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Abstract-The lipids of the brown alga Fucus serrutus were isolated, tdentdkd and quantdkd The maJor acyl lipids 

were the three glycosylglycendes, dlacylgalactosylglycerol, dlacyld@actosylglycerol and dracylsulphoqumovosylgly- 
cerol These represent over 70 % of the total acyl lipids The fatty acid cornposItions of the maJor hplds were exammed 
and most showed rather distinctwe fatty acid contents For example, dlacylgalactosylglycerol was ennched m n-3 
polyunsaturated fatty acids while phosphatldylchohne and phosphatldylethanolamme had very h@ levels of 
arachldonate Phosphatldylglycerol contained the unusual trans-A3-hexadecenolcc aad The labelhng of lipids and fatty 
acids from [‘4C]acetate was exarmned and the dlstnbutlon of label between mdlvldual components as a function of the 
incubation penod and m algae collected at different times of the year 1s reported Algae collected m the w-mter 
incorporated much more radloactmty into non-ester&d fatty acids when compared to algae collected in the summer 
All algae could label mpstate, palmltate, stearate and oleate at high rates Longer mcubatlon tunes allowed the 
labelhng of polyunsaturated fatty acids such as hnolelc acid 

INTRODUCTION 

The marme brown algae represent a very important and 
prohfic class of orgamsms In spite of this, relatively little 
1s known about their hpld composltlon in comparison to 
higher plants or to the Chlorophyceae Lipids compnse ca 
3 % of the dry weight of Fucus spp [i] with particularly 
large amounts of the three glycosylglycerldes which are 
charactenstlc of photosynthetic orgamsmsdlacyl- 
galactosylglycerol (MGDG), dlacyldigalactosylglycerol 
(DGDG) and dlacylsulphoqumovosylglycerol (SQDG) 
[2] The maJor phosphoglycende IS phosphatldylethanol- 
amme with smaller amounts of phosphatldylglycerol, 
phosphatidylchohne, phosphatldyhnosltol and dlphos- 
phatldylglycerol [3,4] A number of other minor acyl 
lipids have also been partly identfied, some of which have 
unusual or unique structures [S, 61 The Phaeophyceae 
are also extremely rich m polyunsaturated fatty acids 
including octadecatetraenolc, elcosatetraenolc and aco- 
sapentaenolc acids [3, 71 

There has only been one report of experunents on 
lipid metabolism m Phaeophyceae, It concerned work 
on labelhng of phosphoglycendes from [32P]ortho- 
phosphate [4] As part of a study of the effect of 
environment on hpld metabolism and photosynthesis m 
Fucus serratus, we have examined some features of acyl 
lipid and fatty acid labellrng from [14C]acetate In 
addition, we report a complete analysis of the fatty acid 
cornposItIon of mdlvldual lipid classes 

RESULTS AND DISCUSSION 

Using a method of lipid extraction which we had 
previously found to be the most effective and reproducible 
[4], we quantdied the individual hpld classes The results 
are shown in Table 1 It will be seen clearly that the three 
glycosylglycendes are the major hpld components, as 
reported m approximate terms before [3] The plant 

sulphohpld, SQDG, was the major lipid, representmg ca 
one third of the total acyl groups Fucus spp have been 
suggested to have one of the highest levels of this 
particular hpld amongst photosynthetic orgamsms 
[8,9] The two galactosylglycendes were present m ca 
equal molar amounts (Table 1) In contrast, phosphogly- 
cendes were relatively minor constituents (cf [4]) The 
composltlonal data was confirmed by analysis of 
phosphohpids by phosphate estunahon and of glycosyl- 
glycerides by sugar measurement and the use of a 
radmcountmg quench method [lo] 

A maJor unknown lipid was found which migrated 
faster than DGDG but slower than MGDG m the TLC 
systems used It was not labelled by [“P]orthophosphate 
or [“SS]sulphate and was Dragendorff posltlve 
Companson with authentic dlacylglycerol-O,N,N,N- 
tnmethylhomoserme (cf [ll]) showed that It was not this 
compound To date the unknown lipid has not been fully 
ldentfied but prehmmary data from NMR and mass 
spectroscopic studies suggest that it may be a dlmenc 
structure of high MW [M Kates and J L Harwood, 
unpublished results] 

Many plant and algal acyl lipids have dlstmctwe fatty 
acid composltlons (cf [ 123) Therefore, it was of interest 
to see whether a marme brown alga also showed such 
charactenstlcs In Table 2 the fatty acid composltlons of 
the maJor phosphoglycerldes of Fucus serratus are shown 
Phosphatrdylchohne and phosphatldylethanolamme had 
a very sumlar fatty acid content with over 60 % of the acyl 
groups being arachldonate Elcosapentaenoate (n-3) was 
the next most prevalent fatty acid in these hplds The close 
sumlanty m fatty acid patterns for these two phospho- 
glycerides suggests a biosynthetic relatlonshlp, indeed, It 1s 
known that the more pnmltlve orgarusms utlhse the 
methylation pathway for phosphatldylchohne synthesis 
[ 131 If such 1s the case m F serratus then it would differ 
from higher plants where the CDP-base pathway appears 
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Table 1 Content of acyl hpids m Fucus serratus 

Relative proportion 
Content Relative proportion Relative proportion % total phosphohplds 

(pg fatty acid % total acyl hplds by densltometry (hptd-P as y0 total 
LIpId class lg fr wt) (g/g fatty acid) (%) phosphohpld-P) 

Total acyl hplds 5622 f 1571 
MGDG 1018 f 186 181f33 267*38 
DGDG 13OOf270 231*48 84*15 
sQJ= 1850*359 329&64 255&49 
Acyl-X 422*219 75&39 161*06 
PC 242 f 62 43*11 63*11 162&24 
PI 118* 16 21f03 70&18 144*38 
PE 321 f 79 57*14 101*14 360&52 
PG 141 f trace 25ftrace * 130*23 
DPG 208 f 79 37*14 

; 
184*37 

Neutral hplds 62*22 1 l&O4 

Lipids were analysed as d-bed under Expenmental Results are expressed as means f s d s (n = 2 for fatty 
acid analysis and densltometnc analyses and n = 4 for phosphate estlmatlons) 

*Amounts too small to gwe suffictent quenching [lo] 
tNot e&mated by tbs technique due to contamination with pigments Phosphohpid phosphorus data IS 

taken from ref [4] 
Abbrevlatlons MGDG, dlacylgalactosylglycerol, DGDG, dmcyld@actosylglycerol, SQDG, dmcylsul- 

phoqumovosylglycerol, a&X, see text, PC, phosphatldylchohne, PI, phosphatidyhnoptol, PE, phosphatldyl- 
ethanolamme, PG, phosphatldylglycerol, DPG, dlphosphatidylglycerol, Neutral lipids, unesterdied fatty acids 
and trlacylglycerols 

Table 2 Fatty acid composition of the major phosphoglycendes of Fucus serratus 

Fatty acid composition (% total acids) 

Number of 16 1 16 1 18 1 18 2 18 3 18 4 20 3 20 4 20 5 
LIpid estunatlons 14 0 16 0 (n-9) (n-13) 18 0 (n-9) (n-6) (n-3) (n-3) (n-6) (n-6) (n-3) Other 

PC 9 12 74 03 nd 10 62 25 tr tr 07 668 123 16 
*08 *20 &02 &06 &14 *14 *05 *41 *14 *14 

PI 7 35 423 38 nd 05 256 28 25 131 tr 26 01 32 
&13 f72 &ll *04 *41 *18 &15 &42 *11 ftr *18 

PE 9 tr 54 02 nd 03 35 30 tr tr tr 719 154 03 
*18 *Ol *02 *11 *10 *55 *55 *02 

PG 13 01 131 02 159 25 98 68 221 43 66 27 86 73 

*tr &18 *to2 k23 *05 *17 *17 &40 &14 *18 &23 &42 *33 
DPG 9 20 89 20 nd 41 151 76 54 19 22 358 107 53 

*lo f10 *05 *17 *20 &25 &18 *06 &13 *76 *41 *26 

Results are expressed as means f s e ms with the number of determmations mdlcated For abbreviations see Table 1, n d not 
detected, tr, trace ( < 0 05) Fatty acids are shown unth the number before the colon representmg the carbon &am length and the figure 
afterwards representing the number of double bonds Frgures m brackets show the position of the first double bond from the methyl 
end of the carbon cham 16 1 (n-13) contained a trans double bond 

to be the more Important [14] Diphosphatldylglycerol 
had the same major fatty acids 
phosphatidylethanolamme but with a reduced amount $ 
arachldonate and commensurate increases in CIs fatty 
acids Phosphatldylglycezol had a rather distinctive fatty 
acid composltlon Firstly, a-hnolenate was a major 
constituent-the only phosphoglycende where this was 
so Secondly, the unusual trans-A3-hexadecenolc acid was 
a significant component This was of interest in view of 
current controversy over the possible role of this acid m 
granal stacking and the organlsatlon of the hght- 
harvesting complex [ 15, 161 Phaeophyceae such as F 

serratus have chloroplasts which do not contam the usual 
granal stacks of higher plants Instead, three thylakoid 
membranes are appressed together [17] They do, how- 
ever, contam light-harvesting complexes [18] and It 
would be Interesting to know If such protems contain 
associated trans-A3-hexadecenoate as in higher plants 
[16] Phosphatidyhnositol was highly enriched m the 
saturated fatty acid palrmtate (Table 2) and this was 
consistent with the lugh proportions of saturated fatty 
acids found m this lipid from higher plants and 
Chlorophyceae [ 123 

Compmson of the fatty acids of the glycosylglycerldes 



Llplds of Fucus sewatus 2471 

Table 3 Fatty actd composition of glycosylglycendes m Fucus serratus 

Fatty actd composmon (% total fatty actds) 

Llpld 
No of 

samples 
16 1 18 1 18 2 18 3 18 4 20 4 20 5 

14 0 16 0 (n-9) 18 0 (n-9) (n-6) (n-3) (n-3) (n-6) (n-3) Other 

MGDG 9 22 62 08 04 78 70 84 285 52 333 02 
*11 *11 *03 *02 *29 &06 *22 &36 k19 *14 +_Ol 

DGDG 8 27 119 18 07 97 63 114 170 117 268 tr 
*18 *27 *06 *03 lt24 *12 1tl8 It31 &46 k50 

SQDG 9 25 265 tr tr 281 87 131 tr 93 69 49 
*11 *60 i26 *31 &32 *26 *49 *20 

Results are expressed as means f s e ms For lipid abbreviations see Table 1, for fatty acid abbreviations see Table 2 

of F serrates (Table 3) showed that the two galactosyl- 
glycerides contained large amounts of n-3 polyunsatu- 
rated fatty acids In agreement with the data of Jarmeson 
and Reid [7] octadecatetraenoate and eicosapentaenoate 
were higher m MGDG than m DGDG Also, arachl- 
donate was relatively enriched m DGDG The various 
percentages of acids m these lipids were m excellent 
agreement Hrlth the previous work [7] We also exammed 
the fatty acid patterns of the glycosylglycendes (and 
phosphoglyccrides) in algae collected at different times of 
the year but found no sign&ant differences due to 
seasonal variations This agreed with the rather small 
changes m overall fatty acid patterns m F serrutus 
collected at different times of the year from the Sevem 
Estuary [19] m comparison with algae from the Baltic Sea 
[2] where temperature vaflatlons are much greater The 
fatty acid content of SQDG showed a considerable 
enrichment of pahmtate and oleate m commson to the 
galactosylglycendes Octadecatetraenoate was absent and 
elcosapentaenoate considerably reduced The relative 
ennchment of more saturated fatty acids m the plant 
sulphohpld m comparison with the galactosylglycendes 
agrees with the situation m higher plants [12] 

Radlolabelhng studies using [ 14C]acetate as precursor 
showed that pigments, neutral and polar lipids were all 
rapidly labelled Uptake of [‘*C]acetate was quite rapId 
with ca 50 % of the total radmactlvlty bemg taken up by 
4 hr and about 90% m 24 hr The dlstnbutlon of radlo- 
activity m the major non-pigment hplds with mcubation 
time is shown m Table 4 The phosphoglycendes were 
labelled roughly m proportlon to then quantitative 
importance (Table 1) The glycosylglycendes were rather 
poorly labelled, with the unknown hpld and the neutral 
hpld fraction being relatively highly labelled at all times 
Changes were seen m the relative labelhng rates of 
MGDG and the unknown lipid which contamed less 
radloactlvlty at 24 hr, and in the neutral hpld fraction 
which showed an increase between 8 and 24 hr 
Incubations at shorter time intervals ($-2 hr) showed a 
rather sm111ar labelhng pattern to 4 hr mcubatlons with 
regard to the major phosphoglycerldes and glycosyl- 
glycerides (data not shown) The neutral lipid fraction 
was, however, less well labelled at short mcubatlon times 
and it seems to be a charactenstlc that this fraction ts 
increasingly labelled with time (cf Table 4) 

The relative labelhng of polar hplds from [14C]acetate 
was sun&r m algae collected at different times of the year 
(data not shown) However, the dlstnbutlon of radio- 
activity within the neutral lipids valled considerably 

Table 4 Time-course. of radio-labelhng of acyl hpld fractions 
from [1-14C]acetate m Fucus serratus 

Distribution of radioactivity 
(‘A [‘*C]hplds) 

Lipid fractions 4 hr 8 hr 24 hr 
Neutral hplds 113+27 96+15183+29 
Dmcylgalactosylglycerol 
+ Dlphosphatldylglycerol 92kO9 82+08 54+08 
Phosphattdylethanolamme 40&06 49+05 42klO 
Unknown hptd 192*13191+22 76k12 
Dlacyldlgalactosylglycerolycerol 
+ Phosphatldylglycerol 42k12 63+15 43kO7 
Phosphatldylchohne 24*03 49+19 42+17 
Dlacylsulphoqumovosylglycerol 9 0 f 0 7 10 2 f 10 8 3 f 0 9 
Phosphatldyhnosltol 23&04 33kO5 23204 
Others 40+11 2OkO3 18+03 
Number of expenments 7 7 8 

Incubations were carned out m sterilized seawater containing 
2 @I [14C]acetate/ml at 20” with 200 pE/m2/sec lllummatlon 
The lipids were extracted and analysed as described m 
Expenmental Pigments contamed ca 40% of the total radio- 
activity m the lipid fraction Results are expressed as means 
fsems 

depending on whether algae were collected m the winter 
or summer months (Table 5) Summer-collected algae 
accumulated radmacttvlty mamly mto tnacylglycerols 
and sterols In contrast, wmtercollected algae, while 
labelhng sterols to the same extent, accumulated radio- 
actlvlty m non-ester&d fatty acids This observation 1s 
interesting because It has been observed that seasonally- 
induced environment changes had a considerable m- 
fluence on the accumulatron of unestenfied fatty acids by 
Fucus spp m vwo [Z, 33 

F serrutus accumulated radloactlvlty mainly m satu- 
rated and monoenolc fatty acids (Table 6) With time, an 
Increasing amount of unsaturatlon and elongation was 
seen, as expected from the normal precursor/product 
relationships for fatty acid synthesis m photosynthetic 
organisms [20] In compansor. to Chlorophyceae, F 
serratt4s labelled polyunsaturate4l acids rather poorly at 
15” Only [14C]hnoleic acid was a slgnlficant product al- 
though, by 24 hr, radlolabelled a-hnolenate and arachr- 
donate could also be detected The proportion of 
[‘4C]polyunsaturated fatty acids could be increased 
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Table 5 Dtsmbution of radiolabel from [14C]acetate m the neutral hp~ds of Focus 
serratus 

‘A total [‘*C]neutral acyl hpuis 

Samphng Incubation No of Nonestenlied 
time time (hr) Samples Tnacylglycerols fatty acids Sterols 

Summer 4 5 5ti4*31 89*30 347i46 
8 5 623*69 86*32 291f34 

24 5 473f49 88&30 467*91 
Winter 4 5 141f17 504*49 357*43 

8 6 168&29 532*50 300*45 
24 6 lOlf18 526*40 373f49 

Algae were collected m the penod Jun&eptember (Summer) or December-February 
(Wmter) Samples were mcubated at 20” wth 2OO~E/m*/sec dlummat~on and hpids 
extracted, separated and quantified as descrtbed m Expernnental Results are expressed as 
meansfsems 

Table 6 Tme-course of the radlolabelhng of fatty acids from [l-‘*C]acetate in Fucw serratus 

Incubation 
time (hr) 

Fatty acid labelhng (% total [‘*C]fatty acids) 

12 0 14 0 16 0 16 1 18 0 18 1 18 2 20 0 22 0 Others 

4 

8 

24 

2 6 51 1 20 9 tr 3 6 3 

rtl fl f4 *1 *2 f2 *2 *1 f2 
1 5 42 1 17 13 2 6 10 3 

*tr *l f3 *1 f2 *2 k1 *1 *:1 *1 
1 7 31 1 14 19 6 7 9 5 

*tr *l *4 *1 It1 *1 *3 *1 il *2 

Incubations were camed out at 15” anth 200 pE/m’/sec &munation and hpids extracted and fatty acids 
analysed as d-bed m Expenmental Data are expressed as means fs e ms (n = 3) For fatty acid 
abbremnons see Table 2 

considerably by carrymg out mcubatlons at lower tem- 
peratures such as at 4” [19] 

The results reported here show that the hplds of Fucus 
serrntus have considerable smnlantles with those from 
other photosynthetic organisms, but also some dlstmctlve 
features The ability of Fucus serrutus to rapidly m- 
corporate radmactlwty from precursors such as 
[ ‘*C]acetate mto lipids will allow further expenments on 
lipid metabohsm to be carried out These may provide 
mformatlon on the turn-over and function of these lipids 
m F serrutus Such expenments will be unportant because 
of the dlstmctlve hpld composltlon of Phaeophyceae and 
the dearth of knowledge about lipid metabolism m marme 
algae in general 

EXPERIMENTAL 

Plant matenal Healthy samples of F serratus were collected 
from the north side of the Sevem Estuary between Lavemock 
Pomt and Rhossdl throughout the year The tissue was washed 
with stenhzed sea-water (obtained from Rho&i) and kept m 
ster&ed sea-water at 4” wth aeration under an dlurmnation of 
ca 40 pE/m*/sec Control expts showed that the vlabdny of the 
algae as measured by photosynthetic rates, lipid metabohsm and 
(rmcroscoprc) appearance remamed good for at least 4 weeks, 
although the tissue was generally used wlthm 2 weeks of 
collection Microb& contammation was assessed as previously 
described [4] 

Incubatton condmons Reces of tissue (5-7 pieces we@mg a 
total of 0 1-O 2 g fr wt) were cut from the frond ups, washed 
bnefly with 0 5 % (v/v) Triton X-100 m sterdwd sea water and 
the detergent removed by successwe washes unth stenhed sea 
water The tissues were mcubated with l-4 ~0 [ 1-‘*C]acetate m 
1 ml of stenhzed sea water at the temp mdlcated m the Table 
legends m a shakmg water-bath Illummation (when reqmred) 
was 200 pE/m*/sec (warm white fluorescent tubes) 

L~pld extractton, ldenttfcataon and analysvsrs At the end of 
the mcubation period, the tissue was removed, thoroughly 
washed and heated m aso-PrOH at 80” for 30 mm m sealed tubes 
Further extraction was contmued by the method of ref [21] 
as detaded m ref [4] Polar hptds were routinely separated 
by 2-D TLC on prepared slhca gel G plates (Merck) usmg 
CHCl,-MeOH-H20 (65 25 4) m the first dlmenslon and 
CHCI,-Me2CO-MeOH-HOA*H20 (10 4 2 2 1) In the 
second Neutral lipids were separated m a onedlmensional 
solvent system of petrol-Et,O-HOAc (80 20 1) Routme ldentl- 
ficatlon of hplds was by reference to authentic standards after 
spraymg the plates wth 8-amhno-4-napthosulphomc acid m 
MeOH (0 05 “/,) and wewmg under UV light Phosphoglycendes 
were fully rdentlfied as m ref [4] and glycosylglycendes and 
neutral hpids as m ref [22] 

Quantticatlon of lipids was by phosphate determmatlon, fatty 
acid Me ester measurement [4], by sugar es.tm0on [23] and by a 
scmtdlation-countmg quench method [lo] Radioactive com- 
pounds were revealed by spark-chamber autoradlography and 
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mdrvldual hplds removed for scmtdlatlon counting [24] 
Correcuon for quenchmg was by the external standard channels 
ratio method 

Fatty acids were analysed by methylatlon of hpld samples 
using 2 5 ok HzS04 m MeOH at 70” for 2 hr Fatty acid Me esters 
were separated on a 15 % EGSS-X column on Chromosorb W 
AW (100-120 mesh) (Supelco) at 185” Radlolabelled esters were 
analysed on sundar columns usmg a gas flow proportlonal 
counter Indlvldual peaks were routmely 1dentdie-d by com- 
panson with authentic standards but all major fatty acids were 
fully ldentdied by GC on polar and non-polar columns, by 
argentatlon TLC, by GC/MS (cf [22, 251) and by oxldatlve 
degradation [25] 
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