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ABSTRACT.  The yellow-green alga Trachydiscus minutus (class Xanthophyta) was cultivated in a stan-
dard medium and in media without sulfur and nitrogen. Its yield after a 16-d cultivation reached 13 g dry mass 
per 1 L medium. The content of oligoenoic (‘polyenoic’) fatty acid (PUFA), i.e. eicosapentaenoic (EPA), 
was in excess of 35 % of total fatty acids; the productivity was thus 88 mg/L per d. This result makes the 
alga a very prospective organism that may serve as a new biotechnological source of single cell oil. 
   

Abbreviations 

EPA eicosapentaenoic acid FAME fatty acid methyl ester 
FA fatty acid PUFA oligoenoic (‘polyenoic’) fatty acid 

Xanthophyceae is a group of photosynthetic organisms found in fresh water, marine waters and moist 
soils (Maistro et al. 2009). Their specific yellow-green color is caused by the presence of pigments chloro-
phyll c, chlorophyll a and β-carotene and they completely lack the brown pigment fucoxanthin (Andreoli et 
al. 1999; Adl et al. 2005). The Xanthophyta include more than 600 species.  

The various members of this group, e.g., genera Botrydium, Tribonema or Monodus (Mercer et al. 
1974; Patil et al. 2007) are used for production of PUFAs, especially eicosapentaenoic acid (20:5ω–3), docosa-
pentaenoic acid, 22:5ω–6) and docosahexaenoic acid (22:6ω–3) which belong to essential fatty acids and 
cannot be produced by humans (Zhou et al. 1999; Tonon et al. 2002). These acids have been shown to be 
effective in preventing or treating several diseases, including coronary heart disease, asthma, type 2 diabetes 
mellitus, and multiple sclerosis, arthritis, kidney and skin disorders, depression and schizophrenia, etc. (An-
drich et al. 2005; Simopoulos 2008).  

Attempts at optimization of EPA production by microalgae have shown that the productivity de-
pends on the nutrient status, in particular on nitrogen supply (Hu and Gao 2006; Cohen 1994).  

Of all the nutrients evaluated, nitrogen limitation is the single most critical nutrient affecting lipid 
metabolism in algae. A general trend towards accumulation of lipids, particularly triacylglycerols, in res-
ponse to nitrogen deficiency has been observed in numerous species or strains of various algal taxa (Hu et 
al. 2008). 

The lack of another biogenic element – sulfur – especially in relation to lipid production has so far 
not been examined in detail (cf., e.g., Setlik et al. 1988). 

This work is focused on a little explored alga Trachydiscus minutus isolated from the water inside 
cooling towers of Temelin nuclear power station, which is a rich source of PUFAs, especially EPA. 

MATERIALS  AND  METHODS 

Experimental organism. Xanthophycean alga Trachydiscus minutus strain Lukavsky et Pribyl 2005/1 
was obtained from culture collection of the Institute of Botany ASCR, Třeboň, Czech Republic). It is main-
tained in Zehnder liquid medium (Table I) under irradiance of 25 μmol m–2 s–1 and at 12–15 °C. 

Culture conditions. The alga was batch cultured in a medium (+S, +N) (in mg/L): KNO3 4042, 
KH2PO4 340, MgSO4·7H2O 988, Fe/Na-EDTA 18, CaCl2·6H2O 10.96, H3BO3 3.09, MnSO4·4H2O 1.18, 
CoSO4·7H2O 1.4, CuSO4·5H2O 1.43, (NH4)6Mo7O24·4H2O 0.88 (Zachleder and Setlik 1982) under conti-
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nuous light of 450 μmol m–2 s–1 (provided by a panel of light tubes L 36W/830 Lumilux; Osram, Germany) 
and at 28 °C. Cultures were bubbled (30 L/h) with air enriched with 2 % CO2 (V/V) from the pressure can.  
 

Table I.  Zehnder liquid mediuma (Staub 1961) 

 
Stock solution 

 g/L 

  
Stock solution mg per 100 mL 

deionised water  No. Component/composition   No. Component/composition 

 1 NaNO3 467   7 Solution of microelements  
 2 Ca(NO3)2·4H2O   59    H3BO3 310 
 3 K2HPO4   31    MnSO4·4H2O 223 
 4 MgSO4·7H2O   25    Na2WO4·2H2O 3.0 
 5 Na2CO3   21    (NH4)6Mo7O24·4H2O 8.8 
       KBr 11.9 
 6 Fe/Na-EDTA 22 mL 35 % HCl    KI 8.3 
     + 250 mL H2O    ZnSO4·7H2O 28.7 
     + 45 g FeCl3·6H2O    Cd(NO3)2·4H2O 15.4 
     + 465 g Na2EDTA    Co(NO3)2·6H2O 14.6 
       CuSO4·5H2O 12.5 
       Ni(NH4)2(SO4)2·6H2O 19.8 
       Cr(NO3)3·7H2O 3.7 
       VOSO4·2H2O 3.5 
       KAl(SO4)2·12H2O 47.4 

aTen mL of solutions 1–5 is mixed with 0.2 mL of 6, and 80 L of solution 7; then the volume is made up to 1 L with deionized water. 

 
Samples were collected at regular intervals (once a day) and the growth of cultures was assessed as the dry 
mass. In the stationary phase the culture was divided into 4 aliquots (60 mL) and the same volume of the fol-
lowing solutions added: (1) distilled water, (2) medium without sulfur (–S), (3) medium without sulfur and 
nitrogen (–S,–N) and (4) full medium. In –S medium, the sulfate anion was replaced with chloride; in –S,–N 
medium, sulfate and nitrate anions were replaced by chloride. The cells at the end of cultivation were centri-
fuged and lyophilized. Dry mass was determined by filtration with pre-weighed Synpor filters (pore diame-
ter 0.6 μm) and drying to constant mass at 105 ºC. 

Light and epifluorescence microscopy. Living material was observed in transmitted light using an 
epifluorescence microscope Olympus BX 60. Microphotographs were taken with a digital camera Olympus 
Camedia C-5050 ZOOM and processed using Adobe Photoshop 7.0. Intracellular oil droplets were observed 
in the fluorescence microscope thanks to their autofluorescence or after staining with Nile Red (Eltgroth et 
al. 2005). The microscope was equipped with the filter combination U-MNU2 (360–370 nm excitation and 
>515 nm barrier filter). 

FAMEs analysis. The lyophilized biomass (≈100 mg) was saponified in 10 % KOH–MeOH at room 
temperature overnight. A fatty acid fraction obtained from saponification was partitioned between alkali 
solution (pH 9) and diethyl ether to remove basic and neutral components. The aqueous phase, containing fatty 
acids, was acidified to pH 2 and extracted with hexane. The fatty acid fraction was methylated using BF3–
methanol (Rezanka 1990; Rezanka and Mares 1987). Gas chromatography–mass spectrometry of FAME was 
done on a GC–MS system consisting of Varian 450-GC, Varian 240-MS ion trap detector with external ioniza-
tion (EI), and CombiPal autosampler (CTC, USA). The sample was injected onto a 25 m × 0.25 mm × 0.1 μm 
Ultra-1 capillary column (Supelco, Czech Republic) under a temperature program: 5 min at 50 °C, increasing at 
10 °C per min to 320 °C and 15 min at 320 °C. Helium was the carrier gas at a flow of 0.52 mL/min. All 
spectra were scanned within the range m/z 50–600. The structures of FAMEs were confirmed by comparison 
of retention times and fragmentation patterns with those of the standard FAMEs (PUFA No. 2 – Animal 
Source; Supelco).  

RESULTS  AND  DISCUSSION 

Analysis of lipids from lyophilized biomass (Table II) showed that the major lipids were triacyl-
glycerols, which is also confirmed by two microphotographs (Fig. 1) of the cells of Trachydiscus minutus in 
transmitted light and in fluorescence. Autospores in the stationary phase contain one large central oil droplet 
(yellow) and several chloroplasts (red). The coloring and fluorescence of neutral lipids, mostly triacylglyce-
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rols, stained with Nile Red is caused by specific interactions of the dye with FAs. Glyco- and phospholipids 
are not stained owing to the presence of polar head groups in their molecule. 

 

Table II.  Composition (% of dry mass) of total lipids and fatty acids and dry mass (in g/L) increasea in Trachydiscus minutus cultiva-
ted under different physiological conditions 

Component  Distilled water Medium –S Medium –S,–N Medium +S,+N 

Total lipids  28 33 39 30 

Fatty acid 14:0 26.6 41.8 47.1 53.5 
 16:1ω–7 11.6 13.0 10.5 8.6 
 16:0 11.7 17.5 17.2 15.0 
 18:2ω–6 6.7 6.7 5.4 2.8 
 18:3ω–3 5.9 10.7 7.7 3.8 
 20:4ω–6 1.7 0.6 0.6 0.9 
 20:5ω–3 35.8 9.7 11.5 15.4 

Dry mass increase 0.6 1.0 1.0 5.7 

aDry mass found at the onset of stationary phase (6.2 g/L) before the samples from mother culture were mixed with the same volume 
  of H2O, medium (–S), (–S,–N) or full cultivation medium (+S,+N); for medium composition see Materials and Method. 

 
 

Fig. 1.  Microphotographs of the cells Trachydiscus minutus in transmitted light (left) and in a fluorescence 
(right); bar corresponds to 10 μm. 

 
The results of FA analysis of T. minutus are in agreement with the published data for other yellow-

green algae (Mercer et al. 1974; Patil et al. 2007) and also with the results of basic experiments on the effect 
of cultivation conditions, chiefly different temperatures and light intensities, on Trachydiscus (Iliev et al. 
2008). 

In general, EPA is the major FA (see Table II). Its concentration is in the range of 9.7–35.7 % total 
FA depending on cultivation conditions. Other major FAs in decreasing order are 14:0, 16:0, 16:1, 18:2, 
18:3 and 20:4. This content of FAs is highly suitable for further biotechnological processing since C14 and 
C16 FA, i.e. saturated and unsaturated acids, can easily be separated, producing a concentrate enriched in 
PUFAs.  

To our knowledge, literature reports on the effect of sulfur starvation on the lipid content are scarce 
(cf. Sugimoto et al. 2008). Investigations concerned the effect of sulfur starvation on the proportion of 
sulfoquinovosyl diacylglycerol, a lipid having sulfur in the molecule, and on the content of FAs in this lipid. 
The lipid was found to contain no PUFAs, 90 % of total FA being due to palmitic acid. Other lipid classes, 
e.g., monogalactosyl diacylglycerol and digalactosyl diacylglycerol, and the acidic lipid phosphatidylglyce-
rol were only negligibly affected by sulfur starvation. For instance, monogalactosyl diacylglycerol was found 
to contain 20.0 ± 2.2 % of 18:3 in cultivation with sulfur and 32.3 ± 1.0 % in –S cultivation (Sugimoto et al. 
2008).  

Nitrogen starvation has been reported to enhance the FA content in many species of algae (Bena-
motz et al. 1985) but generally it is accompanied by a sharp decrease in proportion of PUFA. Nitrogen star-
vation was brought about by cultivation in complete medium during the exponential phase, centrifugation 
and resuspension in nitrogen-free medium and further cultivation for another 8 d. Although the FA content 
increased to a record high value of 39 %, the proportion of EPA plummeted to just 11.5 %. Consequently, 
the EPA content was reduced to 4.48 % while the control cultivation contained 10 % EPA. 
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Nitrogen and sulfur starvation had an adverse effect on EPA productivity. This phenomenon has 
already been noted, and, as stated above, it reflects mostly a generally lower production of PUFAs under 
starvation conditions. For instance, increasing NaNO3 concentration from 150 μmol/L to 3000 μmol/L in 
cultivations of the alga Nannochloropsis sp. enhanced the proportion of EPA from 7.9 to 29.9 % total FA 
while, at the same time, the content of total FA decreased from 62 to 13 % (W/W) (Hu and Gao 2006). The 
microalga Monodus subterraneus has been found to produce EPA, which is concentrated mainly in the 
galactolipid fraction as its major FA. Nitrogen starvation increased the FA content but reduced the pro-
portion and content of EPA to 19.5 % of FAs and 1.8 % of dry mass, respectively (Cohen 1994). On the 
other hand, under nitrogen starvation the FA content constituted over 35 % of dry mass and the proportion of 
arachidonic acid exceeded 60 % of total FAs. This can be ascribed to the fact that, though structurally simi-
lar, the two FAs are biosynthesized by two different mechanisms, viz. ω–3 and ω–6 pathway (Khozin-Gold-
berg et al. 2002). 

 

Table III.  Comparison of EPA productivity (mg/L per d) of microalgae under various culture conditions  

Organism Culture vessels Culture mode 
EPA 

productivity 
Reference 

Porphyridium cruentum ponda winter 0.5 Ratledge 1997 
Porphyridium cruentum flasks batch 3.6 Akimoto et al. 1998 
Isochrysis galgana glass tubes semi-continuous 4.6 Otero et al. 1997a 
Phaeodactylum tricornutum glass tubes semi-continuous 5.2 Otero et al. 1997b 
Nannochloropsis oculata ? batch 5.5 Sukenik et al. 1989 
Isochrysis galgana fermenters continuous 7.2 Grima et al. 1993 
Porphyridium cruentum pondb optimal weather 8.0 Ratledge 1997 
Isochrysis galgana fermenters continuous 15.3 Grima et al. 1994 
Phaeodactylum tricornutum glass tubes batch 19.0 Yongmanitchai and Ward 1991 
Isochrysis galbana cylindrical fermenters continuous 23.8 Sevilla et al. 1998 
Phaeodactylum tricornutum glass tanks continuous 25.1 Yongmanitchai and Ward 1992 
Monodus subterraneus Erlenmeyer flasks semi-continuous 25.7 Cohen 1994 
Nannochloropsis sp. tubular photobioreactors continuous 32.0 Zittelli et al. 1999 
Phaeodactylum tricornutum glass vesselsc batch 33.5 Garcia et al. 2000 
Monodus subterraneus helical tubular 

  photobioreactor 
semi-continuous 56.0 Lu et al. 2001 

Monodus subterraneus flat plate reactors semi-continuous 58.9 Qiang et al. 1997 
Trachydiscus minutus light tubes batch 88.0 this paper 
Nitzschia laevis fermentersd perfusion-cell 

  bleeding 
175.6 Wen and Chen 2001 

aOpen pond in winter. bOpen pond in best-case conditions. cMixotrophic growth. dHeterotrophic growth. 

 
Under optimum cultivation conditions, the EPA productivity by T. minutus in our experiments was 

around 88 mg/L per d. EPA productivity is a function of four parameters – the EPA proportion of FAs, the 
FA content, the specific growth rate, and the biomass concentration at harvest. Among microalgae, 
T. minutus is nearly a top producer of EPA (Table III). 

This work was supported by the Institutional Research Concepts AV0Z50200510 and AV0Z60050516 and by project no. 
1M0571 (Ministry of Education, Youth and Sports of the Czech Republic). 
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