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Abstract-Triglycerides, free fatty acids, free and esterified ergosterol, Qs, phosphatidylcholine, phosphatidylethanola- 
mine, phosphatidylserine, lysophosphatidylethanolamine, and three different acylglycoses were identified in the solu- 
ble hpids of S~orendone~u epizoum mycelium. The same compounds as well as a sterol glycoside were also found 
in conidia. The mycelium is richer than the conidia in phospholipids. Qg and free and esterified ergosterol but 
contains less glycolipids. The most abundant fatty acid in all non-polar fractions is C,8_2. The prevalent fatty 
acid of the phospholipids is C1azlr except for conidial phosphatidylethanolamine and mycelial lysophosphatidyleth- 
anolamine. 

INTRODUCTION 

The lipid composition of fungi has attracted less atten- 
tion than that of bacteria and other organisms, although 
it is well known that many fungi are able to a~umulate 

~ large amounts of cellular lipids. A detailed knowledge 
of the composition in different growth phases and under 
different culturaf conditions (since it is known that the 
lipid composition varies with age and temperature [I] 
and suppIy of nutrients [Z]) woutd contribute to a better 
understanding of the role of this type of compound in 
fungi and could be an aid to taxonomy. Early attempts 
to find a relationship between lipid composition and fun- 
gal taxonomy failed [3), but this was probably due to 
lack of detailed information. Several investigators have 
reported the fatty acid composition of some fungal total 
lipids and less frequently that of some lipid fractions 
f4-73 but little information is available on the distribu- 
tion of fatty acids among individual fungal lipid com- 
ponents and their possible changes with growth phases. 

The work reported here is part of a general study of 
the biochemistry of Spore~o~e~ e~~zo~m [S] (Synonym: 
Hem&ova stellata [9)). This is a highly aerobic fungus 
often found in salted tish where it produces a kind of 
spoilage known as “dun”; it belongs to the order Moni- 
hales, family Dematiaceae. Some strains are able to 
grow in the absence of NaCl but most of them require 
concentrations greater than loo/ Some reports on its 
cytochrome system [lo] and the relationship between its 
Q content and respiration [l I] have already been pub- 
lished. In this paper we have identified and analysed the 
various compounds which make up the cellular lipids 
of conidia and young mycelium of this fungus, as well 
as the fatty acid components of the various components 
identified. 

RESULTS AND DISCUSSION 

As shown in Table 1, the lipid content is slightly higher 
in young mycelium than in conidia; about 80:1/, consists 

of soluble lipid. Xv;, of which are nonpolar components, 
the rest (polar lipids) being glyco and phospholipids. The 
polar lipids are rather rich in glycolipids. especially in 
conidia where they are about 3 times more abundant 
than phospholipids. 

Nonpolar lipids. The nonpolar fraction of soluble lipids 
displayed 8 spots on TLC. Spots 1 to 5 (numbered in 
decreasing order of polarity) contained ergosterol esters, 
triglycerides, Qs, free fatty acids, and ergosterol respect- 
ively. When the material of spots I, 3 and 5 were 
extracted from the Si geI after TLC the weight of the 
recovered samples greatly exceeded those determined 
spe~trophotometrj~aj~y. Lipids accompanying these com- 
pounds were not identified, but since in the TLC system 
used, squalene and other hydrocarbons migrated 
together with the ergosterol esters, it was deduced that 
spot 1 must have contained hydrocarbons as well as 
ergosterol (and possibly other sterols) esters. Spot 6, 7 
and 8 gave colours ranging from green to blue with 

Table I. Lipid yield from conidia* and young rny~~liurn~ of 
Sr~~rendonc~na epizoum and chromatographic behaviour of the 

soluble i&ids on silicic acid columns 

Soluble lipids 

“,, a/0 &ted from silicic Bound 
Growth dray acid columns with lipids 
phase wt CuCl,f Me,CO’ MeOH (% dry/wt) 

Conidia 3.0 X1.8 13.0 5.2 0.7 
Mycelium 3.7 84.7 8.1 7.2 1 .o 

* Average of three experiments performed with 30, 26 and 
16 g (dry wt). t Average of three experiments performed with 
30. 35 and 27 g (dry wt). 1 This material gave negative reaction 
when submitted to phosphorus. nitrogen and carbohydrate 
analysis (Nonpolar lipids). F Negative phosphorus and 
nitrogen tests; positive anthrone reaction (glycolipids). $ Nega- 
tive anthrone reaction: positive nitrogen and phosphorus tests 
(phospholipids). 
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Table 2. Nonpolar components of the soluble lipids of conidia idia showed the three components observed in mycelium 
and mycelium of Spo,cr~rlor~c~rll~r c,pizo~rrz with another one characterized as sterolglvcoside. a tvne 

Conidia Mycelium 

Component 

0 I,, 0 0 

solu’ble d;;, sol;lale 
‘0 

dry 
lipids wt lipids wt 

Ergosterol esters 0.2 0.005 0.6 0.02 
Other sterol esters 
plus hydrocarbons* 2.1 0.06 2.5 0.09 
Triglycerides 3.1 0.09 4.3 0.2 
Ubiquinone 0.04 0.001 0.3 0.01 
Ubiquinone accompanying 
lipids+ 5.2 0.2 6.7 0.3 
Free fatty acids 25.1 0.8 28.9 1.1 
Ergosterol 0.5 0.01 3.9 0.1 
Other sterol and 
sterol-accompanying 
lipIds: 31.9 1.0 35.3 1.3 

* Wt of the material of spot I in TLC in excess of the 
true ergoskrol esters spectrophotometrically determined. t Wt 
of the spot 3 material in excess of the true ubiquinone content 
spectrophotometricall~ determined. $ The sum of the material 
of spots 6. 7 and 8 plus the wt of spot 5 in excess of the 
true cl-gosterol content spectrophotometrically determined. 

H,SO,; the UV spectra of all these materials after pre- 
parative-TLC purification had maxima at 272 and 

: 282nm. but some lacked the 292nm and others the 
262 nm maxima of ergosterol and are referred to as non- 
identified sterois. Table 2 shows the conidial and myce- 
lial contents of all these nonpolar compounds. 

In contrast with what has been reported by other 
authors C3. 12, 131 for the major classes of fungi the most 
abundant identified component of the nonpolar lipids 
of S. epi~~rrn was free fatty acids. the amounts of which 
were 7 to 9 times more than those of triglycerides in 

i both growth phases. This finding cannot be due to the 
action of lipascs on triglycerides during extraction, since 
no mono- or di-glycerides were detected among soluble 
lipids. 

Ergosterol, although the only identified sterol, does 
not seem to be the most abundant one in this fungus. 
It should bc noted that ergosterol is frequently accom- 
panied in fungi imperfecti by two or three other 4-des- 
methylsterols [ 14). Both. free and esterificd ergosterol 
were much more abundant in mycelium than in conidia, 
the free form being in both growth phases clearly predo- 
minant. The prevalent fatty acid in all subfractions of 
nonpolar lipids is c’, ,+? (Table 3), except for the sterol 
esters of conidia. The other major fatty acids of all com- 
ponents of the nonpolar lipids are Cl6 and C,B:I. The 
abundance of C, x:z in the nonpolar lipids increases con- 
siderably in the mycelium where it represents more than 
601!/,, of all fatty acids: this increase is parallel to a de- 
crease of C,, and CIxz3. (which is not present in myce- 
lium lipids) and C, *, ,. The decrease of C, 8: 1 in mycelium 
disagrees with what has been reported by Van Etten and 
Gottlieb [ 151 in P~nicilli~n U~WXYW~I~~~. Also the overall 
degree of unsaturation of nonpolar lipids is higher in 
mycelium than in conidia, in contrast with what has been 
reported for other fungi [15-IS]. 
Pohr lipids. TLC of the glycolipids fraction of myce- 

lium revealed the presence of three spots tentatively char- 
acteri7ed as acylglycoses. The glycolipids fraction of con- 

of compound rather uncommon in m&&al lipids. ?‘he 
presence of acylglycoses, although more frequent in bac- 
teria, is not an unusual feature of fungi where fatty acids 
attached to a carbohydrate via a glycosidic link- 
age [ 19.2OJ and acylated polyols [Z I, 221 have been 
detected. 

The phospholipid fraction of both growth phases con- 
sist of phosphatidylcholine, phosphatidylscrine, phospha- 
tidylethanolamine (all of them frequently found in most 
fungi) [23] and lysophosphatidylethanolamine (which 
has been occasionally reported in other fungal spe- 
cies) [ 12). 

Few detailed studies have been made on the yuantita- 
tive distribution of phospholipids in fungi [23]. From the 
work of Batia rt al. [ 121. phosphatidylcholine. phosphati- 
dylethanolamine and phosphatidylinositol appear to be 
the most abundant in the mycelium of the major classes 
of fungi. Comparisons between the phospholipid distri- 
bution of spores and mycelium are even more scarce 
and the results rather conflicting [34]. In the mycelium 
of S. rpizazrrn phosphatidylcthanolamine and phosphati- 
dylchoiine are the most abundant (Table 4) and 
lysophosphatidylethanolamine is the prevalent phospho- 
lipid in conidia where the other three are in ctl equal 
proportions. Their fatty acid composition is shown in 
Table 5. In all conidial phospholipids the dominant fatty 
acid is C, *:,. except for phosphatidylethanolamine in 
which C,,, CIxzl and C 18. i are in ccz equal proportions. 
This dominance of C, *: 1 in the phospholipid is less pro- 
nounced in mycelium, in one of whose phospholipids. 
lysophosphatidylethanolamine. C, B:3 is much more 
abundant than C, H: j. 

It is worth noting the following points: phosphatidyl- 
ethanolamine is the only phospholipid containing C,, 2. 
which is present in all nonpolar subfractions: phosphati- 
dylcholine is, in both growth phases. about twice as rich 
in Cl6 as any other phospholipid: no phospholipid of 
either conidia or mycelium contain any fatty acid of 
more than two double bonds and the perccntagc of CI 8:z 
is very low in all phospholipids. 

Table 3. Fatly acid composition of nonpolar soluble lipids 
from conidia and young mycelium of Spc~~c~ndo,lc,r~~tc PJI~XIICIII 

Iwt “,,) 

Fatty 
acid 

Conidia Mycelium 

Free Free 
fatty Trigly- Sterol fatty Trigly- Sterol 
acid cerides esters acid cerides esters 
(“A) (“,,I (“0) (“,,) (“,,I (“,,) 

0.2 
0.6 

25.6 
0.9 
1.2 
1.8 

23.8 
45.2 

0.5 

0.01 1.2 1.5 
0.02 0.12 0.1 
0.03 5.7 _~ 1 .3 
0.02 3.5 0.5 0.4 1.1 

16.8 31.1 17x 18.2 10.x 
0.02 I .4 0.9 0.3 1.0 
0.3 1.4 0.04 0.3 0.9 
1.2 7.5 3.5 2.3 5,s 

19.7 1I.X I I.5 10.1 14.x 
54.X 24.5 65. I 682 61.1 
4.2 _ 
_ Il.3 
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Tuhle 4. Phospholipids of conidia and mycelium of Sporendonema rpizoum 

% of total phospholipids 
Phosphatidyl- Phosphatidyl- Lysophosphatidyl- Phosphati- 

Growth phase ethanolamine choline ethanolamine dylserine 

Conidia 20.9 24.6 30.6 23.7 
Mycelium 34.0 35.3 16.1 14.6 

The overall degree of unsaturation is smaller in the 
phospholipids than in the nonpolar fraction, particularly 
in conidia; mycelium phosphatidylethanolamine and 
lysophosphatidylethanolamine are the more unsaturated 
phospholipids, but their degree of unsaturation is lower 
than that of triglycerides or free fatty acids; this disagrees 
with what has been reported in other fungi by White 
and Powell [S]. 

Considered as whole, in the soluble lipids of conidia 
and mycelium of S. epizoum the unsaturated fatty acids 
are dominant and represent ca 60% of the total fatty 
acids. This abundance of unsaturated fatty acids seems 
to be a general characteristic of fungal lipids [4,24,25]. 

In the soluble lipids of S. epizoum no fatty acids of 
more than 18 C have been detected (except for Czo in 
conidia sterol esters) nor fatty acids with an odd C 
number, which are known to be present in other fungi of the 
same family (Dematiaceae) [4,26] and in other Moni- 
hales [6]. No branched acids, which have been found 
in small proportions in other Dermateaceae [4,26], or 
hydroxy fatty acids have been detected. 

Fatty acids shorter than C,, have not been usually 
reported in fungi but in the sterol ester fraction, however, 
of both growth phases of S. epizoum significant amounts 
of shorter chain fatty acids (down to Cs) occur. 

Bound lipids. Hydrocarbons, ubiquinone, mono and di- 
glycerides, ethyl esters of fatty acids, ergosterol and other 
sterols were the only compounds identified. Ergosterol 
was not detected in conidia. In both growth phases, it 
was found that the contribution of each kind of lipids 
(estimated by wt) to the total bound lipids was as fol- 
lows: hydrocarbons. CCI 20?<,: ethyl esters of fatty acids 
ca 5%; total sterols ca 25530%; mono and diglycerides 
45-50%. Q9 whose estimation under these conditions has 
already proved to be reliable [1 1) represented 0.0006% 
of the dry wt in conidia and 0.0057’A in mycelium: this 

means that ca 30% of the total Q in conidia and 37% 
in mycelium is not extracted with the soluble lipids. 

Although identified by its chromatographic and spec- 
trophotometric behaviour, no attempt was made to esti- 
mate ergosterol in the bound lipids of mycelium, since 
previous experiments had demonstrated [ 111 that under 
the extraction conditions great loss takes place. 

The very high proportions of hydrocarbons among 
bound lipids is rather surprising, especially when com- 
pared to its scarcity in the soluble fraction. By treating 
samples of the soluble lipid under the experimental con- 
ditions used for the extraction of bound lipids we have 
proved that they are not artifacts of the extraction pro- 
cedure. Mono- and di-glycerides, absent in the soluble 
fraction, are most probably the result of acid hydrolysis 
of phospholipids and triglycerides during extraction of 
bound lipids. The ethyl esters are obviously due to fatty 
acid ethylation when boiling with Me&Q-EtOH-HCl. 

Table 6 shows the fatty acid composition of the total 
bound lipids. which differs from that of the soluble lipids, 
in having unsaturated fatty acids of shorter chain length 
than C1 ,,, odd C number homologues and in the presence 
of CzoZ1 in mycelium. 

Bound lipids show a similar trend toward higher unsa- 
turation in mycelium already noted for the soluble frac- 
tion. 

EXPERIMENTAL 

S. epizoum was obtained from Centraalbureau voor Schim- 
melcultures (Baarn--Netherlands). This strain grows in malt 
agar and Vaisey medium [27] at NaCl concn varying between 
O-20%, with an optimum concn of 7.5%. Conidia were 
obtained and purified as already described [28]. Young myce- 
lia were produced by inoculating Vaisey medium containing 
7.5% of NaC1, with aseptically obtained conidia. The cultures 
were grown aerobically for 48 hr at 25” in a reciprocal shaker 

Table 5. Fatty acid composition of the individual phospholipids from conidia and mycelium of Sporendowma rpizoum 

Fatty acid 

Cs 
Cl0 
C*r 
C 14 
c 
c:::, 
Cl&? 

C** 
Cl*:, 
C1s:z 

Phospha- 
tidyl- 

choline 

(%) 

- 
0.3 
0.9 
1.7 

10.3 
3.4 

6.0 
65.6 
11.9 

Conidia Mycelium 

Phospha- Lysophos- Phospha- Lysophos- 

Phospha- tidyl- phatidyl- Phospha- Phospha- tidyl- phatidyl- 

tidyl- ethanol- ethanol- tidyl- tidyl- ethanol- ethanol- 

serine amine amine choline serine amine amine 

(%I (%I (%) (%I (%) (%I (%) 

- 0.2 
1.1 1q.s 2.0 4.8 4.8 - 1.0 
2.2 3.0 - 5.7 5.3 1.5 
2.2 3.6 2.0 5.2 5.3 4.0 

13.3 24.0 12.0 6.4 9.5 21.3 7.7 
0.4 0.4 3.x 2.6 1.4 1.1 

- 2.1 - - - 1.4 

1.1 6.0 0.4 5.0 2.3 1.5 4.9 
72.7 22.0 72.0 65.0 62.0 35.4 35.0 

6.6 27.5 12.0 3.4 7.6 33.3 44.5 
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Table 6. Fatty acids composition of bound lipids of conidia 
and mycelium of Sl~~“c~‘tioirc,~rici ~‘j‘rrctirjrr 

Fatty acid 
Conidia 

(‘>6) 

Mycelium 
(Y!) 

C, 0.3 1.5 

::: 
1.6 7.5 
0.2 1.9 

C,, 1.8 0.x 

Cl,:, 0.02 0.6 
c IJ.Z 0.02 I.? 

c‘,: 0.06 
c Ih 10.0 16.5 
C 16.1 1.3 1.2 

c Ih Z 0.5 0.2 
C 17 0.5 3.8 
C 

c:“,:, 

12.1 2.3 
65.7 35.9 

C 18.2 4.6 5.6 
C 18.3 0.6 19.x 

CX,. I ._ 3.7 

(220 strokes/mm). Mycelia were harvested by centrifugation 
at 2OOOy for 5 min. 

I_i/lid <,.~rmctic~r. On the basis of the results of previous 
woi-k [I I] cell material was lyophilized and extracted x 3 with 
10~01s of CHCI,-MeOH (2:l) which contained 0.25% pyro- 
gallol, for 3 hr at room temp with continuous stirring. The 
cell residue was extracted twice by refluxing for 2 hr with 
5 vols of MeOH containing 0.252, pyrogallol. Lipid extracts 
were evaporated to dryness in tic~cuo. The residue was dis- 
solved in CHCI,-MeOH (2: 1) and this soln washed according 
to the method of ref. [29]. Lipids extracted by this procedure 
were considered soluble or ‘free lipids’. Bound lipids were 
obtained by extracting under reflux for 2 hr the cell residues 
from the previous extraction with IO vol Me>CO--EtOH 12N 
HCl (1:1:0.02). The cell residue was extracted x 3 and the 
extracts combined taken to dryness. dissolved in CHCI,- 
MeOH (2: I) and back extracted and washed as previously 
described. 

Fmcrionitrion of lipids. Silicic acid containing Celite (4/l) 
was packed as a slurry in CHCl,-MeOH (98:2) into columns 
(2 x 25 cm). Lipid samples (40 mg/g of silicic acid) were 
applied in the same solvent and the column eiuted successively 
with 300 ml CHC13, 200 ml Me,CO and 200 ml MeOH. Ali- 
quots of each fraction were analyzed for total N, P and carbo- 
hydrates. 

Non[~olur lipids. Samples of the CHCl, eluatcs plus stan- 
dards (squalene, triglycerides, mono- and di-glycerides. olcic 
and stearic acids, ergosterol and Qs) were applied to Si gel 
TLC plates and developed in petrol-Et,O--HOAc (SO:ZO: 1). 
Lipids were detected either with H,SO,, rhodamine 6G or 
IZ vapour. Ergosterol and ergosterol esters were characterized 
from R, values. the reddish colour they gave with HzSO,, 
and from the UV spectrum (maxima at 262, 27 I. 2X2. 293 nm 
in EtOH) after the sample had been purified by preparative- 
TLC. Q was visualized after spraying with leucomethylene 
blue [30]. When purified by preparative-TLC. the extracted 
material gave a UV spectrum with maxima at 272 nm in cyclo- 
hexane and 275 in EtOH. The 275 max in EtOH shifted to 
290nm when reduced with NaBH,. The characterization of 
the free fatty acids fraction was based on the identity of its 
R, with that of standard fatty acids and the intense Ruores- 
cence of the spot after spraying with rhodamine 6G. 

Polar iipids. Aliquots of the lipids eluted from the silicic 
acid column with Me,CO and MeOH were analyzed by TLC 
on Si gel G using CHCI, -MeOH-HZ0 (65:25:41. Lipids were 
visualized with the following spray reagents, 30’5, HZS04. 
Schilf-periodate [31]. molybdenum blue [32]. ninhydrin and 
modified Dragendorff reagent [33]. The 4 spots vlsuali7ed in 

the glycolipid fraction gavs positive reactions with HZ%),. 
diphenylamine and Schiff reagents but were negative wirh nin- 
hydrin. The characterization as acyl glycoscs of three of the 

spots was based on their K,. the above dcacrihcd staining hc- 
haviour and the lack of glycerol in their water soluble acid 
hydrolysis pl-oducts. The identification as sterol glycoslde of 
the fourth glycolipid was based on the red colour it gave with 
HISO,. the lack of glycerol in its Hz0 soluble acid hydrolysis 
products. and TLC behaviour and spectrum (two maxima 
about 270 and 2XOnm) of its Et,0 soluhlc acid hydrolysis 
products. The different lphospholipids were tentati\cly identi- 
fied by comparison of their R, with those of known standards 
and their staining behaviour. All gave positive reactions with 
HZS04 and molybdenum hluc reagents and negative reactions 
with Schiff reagent: one was positi,, with Dragendorff reagent 
and negative with ninhydrin (phosphatidylchoiinc) and the 
other three (phosphatidylethanolaminc. lysophosphatidyleth- 
anolaminc and phosp)latldylserinc) were positive with ninhvd- 
rin and negative with Dragendorff reagent. Their identi&s 
were confirmed by analysing the H,O soluble acid hydrolysis 
products of samples purified hy preparative-TLC‘. Individual 
lipids were separated by prepal-ative-TLC‘. Lipids were visua- 
lized by spraying the outer edges of the plates with 0.5”,, I, 
in CHCl,: nonpolar lipids were extracted from the Si gel by 
elution with Et,@ and glyco- and phospholipids as described 
in ref. 1341. 

Acirl h&olj \is rr,ltl PC of II,0 .solt~hl<, jlrodlrtrs. Purified 
glycolipids and phospholipids were acid hydrolyzed as de- 
scribed in ref. [35J. The acid soluble ft-action was dried under 
red pres. the residue dissolved in 3 ml of 95:,, EtOH and dried 
again to remove the last traces of HCI. The resulting residue 
was dissolved in H,O and chromatographed together with 
known standards (choline. serinc. ethanolamine and glycerol) 
on Whatman no. I paper. using iso PrOH-HOAc--HZ0 
(3: 1: 1) for phospholipids and n-BuOH-Py-H,O (6:4:3) for 
glycolipids. 

P. !V ur~d cu,hoh!&ccrt, tirr~,rrtli,zulior1. Total N was deter- 
mined by the method of ref. [36]. P b) the method of ref. [37] 
and carbohydrate with anthronc as described in ref. [36]. 

Qwmtitaricr utimtiorl of thts cl~flmw~ mt~~pmwts. U bi- 
quinonc was estimated by the method of Cranc[38]. Since 
WC have already demonstrated that the Q homologuc of S. 
~pi-oum is Qs [I I J a AE:.‘,,, (oxidized-reduced) at 275 nm of 
1% was taken. Free ergosterol was determined by measuring 
its A at 282 nm in EtOH and using a Ei;‘,;, of 298. The estima- 
tion of the total free fatty acids. cstcrificd ergosterol and indi- 
vidual phospholipids was based on the average fatt! acid MW 
of each fraction. deduced from their fatty acid composition. 
plus tither the alkali titt-ation of purified aliquots (free fatty 
acids). P determinations (phospholipids) or spectrophoto- 
metric measurements Icrgostcrol esters). Other components 
~4 crc estimated by dctermincng the L\ I of the ~\olated matcrlal. 

Fcittj. acid m~t/~,hti~~i WI GLC‘ cg rhi~ ri~crk~~ic~.str~.s. Fl-ec 
fatty acids were mcthylated with CH,N, as descrlbcd in 
ref. [39] ; those of triglycerides and individual phosphohpids 
by the method of ref. [40]; stcrol esters were saponified by 
refluxing with 0.5 Iv KOH in EtOH for 30 min: the unsapom- 
Iiable material was extracted with Et,0 x 5; the ay fraction 
was acidified with 2 N HCl and fatty acids extracted with 
Et,0 x 5 and methylatcd as the free fart>; acids. Fatty acids 
Me esters were purified by the microsubhmation method 01 
ref. [41] prior to GLC. Me esters were malyscd by GLC’ using 
a chromatograph equipped with a dual FID. To identify the 
fatty acid constituents. polar and nonpolar columns were 
employed. The polar column (length IS3 cm: i.cl. 0.3 cm) was 
made of glass and packed with Chromosorb W coated with 
loo:, by wt of DF(;S. The operating conditions were: temp 
50-I 80’. programmed 8 jmin: Nz flow, 35 ml/min. The nonpo- 
lar column, made also of glass and of equal length and id.. 
was packed with Cbromosorb W coated with 5”,, Apiezon 
L and was operated at 240 with a N, How rate of 26 ml/min. 
‘To confirm the ldcntltication of Fatty acids some hamplcs wcrc 
hydrogenated bcforc they were chromatographed on both 
columns. Aliquots of the Me esters were submitted to TLC 
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on Si gel G as described by Morrison and Hay [42] to separ- 19. Gorin. P. A.. Spencer. J. F. and Tulloch, A. P. (1961) Can. 
ate the esters of the normal and hydroxy fatty acids, if present. J. Chem. 39. 846. 
Fatty acid identification was based on R, comparison with 20. Tulloch. A. P.. Spencer. J. F. T. and Deinema. M. H. (1968) 

standards. Location of the double bond positions in unsatur- Can. J. Chum. 46. 345. 
ated fatty acids was not attempted. For quantitative analysis, 21. Fluharty. A. L. and O’Brien. J. S. (1969) Biochemistr)~ 8. 
the area of the chromatogram under a peak for the Me ester 2627. 
of a given fatty acid was compared with that of a known 22. Brennan. P. J., Flynn. M. P. and Griffin, P. F. S. (1970) 
amount of the corresnondine standard. FEBS Lutttws 8. 322. 
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