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Abstract-The maJor sterols m the marine diatoms 7’halass~osu~1 pseudonana (clones 3H and CS-2Oc) and Thalassios- 
m eccentrtca (CS-17) have been ldentlfied as 24-methylcholesta-5,24(28)-dien-3jI-ol (24-methylenecholesterol), 24- 
ethylcholesta-5,24(28)E-dlen-3P-ol (fucosterol) and 24-ethylcholesta-5,24(28)Z-dien-3~-ol(28-lsofucosterol) There are 
no previous reports of fucosterol and isofucosterol occurring together m diatom species Small amounts of cholesterol, 
24-methylcholesterol and 24-ethylcholesterol were also detected. The only abundant sterol m Thalassiosm oceanm 
(CS-67) was 24-methylenecholesterol; Its predominance (> 75%) appears to be characterlstlc of the sterol composl- 
tlons of Thlasstosm l%e greater complexity ofthe sterol distribution m T pseudonana compared with T oceanica 
supports the recent reclassdicatlon of these two algae as separate species The fatty acids of Thahwosira are typical of 
most diatoms, with a predominance of 16.0, 16:lw7 and 20:5w3. Small amounts of 18:4w3 and 22.6~3, not usually 
reported m diatoms, were also found. 

INTRODUCTION 

Diatoms are abundant components of the phytoplank- 
ton m coastal and upwelhng marme environments and 
hence they are a maJor source of lipids m the diet of 
marme animals found there, and of the organic matter in 
many marine sediments [l-5] Species of the diatom 
genus Thahwosira are common m coastal plankton 
blooms, at times formmg dense gelatmous masses which 
can be harmful to filter-feedmg shellfish [6] Some lipid 
constituents, particularly sterols and fatty acids, are use- 
ful markers for followmg the flow of diatom-derived 
hplds through marme food chams [l-5] As an aid to 
such studies, we analysed the sterols and fatty acids of 
three species of marme diatoms Thalasstosrra pseudon- 
ana Hasle et Helmdal (clones 3H and CS-2Oc), T. ocean- 
UI Hasle (CS-67) and T eccentrlca (Ehr ) Cleve (CS-17) 
(= Comnodtscus eccentmus Ehr.) to determine whether 
these diatoms might contam dlstinctlve hplds that could 
be useful m chemotaxonomlc mvestlgatlons We also 
compared the sterols of T pseudonana (= Cyclotella nana 
Hustedt) with three previous analyses reported m the 
literature [7-91, each of which had presented surprlsmgly 
different results 

Light microscopy IS of limited value for identifying 
smali, weakly slhafied diatom ceils. However, with the 
more widespread use of transmission and scanmng elec- 
tron microscopy, which have made It possible to define 
characterlstlc structures of the diatom valve [lo, 111, 
many of the uncertamtles about the taxonomlc posltlon 
of diatom species have now been clardied A re-examm- 
atlon of Hustedt’s type material of Cyclotella nana by 
electron microscopy showed that It did not belong to the 
genus Cyclotella but to Thahs~osm [12] Also, various 
clones of C nana were recogmzed as different species and 
reclassified as Thalass~osm pseudonana Hasle et Helmdal 

( = C. nana, Guillard’s clone 3H), T. gutllardil Hasle (= C 
nana, clone 7-l 5) and T. oceanica Hasle ( = C nana, clone 
13-I), usmg slight differences m the morphology and 
location of strutted and lablate processes on the diatom 
valve as diagnostic features [lo, 121. Cyclotella nana has 
been cultured successfulIy m several laboratories and 
used extensively in physiological studies. Physiological 
differences between oceanic, coastal and estuarine lsola- 
tes of C. nana have been reported [13], but It is probable 
that the isolates were m fact different species. 

RESULTS AND DISCUSSION 

The sterols of two clones of Thahwosm pseudonana 
were examined in this study. To determine whether the 
sterol patterns found were typical of diatoms of the genus 
Thalassroszra, the sterols of T eccentrm and T oceantca 
were also determined (see Experimental for detads ofthe 
culturmg conditions). Compositional data were also ob- 
tamed for hpld classes and fatty acids m T. pseudonana 
and T. oceamca 

Total lzpids 

Composltlonaf data for major hpld ciasses in r pseu- 
donana (Clone CS-2Oc) and T. oceanm are shown m 
Table 1. Polar hplds predominated m both species. Ster- 
01s represented 7.6 and 6.8% of the total lipids, re- 
spectively. Hydrocarbons were minor constituents m 
both algae; they consisted mainly of n-henelcosahexaene 
(n-C,, 6) with small amounts of squalene. Thalass~osm 
pseudonana (clone CS-20~) contained large amounts of 
trlacylglycerols and mmor amounts of free fatty acids 
and dlacylglycerols. In contrast, T oceantca contained 
mainly free fatty acids, which are rarely abundant m 
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acttvely growmg cells, wtth small amounts of triacylgly- 
cerols and diacylglycerols (Table 1) These data are 
consistent with the observatton that the T pseudonana 
culture was healthy when extracted, whereas cells m the 
T. oceamca culture had clumped to the bottom of the 
culture flask, indicating that the cells had become sen- 
escent. Both algae were cultured under similar conditions 
so this difference m growth behavtour may reflect physto- 
logrcal differences between them 

Sterols 

Over 95% of the total sterols m each of the four 
cultures occurred as non-esterified (free; sterols. Sapom- 
fication of the total extract yielded only a slight increase 
m the amount of sterols. Of the eight sterols detected m 
the three species, the structures of SIX were tdenttfied 
Compostttonal data are given in Table 2 together with 
data from other analyses of Thalassloslra reported m the 
literature In each species the major sterol was 24-meth- 
ylenecholesterol, which represented over 75% of the total 
sterols m the two clones of T pseudonana and m T. 
eccentrzca It was the only major sterol m T. oceamca 
This sterol IS found m a few diatoms [ 141, but rarely as the 
major component. Exceptions mclude Nltzschra alba 
(100%) [15], Chaetoceros szmplex (43%) [16], and Skele- 
tonema costarurn (40%) [17] It is also the major sterol 
(58%, Table 2) m Thalasstoslra werv@ogn (Grunow) 
Fryxell et Hasle (= T fltmutzlrs Hustedt) [IS] It ap- 
pears from these data that high concentrattonr of this 
sterol are characteristic of species of Thulasslosrra Fur- 
ther, the stmplicrty of the sterol dtstributton of T oceun- 
zca compared with T pseudonana supports the recent 
reclasstfication of these algae as separate spectes [IO] 

The sterol composttrons of the two clones of T pseu- 
donana are very similar, even though one isolate was 
from North America and the other from Australia. Each 
isolate contains the same sterols, although clone 3H 
contams slightly more C,,-sterols and relatively less 24- 
methylenecholesterol Such small vartations can occur 
when phytoplankton are grown under shghtly different 
culture condmons or when held for different periods m 
batch culture [17] The dtstrtbution of sterols m T 
eccentrtca 1s very similar to that of T pseudonana (Tab- 
le 2) 

Minor sterols found m all three species included chol- 
esterol and 24-methylcholesterol Cholesterol IS common 
m diatoms and is the major constituent m some species 
[14] 24-Methylcholesterol 1s also common, but rarely 

Table 1 Relative concentrations of hpld classes m T pseudon- 
ana (clone CS-20~) and T oceanrca (clone CS-67)* 

- 

Composltton (%) 

T pseudonana T oceamca 

Hydrocarbons 13 40 
Trlacylglycerols 32 1 38 
Free fatty acids 04 226 
Sterols 76 68 
Dlacylglycerols ox 68 
Polar hplds 518 56.0 

*Determmed by thm layer chromatography-flame lomsatlon 
detectlon 

represents more than 30% of the total sterols [14] It IS 
thought to be formed by reduction of the A24’2”)-double 
bond in 24-methylenecholesterol [20] The absence of 24- 
methylcholesta-5,22E-dten-3B-ol m Thalasslosira con- 
trasts with tts occurrence m most other diatoms, m some 
species this sterol represents over 90% by weight of the 
total sterols [14] 

Two C,,-sterols m T. pseudonana were Identified by 
comjectton with standards and from then mass spectra 
(as both acetate and TM&ether dertvattves) as 24-ethyl- 
cholesta-5,24(28)E-dien-38-01 (fucosterol) and 24-ethyl- 
cholesta-5,24(28)Z-dien-3/J’-ol (28-tsofucosterol) In 
both clones, fucosterol was more abundant than 28- 
rsofucosterol Although these isomers are readily sep- 
arated on captllary columns, GC-MS data are essential 
for quantification due to coelutton of 24-ethylcholesterol 
with fucosterol on non-polar columns It 1s unusual for 
the two isomers to occur together m the same species. the 
present work is the first such report for a diatom There 
are only a few reports of C,,-sterols with A5.24(2*‘- 
unsaturatton m diatoms 28-Isofucosterol was reported 
as a trace constituent m Thalassumemn nztzschzotdes [17], 
but has not been reported m other diatoms Fucosterol 
was reported to be the prmcipal sterol m N~t:.sch~~ 
closterlum [21], but thts was later shown to be a mts- 
identification. Of the 11 diatom species studied by Orcutt 
and Patterson [S], five were reported to contam fucos- 
terol but no supportmg data were presented 

Fucosterol and tsofucosterol are formed from 24-meth- 
ylenecholesterol by transmethylatton from S-adenosyl- 
methtonme. which isomer IS produced depends on the 
mechanism by which hydrogen IS rearranged to quench 
the enzyme bound mtermediate carbonmm ion [20]. 
Higher plants and green algae produce the 24(28) Z- 
isomer 28-tsofucosterol, whereas brown algae produce 
the 24(28) E-isomer fucosterol [20] The presence of both 
isomers m T pseudonana IS unusual and may indicate 
that there 1s little stereospecific control over the hy- 
drogen rearrangement reaction 

24-Ethylcholesterol was a mmor constituent m both 
clones of T pseudonana and few algae contam large 
quantities It predominates m the diatom Asterlonellu 
glacudrs [14], the Prymnestophyte PNL+XYJ Iutherz [ 181, 
and we have recently shown it to be the major sterol m 
two Raphidophycean flagellates, Heterosrgma akashlwo 
and Chattonella antqua [22] 24-Ethylcholesterol IS prob- 
ably formed by reduction of the side chain double bond 
m one or both of the A’ ““‘“)-unsaturated sterols 

Species of Thalasstoslra, mcludmg T eccentrlca, are 
common m Peruvian coastal waters [19, 23,241, and 
thus they are a hkely source of high concentrations of 24- 
methylenecholesterol found m Peruvian coastal sedi- 
ments [24] Gagosian et trl [24] found that 24-meth- 
ylenecholesterol was a major sterol m anchoveta faeces 
obtained from sediment traps deployed off Peru, Since 
these samples also contamed many frustules of T eccen- 
trlca [23] this Indicates that some of the dietary sterol is 
excreted by the anchoveta 

Comparison ofsterol data for T pseudonana wzth previous 
literature reports 

Different results have been reported m previous analy- 
ses of the sterols m species referred to as T pseudonana or 
Cyclotelln nana (Table 2) Berenberg and Patterson [7] 
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Table 2 Percentage composttron of sterols m dratoms of the genus Thalassios~ra 

T pseudonana 
Clone Clone Other specres 

3H CS-2OC T. oceanlea T. eccentrrca T. weis$ogt~II 
Sterol This work Ref. [7] Ref. [S] Ref [9] Thts work Ref. [19] 

1.0 Cholesterol 10 02 05 1.7 1.0 2.1 25 
1 12 ZCMethylcholesta- 

$22 E-dien-3/Gol ND ND - 100 ND ND 
1.31 ZCMethylcholesta- 

$24 (28)-dren-3b-ol 75.1 86.1 83.0 - 99.0 76.4 58 
1.34 24-Methylcholesterol 3.6 3 5 9.0 36.0 Tr 76 6 
1.63 24-Ethylcholesterol 10 0 5 40 1.0 11 
1 63 24-Ethylcholesta- 

5,24(28)E-dten-38-01 10.5 5.9 Tr 5.7 - Tr 8.3 
1 67 2CEthylcholesta- 

5,24(28)2-dten-3/I-01 6.3 2.8 ND - - - 26 
Others 2.5t 10 3 51 56.6 - Tr 2.0 

* Retentron ttme relative to cholesteryl acetate = 10 
tunknowns RR, 1 54 (1 O%), RR, 1.80 (1 5%). See Experrmental. 
$24-Methylcholesta-5,24 (25)-dten-3fl-ol (mlsprmted as 24-methyl-5,22 (25)-cholestadrenol in Table 2 of Ref [7] 
§Includes several sterols reported to have A’-unsaturation See text 
11 Analysed as Thalasslostra fluozatdls 
ND. Not detected, -. Not reported, Tr Trace <O 5%. 

analysed T. pseudonana supplied by Mr Dean Day from 
the Umversity of Delaware. Their data are very similar to 
ours. They also identified the major sterol as 24-meth- 
ylenecholesterol which we have suggested is character- 
istic of the sterol distribution m this alga when cultured 
under optima1 condittons. Berenberg and Patterson [7] 
found slightly more 24-methylcholesterol and smaller 
amounts of C,,-sterols (Table 2) in their sample than we 
did in the two clones we analysed Fucosterol was only a 
trace constituent and 28-isofucosterol was not detected, 
but the proportion of 24-ethylcholesterol was higher. 
These small differences suggest that there was slightly 
more reduction of sterols with A5~24(2*)-double bonds to 
the correspondmg A5-unsaturated sterol m their culture, 
and overall a smaller amount of C,,-sterols undergoing 
further alkylation at C-24. 

Changes in culture condttions can produce major vari- 
ations in the fatty acid compositions of unicellular algae, 
but generally the compositions of sterols are not marked- 
ly changed [17] As sterols are major structural consti- 
tuents of membranes, there would have to be significant 
changes in physiological condition before the membrane 
composition would be altered markedly. On the other 
hand, fatty acids occur in many different structural and 
storage lipids, so their abundance would be dependent on 
the condition of the alga, as shown m the hptd data for T 
pseudonana and T. oceamca (Table 1) 

Orcutt and Patterson [S] reported that T. pseudonana 
contamed 24-methy1-5cc-cholesta-7,22-dien-3/I-o1 (39.4%), 
24-methylcholesterol (36%) and 24-methyl-Scr-cholesta- 
7,24(28)-dten-3/I-01 (14.6%). These A’-unsaturated ster- 
01s were not found m our study or in that of Berenberg 
and Patterson [7]. The apparent absence of any 24- 
methylenecholesterol is particularly striking. Orcutt and 
Patterson analysed the same clone 3H as we did (Guil- 
lard, R. R. L., personal communication), so the two sets of 
data should have been similar. It seems unlikely that such 
very different results could be due to differences m 

culturing conditions, unless some feature of their culture 
led to a blockage in the conversion of A’-unsaturated 
sterols to A5-unsaturated sterols. Their cultures were 
bubbled with carbon dioxide, but it is not known 
whether this could have affected the sterol distrtbuttons. 
Orcutt and Patterson [8] also reported high concentra- 
tions of A’-unsaturated sterols m four other diatoms, 
including Phaeodactylum tricornutum, which has been the 
subject of two studies [17,25], neither of which reported 
A’-unsaturated sterols. High concentrations of A’-un- 
saturated sterols have not been reported in other diatoms 
[14], nor are they present m significant amounts m 
diatomaceous sediments [e.g 3, 5, 241, which suggests 
that they are not common in diatoms under favourable 
growth conditions. It is possible that 24-methylenechol- 
ester01 was misidentified as 24-methyl-Sa-cholesta-7,22- 
dien-31-01, which has a similar retention time on both 
polar and non-polar columns [26] However, the two 
sterols are readily distinguishable from their mass spectra 
and it was stated by Orcutt and Patterson [7] that the 
sterols from T. pseudonana were analysed by GC-MS. 

Kanazawa et al. [9] reported that the only sterol m C. 
nana was 24-methylcholesta-5,22E-dten-3&01. The cul- 
ture used m that study was supplied by Dr H. Takano 
from material isolated from Tokyo Bay From electron 
microscope studies [Sheet 5, Ref. 61, it appears that the 
species analysed was also T. pseudonana (Takano, H., 
personal communicatton). 24-Methylenecholesterol is an 
intermediate m the formatton of 24-methylcholesta- 
5,22E-dien-3/I-01, but it is difficult to explain why the 
latter should be the only sterol reported in that study or 
why this should be the only report of 24-methylcholesta- 
5,22-dien-3fl-ol in any species of Thalassiosv-a (Table 2). 

Other lzplds 

The fatty acid compositions of free fatty acids and 
triacylglycerols m T. pseudonana and T oceamca are 
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presented m Table 3 MaJor constltutents are 16.0, 
16 1~7 and 20.5~3 fatty acids which IS typlcal of most 
diatoms [S, 271, as IS the low proportion of C,,-fatty 
acids One interesting feature IS the presence of high 
concentrations of 18.4~13 and the presence of 22:6w3, 
neither of which are commonly reported m diatoms; they 
may have been mtssed tn earlier studies because of the 

low resolution gas chromatography techniques m use 
then. 

These data compare well with total fatty acid data 
reported by Fisher and Schwarzenbach [27] for T. pseu- 
donanu (clone 3H) and T ~ceanzcu (clone 13-1) cultured 
m f, medium As these authors used chemical lomsatlon 
mass spectrometry to identify the fatty acids, double 
bond positions were not identified and mdivlduaf hpld 
classes were not examined Our data confirm the pre- 
sence of 18 4, 16 4 and 22.6 fatty acids noted by these 
authors Fisher and Schwarzenbach [27] found that 14 0 
was a major component m both species ofdiatom at four 
different growth stages, but m our analysis of T pseudon- 
unu (Clone CS-20~) this fatty acid IS much less abundant 
The concentration of 14 0 fatty acid varies considerably 
among different lipid classes (Table 3), and It seems that 
Its abundance IS sensitive to changes m culturing condl- 
tions 

Each of the cultures was exammed for unusual hplds 
that have been found m many marme sediments, mclu- 
dmg diatom-rich sediments off Peru where Tha[assroslru 
1s abundant These included very long cham ketones that 
have only been found m some Prymneslophytes [28], 
C,, and C,,-dials and keto-ols [29], and unusual C,, 
highly branched lsoprenold alkenes [4] None of these 
lipids was detected One unusual feature was the presence 
of minor amounts (< I % of total hplds) of alkyl (wax) 
esters m T eccenrrlcu, but a detalled study was not 
carried out. 

CONCLUSIONS 

.The wldefy divergent sterof data reported m earlier 
studies of the diatom Tha/ussros~ru pseudonunu highlight 
the need for accurate taxonomlc ldenttficatlon of the 
species under study, including clonal designation, careful 
attention to the culturing conditions and rtgorous ldentl- 
ficatlon of the lipid compounds isolated Whatever the 
reasons for differences reported m earlier work, our study 
clearly establishes that a high concentration of 24-meth- 
ylenecholesterol IS characteristic of at least three diatoms 
of the genus IXziusszos~ru. and that clones of the same 
species isolated from different parts of the world can have 

Table 3 Relative abundances of fatty acids m T pseudonana (clone CS-20~) and T 

oceanlca (clone CS-67) 

Fatty acid* Free fatty Tnacyl- Free fatty Trlacyl- 
acids glycerols acids glycerols 

14 0 35 

15 0 0 6 

16 0 184 

18 0 16 

20 0 1 1 

16 10~7 21 0 
16 lW5 16 
16 lw13t Tr 

18 It09 20 

18 lW7 01 

16 2017 1 1 

16 2~4 07 
16 3~4 71 

16 4Wl 23 
18 20,6 18 

18 3tu3 0.8 

18 4W3 58 

20 4~6 1 1 

20 5w3 23 9 
22 6~3 35 

Others 20 

61 184 100 

10 16 1 I 
269 23 0 23 7 

14 03 10 

03 ND ND 

32.0 300 

Trt Tr 

ND1: 05 
15 05 
02 40 

18 0 7 

14 14 

48 35 

08 08 
13 10 

07 1 1 
40 18 

09 Tr 
12 1 110 

15 14 

13 04 

25 8 
02 

ND 

50 

Tr 

NADg 

NAD$ 
64 

39 

1 1 
09 

52 

Tr 

134 

0 8 

15 

Composltlon (%) 
T. pseudonana T oc’eanrca 

*Fatty acids are designated number of carbon atoms number of double bonds The 
posItion (n) of the ultimate double bond from the methyl group IS given by ~1 All double 

bonds m polyunsdturated fatty dcids are methylene Interrupted 

+Tr=Trace <O 5% 

:ND Not detected 
QNAD Not accurately determmed due to low abundance and overlap with other 

component\ 
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simrlar lipid composrtions when cultured under simrlar 

conditrons. 

EXPERIMENTAL 

Cultures T eccentrxa (clone CS-17 isolated by B Grant from 

Port Phdhp Bay, Victorta, Austraha) was obtamed from the 

CSIRO Algal Culture Collectton. It was grown m a 2 I flask at 

I7 5” m aerated f2 medmm [13] under a 12 hr hght:12 hr dark 

cycle at a hght mtenstty of 50 pE/m* set (Phthps De Luxe, TL 

2OW/47) The cells were harvested after 21 days at a cell density 
of 8 4 x IO3 cells/ml 

T pseudonana (Clone 3H isolated from Long Island Sound, 
New York, U S A ) was obtamed from the culture collection of 

Dr R R. L Gmllard and cultured under white light usmg fi 

culture medmm bubbled wtth au at I8 + I” The cells were 

harvested durmg exponenttal growth T pseudonana (Clone CS- 

2Oc isolated from the Swan Rover, Western Australia by R E. 
Davts and D J Nmol) was obtamed from the CSIRO Algal 

Culture Collectton. It was cultured m the same manner as T 

eccentrlca m 2 I flasks contammg fz medium and harvested after 

35 days T oceamca (Clone CS-67 isolated from the Port Hac- 

kmg River, New South Wales, Austraha by J C. Eyles) was also 

obtained from the CSIRO Algal Culture Collection and cultured 

m fE, medium (f2 moddied by the addttton of I5 mg/l of Na 
EDTA) [30] under the same condittons as T. pseudonana (Clone 

CS-20~) EDTA was added smce oceamc diatoms appear to be 

more adversely affected by high concentrations of trace metals 

than species from coastal areas 

The taxonomy of all cultures was confirmed by a combmatton 

of light and electron microscopy [ll]. 
Llptds As the hpids of the different species were analysed m 

dtfferent laboratones, the procedures differed m mmor respects. 
T pseudonana (Clone 3H) was harvested by filtratton on to glass 

fibre pads, washed brtefly wtth disttlled H,O and extracted with 

CH,CI, usmg somcatton. Free sterols were isolated by CC on 

silica gel and converted to acetate dertvattves for GLC and GC- 

MS analysts as descrtbed prevtously [24] The other species were 

also harvested by filtration onto glass Iibre pads, washed with 

saline and extracted with tso-PrOH (10 ml) and CH,CI-MeOH 

(2 I, 4 x IO ml) with somcatton The extract was washed wtth 

milh-Q H,O and reduced to dryness. 

Concentratton data for maJor lipid classes m the two species 

were obtained from TLC- flame iomsation detection usmg an 

Iatroscan TH-10 Mk III analyser [31]. Sterols were isolated by 

CC on sihca gel and converted to trtmethylstlyl ethers (TM%- 

ether) dertvatives for capdlary GLC and GC-MS analysts, usmg 

methods described prevtously [22]. Identtfications based on 

retentton mdex measurements [26] were confirmed by comJec- 

tton with standards and from charactensttc mass spectra. Chol- 

esteryl acetate MS m/z (rel mt ) 368 [M - HOAc] (42), 353 (4), 

260 (l), 255 (I), 247 (4) 213 (3) 147 (89) 81 (IOO), 24- 

methylcholesta-5,24(28)-dten-3j%yl acetate. 380 [M -HOAc] 

(56) 365 (lo), 338 (I), 296 (25), 281 (II), 253 (l5), 228 (7), 213 (24), 

145 (IOO), 81 (loo), 24-ethylcholesta-5,24(28)E-dren-3)5’-yl acet- 

ate 394 [M - HOAc] (34), 379 (4), 296 (86), 281 (21), 273 (2), 253 

(12) 228 (IO), 213 (28), 147 (8l), 145 (86), 81 (lOO), 24- 

ethylcholesta-5,24(28)Z-dten-3/I-yl acetate 394 [M - HOAc] (6), 

379 (I), 296 (IOO), 281 (21), 253 (8), 228 (6), 213 (l6), 211 (lo), 147 
(3l), 145 (44), 81 (58) Note the htgher abundance of m/z 296 m 

28-isofucosterol, which IS charactensttc of the 24(28)Z-isomer 

[32] Mass spectra of the TM&-ether denvattves also agreed 

well with standards [3] 
Two mmor sterols m T pseudonana were not identified One 

eluted at RR, 154 (as the acetate) but Its mass spectrum re- 

sembled a dmnsaturated C,,-sterol MS m/z (rel. mt ): 366 [M 

-HOAc?] (34), 296 (2), 281 (4), 253 (32), 227 (2), 213 (11) 159 

(37), 147 (94), 145 (92), 81 (100) The second eluted at RR, 180 
and appears to be a dmnsaturated C,,-sterol MS m/z (rel mt ) 

380 [M-HOAcT] (2) 312 (5), 281 (7), 243 (3), 229 (7), 95 (100) 

Both eluted much later than other C,, and C,,-sterols reported 

in the literature [26]. Sterols with A’-unsaturatton and 5a- 
stanols were below the level of detection (1 e <O 5% of sterols) 

m each of the algae 

Fatty acids were converted to methyl esters with BF,-MeOH, 

and analysed on a 25 m x 0 25 mm 1.D methyl sthcone fused 

silica capillary column (BPI, SGE Australia), and on a 25 m 

x 0.25 mm I D. carbowax fused srhca capillary column (BP20, 

SGE, Australia), usmg an HP 5890 gas chromatograph Fatty 
actds are destgnated as total number of carbon atoms number 

of double bonds followed by the posttton of the ultimate double 

bond from the ahphattc (omega) end of the molecule The 

suffixes c and t denote CIS and trans geometry Double bonds are 

methylene interrupted. 
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