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Abstract-The com~sition of fatty acids and lipids in the marine diatom, P~~~~ryI~ zr~ornufu~ was dete~in~. 
The Iipids consisted of monoga~ctosyidiacyIgiy~ro1, di~~ctosyfd~cyigi~roi, sulph~uinovosyid~yIgIy~ro1, 
pbosphatidyIgIyceroI, phosp~tidylcholine, phosphtidyiinositol, triacylgiycerol and minor unidentified ones. At the 
early stationary phase of growth, the total fatty acids were mainly 20:5, 16: 1, 16:O and 16:3.20:5 was distributed in 
polar lipids, particubriy in monoga~osyl~a~lgiy~rol, pbosphatidyichoiine and phospbatidyiglyceroi. This fatty 
acid was exclusively located at the sn- 1 position of the giyceroi moiety in all polar lipids except for phosphatidyichoIine. 
In phosphatidylchoiine 20:5 was distributed at both the sn-1 and m-2 positions. 16:3 was concentrated at the sn-2 
position of monogaiactosyldiacylgIycerol and truns-16: 1 (n-13) was dominant at the sn-2 position of phos- 
phatidylgiycerol. C,, fatty acids, the minor fatty acids in P. tricornutum, were confined to the sn-2 position of 
phosphatidylcholine. 

INTRODUCTION 

CzO polyunsaturated fatty acidsare the characteristic fatty 
acids in many of Rodophyceae, Pbawphyceae, 
Chrysophyceae, Haptwhyoeae, ~i~ophy~e, 
Xantophyceae and Cblorophyceae El]. In Porphyru yezo- 
ensis and Porphyra tenera, 20: 5 comprises 53 % and 40 % 
of the total fatty acids, respectively [2,3]. In Fucus 
serratus 20:s was 8% and 20:4 was 10% of total fatty 
acids [4]. In diatoms the content of 20:5 was also high; 
I8 % in P~e~~tyI~ tricornuttcm [SJ and 17 % in 
Nav~ula incerta [6J. 

A large quantity of 20: 5 was found in glycolipids from 
the red alga Porphyro renern [33 and the brown alga 
Laminaria angusrara [7J and in ail lipid classes from the 
red alga Porphyra yezuensis 123 and the diatom IV. incerta 
C61. 

The positional distribution of 20: 5 in lipid classes bas 
not heen elucidated; it is interesting in relation to the 
biosynthetic pathway of this acid. This paper reports 
analysis of lipids from Phae&cryfum tricornutum with 
special respect to the positional distribution of 20: 5 in its 
~nstituent lipid classes. 

WSULTS 

The fatty acid composition of P. ~~~u~~ ceils at Iag, 
logarithmic and early stationary phases of growth is 
shown in Table 1. At lag phase the major fatty acids were 
16:4 16:land 18:1;20:5accountedforoniy6%ofthe 
total fatty acids. At logarithmic phase the major fatty 
acids were 16:416: 1 and 20: 5 as the result of a marked 
increase of 20:5 and a marked decrease of 18:l. At 
stationary phase, the main fatty acids were 16:0, 16:1, 
16: 3 and 20: 5, the percentage of 20: 5 reaching tbe bigbeat 
Ieve among the three growth phases. Thus, the degree of 

Table 1. Fatty acid composition of totai iipids from 
P. t?icornurum 

Fatty acid composition 
(molar %) 

Logarithmic Stationary 
Fatty acid* MI PM Ph= Pha= 

14:0 5.8 8.8 6.8 
1&O 26.7 20.0 14.5 
16:1(~-7)~16:1(~-13~ 34.2 24.5 27.2 
16:2 1.3 3.2 3.8 
16:3 2.9 6.1 13.4 
18:0 2.7 2.7 0.7 
18:I 20.0 8.8 2.8 
i8:2 0 3.6 3.0 
20:s 6.4 22.3 27.8 

*Fatty acids are desipated by the number of carbon atoms: 
number of double bonds. Figurea in parentheses show the 
position of the first double bond from the methyl end of the 
carbon chain. 

unsaturatioa of the lipids markedly increased from tag 
phase to stationary phase through the logarithmic phase. 

The Iipids of P. fr~orn~~~ consisted of monogalacto- 
syldiacyi~y~roi (MGDG), di~~ctosyi~yl~y~roi 
(DGDG), suipboquinovosykliacyigIycerol (SQDG), 
pbospbatidylgIyccro1 (PC), pbospbatidyicboline (PC), 
phospbatidyiinositol (PI), triacylglyceroi (TG) and minor 
unidentified ones. The ratio of tbe main polar lipids to 
MGDG in the ceils at early stationary phase was 
MGDG l:DGDGO.3O:SQDG 034:PG 0.17:PCO.24. 

Tbe fatty acid composition of the individual lipids of P. 
tricormum at early stationary phase is shown in Table 2. 
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Table 2. Fatty acid composition of the major lipids from early stationary phase 
cells of P. tricornutm 

Fatty acid composition (molar %) 

Fatty acid MGDG DGDG SQDG PG PC TG 

14:o 1.9 6.6 33.9 1.0 3.8 23.0 
16:O 4.1 25.8 23.3 20.5 9.8 18.6 
16: 1 (n-7) 22.2 27.6 30.7 15.6 13.8 23.7 
16: 1 (n-13)1 0 0 0 26.4 0 0 
16:2 1.9 4.6 2.9 0 1.5 0 
16:3 25.4 1.7 1.2 0 0.8 8.2 
16:4 3.6 0 0 0 0 0 
18:0 0 2.8 0 0 0 12.5 
18:l 1.8 4.3 3.0 6.1 9.3 4.8 
18:2 0.8 2.3 0.6 1.8 17.0 0 
18:3 0.7 1.6 0.2 0.5 2.2 2.7 
20:2 0.2 3.1 0 0 0 0 
20:3 0.7 0.1 0 0.9 5.6 0 
20:4 (n-6) 0.6 0.3 0 0 2.8 2.5 
20:4 (n-3) 2.1 0.5 0 0 2.5 0 
20:5 34.0 18.7 5.2 27.2 30.9 4.0 

In MGDG, PC and PG, 20:s comprised ca 30% of the 
total fatty acids, whereas this acid accounted for only 5 % 
of those in SQDG and TG. The other Cto fatty acids such 
as 20:3 and 20:4(n-6) were minor components. The 
content of C1 s fatty acids was also low in all lipid classes 
exceptfor18:0inTG,and18:land18:2inPC.16:1(n-7) 
was widely distributed in all lipids, whereas truns-16: 1 (n- 
13) was restricted to PG. 16: 3 was predominantly located 
in MGDG. The main species of saturated fatty acids were 
16:0 and 14:0. They were distributed in all lipid classes, 
16:0 occurring mainly in PG. DGDG, SQDG and TG, 
14:0 in SQDG and TG. 

Positional analyses of individual lipids are shown in 
Tables 3 and 4.20: 5 was located almost exclusively at the 

Table 3. Distribution of fatty acids a1 the sn-1 and sn-2 
positions in the glycolipids from P. tricornutum 

Fatty acid composition (molar %) 

MGDG DGDG SQK 
Fatty acid sn-1 sn-2 HI-1 sn-2 sn-1 sn-2 

14:o 3.2 0.6 11.9 0.3 62.2 5.6 
16:0 0.1 8.1 31.4 17.3 1.5 45.1 
16:l (n-7) 17.4 26.8 11.0 48.8 18.5 42.9 
16:2 1.5 2.3 1.6 7.5 4.0 0 
16:3 3.6 47.2 2.1 1.1 1.4 1.0 
16~4 1.2 6.0 0 0 0 0 
18:O 0 0 3.9 1.4 0 0 
18:l 0.9 2.7 1.4 7.2 1.0 5.0 
18:2 0.4 1.2 0 4.7 0.8 0.4 
IS:3 0.5 0.9 0 6.3 0.4 0 
20:2 0 1.7 4.2 1.6 0 0 
20:3 0.5 0.9 0 0.2 0 0 
20:4 (n-6) 1.2 0 0.6 0 0 0 
20:4 (n-3) 3.8 0.4 0.5 0.5 0 0 
20:5 65.7 1.3 31.5 3.1 10.4 0 

sn- 1 position of all polar lipid classes except for PC. In PC, 
ca 83 y0 of this acid were present at the sn-1 position and ca 
17 % at the sn-2 position. 16: 3 was restricted to the sn-2 
positionof MGDGand ~rans-16: l(n-13)wasdominant at 
the sn-2 position of PG. 18: 1 and 18: 2 in PC were also 
predominantly located at the sn-2 position. More than 
half of 16: l(n-7) was found at the sn-2 position of all 
glycolipids. Conversely, 16: l(n-7) in PC and PG was 
present at the sn-1 rather than at the m-2 position. 

DISCUSSION 

The major fatty acids of the diatom P. hcornutum were 
20:5, 16:1, 16:3 and 16:0 at early stationary phase of 
growth (Table l), in agreement with previous work [S]. 
Hexadecenoic acid in all lipids except for PG was 
identified as 16: 1 (n-7) by GC/MS. In PG a quarter was 
16: 1 (n-7) and three quarters were truns-16: 1 (n-13). 

The marine diatom N. incerta contains a large amount 
of 20: 5 in all lipid classes, but P. tricornuam contained 
large amounts only in MGDG, PC, PG and DGDG [6]. 
On the other hand, 20:3, 20:4 (n-6) and 20:4 (n-3) were 
found in PC from P. tricornutum, but little in any lipid 
classes from N. incerto. Restricted distribution of 16: 3 in 
MGDG from P. tricornutum is the same as found in 
N. incerta. There were little C,,-fatty acids in lipids from 
both diatoms except for PC from P. tricornutum. 

Polyunsaturated fatty acids are mainly C, 8 or both C1 8 
and C16 in higher plants, but both C2,, and CL6 occur in 
the diatoms P. tricomutum and N. incerta [6]. Fatty acids 
were more unsaturated in MGDG and less unsaturated in 
SQDG in P. tricornutum, consistent with those found in 
higher plants [8]. The lipids of the diatom P. tricomutum 
can be classified into four groups with respect to the 
positional distribution of fatty acids in the lipids 
(Table 5). 

Roughan et al. [93 classified lipids of higher plants, 
green algae and blue-green algae into two types; one is 
‘prokaryotic lipid’ which possesses CIs fatty acids at the 
sn-2 position, and both CIh and CL8 acids at the sn-1 
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Table 4. Distribution of fatty acids at the sn-1 and sn-2 positions in the 
phospholipids from P. tricornutum 

Fatty acid composition (molar %) 

PG PC 
A” Bi A’ Bt 

Fatty acid sit-1 ma-2 sn-1 sn-2 m-1 sn-2 sn-1 W-2 

14:o 1.8 0.2 1.8 0.2 6.8 0.8 6.3 1.3 
16:O 10.6 30.4 12.2 28.8 6.5 13.1 7.0 12.6 
16: 1 (n-7) 24.7 6.5 312 0 19.5 8.1 20.0 7.6 
16: 1 (n-13)f 12.2 40.6 0 52.8 0 0 0 0 
16:2 0 0 0 0 0.6 2.4 0.3 2.7 
16:3 0 0 0 0 0.3 1.3 0.4 1.2 
18:l 0 12.0 8.4 3.8 1.6 17.0 3.6 15.0 
18:2 0 3.6 0.7 2.9 4.1 29.9 3.1 30.9 
18:3 0 0 0 0 0.1 4.1 0.5 3.9 
20:3 0.8 1.0 0 1.8 3.5 7.7 2.f 9.1 
20:4 (n-6) 0 0 0 0 4.3 1.3 3.4 2.2 
20:4 (n-3) 0 0 0 0 3.8 1.2 3.1 1.9 
20:s 49.9 4.4 45.3 9.1 48.9 12.9 50.2 11.6 

*~termincd by fU~izopus lipase hydrolysis. 
?Dctermincd by phospholipasc AI hydrolysis. 

Table 5. Four types of P. rricornutum lipids 

Group 1 Group2 Group 3 Group 4 

*Small amount. 

position of ~y~ro~pids. The other type is ‘eukatyotic 
lipid’ which possesses C1s fatty acids at the m-2 and both 
Cl6 and Cl8 acids at the m-1 position. In P. rricornutum, 
groups 1 and 2 of the lipids (Table 5) are the prokaryotic 
type in that they possess C,6 acids at the sn-2 position. On 
the other hand, the lipids of group 3 are the eukaryotic 
type, because they have C,s acids at the m-2 position. 
Group 4 lipid which possesses C20 fatty acids at the sn-2 
position is also thought to be a eukaryotic type, provided 
that these acids are replaced by C, s acids in the eukaryotic 
lipid. 

CzO fatty acids are located at the m-2 position of 
MGDG from Giwo, Pteridium, Equisezum and 
Catharinea [lo], in contrast to P. tricornutum in which 
20:5 was located at the sn-1 position of most lipids 
including MGDG. 

In 16:3 plants such as spinach and tobaax, PC was 
composed of the eukaryotic lipid, but PG of the pro- 
karyotic lipid [ 111. MGDG, DGIXi and SQDG were 
composed of both the prokaryotic and eukaryotic lipids in 

16: 3 plants. In 18: 3 plants such as wheat and cucumber, 
PG was composed of the prokaryotic lipid, but PC, 
MGDG, DGDG and SQDG were composed of the 
eukaryotic lipid [l I]. On the other hand, in the diatom 
P. rrkomutum, the tipid types are diRerent from those in 
higher plants; PC, MGffi, DGDG and SQDG were 
mainly the prokaryotic types, whereas PC was composed 
of both prokaryotic lipid and the lipid corresponding to 
the eukaryotic lipid. In higher plants, the prokaryotic and 
eukaryotic lipids arc synthesized by the prokaryotic and 
eukaryotic pathways, respectively [ 123. In the diatom, the 
relation between the biosynthetic pathway and the types 
of lipids may be more complicate4 because there exists 
the chain elongation reaction from Cl8 to CzO acid in the 
synthesis of 20: 5. 

Culture con&ions. P. Wornurwn ceils were grown at 20” with 
aeration in a 2N3P medium [ 13 3 under a 16 hr light (6000 lux) 
and 8 hr dark cycle. 

Lipid M0lysi.s. Cells at lag phase (0.5 x 10’ cells/ml), at 
logarithmic phase (5.0 x IO6 cells/ml), and at early stationary 
phase (2.5 x lO’cells/ml), reqectively, werccoIlsted by centrifu- 
gation and washed with sea HrO. Lipids were extd from the oells 
by the proadure of ref. [ 143. 

The positional distribution of fatty acids in the lipids was 
determined using Rhizopus delemar tipwe (Scikagaku Kogyo, 
Tokyo) for both glycofipids and ph~pholipids according to 
ref. [lfl and using phospbolipasc A2 for pb~pholipids accord- 
ing to ref. 1161. The lyophilized powder (9.6 mg) of the snake 
venom from 7kimeresurusJlacmiriddis was incubated with 5 ml of 
50 mM NaOAc buffer, pH 5.4, at 100” for 2 min. After the 
ccntrifugation at 2500 rpm for 5 min, the supematant was used as 
phospholii AZ. 

Fattyacidssuchas 14:4 16:4 18:0,18:1,18:2,18:3,20:4(a- 
6) and 20:s were identified by comparison of their & and MS 
with those of authentic samples. The positions of the doubk 
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bonds in 20:5 were found to be 5, 8, 11, 14, 17 by tbe 
dcuteriodiimide reduction method [lfl. 16: 1 (n-7) was identiBal 
by the OsO, oxidation method [18] and trans-16:l (n-13) by 
comparison of its R, with that of frans-16: 1 (n-13) from spinach 
PG.Fattyacidssuchas 16:2,16:3,16:4,2O:2,2O:3and2O:4(n- 
3) [19] were determined by GC Rt and GC/MS. Fatty acid 
composition was determined by FIDGC of the corresponding 
Me esters; for quantitative determination 22:0 was used as int. 
std. 

CC and GC-MS. Fatty acid Me esters were analysed on a 1.5 m 
x 2 mm glass column containing 5 % Silar lOC, 5 % Thermon 
3OtXl or 5 % Shinchrom E-71. The column temp was 190” (Silar 
lOC), 210” (Thermon 3000)and 230” (Shinchrom E-71), with N1 
as carrier at a flow rate of 30 ml/min. MS were recorded with an 
ionizing current of 604, an electron-aaxlemting voltage of 
70 eV and an ion source temp of 250”. 
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