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Almtmet--Six species of green algae were grown autotrophically, photohetrotrophically, and heterotrophically 
and their fatty acid and sterol compositions determined. Sterol composition was higher in autotrophic than in 
heterotrophic plants by a factor of from 2 to over 20 in five of the six species studied. Relative amounts of 
various sterols did not change significantly with cultural conditions. In five of the species studied, autotrophic 
growth produced a significant increase in the relative proportion of linolenic acid compared to that in 
heterotrophic or photoheterotrophic growth. This increase was usually accompanied by a corresponding 
decrease in oleic or linoleic acids or both. 

INTRODUCTION 

Many green algae are capable of growing both autot- 
rophically and heterotrophically. There have been sev- 
eral reports of the effects on fatty acid composition of 
growing green algae heterotrophically, photoheterot-  
rophically, and autotrophically [1-4]. Generally, there 
is a significant decrease in the amount of polyunsatu- 
rated fatty acids under conditions of heterotrophism 
[1-3]. The decrease in linolenic acid is especially nota- 
ble. These results are in agreement with data on the 
leaves of higher plants [2]. In a study of chloroplasts 
fatty acids of light- and dark-grown wheat seedlings, it 
was determined that both the total fatty acid and 
polyunsaturated fatty acids were lower in the dark- 
grown wheat [5]. Although the results in similar 
studies are well documented [6-8], the specific role of 
polyunsaturated fatty acids in photosynthesis remains 
in question. 

In a number of studies on the differences between 
green and etiolated higher plants, a direct relationship 
emerges between the amount of photosynthetic activ- 
ity and the rate of sterol synthesis [9]. Both green and 
etiolated seedlings produce sterols, and reports thus 
far indicate there is no difference in the kind of sterols 
they produce. The etiolated plants simply do not pro- 
duce as much sterol. These generalizations have been 
substantiated in bean seedlings [10] and radish seedl- 
ings [11]. In a different study of sterols in bean leaves, 
there was little difference between etiolated and light- 
grown leaves, except the percentage of cholesterol was 
somewhat higher in the etiolated leaves [12]. 

Numerous studies have been conducted with 
Euglena gracilis. When cultured autotrophically it is 
green, while under conditions of complete heterot- 
rophism it is white. One research group reported that 
the sterol composition of white 17,. gracilis was differ- 
ent from that of green E. gracilis [13]. In a subsequent 
study they determined that the precusors of sterol 
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synthesis were also different quantitatively and qual- 
itatively due to the presence or absence of light [14]. 
However, an investigation of Euglena mutant strains 
found no difference in sterol content regardless of 
growth conditions. These mutant strains produced er- 
gosterol in the light or dark [15]. Studies concerning 
the effect of environmental conditions on sterol com- 
position of green algae have not been conducted. 

The work described here was designed to determine 
if any patterns could be discerned in both fatty acid 
and sterol composition due to differences in cultural 
conditions. Six different species of green algae were 
used because of the physiological variability within the 
group [16]. 

RESULTS AND DISCUSSION 

When grown heterotrophically, all six algae had less 
total sterol than when grown autotrophically or photo- 
heterotrophically (Table 1). All six algae except B. 
cinnabarinus had less total lipid when grown heterot- 
rophicaUy than when grown autotrophically or photo- 
heterotrophically. Except for C. ellipsoidea and A. 
braunii these algae had more total fatty acid when 
grown photoheterotrophically than autotrophically or 
heterotrophically. These data suggest that the amount 
of total lipid and sterol of these algae is determined to 
a greater extent by the availability of light and/or 
photosynthesis than the availability of organic nut- 
rients such as glucose. However, the percentage of 
total fatty acid of these algae is determined by the 
availability of organic nutrients such as glucose in 
addition to light and/or photosynthesis. 

The percentages of individual sterols in the algae 
shown in Table 2 show little change from one growth 
condition to the next. The percentage of any particular 
sterol changes less than 5% between the different 
growth conditions for the different algae in all cases 
except B. cinnabarinus in which the percentage of 
chondrillasterol increased from 70.1% in autotrophic 
growth conditions to 81.5% in heterotrophic growth 

783 



784 D . C .  WRIOHT, L. R. B~RO and G. W. PATrm~oN 

conditions and the percentage of chondril last-7-enot 
decreased from 15.8 to 5.1% correspondingly. Since 
algae grown ei ther autotrophically or  heterotrophi-  
cally synthesize sterols at almost identical percentages 
relative to one another  (Table 2), the inhibition of 
sterol biosynthesis due to heterotrophic  growth condi- 
tions must occur prior  to the formation of cycloar- 
tenol. Since no sterol intermediates accumulate 
(Table 2), desaturat ions and demethylat ions of  the 
sterol molecule  are not inhibited by heterotrophic  
growth conditions. 

The  changes in the percentage of different fatty 
acids shown in Table  3 are complex. In all six algae 
except  S. quadricauda, the percentage of linolenic acid 
was less when grown heterotrophically than when 
grown autotrophically. However ,  this decrease in the 
percentage of linolenic acid was not  correlated with a 
decrease in total unsaturation as evidenced by changes 
in the ratio of saturated to unsaturated fatty acids (s/u). 
The s/u ratio increased only in O. marsonii and S. 
quadricauda out  of the six algae studied. Instead, the 
decrease in linolenic acid was correlated with an in- 
crease in oleic acid for all six algae except  S. quad- 
ricauda where the increase in oleic acid was correlated 
with a decrease in linoleic acid. The results suggest 
that heterotrophic  growth conditions inhibit the synth- 
esis of polyunsaturated fatty acids from monounsatu-  
rated fatty acids and have little effect on the ratio of 
saturated to unsaturated fatty acids. 

Algae  grown autotrophically h a v e  more total sterol 
and polyunsaturated fatty acids than algae grown 
heterotrophically.  Biosynthesis of chloroplast mem-  
branes or  availability of a photosynthetic product  such 

Table 2. Sterol composition of six green algae grown autot- 
rophicaUy, photoheterotrophicaUy and heterotrophically* 

Species Sterol A t  P H 

Ankistrodesmus Unidentified - -  0.1 - -  
braunii Ergost-7-enol 20.7 19.2 20.7 

Chondriilasterol 55.0 52.4 54.8 
Chondrillast-7-enol 23.0 28.4 24.2 
Unidentified 0.4 - -  - -  

Bracteococcus Unidentified 0.1 0.3 0.2 
cinnabarinus Ergost-7,enol 14.2 17.2 13.0 

Chondrillasterol 70.1 75.1 81.5 
Chondrillast-7-enol 15.8 7.4 5.1 
Unidentified - -  - -  0.5 

Oocystis Unidentified - -  0.7 
marsonii Ergost-5-enol 26.5 29.6 30.7 

Portiferasterol 68.8 64.4 65.0 
Clionasterol 3.9 5.3 4.4 

Scendesmus Unidentified 0.5 1.6 0.8 
quadticauda Ergost-7-enol 18.7 22.6 24.0 

Chondrillasteroi 75.9 66.7 72.6 
Chondrillast-7-enol 4.7 10.0 2.6 
Unidentified 0.2 - -  - -  

Chlorella Cholesterol 4.8 3.1 22.9 
eUipsoidea Barassicasterol 2.6 4.5 3.2 

Ergost-5-enol 26.9 26.4 22.8 
Poriferasterol 56.0 54.6 64.1 
Clionasterol 7.6 7.8 3.3 
Unidentified 2.2 3.5 2.3 

Chlorel la Ergosta-7,22-dienol 1.6 1.6 1.8 
emersonii Ergost-7-enol 18.5 17.5 15.9 

Chondrillasterol 69.1 66.6 75.4 
ChondriUast-7-enol 10.8 14.3 7.0 

Table 1. Lipid composition of six green algae grown autot- 
rophically, photoheterotrophically and heterotrophically* 

%Fatty 
Species GCt  % Lipid % Sterol acid 

Ankistrodesmus A 27.5 0.23 4.0 
braunii P 13.9 0.21 3.1 

H 17.7 0.01 4.2 
Bracteococcus A 18.7 0.20 3.7 

cinnabarinus P 23.9 0.14 12.2 
H 27.8 0.08 9.6 

Chlorella A 9.1 0.15 2.1 
ellipsoidea P 6.6 0.05 1.4 

H 6.0 0.01 2.0 
ChloreUa A 21.2 0.31 7.3 

emersonii P 21.0 0.20 9.5 
H 17.2 0.13 3.6 

Oocystis A¢ 7.7 0.09 0.9 
marsonii P 13.5 0.32 3.5 

H~: 8.2 0.08 2.2 
Scenedesmus A 15.5 0.22 2.8 

quadricauda P 14.0 0.16 3.5 
H 12.4 0.10 2.2 

*Average percentage of dry wt of three samples expressed 
as % of dry wt. 

t G C  = growth conditions, A = autotrophic, H = hetero- 
trophic, P= photoheterotrophie. 

~Failed to grow well under these conditions. 

*Average percentages based on three determinations ex- 
pressed as % of total sterol. 

t A  = Autotrophic conditions, P=  photoheterotrophic con- 
ditions, H = heterotrophic conditions. 

as oxygen or fixed carbon could account for the stimu- 
lation of sterol and polyunsaturated fatty acid biosyn- 
thesis in autotrophically grown algae. Nei ther  of these 
two explanations is discounted by the results of this 
investigation. The  possibility that  the availabity of  a 
photosynthetic  product such as oxygen could be limit- 
ing in the biosynthesis of sterols or  polyunsaturated 
fatty acids is a particularly interesting hypothesis, since 
oxygen is required for sterol biosynthesis [17] and the 
synthesis of polyunsaturated fatty acids [18, 19]. How-  
ever,  measurements  of actual oxygen availability were 
not  determined for this investigation. In future inves- 
tigations involving sterol or  polyunsaturated fatty acid 
biosynthesis, the availability of oxygen or  o ther  photo-  
synthetic products should be moni tored.  

EXPERIMENTAL 

Six green algae were grown under 3 different growth 
conditions: continuous light with inorganic medium, continu- 
ous light with glucose supplemented medium, and continu- 
ous darkness with glucose supplemented medium. These 
growth conditions are referred to as autotrophic, photo- 
heterotrophic, and heterotrophic growth conditions, respec- 
tively. Algal species chosen for investigation were Ankis- 
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Table 3. Fatty acid composit ion of six green algae grown autotrophically, photoheterotrophically and heterot-  
rophically* 
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Species G C t  14 :2  15 :0  16 :0  16 :1  16 :2  16 :3  16 :4  17 :0  18 :0  18:1  18 :2  18 :3  s/u 

Ankistrodesmus A 4.2 tr 27.1 tr 5.6 4.5 - -  tr tr 23.6 17.6 10.2 0.45 
braunii P 3.8 tr 30.4 tr 2.4 tr - -  tr 2.6 27.0 11.4 16.7 0.53 

H 2.9 tr 23.1 tr 4.6 2.0 - -  tr 2.9 39.9 15.0 9.0 0.37 
Bracteococcus A tr tr 19.2 tr 16.0 tr - -  2.0 tr 20.0 18.0 20.8 0.27 

cinnabarinus P tr - -  16.1 2.9 5.3 - -  - -  tr 3.9 32.7 27.3 9.2 0.26 
H tr tr 16.9 tr 3.1 - -  - -  tr 2.4 52.0 15.2 2.1 0.26 

Chlorella A - -  2.7 27.9 tr tr 5.1 - -  tr tr 13.5 22.0 20.1 0.55 
ellipsoidea P - -  tr 38.4 - -  tr tr - -  3.6 tr 17.2 22.4 15.6 0.72 

H - -  tr 21.7 - -  tr - -  - -  - -  3.5 30.3 33.2 9.2 0.36 
ChloreUa A - -  4.7 31.9 tr tr 5.3 10.1 2.8 - -  12.2 5.1 25.3 0.65 

emersonii P - -  - -  27.4 tr tr 2.3 tr tr 2.0 47.0 6.9 9.7 0.42 
H - -  tr 33.6 2.2 2.1 9.0 tr 2.4 tr 25.2 8.6 13.5 0.56 

Ocystis A tr tr 19.6 - -  tr - -  - -  tr tr 19.7 24.8 30.5 0.27 
marsonii P tr tr 41.4 tr tr - -  - -  tr tr 31.6 11.4 8.1 0.83 

H~ - -  tr 37.2 tr 2.9 - -  - -  tr 12.9 35.8 5.6 2.6 1.04 
Scenedesmus A 6.5 tr 19.6 5.7 8.8 2.8 - -  tr tr 26.6 18.4 8.7 0.27 

quadricauda P 4.3 tr 34.7 4.6 4.6 tr - -  tr tr 27.9 11.9 8.1 0.60 
H 2.2 tr 29.2 3.9 2.4 3.2 - -  tr 2.1 36.2 5.9 13.1 0.46 

*Average  percentages based on three determinat ions,  expressed as % of total fatty acid. 
t G C  = Growth conditions, A = autotrophic,  P = photoheterotropic,  H = heterotrophic,  s/u = total sa turated 

fatty acid divided by total unsatura ted fatty acid. 
~:Failed to grow well under  these conditions. 

trodesmus braunii (naeg.) Collins ( ICC#245) ,  Bracteococcus 
cinnabinus (Kol et F. Chad)  staff (ICC #56 ) ,  Chlorella ellip- 
soidea Gerneck  (ICC #247) ,  ChloreUa emersonii Shihira et 
Krauss  (MCC #2 ) ,  Oocysas marsonii Lemm.  (ICC #287) ,  
and Scenedesmus quadricauda (Turp.) Breb (ICC #77) .  
Chlorella species were grown in 500 ml glass tubes each 
containing 350 ml autoclaved medium.  Other  algal species 
were grown in 20 1. glass carboys containing 15 1. autoclaved 
medium.  The medium contained 10 m M  KNO3, 2 m M  
K2HPO 4, 5 m M  KH2PO4, 1 m M  MgSO4, and 7 m M  MoOa;  5 
/zglml Fe, and 1 /~g/ml of Ca, Mn,  Co, Zn,  and Cu chelated 
with E D T A  were also added to the medium.  Heterotrophic 
and photoheterotrophic  growth medium also contained 0.5% 
glucose. The  algal cultures were incubated at 27 ° and con- 
stantly bubbled with 1% C O  2 in air. Light was supplied by 
General  Electric F48PG17°CW power grove cool white lamps 
at an  intensity of 8000 lx. W h e n  algal cultures reached 
A > 0 . 6  as measured  in an 1 8 x 1 5 0  m m  tube in a spec- 
t rophotometer ,  algae were harvested by centrifugation and 
immediately frozen. Each sample of frozen cells was freeze- 
dried. L i p i d s  were extracted by refluxing C H C I 3 - M e O H  
(2 : 1) through the sample in a Soxhlet apparatus.  Crude lipid 
extract obtained was then flash-evapd, resuspended in CHC13 
and filtered. CHC! 3 was evapd and the total sample lipid 
weight determined.  Total lipid was saponified with K O H  in 
70% EtOH,  extracted with E t 2 0  in a liquid-liquid extractor 
for 24 hr,  dried, and refluxed with t 0 %  BC13 in M e O H  for 5 
min to methylate free fatty acids in the sample.  The  methy-  
lated lipid sample was parti t ioned in to  hexane.  Sterols were 
separated from fatty acids on an alumina column and purified 
fur ther  by digitonin precipitation [12]. Fatty acids and sterols 
were tentatively identified and quant i ta ted by GLC.  Iden- 
tification of fatty acids was achieved by a combinat ion of 
argentat ion T L C  [14] and G L C  data. 
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