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SUMMARY

The 8 fungal species belonging to the class Basidiomycetes were examined for their FAs and PLs; 80 FAs
were identified using capillary column and GC-MS. The identified FAs included 43 saturated (iso-,
anteiso-, and hydroxyacids), 34 monoenoic (iso-, anteiso- and hydroxyacids); dienes and trienes were
represented by 3 acids only. Hydroxyacids varied in the fungal species from 9.14 to 11.76%. PC and PE

were identified as the major PL classes.

Introduction

The distinctive Kingdom of Fungi attracts the attention
of chemists due to a great diversity of unusual FAs [1, 5,
20, 24] and lipids. The data accumulated in the studies on
FAs from fungi and yeasts are reported in a number of
reviews [3, 4, 11, 14, 23, 27, 29]. Diacylglycerot-
rimethylhomoserine was detected in some species [2, 25,
28, 29, 30]. Of interest are phytofluorols, novel lipids
from Phytophthora coctorum [19], which are saturated
and unsaturated alcohols having an odd number of car-
bons and 2 hydroxy groups forming 1,2-diols in each.
Novel glycolipids were described from the ‘unmoving’
cells of rust fungi [13], which were “cellobiose’ lipids hav-
ing 15,16-dihydroxy-, or 2', 15.16-trihydroxy decanoic
acids linked via a glycoside bond with cellobiose units in
positions 2’ and 6. Recently, [21] have identified FAs from
the Basidiomycetes with chains up to 30 carbons long. The
fungal species Enthomophthorales and Basidiomycetes
were found to possess polyunsaturated FAs C20, 16:3,
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~and 18: 4 detected in Ascomycetes and Zycomycetes fungi

[4, 12, 15]. Unusual 9,10-cis-epoxyocta-decanoic acid at
40% was found in Cronartium immitis, as well as in
spores of rust fungi [4]. Previous data indicated a great
diversity of lipids contained in fungi which may be used as
sources of unusual lipid components.

Experiments

The fungal species to be studied were sampled in the
nature reserve “Samarskaya Luka” near Togliatti in Au-
gust 1990. Freshly collected species were thoroughly
cleansed of extraneous matter and only clean fungal tis-
sues were used for homogenization in a high-speed unit.
Lipids were extracted in three stages and the extracts were
combined as described previously [7, 10]. The lipid ex-
tracts were submitted to triple washing in cooled 0.9%
KCI. Total lipids and PLs were determined as described
elsewhere [8, 9].
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Methyl esters of corresponding FAs were prepared by
alkalyne hydrolysis and reaction of free acids with BF;-
methanol [22]. The oxazolines and/or their trimethylsilyl
(TMS) ethers were prepared by modification of the refer-
ence methods [26, 32]: 5§ mg dicyclohexylcarboimide was
added to a solution of 5§ mg FAs in 1 ml CH,Cl,. After
stirring (10 min) § mg 2-amino-2-methylpropanoll was
added (20 deg. C, 4 hr). The evaporated mixture was dis-
solved in 1 ml diethylether and treated with 0.5 ml SOCI,
(20 deg. C, 1 hr), washed in ice cold water and eluted
through a column with anhydrous sodium sulfate and sili-
ca gel. The eluate was evaporated, dissolved in pyridine,
and heated with trimethylsilylchloride (50 deg. C, 4 hr).
Methyl esters were identified in a Shimadzu QP-1000 ap-
paratus with a fused silica capillary column (60 m x 0.32
mm ID/SPB-1; Supelco, USA), using splitless injection and
helium as the carrier gas. Oven temperature was program-
med from 100 to 320 deg. C, at the rate 4 deg. C/min.
Ionization energy was 70 eV, and electron multiplier vol-
tage was 2.5 kV. TMS-ethers of oxazolines were identified
under conditions similar to those of the methyl ester iden-
tification, the only difference being the column tempera-
ture programmed from 150 to 300 deg. C at the rate 5 deg.
C/min.

Abbreviations

PL, phospholipid; FA, fatty acid; GC-MS, combined
gas chromatographymass spectrometry; PC, phospatidyl-
choline; PE, phosphatidylethanolamine; LPC, liso-PC;
LPE, liso-PE; PI, phosphatidylinositol; DPG, diphos-
phatidylglycerol; PG, phosphatidylglycerol; TL, total
lipids, mg/g dry wt.

Results and Discussion

A tentative description of fungal PLs and FAs is given in
our previous work [9, 10]. The present work is a more
detailed report of the fungal fatty acid analysis by GC-MS.

The above methods have allowed the identification of
eighty FAs from the TL extracts of fungi. The distribution
of saturated FAs has been examined in 8 fungal species
(Table 1). The wide range of saturated FAs is very interest-
ing. Normal FAs have been found to vary from 28.79 to
34.96%; iso-acids, from 4.93 to 6.85%; anteiso-acids
have been detected in small amounts from 2.66 to 3.87%.
Of interest are the presence and distribution of hydroxy
acids, which are identified as iso-, anteiso-, and normal
FAs with their totals among saturated acids varying from
5.711t0 7.65%. (Table 1). Hydroxy acids often occur with-
in the Kingdom of Fungi; they were identified in many
species of sclerotial fungi [16—18] with the maximum
amount observed in Claviceps purpurea (Rumania) at
35.5% [18]. For addition, 9,10-dihydroxyoctadecanoic
acid was identified [17], this acid being detected in
Claviceps sulcata at 63.6%.

The sphingolipids are found to contain straight chain
hydroxyacids with C15-C25 [5, 20, 24]. Long-chain 2,3-
di-OH FAs with C22—C26 have been found in ceramides
of various fungi [1]. The variation in the number of free

hydroxyl groups in these compounds arises from the com-
bination of normal 2-OH- and 2,3-di-OH-FAs with di-
OH- and tri-OH long-chain bases [1]. Several other hy-
droxy FAs were found in fungi, for example, 17-HO-
16:0, 17-HO-18:0 and 12-HO-18:1 [30]. The cited
works report only hydroxy palmitic and stearic acids,
while our own list of identified acids is extended with
saturated acids 12: O-OH — 24: O-OH. Such a great di-
versity of hydroxy acids is rarely, if for the first time,
reported; considering the presence of methyl groups in iso-
and anteiso-positions of certain hydroxy acids, the ex-
amined fungal species can be suggested as sources of the
unusual FAs indicated above.

Monoenoic fatty acids, similarly to saturated, have been
found to contain iso-, anteiso-, and hydroxy acids (Table
2). The content of hydroxy acids in monoenoic com-
pounds is lower than in saturated: their total amount var-
ies from 3.5 to 4.11%. Monoenoic compounds included
very long-chain FAs C24—C28. Acid 24: 1 has been found
to possess 4 isomers with a hydroxy group present in 2
isomers. Acid 26:1 is represented by 3 isomers, and,
again, a hydroxy group is present in 2 isomers (Table 2).
The longest acid, both among saturated and monoenoic
compounds, is acid C28. This is true especially for the
branched monoenoic HO-FA, e.g. iso-HO-9-16:1, an-
teiso-HO-17: 1 etc.

The hydroxy group is in position 2 in all the acids. The
chromatographic behaviour of these compounds is also
very interesting; ECL of anteiso-HO-8-17:1 is greater
than that of 17: 0, whereas the behaviour of the couple
anteiso-HO-12-21:1/22: 0 is contrary to this.

Only 3 acids having more than 1 double bond have
been found (Table 3). Most interesting is the change of the
ratio of a-18: 3 to y-18: 3 FAs and, also, the presence of
hydroxyacids.

The PL composition from 8 fungal species is shown in
Table 4. Main PL classes in all the examined species were
PE and PC. PS was also detected at 4.8 to 21.4% in all the
species. PI was present in 5 of the 8 species studied with
the highest level in C. comatus. PG and DPG were found
in 3 and 6 species, respectively. Liso-PE and liso-PC were
detected in small amounts. In addition, the chromatog-
rams showed the presence of unidentified lipids which did
not contain phosphorus. These compounds are suggested
to be diacyltrimethylhomoserines found in higher fungi
[28], although the identification has not been attempted.

Thus, the analysis of the higher fungi has shown, that
their FAs are dominated by saturated FAs with 2-hydroxy
acids varying from 5.71 to 7.65%. The identified
branched iso- and anteiso-acids containing a hydroxy
group are present in small amounts. The sum of dienoic
and trienoic acids varies from 11.34 to 15.09%. PLs are
represented by 2 major classes, PE and PC, and several
other PLs.
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Table 1. The saturated fatty acids.

Class Basidiomycetes
Order Agaricales
Family Agaricaceae Tricholomataceae Coprinaceae Russulaceae
Genera Agaricus Clitocybe Laccaria Marasmius Coprinus Lactarius
Species arvensis silvaticus inversa amethystina  oreades atramen- comatus flexuosus
tharius
n-12:0 1.41 1.58 2.08 1.60 2.19 1.35 1.25 1.75
150-12:0 0.25 0.34 0.55 0.66 0.82 0.45 0.70 0.80
iso-12:0-OH 0.25 0.19 0.11 0.39 0.05 0.05 0.15 0.15
n-13:0 0.76 091 0.72 0.88 0.66 0.95 0.50 0.85
anteiso-13:0-OH - 0.05 - 0.17 - 0.10 0.05 0.10
n-14:0 3.78 3.83 4.71 4.37 3.83 4.75 4.00 3.26
iso-14:0 0.96 0.86 1.39 1.08 0.93 1.15 0.85 1.20
iso-14:0-OH 0.15 0.05 0.06 0.11 0.11 0.15 0.10 0.15
n-14:0-OH 0.15 0.24 - 0.06 0.16 0.20 0.05 0.10
n-15:0 2.22 2.25 2.16 2.82 2.30 2.35 2.23 2.26
is0-15:0 1.11 1.39 1.39 1.55 0.93 1.30 1.00 1.55
anteiso-15:0 1.71 1.72 1.99 1.88 1.26 1.90 1.35 1.90
anteiso-15:0-OH 0.15 0.10 0.11 - 0.05 0.05 0.10 0.05
n-15:0-OH 0.35 : 0.14 0.17 0.28 0.22 0.10 0.15 0.45
n-16:0 9.82 9.63 11.74 10.47 10.67 12.26 11.72 9.85
150-16:0 2.01 1.87 2.66 2.76 2.40 2.35 2.70 2.41
is0-16:0-OH 0.10 0.14 0.22 0.17 0.16 0.15 0.10 0.25
n-16:0-OH 0.65 0.77 0.99 0.77 0.38 0.50 0.60 0.60
n-17:0 1.81 1.82 222 2.32 1.91 2.05 2.10 1.70
is0-17:0 0.60 0.53 0.72 0.83 0.93 0.95 0.50 0.70
anteiso-17:0 0.70 0.81 1.22 1.27 1.26 1.00 1.058 1.25
anteiso-17:0-OH 0.10 0.05 0.11 0.17 - 0.05 0.10 0.15
n-18:0 1.96 1.96 1.94 2.32 2.62 225 2.70 2.36
n-19:0 0.30 0.38 0.50 0.28 0.55 0.40 0.80 0.15
anteiso-19:0 0.25 0.19 0.66 0.06 0.66 0.35 0.65 0.10
anteiso-19:0-OH 0.10 0.05 0.11 0.17 0.05 0.05 0.10 -
n-19:0-OH 0.10 0.24 0.28 0.17 0.11 0.10 0.15 0.20
n-20:0 0.86 1.20 1.33 0.94 1.31 0.50 1.20 0.95
is0-20:0-OH 0.10 0.05 0.17 0.22 0.05 0.10 - 0.10
n-20:0-OH 0.70 0.57 1.00 0.88 0.66 0.95 0.65 0.70
n-21:0 0.50 0.29 0.39 0.28 0.71 0.45 0.75 0.60
1s0-21:0-OH 0.30 0.19. 0.28 0.33 0.27 0.35 0.35 0.25
n-21:0-OH 0.30 0.34 0.33 0.44 0.38 0.55 0.25 0.25
n-22:0 2.52 1.39 2.16 1.93 295 315 3.05 2.01
1s0-22:0-OH 0.25 0.14 0.33 0.22 0.22 0.30 0.20 0.10
n-22:0-OH 0.76 0.72 0.95 0.72 0.98 0.60 0.60 0.70
n-23:0 0.35 0.62 0.55 0.66 0.66 0.60 0.50 0.35
n-23:0-OH 0.40 0.34 0.44 0.28 0.38 0.35 0.25 0.30
n-24:0 1.86 2,11 2.27 2.76 2.51 2.35 3.20 2.66
n-24:0-OH 1.46 1.96 1.99 1.66 1.48 1.70 1.85 1.65
n-25:0 0.25 0.14 0.66 0.55 0.44 0.85 - 0.45
n-26:0 0.30 0.34 0.55 0.50 0.60 0.35 0.45 0.60
n-28:0 0.30 0.34 0.55 0.50 0.38 0.35 0.45 0.60
normal-acids 29.00 28.79 34.50 33.18 34.29 34.96 34.90 34.40
1so-acids 4.93 4.99 6.71 6.85 6.01 6.20 5.75 6.66
anteiso-acids 2.66 2.72 3.87 3.21 3.18 3.2§ 3.05 3.25
iso-acids-OH 1.15 0.76 1.17 1.44 0.86 1.10 0.90 1.00
anteiso-acids-OH 0.35 0.25 0.33 0.51 0.10 0.25 0.35 0.30
acids-OH 4.87 5.32 6.15 5.26 4.75 5.05 4.55 4.95
the sum HO-acids 6.37 6.33 7.65 7.21 5.71 6.40 5.80 6.25

Saturated 42.96 42.83 52.73 50.45 49.19 50.81 49.50 46.56
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Table 2. The monoenes fatty acids.

Species A. arvensis A. silvaticus  C. inversa L. ame- M. oreades C.atramen-  C.comatus L. flexuosus
thystina tharius

12:1 (n-7) 0.50 0.24 0.28 0.33 055 0.35 0.40 0.35
13:1 (n-8) 0.10 0.05 0.11 0.17 0.27 0.05 0.10 0.25
anteiso-13:1 (n-8) 0.20 0.24 0.28 0.17 0.16 0.10 0.15 0.10
14:1 (n-9) 1.21 1.25 1.22 1.27 1.15 1.25 1.35 1.25
15:1 (n-8) 1.51 1.96 2.33 © 205 1.69 2.05 1.75 2.11
15:1-OH 0.10 0.10 0.22 0.06 0.11 0.05 0.10 0.10
16:1 (n-9) 10.05 9.91 5.43 6.30 5.30 5.09 5.24 5.26
iso-16:1 (n-9)-OH 0.30 0.38 0.11 0.17 0.11 0.25 0.10 0.25
16:1 (n-9)-OH - 0.19 0.06 0.11 0.05 0.05 0.05 0.15
17:1 (n-8) 0.96 1.63 0.94 1.87 1.40 1.20 1.40 1.41
1s0-17:1 (n-8) 0.35 0.48 0.50 0.55 0.55 0.35 0.45 0.60
anteiso-17:1 (n-8) 0.45 0.43 0.61 0.77 0.38 0.40 0.30 0.35
anteiso-17:1 (n-8)-OH 0.10 - 0.17 0.06 0.05 0.10 0.10 0.05
17:1 (n-8)-OH 0.10 0.05 0.06 0.06 0.05 0.10 0.05 0.10
17:1 (n-10) 1.21 1.34 1.77 1.33 0.98 1.45 1.00 1.25
18:1 (n-9) 15.24 15.02 991 11.03 11.12 15.36 15.02 13.77
18:1 (n-9)-OH 0.45 0.38 0.22 0.33 0.22 0.35 0.30 0.35
18:1 (n-11) 0.81 1.10 0.28 1.11 1.80 0.70 0.70 0.95
19:1 (n-10) 0.35 0.24 - 0.06 0.44 0.95 0.60 0.20
20:1 (n-9) 0.86 0.85 0.66 227 1.15 0.80 1.60 1.30
20:1 (n-11) 0.25 0.35 0.39 — 0.44 0.60 - 0.30
anteiso-21:1 (n-12)-OH*  0.45 0.38 0.28 0.39 0.22 0.40 0.30 0.30
22:1 (n-13) 0.91 0.48 1.61 1.44 1.64 0.35 1.75 1.85
is0-22:1 (n-13)-OH® 0.45 0.29 0.66 0.22 0.38 0.30 0.45 0.40
22:1 (n-13)-OH 0.86 0.72 0.83 0.94 0.66 0.65 0.95 0.80
24:1 (n-13) 1.21 1.96 3.49 1.77 2.02 1.90 2.10 1.80
24:1 (n-15) 0.60 0.72 0.05 0.50 1.04 0.35 0.90 0.90
is0-24:1 (n-15)-OH® 0.35 0.19 0.33 0.22 0.27 0.25 0.40 0.25
24:1 (n-15)-OH 0.30 0.43 0.55 0.44 0.49 0.35 0.30 0.35
25:1 (n-16)-OH 0.25 0.10 0.22 0.28 0.27 0.15 0.20 0.30
26:1 (n-17) 0.60 0.86 0.94 0.61 0.77 0.75 0.85 0.70
is0-26:1 (n-17)-OH® 0.05 0.10 0.17 0.11 0.11 0.05 0.10 -
26:1-OH 0.20 0.24 0.17 0.11 0.33 0.20 0.05 0.20
28:1-OH¢ - 0.10 0.06 0.11 0.11 0.10 0.0§ 0.05
iso-monoenes 0.35 0.48 0.50 0.55 0.55 0.35 0.45 0.60
anteiso-monoenes 0.65 0.67 0.89 0.94 0.54 0.50 0.45 0.45
iso-monoenes-OH 1.15 0.96 1.27 0.72 0.87 0.85 1.05 0.90
anteiso-momoenes-OH 0.55 0.38 0.45 0.45 0.27 0.50 0.40 0.35
monoenes-OH 2.26 2.31 2.39 2.44 2.29 2.00 2.05 2.40
the sum HO-acids 3.96 3.65 4.11 361 3.43 3.35 3.50 3.65
Monoenes 41.33 42.76 34.91 37.21 36.28 37.40 39.16 38.35

* The FA have equal ECL, and they can been determined after HPLC separation FA-OH from n-FA.
® FA with ECL lower than in the saturated straight chain FAs.
¢ The GC-MS method does not allow the determination of the position of C = C.

Table 3. The dienes and trienes fatty acids of fungi.

Species A. arvensis A.silvaticus  C. inversa L. ame- M. oreades  C. atramen-  C.comatus L. flexuosus
thystina tharius

18:2 (n-9) 529 4.98 5.82 7.08 6.72 7.69 7.39 6.82

18:3 (n-6) 0.55 0.57 0.28 2.27 2.62 2.90 2.70 3.36

18:3 (n-9) 9.87 8.86 6.26 2.99 5.19 1.20 1.25 4.91

The sum of

dienes and trienes 15.71 14.41 12.36 12.34 14.53 11.79 11.34 15.09
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Table 4. Phospholipid composition of some fungi.

Species PE LPE PS PC LPC PI DPG PG TL Pl
Agaricus arvensis 39.0 1.7 16.0 35.6 - 7.0 0.3 0.4 17.0 22.1
A. silvaticus 20.7 - 17.7 28.0 1.3 16.0 7.0 9.3 14.0 19.2
Clitocybe inversa 32.2 - 11.7 43.7 1.0 7.5 - - 40.0 34.6
Coprinus atramentharius 34.1 1.6 9.4 50.5 3.1 1.3 - - 13.0 41.1
C. comatus 27.1 1.4 4.8 38.3 2.3 23.7 2.4 - 30.4 37.5
Laccaria amethystina 25.8 2.6 8.6 39.5 C 2.1 - 12.2 9.2 35.0 29.8
Lactarius flexuosus 22.7 - 21.4 49.5 4.8 - 1.6 - 40.0 19.4
Marasmius oreades 19.7 - 21.0 34.7 2.0 - 10.0 - 21.0 47.2

References

composition of sphacelial and sclerotial growth forms of Cla-
viceps purpurea in relation to production of ergoline alka-

1 Ahlquist, L. and Pascher, 1. (1984): On the stereochemistry of loids in culture. Trans. Br. Mycol. Soc. 53, 441-450.
2,3-dihydroxy fatty acids of fungi sphingolipids. Resolution 17 Morris, L. J. (1967): Fatty acid composition of Claviceps
and configuration analysis of erythro-2,3-dihydroxyoctade- species occurrence of (+)-threo-9,10-dihydroxystearic acid.
canoic acid. Chem. Phys. Lipids 35, 209-215. Lipids 3, 260-263.

2 Brennan, P. J. and Losel, D. M. (1978): Physiology of fungal 18 Morris, L. J."and Hall, S. W. (1966): Structure of glycerides
lipids. Selected topics. Adv. Microbiol. Phisiol. 17, 47-179. of ergot oils. Lipids 1, 188-191.

3 Chopra, A. and Khuller, G. K. (1983): Lipid of patogenic 19 Nes, M. D. (1988): Phytophthoros — novel lipids produced by
fungi. Progress in Lipid Res. 22, 161-184. Phytophtora coctorum Lipids 23, 9-16.

4 Chopra, A. and Khuller, G. K. (1985): Lipid metabolism in 20 Prostenik, M., Burcar, 1., Castek, A., Cosovic, A., Golem, J.,
fungi. CRC, Crit. Rev. Microbiol. 11, 209-271. Jandric, Z., Kljaic, K. and Ondrusek, V. (1978): Lipids of

5 Cosovic, C. and Prostenik, M. (1981): Lipids of higher fungi. higher fungi. III. The fatty acids and 2-hydroxy fatty acids in
VI. Longchain erythro-2,3-dihydroxy fatty acids as structural some species of Basidiomycetes. Chem. Phys. Lipids 22,
moieties of ceramides from Lactarius vellereus. Periodicum 97-103.
biologorum 83, 239-244. 21 Rezanka, T. and Mures, P. (1987): Unusual and very long-

6 Dembitsky, V. M. and Rozentsvet, O. A. (1989): Diacylglyce- chain fatty acids produced by Basidiomycetes. J. Chromato-
rotrimethylhomoserine and phospholipid composition of graphy 409, 390-395.
some green marine macrophytes. Phytochemistry 28, 22 Rezanka, T., Sokolov, M. Yu. and Viden, 1. (1990): Unusual
3341-3344. and very long fatty acids in Desulfotomaculum, a sulfate

7 Dembitsky, V. M., Rozentsvet, O. A. and Pechenkina, E. E. reducing bacterium FENS Microbiol. Ecol. 73, 231-238.
(1990): Glycolipids, phospholipids and fatty acids of some 23 Solberg, Y. (1989): A literature review of the lipid constitu-
brown algae species from the Black sea. Phytochemistry 29, ents of higher fungi new investigations of Agaricales species.
3417-3421. Int. J. Mycol. Lichenol. 4, 137-154.

8 Dembitsky, V. M. and Rozentsvet, O. A. (1990): Phospholi- ~ 24 Shibata, S., Natori, S. and Udagawa, S. I. (1964): List of
pid composition of some marine red algae. Phytochemistry fungal products. Charles C. Thomas, Publ. Springfield. 1lli-
29, 3149-3152. nois, USA.

9 Dembitsky, V. M., Shubina, E. E. and Kashin, A. G. (1992): 25 Sugai, A, [toh, T., Kaneko, H., Kinjo, N. and Marumatsu, T.
Phospholipid and fatty acid composition of some fungi (Class (1986): Pyrophosphatidic acid in mushrooms. Lipids 21,
Basidiomycetes). Phytochemistry 31, 845-849. 666—668.

10 Dembitsky, V. M. and Shubina, E. E. (1991): Phospholipid 26 Tulloch, A. P. (1985): Mass spectra of pyrrolidides of oxo,
and fatty acid composition of higher fungi. Chem. Natur. hydroxy and trimethylsilyloxy ocyadecanoic acids. Lipids 20,
Compd. (USSR) 2, 182-184. 652-663.

11 Feofilova, E. P. 1990. The lipids of mycelial fungi and the 27 Tulloch, A. P. (1990): Glycosides of hydroxy fatty acids. In:
prospects for microbial oleobiotechnologic development. I. Glycolipid, phosphoglycolipids, and sulfoglycolipids (M.
The lipids of mycelial fungi. Biol. Sci. (USSR) 11, 5-25. Kates, Ed.) Plenum Publ. Co. pp. 463—487.

12 Feofilova, E. P., Kuznetsova, E. P., Loktev, L. S. and Shiro- 28 Vaskovsky, V. E., Khotimchenko, S. V. and Benson, A. A.
kova, E. A. (1989): Temperature shock and the lipid compo- (1991): Identification of diacylglycero-4'-O-(N,N,N-Strime-
sition of the fungus Cunninghmella japonica. Appl. Biochem. thyl)homoserine in mushrooms. Lipids 26, 254-256.
Physiol. (USSR) 25, 373-384. 29 Wassef, M. K. (1977): Fungal lipids. Adv. Lipid Res. 15,

13 Frants, B, Lang, S. and Wagner, F. (1986): Formation of 159-232.
cellobiose lipids by growing and resting cells of Ustilago 30 Weete, J. D. (1980): Lipid biochemistry of fungal and other
maydes. Biotechnol. Letters 11, 757-782. organisms. N. Y., Plenum Press.

14 Konova, I. V. {1983): Characteristic of Actinomycetes lipids. 31 Weete, J. D., Furter, R., Hanseler, E. and Rast, D. M. (1985):
1. Composition of lipid fractions. Biol. Sci. (USSR) 8, 5-17. Cellular and chitosomal lipids of Agaricus bisporus and A.

15 Kuznetsova, L. S., Polotebnova, M. B., Feofilova, E. P., Gri- mucorrouxii. Can. J. Microbol. 31, 1120-1126.
goryan, G. L. and Rozantsev, E. G. (1987): The effect of 32 Yu, Q. T., Liu, B. N., Zhang, J. Y. and Hung, Z. H. (1988):

growth on lipid composition of mycelial fungus Cunningha-
mella japonica. Biol. Sci. (USSR) 2, 73-79.

16 Mantle, P. G., Morris, L. J. and Hall, S. W. (1969): Fatty acid

Location of methyl branchings in fatty acids: Farty acids in
uropygial secretion of shanghai duck by GC-MS of 4,4-dime-
thyloxazoline serivatives. Lipids 23, 804-810.

Key words: Basiomycetes, fatty acids; hydroxy acids; phospholipoids

Dr. Valery M. Dembitsky, Laboratory of Natural Products, Department of Organic Chemistry, The Hebrew University of Jerusalem,
Jerusalem 91904, Israel



