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Abstract-Hydrocarbons, alkyl and steryl esters, free sterols, trlacylglycerols and free fatty acids were extracted from 
four species of cultured freshwater chrysophytes. 21 6 and 21.5 alkenes were identified m two species which also 
contamed the presumed C,, polyenolc fatty acid precursors Even carbon number (C2s-C&) saturated and 
unsaturated alkyl esters occurred, together with esters of phytol, m all species The dommant free sterol was either 24- 
ethylcholesta-5,22E-dlen-3P-ol or 24-ethylcholest-5-en-3/I-01, steryl esters showed a predominance of the same steryl 
moiety, identified by GC-MS analysis, as that dominant in free sterols from the same algal species The presence of 
unsaturated acyl groups linked to steryl esters from Synura uuella was demonstrated by trans-esterlficatlon. The acyl 
composltlon of trlacylglycerols (TG), determined after transesterlficatlon, showed the absence of unsaturation m TG 
from Mallomonas caudnta but ca 50% of unsaturated acyl groups m two species Determination of the molecular 
composltlon of intact TG by GC-MS revealed the presence of lower homologues contammg a C, acyl group In 
Dinobryon dwergens and M caudata Free fatty acids showed high relative abundances of 14.0 and polyenolc acids. 

INTRODUCTION 

The taxonomy of the phylum Chrysophyta has been 
clarified by the transfer of several genera, mainly marme 
organisms, mto the Prymnesiophyta [ 11, some species of 
which have been the subject of recent chemotaxonomic 
studies [2]. Organisms remammg m the Chrysophyta are 
mainly freshwater genera that are important components 
of the nannoplankton m colder ohgotrophic water bodies 
and are very sensitive to changes m the aquatic envlron- 
ment A characterlstlc feature of the phylum IS the forma- 
tion of a cyst or statospore; some families possess sllici- 
fied scales. These microfosslls may be preserved m sedl- 
ments and thus provide evidence of changes m aadlfi- 
cation [3] or trophlc status [4] of lakes, based on the 
ecology of the source organism Volatile degradation 
products from chrysophyte blooms also cause odour 
problems m potable waters [S], but the lipid blochemls- 
try of freshwater chrysophytes has been little studied 
apart from the total fatty acids [6] and sterols [7] 
recovered after sapomficatlon. Species belonging to the 
order Ochromonadales [S] (Chrysomonadales [9]), the 
largest order of the Chrysophyta, possess two flagella of 
unequal length The hplds of four species (Table 1) dls- 
trlbuted between three famlhes within this order have 
been analysed to obtain more information about fresh- 
water chrysophytes and to faclhtate recognition of sedl- 
mentary marker molecules typical of this phylum 

RESULTS AND DISCUSSION 

The lipid concentration data for the specific compound 
classes determined by GC-MS analysis are given m 
Table 2 

Hydrocarbons 

Hydrocarbons occurred in low abundance m all spe- 
cies except for Synura The latter contained two C,, 
polyenes, showing RI values [lo] of 2033 and 2037 on an 
apolar 50 m GC column. Analysis on a polar phase 
(Supelcowax 10) showed RI values of 2290 and 2350, 
respectively, consistent with 21.5 and 21.6 alkenes [ll, 
121 but not allowing a dlstmctlon between lsomerlc 
structures, m the absence of authentic compounds. 

Analogous studies on the hydrocarbons of Syncrypta 
showed the same two compounds as minor products in 
addition to the n-C,, alkane and a 17 1 alkene as maJor 
constituents The site of unsaturatlon m the latter may be 
cwA7 from comparison of RI values (1670 on DB-1,1722 
on Supelcowax 10) with pubhshed data [12]. Hydrocar- 
bons of the remammg species showed, usmg a short GC 
column, an unresolved peak correspondmg to the C,, 
polyenes but they were not studied m detail 

Three marme species, now classified with the Prymne- 
slophyta [l], but previously regarded as chrysophytes, 
were reported to contam C,, 6 as the dominant hydro- 
carbon [13]; Its formation was attributed to the activity 
of a specific 22:6 fatty acid decarboxylase 

Estertjied lrpids 

Alkyl esters, steryl esters and trlacylglycerols were 
detected m each species by GC analysis of the hpld 
fraction showing appropriate TLC mobility. Variations 
in the relative abundance of total alkyl relative to total 
steryl esters, which co-elute during TLC separation, show 
that the organisms form two groups (Table 3). Maflom- 
onas and Synura, belonging to the same family, Mallom- 
onadaceae, contam a higher proportion of steryl esters 
than the other two species, but differ considerably in the 
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Table 1 Algae from the order Ochromonadales used m the study 

Species 

1 Dmohr~~n dmeryen;, Imhof 

2 Mallomonas caudatu Iwanoff 

3 Syncryptu glohosa (Schlller) 

Bourrelly 

4 S?;nura uoella Ehrenberg 

emend Korschlko\ 

Dmobryondceae 

Mallomonddacede 

Ochromonadaccae 

Mallomonadaceae 

L 143 91711 Rydal Water Colomal. lortcdte species 

L 421 92914 Esthwalte Water Unicellular Slhceou~ 

scales on cell Long 

toothed spmes r,ldlntc 

from body 

L 422 958/2 Elterwater Colomal No \cdlc\ Some 

mucilage pre\cnt 

L316 96013 Priest Pot Colomdl Scales on cell 

,tnd tlagellar su&ce 

* tismg classlficatlon of Bourrelly [8] 

tculture Collection of Algae & Protozoa, Wmdermere Lab. The Ferry House. AmblesIde 
: Enghsh Lake Dlstrlct 

Family* 

CCap 

FBA No Not Source: Featurcc 
~~_ _ 

Table 2 LIpId composilion of four freshwater chrysophytes 
_________ 

CornposItIon (mg/g dry alga)* 

1 2 3 4 
____-- 

Solvent extractable hplds 148 135 120 129 

Hydrocarbons (total) 06 17 1 1 106 

Wax esters 143 32 41 48 

Steryl esters 20 14 08 24 

Triacylglycerols 65 112 45 41 

Sterols 120 29 1 140 56 

Alcohols 13 20 22 14 

Monocarboxyhc acids 167 146 19 9 65 

Polar hpldst 77 5 48 5 570 88 0 

*For species Identlficatlon, see Table 1 Quantitdtion, based on weight of 

Isolated lipid components, IS the mean of two analyses 

tFor (4) Includes Me,CO and MeOH eluates from column chromato- 

graphy, fucoxdnthm present m the former. for other species hplds retdmed 
at orrgm during TLC 

relative abundance 
1 6%, respectively) 

Alkyl esters 

A series of even 

of saturated alkyl esters (13 4 and 

carbon number saturated and un- 
saturated n-C&-C,, esters, together with phytyl esters 
elutmg m the same GC retention range, were detected 
Unsaturated esters became more dominant and showed a 
greater degree of unsaturatlon with increasing M, 

GC-MS was used to confirm tentative ldentlficatlons 
based on GC retention data and also to determme the 
molecular composition of co-elutmg saturated esters 
(Table 4) from the relative mtensltles of the [RCO,H,] + 
ions m summation spectra obtained from each GC peak 
[14]. The data shows considerable slmllarlty m molecu- 
lar cornpositron of corresponding homologues except for 
the C,, ester from Lhobryon 

Monoenoic esters were identified from their [M] ’ and 
the presence of intense peaks correspondmg with the 

[RCO - 11’ and [RCO] + ions of unsaturated C,, and 
C, 8 acyl moieties Resolution within GC peaks Identified 
as monoenolc esters suggested the presence of (07 and 09 
unsaturation, previously confirmed m sedimentary esters 
by analysis of transesterllied products [ 141, and slmllarly 
demonstrated m Synura (Table 5) The C,, and CA8 
dlenolc esters occurring m Mullomonu.\ and the C,, 
component from the remaining species showed alkyl and 
acyl fragment ions and also [M] ’ consistent with the 
maJor constituents being 20 1 16 1 and 22 1 ~16 1 for 

C 36 2 and C,, 2. respectively 
Wax esters contammg 20 1 and 22 1 alkyl groups 

occur m some species of marme zooplankton [IS] In 
calanoid copepods these alkyl moieties were thought to 
originate from de nu~‘o biosynthesis of fatty acids from 
protein and carbohydrate dietary precursors The pre- 
sence of these alkyl moieties m chrysophyte wdax esters 
may serve as a dietary source for freshwater zooplankton, 
however, httle IS known about lrptd constituents m the 
latter 



LIpIds of freshwater chrysophytes 1055 

Table 3. Percentage composltlon of wax/steryl esters m four freshwater 

chrysophytes 

% Composltlont 

Constituent* 1 

Alkyl esters 

n28:O 18 

br/u 30 2.0 

Phy-12 0 12 

n30 0 37 

br/u 32 37 

Phy-14 0 25 8 
1132 0 4.4 

br/u 34 63 
Phy-16:0 31 

n34 0 60 

1136 2 90 

1136: 1 68 

Phy-18 0 19 
n36 0 40 

n38 2 SO 

n38 1 3.2 
Umdentltied ECL 38 85 

Total % 87 9 

Steryl esters 

27A5-14 

29A5=-14 

27A5-16129 As-14 

29A==-16 

29A5-16/27As-18 

28A5-18 
29A5=-18 

29A5-18 

Total % 

10 

15 

54 

10 

21 

tr 
09 

119 

2 3 

1.9 12 

20 24 

36 

49 
37 

38 

43 

13 

28 

15.0 

14s 
18 

13 

2s 

11 

52 

69 7 

31 

61 

39 

SO 

93 

14 

58 

27 8 

54 

19 
34 

58 
- 

82 5 

1.3 12 
34 12 

54 78 

09 3s 
22 2.3 

102 tr 

67 11 

30 1 17 1 

03 

09 

48 

02 

2.3 

08 

OS 

27 3 

23 4 

03 
15 

08 

16 

65.2 

tr 

06 

11 

1.0 

0.4 

19 

127 
14.0 

317 

*Alkyl esters denoted by total number ofcarbon atoms double bonds or 

as alkyl-acyl chams m the case of phytyl esters n straight-cham; br/u ISO- 
branched and n-monoenolc consntuents unresolved ECL Equivalent 
cham length from GC elutlon time 

Steryl esters denoted as steryl-acyl constituents, 28 and 29 steryl moletIes 

possess 24-methyl and 24-ethyl substltuents analogous to free sterols Acyl 

unsaturatlon not given as dlagnostlc Ions not observed. tr Trace (0 5%) 

tSpecles ldentlficatron given m Table 1 

Phytyl esters were recognised by mass fragmentogra- 
phy using the m/z 278 ion and confirmed by comparison 
of full mass spectra with those of authentic samples, as 
described previously [16]. The C,, phytyl ester was 
unusually dommant m Dmobryon (Table 3) and is the 
maJor phytyl ester in all species. Other algal sources of 
phytyl esters mclude dmoflagellates belonging to the 
family Perldiniaceae [17, 181 and also certam freshwater 
chlorophytes (Cranwell, P. A., unpublished results) 

Steryl esters 

The molecular composttion of the steryl esters (Tab- 
le 3) shows 24-ethylcholesterol and 24-ethylcholesta- 
5,22-dienol to be the major sterol moleties, based on mass 
spectral fragmentation Constituents having GC retention 

data Indicative of C, s acylated sterols were dommant in 
Mallomonas and Synura. EI mass spectra of steryl esters 
show no dtagnostlc acyl ions [19], thus an alternative 
method of identifying acyl groups was necessary In the 
alkyl/steryl ester fraction isolated from Synura the five 
most abundant constituents totalled 82% of the fraction. 
Because of Its relative slmpliclty, this mixture was sub- 
jected to base-catalysed transesterificatlon using 
NaOMe SIX constituents together represented 93% of 
the total fatty acid methyl esters (Table 5). Among the 
C,s acids, the predominance of mono- and dienolc con- 
stituents (50%) over 18.0 (2%) demonstrate that the 
maJor steryl esters in Synura were 29As,22-18~ l/18:2 and 
29A5-18:1/18.2. The significant amount of 16.1 ester 
obtained 1s consistent with mass spectral evidence that 
the major 36.2 ester is 20.1-16: 1. 

There are few previous reports of steryl esters in 
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Table 4 Molecular cornposItion of saturated alkyl esters m four cultured freshuater 

chrysophyte\ 

“/o Composltron* 

Carbon 

number AlkylLacyl 1 2 3 4 

28 14-14 

12m 16 

16m 12 
30 I6 I4 

14 16 

IX I7 

12 IX 

32 I6 I6 

IX 14 

34 1% 16 
20s 14 

16 IX 

36 20 I6 
1x 1x 

22 I4 

50 

ND 40 

10 
46 58 

27 42 

27 

65 

35 
ND 

79 72 

II 20 

IO 8 

40 58 

54 26 

6 16 

X0 79 
10 9 

10 12 

65 57 

35 17 

2 

SO 
so ND 

Xl 
16 

3 i 
ND 

46 

42 ND 

12 

*Orgamsms numbered as m Table 1 ND Molecular composltlon not determmed 
Component absent 

Table 5 Percentage composltlon of fatty duds m hprd components of four freshwater chrysophytes 

Constituent* IF 

12 0 

14 0 26 5 

15 0 08 
16 0 167 

16 ltu9’r tr 

16 1017 58 
16 2(a) 

18 0 62 

18 lw9 20 

18 lw7 17 

I8 2~6 47 

18 3~3 15 0 

18 4w3t 12 8 

20 0 
20 4~6 26 

20 5w3 23 

22 50,3 23 

22 603 
Total unsatura- 

ted 49 2 

Total saturated 50 2 
- 

ITG 

31 
127 

45 

30 8 

91 

1 I 
86 

122 

149 
06 

I7 

05 

2F 

20 
123 

tr 

153 

tr 

49 

61 

60 
47 

49 

92 

14 1 
tr 

IX 

43 

73 

67 

-__ 
2TG 3F 3TG 

- 

_-- 
4F 

__~ 

49 

38 2 210 

59 06 

404 135 

36 

76 I2 

21 

06 

22 6 

114 

42 

10 tr 

18 

12 

132 

24 

24 

125 

35 

27 I 

88 

08 
140 

71 

19 3 

13 

26 

tr 

40 7 

0 5 

135 

tr 
12 

24 

16 

59 

68 
124 

24 

06 
0 5 

05 tr 

tr 09 

96 17 

1 1 16 

360 63 9 00 63 1 46 8 42 9 

63 8 35 7 98 0 36 3 53 1 56 3 

% Composition: 

- 

_____~_ 
4TG 4WE!SE 

24 

249 194 

15 
172 126 

30 113 

08 

3 0 IX 

164 104 

26 23 2 

176 166 

46 21 
24 

516 63 6 

46 6 36 2 
-__-- 

*Identification based on GC co-elutlon with authentx compounds, t tentative ldentlficatlon 

:Specles ldenttficatlon given m Table 1 F Free fatty acids. TG fatty acids released from trlacylglycerols, WEiSE fatty acids 

released from alkyl/steryl esters 

tr trace (~0 5%). ~~ constituent absent 

chrysophytes, however, an unldentlfied marme species three members of the Xanthophyceae [21], previously 
contamed 24E-n-propyhdenecholesterol as the dommant consldered as a class wlthm the Chrysophyta, but now 

esterlfied sterol[20]. Steryl esters contammg unsaturated regarded as a class equal to the Chrysophyceae, wtthm 
acyl groups were mferred by sapomficatlon of hplds from the Chromophyta [22] 
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Trlacylglycerols 

Constttuents containing 32-52 acyl carbon atoms were 
detected by GC analysis but those below C& were re- 
latively abundant only in Dmobryon (Table 6). A non- 
polar phase capillary column gave some fine structure at 
each carbon number. This feature results either from 
Isomers having saturated acyl groups varying widely in 
chain length or from drfferences m the number of un- 
saturated acyl groups [23, 241. Two procedures were 
used to obtain further mformation, uzz mass spectro- 
metry and transesterificatton. 

The molecular composttton of co-elutmg triacylglycer- 
01s was qualitatively determined by GC-MS operating in 
the EI mode (Table 6). The techmque enables the molecu- 
lar species of triacylglycerols containing saturated or 
monoenorc acyl groups to be determmed, but IS not 
apphcable to triacylglycerols containing polyenotc acyl 
groups [25] The trtacylglycerols of lower M, obtained 
from Dinobryon showed the presence of a C, acyl group 
(Table 6) as recently reported for a dmoflagellate, Wolos- 
zynskia coronata [17]. In trtacylgiycerols above Cb4, 
[RCO] + and [M - RCO,] + ions having m/z values m- 
drcatrve of unsaturatton were noted except for Mallom- 
onas, consistent with the absence of fine structure m the 
GC trace of the higher trtacylglycerols from this source. 
The molecular species resembled those prevtously re- 
ported m dinoflagellates [ 173. 

As GC elutton data suggested a dominance of un- 
saturated trtacylglycerols in Synura, the acyl compositton 
of methyl esters formed by transesterification was eluct- 
dated for all species by GC analysts using a polar liquid 

phase. The results (Table 5) confirm the presence of 

saturated acyl groups alone m Mallomonas, whereas, m 
the other three algal species, unsaturated motettes constt- 
tute 3652% of estertfied fatty acids. Only trtacylglycer- 
01s isolated from Synura contamed srgmficant amounts of 
the polyenorc acids occurrmg in a free state m all these 
algal species 

There are few prevtous studtes of the molecular com- 
posttron of intact trtacylglycerols of algal ortgm, how- 
ever, data for three freshwater dmoflagellates has been 
reported [ 171. Alkenotc and alkanotc acids released from 
algal trtacylglycerols by sapomficatton have been re- 
ported for dtatoms [26, 271, marme dmoflagellates [28, 
291, and green algae [30]. Polyenorc acids were major 
constituents in diatoms and also m green algae only 
during exponenttal growth. 

Variation of trracylglycerol content and composition 
with stage of growth, reported for green algae [30], was 
not studied; a stmtlar content (4 l-6 5 mg/g) was ob- 
tamed from three of the spectes analysed. 

Free monocarboxyllc acids 

Among saturated fatty acids 14:0 was dommant in all 
chrysophyte spectes except for Mallomonas, m whtch 
16.0 was only slightly more abundant (Table 5) Un- 
saturated acids consisted mainly of 18 2~6 together wrth 
polyenoic acids belonging to the w3 serves, the latter 
being relatively more abundant than m the estertfied 
lipids. Alkenotc acids belongmg to the w3 series have 
been previously noted m marme and freshwater chryso- 
phytes [6,31]. The presence of 22: 603 m low abundance 
IS consistent with tts postulated role as a precursor of the 

Table 6 Cham length dtstrtbutton and molecular spectes of trracylglycerols m four freshwater chrysophytes 

32 3 3 2 8112112 
34 5 3 2 4114116 
36 10 7 6 4116116 4116116 

12/12/12 
38 10 5 6 12/12/14 

4116118 
40 6 4 4 
42 6 19 4 3 12/12/18 14/14/14 14/14/14 

12/14/16 12114116 
44 8 31 1 3 14114116 14/14/16 14/14/16 
46~1 5 6 24 14/16/16.1 14/14/18 1 

14/14/18 2 
46 11 17 10 3 14/16/16 14/16/16 

48~ 11 15 32 
48 10 6 9 2 16/16/16 

14/16/18 
5ou 5 12 19 16/16/18 1 
50 4 3 3 1 
52 5 10 8 
54 1 3 4 

% Compositiont Acyl composttront$ 

CN* 1 2 3 4 1 2 4 

*Carbon number (excludmg glycerol skeleton); u = unsaturated 

iSpecIes tdenttficatton, see Table 1 
$Order of acyl groups does not reflect thetr posttron on the glycerol cham No data for components above C,, due 

to temperature hmttattons of CC-MS Interface, or to presence of polyenoic acyl groups [25] 
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21 6 hydrocarbon co-occurrmg m these species (see 
above) As the polar lipids of freshwater phytoplankton 

were analysed by GC. None of these freshwater species 

are characterized by a high polyenolc acid content [32], 
contained the novel dl-, trl- and tetraenolc methyl and 

free polyenolc acids (Table 5) may have been released 
ethyl ketones occurring m a restricted number of marme 

from polar hplds by endogenous hpases durmg extrac- 
prymneslophytes belonging to the order, Isochrysldales 

tion; such hpase activity may account for the high levels 
[2] and also found m marme sediments [39]. These 
ketones have, however, been found m some lacustrme 

of free fatty acrds (Table 2) and their composltlonal 
differences relative to trlacylglycerol or ester-bound fatty 

sediments [38] and may thus constitute potential blo- 

acids from the correspondmg source 
logical markers of a specific algal Input, as m marme 
sediments 

Sterols 

Free sterols were major lipid components of Mullom- 
onus (> 25 mg/g), rather less abundant m the remammg 
species (5-14 mg/g) Either 24-ethylcholesta-5,22E_dlen- 
3/%01 or 24-ethylcholest-5-en-3/&o] was dominant m all 
species (Fig 1) with mmor amounts of cholesterol and 
24-methylcholest-5-en-38-01 also present No assignment 
of C-24 configuratlon m the major C,, constituents 
could be made 

Chenlotaxorzomrc aspects 

Comparison between the data reported here and pub- 
lished data on algal hpld composrtlon confirms a feature 
of the order Ochromonadales. namely sterol compoqltlon 
dominated by 29A5 l2 and 29A5, that dlstmgutshes these 
chrysophytes from the prymneslophytes and xantho- 
phytes formerly classified with them (see recent review of 
algal sterols [40]) 

Previous studies on four Ochromonus species showed a 
dominance of 24R-ethylcholesta-5,22E-dlen-3/&ol [33, 
341 Synura petersenn contamed cholesterol and 24-ethyl- 
cholesterol [35]; the configuration of the latter was not 
reported. Two marme chrysophytes of the Sarcmochrysl- 
dales contamed a more complex free sterol composltlon 
among which 24E-n-propyhdenecholest-5-en-3fl-ol was 
the major product and 24S-ethylcholesta-5,22E_dlen-3P- 
01 also occurred [20, 361. In contrast the major sterol of 
two members of the Prymneslophyta, Chrysotda lame/- 
loss [2, 361 and Emzlwnu huxleyl [2, 371 IS 24S- 
methylcholesta-5,22E-dlen-3,&o], the opposite C-24 con- 
figuration to the freshwater chrysophytes 

The absence of long chain alkenones m the species 
analysed IS consistent with a reported correlation with 
sterol composltmn III the marme Prymneslophyta Only 

members of the order lsochrysldales that showed 24- 
methylcholesta-5,22E-dlen-3/&ol as dommant sterol were 
found to contam long chain alkenones [Z]. these were 
absent In prymneslophytes contammg the sterols noted 
m these freshwater organisms A more extended survey of 
freshwater chrysophytes might reveal organisms having 
28A5 ” as dommant sterol and also contammg long 
chain alkenones. thus constltutlng putative sources of the 
alkenones detected m lacustrme sediments 

The dominant stero1 moieties m the steryl esters (Table 
3) were also C,,A’, 22 and C,,A5, the C,, ester de- 
rivatives bemg particularly abundant m Synura and Mu/- 
lomonus and showmg a relative abundance parallel to 
that of the free sterols m the respective orgamsms, thus 
demonstrating a common blosynthetlc origin of the ster- 
oldal constituents 

The presence of 21 6 alhene IS consistent with a re- 
ported correIatmn m Its co-occurrence with the pigments 
fucoxanthm and chlorophyll c that are characterlstlc of 
several algal dlvlslons, mcludmg the Chrycophyta 

Long-chum ulkenoneb 

TLC separation of extractable lipids gave bands corre- 
sponding m moblhty to long cham ethyl or methyl 
ketones. as described previously [38], the constituents 

The hpld cornposItIon of four species of freshwater 
chrysophytes showed the followmg features m common 
(I) Presence of 21 6 hydrocarbon (II) Combined donn- 
nance of C,,A’ ” and C,,A’ sterols (111) Steryl esters 
showing a distrlbutlon of sterol moieties parallel to that 
of the free sterols from the same organism (IV) Presence 
of (03 polyenolc free fatty acids possibly derived from 
polar lipids by hpase activity during extractIon (v) High 
relative abundance of 14.0 among free saturated acids 
(vi) Trlacylglycerols showing a fatty acid composltlon 
different from that of the free fatty acids (VII) Absence of 
long cham alkenones 

abc d 

2 

Lll 
a cd abed abed 

Cm-bsflfuenf 

FQ 1 Percentage composltlon of free sterols m four chryso- 

phyte species numbered as m Table I Key to constituents (a) 

cholest-5-en-3/I-ol, (b) 24-methylcholest-5-en-3/?-oi, (c) 24- 

ethylcholestd-5,22E-dlen-3/?-ol: (d) 24-ethylchole\t-5-en-3P_ol 

EXPERIMENTAL 

Algal cultures were Inoculated Into me&urn, modified from 

Chu d\ de\crlbed III ref L41], dnd mcuhdted at 20 under 

contmuous lllummatlon from dayhght fluorescent tube\ gl\mg 
200 /cE (400~700 rim),‘‘“,,,, at the bdse of the fldsks Growth was 

stimulated by brlefly bubbhng CO2 through the aolns dt 3 day 

intervals to reduce pH to 6 5. cell densltles were momtored dally 
Ce& m }stc log-ph;ibe aerc hdrve\ted &cr SiO days usmg a 

contmuous-llow centrtfuge head at I? 000 rpm Typlcnl cell dcn- 

5tt1es when harvested were (‘I I8 l&13, 45 -80 and 60--90x 10” 

cclls;ml for specie\ I- 4, respectively The wet diga was extrdcted 

with CHCI, MeOH followed by CHCI, (Soxhlet), as deacrlbed 

prc\ lously [ 161 1 hc v, t of realdual algal matter wds dctermmed 
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after drymg at 90” Lipids were sepd by prep TLC on sthca gel G 

(thickness 5OOpm) pm-eluted with EtOAc Development with 

hexaneeEt,O-HOAc (89 10 1) gave a series of bands corre- 

sponding m mobthty to hydrocarbons, alkyl/steryl esters, alkan- 

2-ones, triacylglycerols/free fatty acids and alcohols/sterols, re- 

spectively, by compartson with authentic samples sepd on the 

same plate Constituents were recovered by elution with Et,0 

(bands l-3) or EtOAc (bands 4, 5) The trtacylglycerol/free fatty 

acid fract:Jn was esterified wtth CH,N, and the product re-sepd 

by TLC using the above solvent system to isolate fatty actd Me 

esters and trtacylglycerols Trtacylglycerols (and the alkyl/steryl 
ester fraction from Synura) were transestertfied by treatment 

with NaOMe-MeOH at 75” for 20 mm and the fatty acid Me 
esters recovered by extraction wtth Et,0 These hptd compo- 

nents were analysed by GC using open tubular fused sthca 

columns (15 m x 0 3 mm or 50 m x 0.2 mm) coated with an apo- 

lar phase, DB-I (15 m) or SE-30 (50 m) with H, as carrier 

Unsaturated fatty acid Me esters and alkenes were Identified 

from GC R, data obtamed on a column (30 m x 0 24 mm) coated 

with a polar phase, Supelcowax 10 Sterol fractions were treated 

with BSTFA to produce the correspondmg TMSi ethers prior to 

GC analy,us For path. hpul da%% the pr~cfntagr compoutmn. 

was determined by integration of GC peak areas, assuming 
equal FID response factors for all constituents 

Constituents other than alkenes and alkenotc acids were 

tdentrfied by GC/MS analysts using the shorter apolar column 
(above) mounted m a chromatograph fitted wtth an on-column 

injector and coupled to a quadrupole filter MS operating m the 

EI mode The ton source was operated at 40 eV with an tomz- 

atton current of 350 PA, MS data were acquned and edited using 
a data system 
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