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The strain of
D. acidophila (No. 229)
was ob-tained from the Culture Collection of Algae ofDipartimento di Biologia Vegetale, University ofNaples, Italy. Axenic cultures of the alga weregrown in a series of 2.0 1 cylinders with magneticstirrers operating at 120 rpm and were bubbledwith air enriched with 3 CO,. The light sourceswere fluorescent lamps (Philips TLD 30 W/55).The average photon flux density reaching the cyl-inders was 390 I_LE. rn-‘.
SC’.
The alga was grownin the medium previously described by Albertanoet al. [2]. The cultures were maintained at 23°Cand the pH was maintained at 1.1 by the additionof H,SO,. Growth was monitored by measuringthe absorbance at 550 nm with a Bausch & LombSpectronic 20 calorimeter. The algae wereharvested at the end of log phase by centrifugationat 4000 rpm for 5 min. After centrifugation, thesupernatant was discarded and the pellet waswashed twice with 0.3 M NaHCO,. Algae werethen recentrifuged, 
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Lipid composition of the acidophilic alga Dunaliella acidophila
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The non-polar lipids of Dunaliella acidophila, an acidophilic green alga growing at pH 0.2-2.5, consist
predominantly of fatty acids (14% of ethyl ether extract). The major fatty acids present are: linolenic,
y-linolenic, linoleic, oleic, elaidic. Three hydroxy fatty acids, which have never been detected in other algae,
have been identified as methyl esters: methyl (12R)-hydroxyoctadeca-9Z,13E, 15 Z-trienoate, methyl (95)-
hydroxyoctadeca-10E,12Z,15Z-trienoate and methyl ricinoleate. The triacylglycerols (5.2% of ethyl ether
extract) are trilinolenin, triolein, trielaidin, tristearin. The following major carotenoids (1.4% of ethyl ether
extract) have been isolated: a-carotene, f-carotene, y-carotene, lycopene. The sterols (6.4% of ethyl ether
extract) Bsitosterol, isofucosterol, 24-methylenlophenol have been detected beside (245 )-methyllophenol,
isolated for the first time in green algae, and two unidentified sterols. Other lipids identified are acylstervis
(5.4%) and phytol (6.4%). From the comparison with Cyanidium caldarium, 3 well-known acidophilic alga, no
common features in terms of lipids correlated with an acid pH were evident. The possible economic
utilization of D. acidophila as a producer of useful lipids is suggested.

Introduction

Dunaliella acidophila Masyuk is a unicellular,
biflagellate, wall-less green alga. In Italy, it was
isolated from soil rich in sulphur compounds, near
volcanic areas [1]. Early physiological observations
[2] demonstrated that D. acidophila is a mesophilic
and acidophilic organism: the pH optimum for
growth is 1.0 (0.6 M H,SO,).

D. acidophila, if slowly preadapted, is able to
grow at higher concentrations of H,S0,, showing
comparable growth rates between pH 0.4 and 2.0.
The highest pH limit for growth was 2.5 [3]. A
slow adaptation allows growth of the alga, even at
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high concentrations of ionic (NaCl and Na,SO,)
and non-ionic (glucose) solutes in the growth
medium (3], As reported for other Dunaliella spp.
[4-6], in response to the hypertonicity of the
medium, D. acidophila synthetizes glycerol to bal-
ance the water activity of the cell. The increase in
the cellular glycerol content is also involved in
determining the resistance of the alga to the
osmotic imbalance due to high concentrations of
H,S0, [7].

Studies on the lipid composition of acidophilic
organisms have been extensively carried out on
non-photosynthetic bactcria, demonstrating  the
presence of ether-linked phytanyl groups instead
of ester-bound fatty acids [8-9). Additional stud-
ies have also been conducted on Cyanidium
caldarium, a unicellular thermophilic alga with an
unclear systematic position [10].
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The lipid compusition of halophilic and halo-
tolerant species of Dunaliella has been widely
reported. The most remarkable features were the
unusually high content of total lipids [11,12] and
polyunsaturated C,, and C,, acids

Moreover, in Dunaliella salina [13] and in
Dunaliella bardawil [14], a remarkable amount of
B-carotene was detected, suggesting an economic
potential for these organisms.

In this paper, data on the non-polar lipid com-
position of D. acidephila are presented with the
aim of verifying the presence of a common feature
in the lipid composition among acidophilic
organisms, despite the lack of systematic relation-
ships. Additionally, the potential economic impor-
tance of this organism as producer of useful lipids
is discussed.

Materials and Methods

The strain of D. acidophila (No. 229) was oh-
tained from the Culture Collection of Algae of
Dipartimento di Biologia Vegetale, University of
Naples, Italy. Axenic cultures of the alga were
grown in a series of 2.0 | cylinders with magnetic
stirrers operating at 120 rpm and were bubbled
with air enriched with 3% CO,. The light sources
were fluorescent lamps (Philips TLD 30 W,/55).
The average photon flux density reaching the cyl-
inders was 390 wE - m~2- 5. The alga was grown
in the medium previously described by Albertano
et al. [2]. The cultures were maintained at 23°C
and the pH was maintained at 1.1 by the addition
of H,S0,. Growth was monitored by measuring
the absorbance at 550 nm with a Bausch & Lomb
Spectronic 20 colorimeter. The algae were
harvested at the end of log phase by centrifugation
at 4000 rpm for 5 min. After centrifugation, the
supernatant was discarded and the pellet was
washed twice with 0.3 M NaHCO,. Algac were
then recentrifuged, freeze dried, weighed and
stored at —24°C.

Extraction and fractionation of D. acidophila. A
Iyophilized sample of cells of D. acidophila (29 g)
was continuously extracted in a soxhlet apparatus
with ethyl ether for 2 days. The ethereal solution
was evaporated in vacuo to afford a residue (5.2
g), which was diluted in methanol and filtered on
a charcoal column (10 g) to eliminate most of the

chlorophylls. The filtrate was evaporated to dry-
ness (2.4 g) and dissolved in ethyl ether (250 ml).
and this was shaked three times with cold 2 M
aqueous NaOH (100 ml) to minimize the possible
saponification of fatty acid esters. The ethereal
phase was washed with water until it was neutral
and evaporated under vacuum. The resulting neu-
tral material weighed approx. 1.4 g. The water
fraction was reacidified with 2 M aqueous H,SO,
and extracted with ethyl ether. After neutralize-
tion and evaporation of the solvent in vacuo. 800
mg of acidic material was recovered.

The acidic material was esterified with ethereal
diazomethane and then chromatographed on a
Silica gel column (25 g). Elution with hexane/ ethyl
ether (9:1, S00 ml) gave a mixture of saturated
and variously unsaturated fatty acid methyl esters
(520 mg). whereas clution with hexane/ ethyl ether
(7:3, 300 ml) gave a mixture of hydroxy fatty acid
methyl esters (190 mg).

Siliea gel (40 g) column chromatography of the
neutral material using hexane with increasing per-
centages of ethyl ether as eluent gave carotenoids
(70 mg; hexane: 100 ml). triacylglycerols (260 mg:
hexane; 200 ml), acylsterols (240 mg; hexane,/ ethyl
ether, 19:1; 250 ml), phytol (320 mg; hexane/
ethyl ether, 9:1; 200 ml). sterols (320 mg:
hexane,/ethyl ether, 4:1: 200 ml), and an unin-
vestigated complex mixture (200 mg: ethyl ether:
300 mi).

Column chromatography. Silica gel 60 (70-230
mesh ASTM. Merck) was used for all the column
chromatography separations with the exception of
florisil (100-200 mesh, Merck), which was used
for sterols.

Silica gel-AgNO, used for fatty acid methyl
esters was prepared by treating silica gel (300 g)
with a water/acetone (1:1. 1000 ml) solution of
AgNO, (100 g). Impregnated silica gel was kept at
120°C for 2 days in the dark and then dried
under vacuum before use.

Thin-layer chromatography (TLC). Thin-layer
chromatography was run on 20 X 20 cm precoated
plates of silica gel 60-F254 (Merck) with 0.25 mm
layers for analytical purposes and 1 mm layers for
preparative purposes

Silica gel-AgNO, plates used for fatty acid
methyl esters, acylsterols and sterols were pre-
pared by plunging precoated silica gel plates into





