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Abstract-The fatty acids and sterols of the marine unicellular alga FCRG 51 have been determined. The fatty acids 
show a predominance of CL8 and C,, polyunsaturated components, typical of the Dinophyceae. Eleven sterols were 
detected, of which eight have been identified. Both emethyl sterols (41%) and 4-desmethyl sterols (59 “/,) are present 
and these exhibit a wider range of structural diversity than has been reported previously for dinoflagellates. 24- 
Methylenecholesterol, 23,24-dimethylcholesta-5,22E-dien-3/Lol and dinosterol are the three major sterols which 
together represent 75 % of the total sterols. Dinosterol is found only in dinoflagellates and in some organisms which feed 
on dinoflagellates, but the two 4-desmethyl sterols are rarely reported in these algae. The lipid composition indicates 
that the unicellular alga FCRG 51 is related to the Dinophyceae and not to the Chloromonadophyceae or 
Chrysophyceae as previously proposed. 

INTRODUCTION 

Unicellular algae are important components of the phyto- 
plankton and form the foundation of many marine food 
chains. The classification of unicellular algae is generally 
based on pigment composition, food storage products, 
flagella structure, cell wall structure and cell structure. 
Chemotaxonomic studies, including the analyses of fatty 
acid and sterol compositions, have also provided much 
information on algal classification [l-4]. The unicellular 
algal strain, FCRG 51, UTEX 2162, was first isolated at a 
depth of 2 m off the Pt. Loma sewerage outfall at San 
Diego, California. This organism was originally thought 
to be a dinoflagellate and was assigned to a species of 
Exuoiaella. The pigment composition of FCRG 51 has 
been documented in a report on the chloroplast pigment 
patterns in dinoflagellates [5]. Both chlorophylls a and c 
(ratio 5.73) were present and fucoxanthin was the major 
carotenoid detected. In 1977 it was proposed that this alga 
was in fact conspecific with the marine chloromonad 
Fibrocapsa japonica, which along with Olisthodiscus 
luteus and Heterosigma inlandica was transferred to the 
marine chloromonad genus Chattonella [6, 71. More 
recently, biochemical and ultrastructural evidence has 
been reported to show that Olisthodiscus luteus is a 
member of the Chrysophyceae [8]. Clearly, there is a need 
for further study on these organisms along with other 
algae of unknown taxonomic standing. 

In this paper we report a detailed analysis of the fatty 
acid and sterol composition of the marine unicellular alga 
FCRG 5 1. Such data can be usefully used in assigning the 
taxonomic position of this alga and other related algae. 

*Present address: School of Applied Chemistry, Western 
Australian Institute of Technology, Hayman Road, South 
Bentley, Western Australia, Australia. 

RESULTS AND DISCUSSION 

Lipid concentrations 

Concentrations of the lipids in FCRG 51, expressed on 
a dry wt basis, are presented in Table 1. Few comparable 
data exist as most previous analyses have been limited to a 
single compound class, such as fatty acids, sterols or 
carotenoids [9-161. Fatty acids are CQ 17 times more 
abundant than sterols, which is much lower than the 
average value of 54 determined for 11 diatom species by 
Orcutt and Patterson [ 171. An even higher value of 67 was 
determined for the Antarctic Sea ice diatom Stauroneis 
amphioxys [ 11. The abundance of sterols in this alga, thus, 
seems to be slightly higher than that in the diatoms but the 
relative proportion of phytol is much lower than that in S. 
amphioxys [l]. Such data, when coupled with identifi- 
cation of the individual components, are important for 
assessments of the flux of planktonic organic matter to 
marine sediments and calculations of the rates of degra- 
dation of individual organic compounds in the marine 
environment [18]. 

n-Alkanols were present at low concentration in the 

Table 1. Lipid composition of FCRG 51 

y0 composition (dry wt) Relative 
of cells abundance 

Fatty acids 9.0 1.0 
Sterols 0.5 0.06 
Phytol 0.06 0.007 
Carotenoids 0.01 0.001 
Chlorophylls* 0.18 0.02 
Fatty alcohols 0.02 0.002 

*Based on phytol measurement. 
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hydrolysis products suggesting the presence of wax esters 
in the ori~na1 lipid extract. The alcohools were identi~ed as 
14:0(5.6%),16:0(17.9~),18:0(71.4%),20:0(3.2%)and 
22:0 (1.9 “/,). Significant amounts of phytyl esters have 
been found in one dinoflagellate, Peridinium foliaceum 
[19], but, in general, high concentrations of wax esters are 
very uncommon in unicellular algae. Hydrocarbons were 
only trace components of the total lipid extract and were 
not examined further. 

Pigment composition 

The carotenoid com~sition of FCRG 51 has been 
reported previously [S], with fucoxanthin present as the 
major component along with carotene and four other 
unidentified yellow xanthophyll fractions. HPLC analysis 
of our sample confirmed the presence of carotene but 
insufficient material was available to identify the other 
carotenoids. The low abundance of carotenoids in our 
sample (0.01%) may be due to the delay between sample 
preparation and extraction. Loeblich and Fine [7], in 
reclassifying this alga to the Chloromonadophyceae, 
asserted that the dinoflagellate plastids did not contain 
fucoxanthin. The more recent report by Gibbs et al. [8] 
transferring 0. luteus to the Chrysophyceae emphasized, 
in contrast, that marine chloromonads do not contain 
fucoxanthin. The absence of fucoxanthin in chloro- 
monads has been also noted by Chapman and Haxo [ZO] 
in two freshwater unrelated members of the 
Chloromonadophyceae. The chlorophyll a: c ratio (ca 3.0) 
of 0. muters (FCRG 51 chlorophyll a:c = 5.73) also 
indicated that this alga was not a xanthophyte, since 
xanthophytes unlike dinoflagellates and chrysophytes 
have only traces of chlorophylls c1 and cl, The chloro- 
phyll a:c ratios of xanthophyt~ were found to range from 
55 : 1 to 116: 11211. Thus, based on pigment data alone (in 
particular the chlorophyll ratios), the unicellular alga 
FCRG 51 appears linked to either the Dinophyceae or 
Chrysphyceae. 

Fatty acids 

The major fatty acids detected in the alga FCRG 51 in 
decreasing order of abundance were: 16:O; 22:603*, 
18:5&3, 18:4w3, 18:2w6, 20:503, 18:109 and 14:0 
(Table 2). The high propo~ion of C,, and C,, poly- 
unsaturated fatty acids (PUFA’s = 48.9%) is in accord 
with previous analyses of marine dinoflagellates [13-161. 
Similar distributions have been noted in several COG 
colithophores [2]. Members of the Chrysophyta, of which 
diatoms (Bacillariophyceae) are prominent constituents, 
usually show a very different distribution with 16:0 and 
16: 107 predominating [22-24-j. Another common fea- 
ture of diatom lipids is that C,, fatty acids are very minor 
components and high relative concentrations of the C2,, 
PUFAs 20:4&l and 20: 5~3 are present. Thus, based on 
its fatty acid ~om~sition, the alga FCRG 51 does not 
relate to the Chrysophyta as proposed by Gibbs [S]. 

The high abundance of the unusual fatty acid 18: 5~3 is 
particularly striking. This acid is found in many dinoflag- 
ellates [ 15, 161 and it has been proposed as a biological 

*Double bonds are num~red from the methyl end of the 
molecule (O notation) or from the carboxyl end (A notation); all 
subsequent double bonds are methylene interrupted. 

Table 2. Fatty acid composition of FCRG 51 

Acid ECL* o? composition 

14:o 14.00 3.4 
14:f 14.15 0.05 
15:o 15.00 TR 
16:O 16.00 32.8 
16:107 16.32 2.0 

trans 16:lw13 16.41 TR 
16: 1~5 16.44 TR 
18:O 18.00 1.9 
18: lw9 18.25 5.7 
18:lw7 18.33 0.2 
18:2w6 18.77 6.4 
18:3w6 19.07 0.3 
18:3w3 19.42 1.6 
18:403 19.76 6.8 
20:o 20.00 2.4 
18:5w3 20.22 11.3 
20: 109 20.26 0.3 
20: 1~7 20.32 0.6 
20:4w6 21.25 0.9 
20: 5~3 21.98 3.5 
22:o 22.00 0.7 
22:5w3 24.04 0.2 
22:6w3 24.27 17.9 

PtJFAst 48.9 
Saturated fatty acids 41.2 
Monoenoic fatty acids 8.85 
Total concentration (% dry wt) 9.0 

*Equivalent chain length (ECL) on SiL-47-CNP. 
t PUFAs, Polyunsaturated fatty acids with 3 2 double bonds. 
TR, trace, < 0.05 %. 

marker for dinoflagellate lipids in marine food chain 
studies [lS]. Although it has been recently identified in 
several coccolithophorids [2], this acid is apparently not 
present in other genera of unicellular algae. Both potential 
precursors of this acid, viz. 18:403 and 20: 503, are 
present in this alga, so we cannot confirm that 18 : Sw3 is 
solely formed by &oxidation of 2O:Sw3, as suggested 
previously. Comparison of the fatty acid composition of 
FCRG 51 with algae of the genus Ex~uiaeZla or with 
members of the Chloromonadophyceae is not possible 
since lipid analyses of these algae have not been previously 
reported. 

Several monounsaturated fatty acids were detected in 
FCRG 51. In decreasing order of abundance these were: 
18: lw9,16: 107,20: lw7,20: lo9 and 18: 1~7. Oleic acid 
(18: 1~09) represented over 60% of the totai monoenoic 
acids (Table 2). The predominance of A9 isomers, such as 
18: 1~9 and 16:lw7, suggests the presence of a A9 
desaturase which acts primarily on 18:Oand 16:0. Of the 
few analyses of fatty acids in dinoflagel~tes, only one 
presents details of the double bond isomers [16]. The 
presence of small quantities of 18: 107 in the alga FCRG 
51 should be noted. This acid is more commonly as- 
sociated with bacterial biosynthesis but its isolation here, 
and from the dinoflagellate Prorocentrum minimum [ 161, 
is further evidence for its widespread distribution in 
marine algae [2,4, 223. 

The finding of 18: Sw3 in the alga FCRG 51, along with 
the similar distribution of fatty acids to that found in 
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other dinollagellates, suggests that a relationship of this 
alga to the Dinophyceae exists. An alternative view that 
the acid 18: 5~3 may be distributed more widely than 
previously realized is a possibility. It is apparent, however, 
that further related unicellular algae need to be analysed 
before classification based on fatty acid data alone can be 
achieved conclusively. 

Sterols 

Eleven different sterols were detected in FCRG 51 
(Table 3) and these can be conveniently grouped, on 
biosynthetic grounds, according to whether they have a 
methyl group at C-4 @-methyl sterols) or not (4-des- 
methyl sterols). Six 4-desmethyl sterols were identified 
and these represented 59 % of the total sterols. The major 
4-desmethyl components were 24-methyicholest- 
5,24(28)-dien-38-01 (24methylene cholesterol) (36.5 %) 
and 23,24-dimethylcholesta-5,22E-dien-3fl-ol (19.0 %). 
Five Cmethyl sterols were present, representing 41% of 
the total sterols, of which only two were identified. These 
were ~,23,2~trimethyl-5a~holest-22-en-3~-ol (dino- 
sterol) (20.0 %) and 4a,24-dimethyl-5a-cholest-22E-en-3/?- 
01 (3.8%). 

The sterol compositions of several species of dino- 
flagellates have been studied [9-12, 25-J following the 
identification of the unusual sterol dinosterol in the 
photosynthetic dinoflagellate GonyauIux tantarensis [9]. 
This sterol appears to be unique to dinoflagellates and, 
thus, has been used as a ‘biological marker’ for dinoflagel- 
late input to marine sediments [26]. 

Djerassi [27] has drawn attention to the presence of 
trace amounts of 22S,23S-methylen~hol~terol in some 
marine organisms and suggested that it may be misidenti- 
fied as 24-methylenecholesterol due to its similar mass 
spectrum and GC R,. It is important to discriminate 
between these two sterols since their presence can be an 
indication of the biosynthetic pathway of side chain 
alkylation operating in the alga. To confirm that the major 
sterol in FCRG 51 was indeed 2~methylen~holestero1, 
we hydrogenated an aliquot of the total sterol mixture. 
This produced three major sterols, the most abundant of 

which had a mass spectrum identical to that of 24-methyl- 
5a-cholestan-38-01 and coeluted with it by capillary GC. 
This is the expected hydrogenation product of 24-meth- 
ylenecholesterol and, thus, rules out a 22,23-methylene 
side chain for the major sterol in FCRG 51. The other 
major sterols in the hydrogenation product were identi- 
fied, from their mass spectra and GC elution times, as 
23,24-dimethyl-5a_cholestan-38-01 and 4a-23,24- 
trimethyl-5a~holes~n-3~-ol (dinostanol), thus support- 
ing the sterol identifications in Table 3. The identity of the 
minor hydrogenation products, which may help to eluc- 
idate the structures of sterols 8, 9 and 11 are under 
investigation. 

The structural diversity of sterols found in FCRG 51 is 
not typical of the dinoflagellate species analysed to date. 
For example, many species of Gonyuulax contain only 
cholest-S-en-38-01 (cholesterol) (42-65 %) and dinosterol 
[28]. In the alga, FCRG 51, cholesterol is a very minor 
sterol and its role as a membrane constituent seems to be 
taken by sterols alkylated in the side chain. Few dinoflag- 
ellates contain high proportions of C,, and C,, 4- 
desmethyl sterols; many contain cholesterol [28] and a 
few contain other CZ, sterols, such as cholesta-5,7-dien- 
3&01 [ 121 and cholesta-7,22-dien-3~-ol [ 121. Exceptions 
include Gonyaulax monilata, which contains gorgostanol 
and an unusual sterol, 23-methylene-24-methyl- 
cholestanol [29], and the freshwater dinoflagellate, 
Ceratium hirundinella, which has been reported to contain 
24-methylcholestanol [30]. A number of C,, and CZ9 
stenols (sterols containing a nuclear double bond) and 
stanols have been identifi~ in the culture medium of a 
bioluminescent dinoflagellate Pyrocystis lunula [3I]. 
However, many species have yet to be studied and 
preliminary data (unpublished) suggests that the range of 
sterols biosynthesized by dinoflagellates may be wider 
than the present limited number of reports indicate. 

The predominance of 24-methylenecholesterol in 
FCRG 51 is unusual. This sterol has not previously been 
reported as the major sterol in dinoflagellates but, rather, 
is more common in diatoms, where it can be the major 
sterol present [32]. Small amounts of 24-methylenechol- 
ester01 have been isolated from the culture medium of 

Table 3. Sterol composition of FCRG 51 

Sterol RR,* ScanNot MW$ Identification 7; of total 
sterols 

1 1.00 2458 458 Cholest-5-en-3/3-o] 0.4 
2 1.12 2503 470 2~Me~hyl~hol~~-S,22~~ien-3~-ol 1.1 
3 1.28 2564 470 24-Methylcholesta-5,24(28)-dien-3/3-ol 36.5 
4 1.32 2574 472 24-Methyl-5a~ho~es~n-24(28~n-3~-ol 0.2 
5 1.39 2599 484 23,24-Dimethylcholesta-5,22E-dien-3/?-o] 19.0 
6 1.42 2613 486 23,2~~methyl-5a~holest-22~-en-3~-ol is 
7 1.47 2626 486 4a,24-Dimethyl-5a-cholest-22E-en-3/Lol 3.8 
8 1.60 2673 484 4a-24-Dimethylcholesta-5,7-dien-3/?-ol 1.8 
9 1.66 2695 486 Unidentified; 4-methyl sterol 5 6.8 

10 1.79 2745 500 4a,23,24-Trimethyl-5a-cholest-22-en-3&ol 20.0 
11 1.95 2798 500 Unidentified; emethyl sterol [I 8.9 

*RR,, cholesterol 1.00; 2~thylcholesterol 1.63. 
tGC/MS scans are 1 set apart. 
$MW of TMSi ether derivative. 
§Identified as 4,24-dimethyl-Sa-cholest-24(28)-en-3/?-o]. 
llldentified as either 4,23,24-trimethyl- or ~me~hyl-24-ethyl-5~-cholest-24(28)-en-3~-ol. 
4-Desemethyl sterols, 58.8 7;. 
4-Methyl sterols, 41.3 7”. 
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Pyrocystis lunula [31], and it has been identified in some 
dinoflagellate zooxanthellae [33]. The nuclear saturated 
analogue, 24-methylenecholestanol, has been reported in 
a freshwater dinoflagellate but the concentration of this 
stanol is very low (0.2%) in FCRG 51. Another minor 
sterol in FCRG 51 is 24-methylcholesta-5,22E-dien-3B-ol 
(1.1%). This sterol is rarely found in dinoflagellates 
although it is common in diatoms [17] and some coc- 
colithophorids [2]. 

Another unusual feature of the sterol distribution is the 
abundance of 23,24-dimethylcholesta-5,22E-dien-3fi-ol 
(19 % of total sterols). This sterol was first isolated from a 
soft coral [34] and since then it has been identified in 
molluscs [35], a diatom [22] and a coccolithophore [2]. 
There are no reports of its isolation from dinoflagellates 
despite the abundance of its ring saturated 4-methyl 
analogue, dinosterol, in these algae [12]. However, this 
sterol has been detected in a number of marine sediments 
[36,37] and it seems likely that it is far more widespread in 
marine organisms than the present, very limited data, 
indicate. Since unicellular algae form the base of the 
marine food web, it is probable that its presence in higher 
marine organisms, such as corals and molluscs, is due to 
ingestion of algae in their diet. 

Sterol biosynthesis 

Withers et al. [38] have studied the biosynthesis of the 
23,24-dimethyldz2 side chain of dinosterol using exper- 
iments in which CD,-labelled methionine was incor- 
porated into the marine dinoflagellate Crypthecodinium 
cohnii. They proposed that the C-24 methyl group is 
introduced first via a 24-methylene intermediate. The C- 
22 double bond is then introduced followed by insertion 
of the C-23 methyl group by transmethylation from the 
methionine donor. A similar mechanism could account 
for all the structural features of both the 4-methyl and 4- 
desmethyl series of sterols in FCRG 51. In the 4- 
desmethyl sterol series the probable biosynthetic route 
is: cholesterol -+ 24-methylenecholesterol -+ 24-methyl- 
cholesta-5,22E-dien-3fi-ol -+ 23,24-dimethylcholesta-5, 
22E-dien-3/l-ol (Fig. 1). Our inability to detect 24- 
methylcholesterol in FCRG 51 does not invalidate the 
proposed pathway but implies only that this sterol is not 
accumulated by this alga, in common with most uni- 
cellular algae. 

The alternative possibility that the C-23 methyl group is 
introduced prior to the C-24 group appears to be ruled 
out since no 4-desmethyl sterols were detected which 
contained either a methyl or a methylene group at C-23 
and not C-24. Such sterols have been isolated from a few 

marine organisms, including a dinoflagellate [lo]. 
Djerassi [27] has argued that the direct alkylation of a C- 
22 double bond at C-23, in the absence of a C-24 
substituent, is a feasible process. It may be that several 
pathways of C-24 alkylation have developed in different 
unicellular algae. 

Small quantities of two 4-desmethyl sterols with satu- 
rated ring systems (stanols) were identified in FCRG 51 
(Table 3). Stanols do not appear to be common in 
unicellular algae [22, 381, although a few species have 
been reported to contain low concentrations [25,39,40]. 
It is noteworthy that the stanol-steno1 ratio is very low for 
the 4-desmethyl sterol fraction, but the reverse is true for 
the 4-methyl sterols. Small quantities of 4-desmethyl 
stanols have been isolated from dinoflagellates [ 12,25,30] 
suggesting that this biochemical feature may be common 
within this algal group. Dinoflagellates are a likely source 
of Sa-stanols in marine sediments. In oxic environments, 
the more facile degradation of unsaturated sterols is likely 
to lead to much higher stanol-steno1 ratios than those 
typically found in algae. 

No data are available concerning the mechanism by 
which stanols are biosynthesized by dinoflagellates but, 
perhaps, the mechanism is analogous to that operative in 
animals and bacteria; that is the As-sterol is first oxidized 
to a 3-oxod’-sterol, which rearranges to the 3-0x0-A4 
system, which in turn is reduced to the Sa-stanol. The only 
report of 3-0~0 steroids in dinoflagellates is the identifi- 
cation of dinosterone in Crypthecodinium cohnii [12], but 
this compound class has not been the subject of detailed 
study. No steroid ketones were detected in the total 
neutral extract of FCRG 51 but it is possible that they 
were present in concentrations below our GC/MS detec- 
tion limits (ca 0.1% of total sterols). 

The predominance of dinosterol (4a,23,24_trimethyl- 
Sa-cholest-22E-en-3fi-01) in the Imethyl sterol fraction of 
FCRG 51 is shared by most, if not all, marine dinoflagel- 
lates. Dinosterol has not been isolated from any other 
class of unicellular algae, which has prompted its use as a 
‘biological marker’ for dinoflagellate lipids in marine 
sediments [26]. The only other Cmethyl sterol which was 
fully identified was sterol 7 @x,24-dimethyl-5a-cholest- 
22E-en-3/3-01). This sterol has a very similar mass spec- 
trum to that of the 4-desmethyl analogue [36], with the 
exception that ions involving the A ring are shifted up 14 
amu due to the 4-methyl group. A similar compound, 
4a,23-dimethyl-Sa-cholest-22-en-3/3-o1 (24-desmethyl- 
dinosterol), has been found in a dinoflagellate, Gonyaulax 
diagenesis [lo], which supports the view of Djerassi [27] 
that alkylation of a A22 double bond at C-23 does occur in 
nature. Our assignment of the side chain methyl group in 

?-l-f+-YJY 
R 

)+/.L-‘r-h;/ 

R R 

Fig. 1. Probable biosynthetic pathway of the Cdesmethyl sterol series in the alga, FCRG 51 
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sterol 7 to C-24 and not C-23 is, thus, of interest. This for 2 hr. Neutral lipids were extracted into heptaneCHC1, (4: 1) 
identification derives from the base peak in the mass and, after acidification (pH 2), the fatty acids were similarly 
spectrum being m/z 69 which we take to be indicative of extracted. Fatty acids were converted to Me esters using 
cleavage of a C, group a to the AZ2 double bond. This BF,-MeOH,and purified by TLC [4]. The neutral lipid fraction, 
feature is particularly prominent in the spectra of TMSi containing predominantly sterol and alcohol components, was 
ethers of 23,24-dimethyl sterols, such as dinosterol, where treated with BSTFA to produce the corresponding TMSi ethers. 
cleavage a to the AZ2 double bond is further enhanced by Fatty acid Me esters and sterol-TMSi ethers were analysed by 
the 23-methyl group. Side chain cleavages in 24des- FID GC using a SE30 glass SCOT (45 m x 0.3 mm i.d.) capillary 
methyldinosterol would not yield the m/z 69 ion since column, temp. programmed from 140” to 280” at Z”/min. He was 
cleavage a to the double bond would yield a C4 fragment. used as carrier (linear flow: 20 cm/se+ The fatty acid Me esters 
4a,24-Dimethylcholest-22-en-3jI-o1 is probably the bio- were also analysed on a polar SIL-47~CNP glass WCOT (43 m 
synthetic precursor of dinosterol and its presence in the x 0.2 mm i.d.) capillary column temp. programmed from 100” to 
alga FCRG 51 provides support for the suggestion by 240” at 3”/min. Injector and manifold temps. of 280” and 300”, 
Withers er al. [38] that alkylation occurs first at C-24 and respectively, were used. Fatty acid Me esters were identified by 
then at C-23. This may not be true for all dinoflagellates, co-chromatography with authentic standards and by ECL mea- 
but in FCRG 51 it seems very likely that the side chains of surements [42-45]. Each lipid component was quantified from the 
both the 4-methyl and 4-desmethyl series of sterols are calibrated FID response.. Relative proportions are subject to 
biosynthesized by the same sequence of alkylations. maximum errors of + 5 %. 

Another characteristic feature of dinoflagellates is their 
ability to biosynthesize a number of other 4-methyl 
sterols. However, a discussion of the other 4-methyl 
sterols present in FCRG 51 must await a more detailed 
study of their structure. In sediments where much of the 
organic matter is derived from dinoflagellates, as in the 
Black Sea, a variety of 4-methyl sterols have been 
identified [41] and it is thought that these components are 
derived from dinoflagellates. Several of these sterols have 
yet to be isolated from any aquatic organism and a more 
detailed search for such lipids in marine plants and 
animals would be valuable in the interpretation of the 
organic geochemistry of these Recent sediments. 

Chemotaxonomic conclusions 

The presence of the ‘biological marker’ for dinoflagel- 
lates, dinosterol, in the unicellular alga, FCRG 51, along 
with the occurrence of a number of 4-methyl sterols, 
which are also characteristic of members of the 
Dinophyceae, would appear to provide strong grounds 
for assigning this alga to the Dinophyceae. Sterols have 
proved to be strong biological taxonomic markers to date 
and, in the case of FCRG 51, there is strong back-up 
evidence provided by the data from fatty acid and pigment 
analyses. The strength in the use of these chemical lipid 
markers as taxonomic indicators increases in the order 
fatty acids c pigments c sterols in the particular example 
under study. Taken together, the evidence presented here 
points strongly to the classification of the unicellular 
marine alga, FCRG 51, as a member of the Dinophyceae 
and not to the Chloromonadophyceae or Chrysophyceae 
as previously proposed [6-8-J. Further lipid analyses, of 
the type described here, of similar algae which have been 
placed in the Chloromonadophyceae [6, 71 and in the 
Chrysophyceae [8], based on a variety of cell ultrastruc- 
ture determinations, would be taxonomically of much 
importance and clearly needs to be undertaken before 
classification of these algae can be taken as definitive. 

Sterol identifications were based on co-injection with authentic 
standards, RR, measurements and by comparison of MS with 
standards and previously reported spectra. An aliquot of the total 
neutral fraction, after the addition of MeOH and Adams catalyst, 
was hydrogenated for 3 hr with mechanical agitation in a Parr 
Hydrogenator (270 kPa, 25”). C-CC/MS conditions have been 
described previously [22]. Major ions in the MS of the TMSi 
derivatives of each of the sterol components were as follows. 
Sterol2 m/z (rel. int.): 470 [Ml+’ (12) 380 (13), 340 (15), 282 (7) 
255 (27), 129 (50), 69 (100); sterol 3: 470 [Ml” (8), 455 (7), 386 
(28), 341 (27) 257 (15), 129 (100); sterol4: 457 (5), 388 (66), 345 
(30). 255 (27), 215 (30), 75 (100); sterol 5: 484 [Ml” (4), 394 (3), 
372 (5) 351 (4), 343 (lo), 323 (4), 255 (16), 139 (16), 129 (13), 97 
(16), 83 (23), 69 (100); sterol6: 374 (6), 345 (16) 257 (18), 139 (1 l), 
97(24),83(25),69(lOO);sterol7:486[M]+~(16),471 (4),388(13), 
359 (18), 271 (44), 229 (6), 69 (100); stero18: 484 [M] + (73), 393 
(37), 379 (lo), 355 (4), 267 (26), 241 (29), 227 (40), 69 (100); sterol9: 
471 (lo), 402 (lOO), 387 (13), 359 (48), 297 (20), 269 (30), 229 (35); 
sterol 10: 500 [Ml” (3), 388 (7), 359 (19), 271 (21), 139 (lo), 97 
(24), 83 (25), 69 (100); sterol 11: 500 [Ml+’ (5), 485 (6), 402 (15), 
387 (85), 359 (27) 297 (61), 283 (40), 121 (66), 95 (97), 57 (100). 
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