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Abstract—The fatty acid compositions were determined of two marine algae of the Rhodophyceae, one of the
Phaeophyceae and four of the Chlorophyceae, from the Black Sea in Bulgaria. The results may be of value for

taxonomic purposes.

INTRODUCTION

As with ail organisms, fatty acids are important con-
stituents of algae, where they are located principally in the
cellular membranes They have many other functions,
and it has been reported, for example, that the un-
saturated fatty acids from a red alga, Porphyra sp., have
pronounced antifungal activity [1]. It is evident that
different species have very different fatty acid composit-
ions, which may have value for taxonomic purposes. The
fatty acid compositions of algae 1n general [2] and marine
algae in particular have been reviewed [3]. Data on algal
species from the Black Sea in Bulgaria are sparse and
information on species from the Rhodophyceae, Phaeo-
phyceae and Chlorophyceae is presented here

RESULTS AND DISCUSSION

The formation of fatty acids 1n algae is controlled by
environmental factors, such as the growth conditions (e.g.
light, temperature and the availability of nutrients), and is
dependent on the growth phase and age. In places with
more light, production of unsaturated C,¢ and C,; fatty
acids increases [4-7] The temperature optimum for the
biosynthesis of polyunsaturated fatty acids is ca 15° [8].
The concentration of Mn2* [9] and of nitrogen [10, 11]
can also have an effect. None of these factors can be
quantified with samples harvested 1n the wild, so caution
must be exercised in comparing relative proportions of
individual components in related organisms from differ-
ent sources. However, the nature of the fatty acids found
should not change appreciably. In this study, fatty acids
were identified by mass spectrometric procedures that
permitted unequivocal identifications even of positional
isomers, and not simply by GC R; values as 1n many
comparable studies. In brief, the Me ester derivatives of
fatty acids were quantified by capillary GC; then they
were separated according to degree of unsaturation by
high-performance liquid chromatography (HPLC) with a
silver ion column, and the fractions were converted to the
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picolinyl ester derivatives for identification by GC-MS
[12]. The data obtained are listed in Table 1.

Two species of Rhodophyceae were investigated, viz.
Corallina granifera and Phyllophora nervosa. Red algae 1n
general are known to contain appreciable amounts of C,,
polyunsaturated fatty acids, mainly 20:4 (n-6) and 20°5
(n-3), with relatively small amounts of C,, and C,q
polyunsaturated components [3, 11, 13, 14]. This pattern
was seen in the species examined here, except that 20.5 (n-
3) was the most abundant fatty acid in Corallina granifera,
while 20.4 (n-6) (more often associated with animal lipids
as a precursor of the prostaglandins) was by far the most
abundant component of Phyllophora nervosa. There was
much more 20: 5 (n-3) in the lipids of C. officinalis from the
Firth of Clyde (Scotland) [15], C. puulifera from the Sea
of Japan {11], and C. tenella from the Red Sea [14]. In the
species examined here, a number of minor components
were identified, including odd-chain and branched-chain
fatty acids and positional isomers of the unsaturated
constituents

In the sample of Corallina granifera, appreciable
amounts of plasticisers were found (which eluted with the
saturated fraction from the silver ion column) There are
numerous reports of phthalate esters in natural products
[16], and di-(2-methyl-hexyl)-phthalate made up a signifi-
cant part of the lipid fraction 1n Ceramium rubrum (also
from the Rhodophyceae) from New Hampshire (U.S.A)
[17]. None was present 1n any of the other samples, so
accidental laboratory contamination appears improb-
able

The fatty acids of one species of the Phaeophyceae,
Cystoseira barbata, which is the most widespread brown
algae 1n the Black Sea, were 1dentified They comprised
appreciable amounts of C,; and C,g saturated and
unsaturated components, together with 20:4 (n-6) and
20:5 (n-3) In general, the Phaeophyceae have high con-
centrations of C,4 (18:3, 18:4), C,((20:4, 20°5) and C,,
(22:5, 22:6) fatty acids (the last were not detected here),
but the compositions appear to be rather variable [3, 11,
14, 15, 18, 19] Cystoseira myrica from the Red Sea
contained more saturated fatty acids, but otherwise the
composition was similar to that reported here [14].

The fatty acid compositions of many different macro-

- scopic marine green algae have been determined In this
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Table 1 Fatty acid composition of some algae from the Black Sea (wt® of total)

Rhodophyceae Phaeophyceae Chlorophyceae

Corallina Phyllophora Cystoseira Ula Cladophora Bryopses Chara
Fatty acid granifera nervosd barbata rigida sp Iy protdes sp
14 0 45 22 54 06 93 06 08
14 1 (n-7) - - - 01
4,8,12-trimethyt-13 ¢ &5 - a2
no t4 & 05 08 at 01
150 08 03 - o1 49
16 0 386 262 153 49 172 150 97
16 1 (n-9) 03 01 — 04 08 0OR 01
16 1t (n-7) 30 {9 27 23 86 14 50
16 1 (n-5) 04 04 - 01
16 2 (n-6) 01 02 - - 06 06 15
16 2 (n-4) 02 01 06 06 01 04
16 3 (n-3) 0S5 03 01 11 147 85
o 16 O -- Ot - Ll s
10-methyl 16 0 01 01
176 — 7 - Iy 01
17 1 (n-8) 01 03 —- -
i3 0 06 11 —- 03 01 05 05
18 1 (n-9) 68 70 208 14 106 26 22
18 1{(n-7) 25 21 03 30 36 69 06
18 2 (n-8) 01 — - 05
18 2 (n-6) 12 09 61 75 63 62 102
18 3 (n-6) 02 03 08 17 17
18 3 (n-3) 09 21 152 426 173 349 293
18 4 (n-3) 10 14 84 105 08 21 12
19 I {n-8) ot -
20 t -1ty o1 -
20 t tn-9)y 2 -— 02
20 2 (-6 - 01 i
20 3 (a9 — — 04
20 3 (n-6) 04 03 15 04 23
28 3 (-3 .- (43 12
20 4 (n-6) 42 443 155 22 08 30 99
20 4 (n-3) 02 - 08 05 05 L3
20 5 (n-3) 303 56 56 33 62 39 96
22 5¢n-3) - 14 13 0t
22 6 (n-3) 03

study, species of two common families of Chlorophyceae,
viz. Ulva nigida and Cladophora sp (Bul), Bryopsis plu-
mosa, a unicellular macroalga which appears near the
Bulgarian coast of the Black Sea in Spring primarily, and
a Chara sp. (Bul) were mvestigated. In the lipids of U
rigida, 16:3 (n-3), 18 3 (n-3) and 18 4 (n-3) were the most
abundant fatty acids and there were small amounts only
of saturated and C,, fatty acids. Comparable fatty acids
were found in U lactuca (Firth of Clyde, Scotland) [15],
U. fasciata (Bay of Naples) [3], and U. lactuca and U.
reticulata from the Red Sea [14], although there were
higher relative proportions of saturated and tetraenoic
fatty acids 1n these species The fatty acids of the Clado-
phora sp. were mainly C,, and C, 4, and resembled those
reported for C rupestris and C albida [15] There was
much less 18 4 (n-3) than in C heteronema from the Red
Sea [14] The composition of the fatty acids of Bryopsis
hypnoides resembled that of Ulva rigida n that 18- 3 (n-3)
was the most abundant fatty acid In contrast, the fatty
acids of the Chara sp also contamed a high proportion of

C,¢ fatty acids, mncluding 20 4 (#-6) a component not
normally associated with green photosynthetic tissues

Insuffictent data are available for different genera for
definitive conclusions to be drawn on the value of fatty
acid analyses for taxonomic purposes, because environ-
mental factors are superimposed on comparisons of algae
from different parts of the world On the other hand, there
are strong similarities 1n the nature of the fatty acids
found within genera although the relative proportions
vary somewhat In particular, the presence of arachidonic
actd as an abundant component of particular species
appears to be significant

EXPERIMENTAL

All samples were collected in the summer of 1986 from the
shores of the Black Sea near Sosopol in Bulgana, except for
Bryopsts hypnoides which was collected in the Spring Lipids
were extracted by homogenization with CHCl,-MeOH (2 1)
and hydrolysed at room temp overmight with t M KOH 1n $5%
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EtOH The non-sapomfiable lipids were extracted with hexane—
Et,O (1.1), the soln acidified, the free fatty acids extracted and
methylated with MeOH containing 1% H,SO, [20]. They were
stored 1n the presence of 2,6-di-tert-butyl-p-cresol (0.02%) to
minimise oxidation Samples extracted and methylated in Bul-
gana were sealed under vacuum and sent 1o Scotland for
analysis They were punfied on a small column of Florisil™,
eluted with hexane-Ft,0 (9 1)

Analysis of the Me ester derivatives was carried out using
spht/sphtless inj and a fused silica capillary column (25 m
% 025 mm 1d) coated with Silar 5CP [12]. After holding the
temp. at 155° for 3 mun, 1t was temp. prog at 4°/min to 195°, then
held at this temp for a further 17 min. H, was carrier gas.
Components were quantified by electronic integration. Samples
were analysed in duplicate

For sepns by HPLC, an ACS Model 750/14 mass detector
(Applied Chromatography Systems) was used A stream-splitter
(ca 10.1) was mserted between the column and the detector A
column (4.6 x 250 mm) of Nucleosi™ 5SA (HPLC Technology)
was utilized in the Ag* form as described elsewhere [21]. Me
esters (1-2 mg) were applied to the column in 10 ul of CH,Cl,,.
The column was eluted with a gradient of MeOH to
MeOH-MeCN (9 1) over 40 min at a flow-rate of 0.75 ml/min
[12]

After analys:s of fractions by GC, they were hydrolysed to the
free acids before conversion to the picolinyl ester derivatives as
described 1n ref. [22], in brief, the mixed anhydrnide of each fatty
acid with trifluoroacetic acid was reacted with 3-(hydroxy-
methyl)-pyndine (10-fold molar excess) in the presence of 4-di-
methylaminopyridine (1 2 molar proportion) as catalyst The
derivatives were submutted to GC/MS on a fused-silica capillary
column (25 m x 0.2 mm 1d), coated with a cross-hnked (5%
phenylmethyl) siicone (Hewlett Packard Ltd, Wokingham,
Berks), with He as carrier gas and temp programming from 60 to
220° at 50°/mm then to 250° at 1°/mun [23] The column outlet
was connected directly into the ion source of a mass selective
detector operated at an romzation energy of 70 eV. Full details of
the use of picolinyl esters for location of double bonds, and other
structural features in fatty acids, are published in refs [12, 22-27]
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