 0.84 0.57 
34 19:0 0.32 0.73 0.26 0.57 0.82 0.67 0.35 0.47 0.28 0.66 0.27 0.64 
35 18:3(n-6) 1.12 0.16 . . . .  0.44 - 0.36 0.10 - - 
36 i s o - 2 0 : O  - - - 0.02 - 0.10 0.40 0.09 . . . .  
37 18:3(n-3) 3.86 0.82 1.27 0.29 0.67 0.16 1.41 0.43 0.97 0.37 0.33 0.16 
38 18:4(n-3) 4.78 0.36 0.26 0.04 0.61 0.12 1.20 0.18 1.81 0.36 0.26 0.32 
39 20:0 0.41 0.64 0.55 0.54 0.98 0.40 1.08 0.70 0.62 1.04 0.91 0.77 
40 20:1 5 1.73 2.90 3.38 13.26 10.80 7.99 2.87 8.21 2.59 6.13 5.75 5.33 
41 20:1(n-11) 0.43 0.75 0.93 - 2.51 1.05 2.33 1.47 1.36 3.76 1.24 0.64 
42 20:1(n-9) 0.88 0.77 3.26 2.24 3.48 1.75 1.64 0.91 3.03 2.11 1.45 0.81 
43 20:1(n-7) 0.55 0.39 1.07 0.67 2.12 0.93 1.25 0.76 0.95 0.68 0.77 0.57 
44 20:2 5,11 2.04 2.92 5.64 8.86 4.78 9.33 1.88 4.93 3.23 3.91 3.06 5.05 
45 20:2 5,13 0.37 0.31 2.98 3.30 2.13 2.89 0.76 0.96 0.48 0.31 0.71 1.12 
46 20:2(n-9) 0.06 0.05 0.13 0.10 0.11 0.05 0.25 0.07 0.12 - 0.04 0.08 
47 20:2(n-6) 1.00 1.08 2.07 3.92 2.29 1.75 0.91 1.39 0.80 1.02 - 0.44 
48 20:3(n-9) 1.39 3.26 . . . . .  1.18 0.72 1.79 3.23 0.55 
49 20:3 5,11,14 0.33 0.25 0.24 0.43 0.30 0.51 0.03 0.15 0.04 0.06 0.11 0.25 
50 20:3(n-6) 0.94 0.65 1.11 - 0.51 0.18 0.58 0.23 0.31 0.56 0.15 0.21 
51 20:4(n-6) 14.73 16.70 7.76 21.06 7.10 24.86 2.11 17.32 5.66 14.16 4.71 9.55 
52 20:3(n-3) - 0.04 0.59 0.91 1.01 0.73 0.26 0.62 0.04 0.06 0.04 0.07 
53 20:4 5,11,14,17 0.95 0.19 0.08 0.09 0.12 0.06 0.01 0.01 0.01 0.01 0.02 0.05 
54 20:4(n-3) 1.65 0.53 - - 0.02 0.24 0.45 0.07 0.21 0.08 0.14 0.32 
55 20:5(n-3) 9.99 18.12 4.14 8.43 3.82 9.38 5.53 21.03 4.93 7.18 12.78 16.07 
56 22:1(n-11) - 0.09 0.02 0.04 0.27 0.08 0.27 0.27 0.14 0.15 0.95 0.30 
57 22:1(n-9) 0.51 0.79 0.06 2.14 2.04 1.41 1.94 1.77 0.91 1.00 0.92 0.55 
58 22:1(n-7) - 0.04 0.13 0.06 0.20 0.06 0.22 0.21 0.46 1.45 0.16 0.08 
59 22:2 7,13 - 0.10 1.00 0.55 0.91 0.48 0.32 0.20 0.31 0.29 0.21 0.15 
60 22:2 7,15 - 0.13 0.03 3.18 6.49 2.49 1.19 1.76 0.12 0.18 1.04 0.63 
61 22:4(n-6) 0.25 0.41 0.02 0.24 0.16 0.32 0.21 0.12 0.34 0.35 0.18 0.32 
62 22:5(n-6) 0.19 0.18 0.17 0.14 0.45 0.37 0.44 0.33 0.28 0.44 0.39 0.55 
63 22:5(n-3) 0.64 0.50 0.99 0.71 0.66 0.57 0.70 0.30 0.34 0.30 0.67 0.84 
64 22:6(n-3) 0.45 0.46 0.79 0.70 1.92 2.60 3.19 1.54 2.15 1.84 7.20 3.18 
65 24:1(n-9) - - 0.06 . . . . . . .  0.23 0.09 
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d e s a t u r a s e  in  Ech ino idea  a r e  a h igh  a c t i v i t y  which  de- 
s a t u r a t e s  s a t u r a t e d  fa t ty  ac ids  to the  co r re spond ing  5- 
monoenoic  ac ids  s i m i l a r l y  to the  meadowfoam seeds.  
13C-NMR a n a l y s e s  of f a t ty  ac id  m e t h y l  es te rs  f rom the  
sea  u rch in  l ip ids  d id  not  show any  occurrence  of the  3- 
olefinic acids.  Thus ,  i t  is h a r d l y  t h o u g h t  t h a t  t he  5-olefi- 
nic acids  a re  de r ived  from C2 e longa t ion  of t he  3-olefinic 
acids  formed by 3 -desa tu ra se .  

Recently,  f a t t y  ac id  compos i t ions  for sea  u rch ins  and  
o the r  m a r i n e  i n v e r t e b r a t e s  from the  Nor th  Pacific have 
been  repor ted  (33). In  t h a t  study,  u n u s u a l  5- and  7-olefin- 
ic acids  were not  repor ted .  I t  is be l ieved t h a t  t h i s  is due  
to the  low r e so lu t i on  of  t he  packed  co lumn used  in the  
GLC ana lys i s .  Open  t u b u l a r  GLC is a b e t t e r  tool  for t h i s  
purpose .  
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