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Marine fungi (MF) are infrequently studied micro-
organisms; the literature contains mainly descriptions
of terrestrial ecoforms of these fungi. A strain of the
fungus 

 

Mortierella

 

 

 

alpina

 

 is known as a producer of
arachidonic acid (20 : 4) [1]; mycelium of the yeast-like
fungus 

 

Candida

 

 

 

rugosa

 

 contains up to 40% of arachi-
donic acid, a direct precursor of prostaglandins (PG)
[2]; long-chain hydroxy fatty acids were revealed in
fungi [3]. 

 

Aspergillus

 

 

 

fischerii

 

 contains terrein, a PG
synthon, with the absolute configuration required for
the PG synthesis [4]. A strain of soil fungus 

 

Fusarium
sambucinum

 

 was shown to produce PG E

 

2

 

 and PG F

 

2

 

α

 

[5]. From the fungus 

 

Aspergillus nidulans

 

, genes of
oxylipin responsible for sexual and asexual reproduc-
tion were isolated [6]. Along with 

 

Aspergillus

 

 sp. and

 

Mortierella

 

 sp., other fungi were also tested for their
capacity for PG synthesis [7]. A new trend of investiga-
tions in biology, microbial endocrinology, is directly
connected with fungal metabolism: the reproduction of
fungi was stimulated by oleic (18 : 1), linolenic (18 : 3),
and arachidonic (20 : 4) fatty acids [8].

The aim of this work was the search for an active
producer of PG and characterization of its lipid compo-
sition among the fungi associated with marine macro-
organisms exhibiting high PG activity. According to
our knowledge, such macroorganisms include the
holothurians 

 

Apostichopus japonica

 

 (trepang) and

 

Cucumaria japonica

 

 (cucumaria) [9].

MATERIALS AND METHODS

The study was carried out with strains of marine
fungi isolated from the surfaces of trepang and cucu-

maria. The fungi were grown in a medium containing
wort (20 ml) and sea water (80 ml); pH 7.8 [10, 11]. The
glucose content of the wort was 0.044 g/l [11]; the
medium contained no fatty acids. Cultivation was car-
ried out in 250-ml Erlenmeyer flasks with 100 ml of the
medium at 

 

22°ë

 

 for 7 days.
Strains isolated from 

 

Apostichopus japonica

 

belonged to the following fungal species: 

 

Cladospo-
rium atroseptum

 

 Pidopl., 

 

Cladosporium brevicompac-
tum

 

 Pidopl. et Deniak, 

 

Trichoderma viride

 

 Pers.,

 

Aspergillus fumigatus

 

 Fresen., 

 

Alternaria alternate

 

(Fr.) Keissl., and 

 

Stilbella aciculosa

 

 (Ellis et Everh.)
Seifert. Strains isolated from 

 

Cucumaria japonica

 

belonged to the species 

 

Cladosporium brevicompactum

 

Pidopl. et Deniak.
Both the biomass and the culture liquid of the men-

tioned strains were used in the study.

 

Extracts of fungal biomass

 

 were prepared as
described earlier [12]. An aliquot of biomass (20 g) sep-
arated from the culture liquid by centrifugation was
fixed with a mixture of 100 ml of ethanol and 0.5 ml of
40% acetic acid; then, the biomass was separated by
centrifugation and extracted with diethyl ether. The
upper phase was separated, evaporated, and shaken
with a mixture of hexane and 70% aqueous solution of
ethyl alcohol (1 : 1, vol/vol). The lower phase was sep-
arated, evaporated, acidified, and extracted with diethyl
ether; the obtained extract was evaporated, diluted with
a chloroform–methanol mixture (1 : 1), blown with
argon, and stored at 

 

–4°ë

 

. The culture liquid obtained
after biomass separation was evaporated to minimal
volume and treated as described above.

 

UV spectroscopy.

 

 Ethanol and methanol extracts of
the biomass and the culture liquid before and after alka-
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line treatment were analyzed by UV spectroscopy at
200–280 nm on a Cecil CE 7200 spectrophotometer
(Aquarius, United Kingdom) in a 1-cm quartz cuvette
with a volume of 1 ml.

 

Thin-layer chromatography (TLC)

 

 of the extracts
was performed on Sorbfil PGSKh-AF-A plates devel-
oped in the following systems: benzene–ethyl acetate–
formic acid (75 : 15 : 1), chloroform–ethyl acetate–eth-
anol–acetic acid (20 : 20 : 4 : 1), and petroleum ether–
diethyl ether–acetic acid (82 : 18 : 1). The latter system
was used for separation of the mixture of PG and phos-
pholipids from neutral lipids. PG spots were visualized
with the use of 1% vanillin in 15% solution of phospho-
ric acid in ethanol and 10% solution of sulfuric acid in
ethanol.

 

GLC analysis of fatty acids.

 

 Methyl esters of fatty
acids were obtained by the method of Hartman et al.
[13] and analyzed on an Agilent 6850 chromatograph
(Germany) equipped with a capillary column (30 m 

 

×

 

250

 

 

 

µ

 

m 

 

×

 

 0.25

 

 

 

µ

 

m) packed with an HP-5-MS-5% (phe-
nylmethylsiloxane) phase under isothermal regime
(

 

220°

 

C); the carrier gas was helium.

 

Gas chromatography–mass spectrometry (GC–
MS) of fatty acids

 

 was performed on a Hewlett Pac-
kard 6890 device (United States).

RESULTS AND DISCUSSION

Extracts of fungal biomass and culture liquid were
analyzed by UV spectroscopy to determine the pres-
ence of cyclopentane ring, which is a typical structural
component of all PG [14]. It is known that three groups
of PG, PG E

 

2

 

, PG A

 

1

 

, and PG B

 

1

 

, are characterized by
absorption at 205, 217, and 278 nm, respectively (

 

ε

 

 

 

is
4400, 13400, and 10950, respectively). It is known that
under alkaline or acidic conditions, PG of groups A and
E are transferred into PG of group B [15].

Some species of microorganisms are capable of syn-
thesis and excretion into the medium of significant
amounts of lipids, which differ in composition from the
intracellular lipids [16]. That is why both fungal biom-
ass and culture liquid were analyzed. Since the most
clear spectra were revealed in

 

S

 

. 

 

aciculosa

 

 this strain was
used in further experiments. In the extract of the culture
liquid before alkaline treatment, peaks at 207, 252, and
274 nm were revealed, whereas after the treatment, a
clear peak at 280 nm appeared, corresponding to PG of
group B, and a peak at 213 nm. UV spectra of the
extract from 

 

S

 

. 

 

aciculosa

 

 biomass before alkaline treat-
ment had a peak at 213 nm and a diffused peak at
278 nm; after the treatment, the peak at 213 nm
remained, and the peak at 278 nm became clear. There-
fore, it can be assumed that untreated biomass of

 

S

 

. 

 

aciculosa

 

 contained PG of group B, which were
retained after the alkaline treatment.

The occurrence of PG in the biomass and culture
liquid of 

 

S

 

. 

 

aciculosa

 

 was confirmed by TLC with the
use of specific reagents for PG visualization. Chro-

matograms of the extract of the culture liquid treated
with 1% solution of vanillin in ethanol showed a pro-
nounced spot with 

 

R

 

f

 

 corresponding to PG E

 

2

 

. Then
neutral lipids were removed from the extract by prepar-
ative TLC; the area containing the total fraction of PG
and phospholipids (PL) was scraped off the start of the
chromatogram and analyzed by qualitative TLC. The
treatment of the chromatogram with 1% solution of
vanillin in 15% solution of phosphoric acid in ethanol
revealed a yellow–green spot with 

 

R

 

f

 

 corresponding to
PG E

 

2

 

. After subsequent spraying of this plate with
10% solution of sulfuric acid in ethanol, two additional
spots appeared, one of which had 

 

R

 

f

 

 corresponding to
PG F

 

2

 

α

 

. Additionally, the total fraction of PG and PL
was analyzed by TLC developed in a chloroform–ethyl
acetate–ethanol–acetic acid (20 : 20 : 4 : 1) system. The
treatment of the chromatogram with 1% solution of
vanillin in 15% phosphoric acid in ethanol revealed
three spots, two of which according to their 

 

R

 

f

 

 values
can be referred to PG F

 

2

 

α

 

 and PG 

 

Ö

 

2

 

; the third yellow
spot can be assigned either to PG E

 

2

 

 esters or to PG B

 

2

 

.
The total fraction of PG and PL isolated by preparative
TLC was analyzed by UV spectroscopy. Alkaline treat-
ment of an aliquot of this fraction resulted in the
appearance of a clear peak at 280 nm.

Thus, preliminary results indicate that culture liq-
uids of 

 

S

 

. 

 

aciculosa

 

 from 

 

A

 

. 

 

japonica

 

 contained PG 

 

Ö

 

2

 

and PG F

 

2

 

α

 

. According to TLC data, extract of 

 

S

 

. 

 

acic-
ulosa

 

 biomass contained PG B.
Fatty acid composition of the extracts from 

 

S. acic-
ulosa

 

 biomass and culture liquid is presented in the
table. Prior to GLC, methyl esters of fatty acids were
purified by TLC on KSK Silica Gel plates developed in
benzene. Both biomass and culture liquid contained
mainly unsaturated fatty acids; however, the content of
individual fatty acids in these samples differed consid-
erably. The family of C18 acids predominated in the
biomass; polyunsaturated fatty acids (PUFA) were
absent. In the culture liquid, eicosapentaenoic (20 : 5)
and docosahexaenoic (22 : 6) acids were revealed,
which are direct precursors of PG. We cannot compare
our results with literature data, since there is no infor-
mation concerning the fungus 

 

S. aciculosa

 

. There are
data that the fungus 

 

Mortierella alpina

 

 is a producer of
arachidonic acid [1, 17]. Kawashima et al. [17] studied
the effect of cultivation time (two and seven days), tem-
perature (from 12 to 28

 

°

 

C), and glucose concentration
(0

 

−

 

3%) on fatty acid composition of 

 

M. alpina.

 

 It was
shown that the predominant fatty acids consisted of
18 : 1 (14.5–20.6%); 18 : 2 11.2–15.4%), and 20 : 1
(20.0

 

−

 

35.9%); the amount of 20 : 4 acid varied from 4.4
to 12.0%, depending on the cultivation conditions.
Eroshin et al. [1] selected the strain 

 

M. alpina

 

 LPM-30,
which contained 20 : 4 acid (up to 46–60% of the sum
of fatty acids); at the same time, the content of the fam-
ily of C18 acids was also significant. In 

 

Aspergillus nid-
ulans

 

, the acids of the 16 : 0 and the C18-families pre-
vailed [6]. According to our data, the amount of 16 : 0
acid in 

 

S. aciculosa

 

 biomass reached 25.6%. In addition
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to the fatty acids listed in the table, we revealed by GC–
MS analysis the presence of cholesterol and ergosterol
hormones, which are known to regulate sexual repro-
duction in fungi [8]. In the culture liquid of 

 

S. acicu-
losa

 

, unusual polybranched phytanic acid (3,7,11,15-
tetramethylhexadecanoic) was identified (up to 2% of
the sum of fatty acids). The presence of this acid was
shown to be associated with a rare hereditary disease of
the peripheral nervous system [18].

Thus, it was revealed that the extract of fungus

 

S. aciculosa

 

 contained up to 22 saturated and unsatur-
ated fatty acids. The amount and composition of fatty
acids in the biomass and culture liquid differed consid-
erably. In the culture liquid, 20 : 5 and 22 : 6 PUFA
were identified, which are direct precursors of PG. By
using UV spectroscopy, E and F groups of PG were
revealed in the culture liquid, and PG of group B was
identified in the biomass of 

 

S. aciculosa

 

.
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