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Chapter 4

TRACHYDISCUS MINUTUS:
A NEW ALGAL EPA PRODUCER
Jaromír Lukavský*
Acad. Sci. Czech Rep., Inst. Botany, Dep. Plant Ecology,
Biorefinery Research Centre of Competence, Třeboň, Czech Republic

ABSTRACT
The alga Trachydiscus minutus (Bourr.)Ettl, strain Lukavský et Přibyl 2005/1,
Eustigmatophyceae, is described here as a new source of polyunsaturated fatty acids
(PUFAs), especially of eicosapentaenoic acid (EPA). These fatty acids (FA) are valuable
food additives for man, animals and in aquaculture.
T. minutus was first described as Pseudostaurastrum minutum by Bourrelly (1951),
from a small fishpond in France, in 1951. It is now found in various water localities, e.g.
ponds, lakes and streams, but usually as a rare species. Its principal mode of reproduction
is by autosporogenesis, and in prolonged darkness, zoospores are produced. Only
chlorophyll_a was evaluated; other pigments are violaxanthin, vaucheriaxanthin ester,
and ß–carotene.
In laboratory cultures, biomass can reach 16 g.l-1 dry weight (DW), consisting of 2631% total lipids (TL) and EPA comprises up to 42% of TL. The TL content can be
increased to 39% of DW by nutrient starvation (N,P,S deficiencies) resulting in an EPA
content of up to 35.8% DW, and a productivity of 88 mg l -1.d-1. Targeted stereoisomers of
triacyglycerols (TAGs) can also be obtained. Oil drops are prominent and an iodine value
of about 216 was determined by Raman microspectroscopy, even in individual cells; this
has high potential value for the food industry. T. minutus also contains 26% of saturated
myristic fatty acid, and about 48% protein suitable for food and fuel. The optimal growth
temperature was about 27 oC, but it survived below 15 and at 35 oC. Extreme
temperatures resulted in increased TL content, up to 35% DW, and decreased
carbohydrate (13.6% DW) and protein (30-38% DW). High temperature elevated the
activity of superoxide dismutase, catalase and proteases, but glutathione reductase, and
peroxidase activity decreased. Under 15 oC, all enzymes except glutathione reductase
were inhibited. In the laboratory, optimal growth occurred under continuous light of
2x132 μmol photons.m-2.s-1, whereas the maximum light levels evaluated in the
greenhouse were up to 640 μmol photons.m-2.s-1.
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In an orbicular cultivation unit inside a greenhouse in N.Greece (vol. 200 litre, area 2
m2) T. minutus produced 0.6 mg.m-2/day i.e. 3.4 mg.l-1.day-1 of EPA. In SW. Bohemia,
using a thin-layer inclined photobioreactor (volume 150 litre, area 15m2) in a greenhouse,
T. minutus produced up to 0.25-0.45 mg.m-2.day-1, i.e. 20-30 mg.l-1.day-1 of EPA. T.
minutus proved to be tolerant of manipulation, e.g. centrifugation, oscillations of light,
temperature and CO2 concentration, contamination with another algae etc. Sedimentation
followed by centrifugation and lyophylization, or drying in the sun on plastic foil was
suitable for harvesting. Flocculation also has potential (Přibyl pers. com.) and no
parasites have yet been observed in T. minutus.
T. minutus was successfully immobilized in agar or alginate. Its potential for further
research and exploitation is high and comparable with, or better than other algae used for
biotechnological production of PUFAs, and especially EPA.

INTRODUCTION
Domesticated cyanobacteria and microalgae with potentially highly valuable properties,
remain limited to a few genera. Primarily, production has focussed on mass cultivation of low
cost, protein-rich food, but this has been expanded to include the production of nutrient
additives and valuable pharmacological compounds e.g. proteins and pigments, phycocyanin
from Arthrospira (Spirulina), chlorophylls from Chlorella, astaxanthin from Haematococcus,
or carotenes from Dunaliella (Borowitzka and Borowitzka, 1988). Reviews are also in Raja
(2008), and Richmond (1984, 2004).
The aim of this paper is to review studies on the growth and composition of Trachydiscus
minutus, a new and potentially valuable species with an emphasis on the biotechnological
production of PUFAs, especially eicosapentaenoic acid (EPA).

OLEAGINOUS ALGAE
Special attention has been paid to algae producing oils. The first experiments were
carried out during World War II using Bacillariophyceae, with the aim of producing
lubricants (Ketchum & Redfield 1938, Harder & Witsch; 1942a,b; Řetovský, 1946). The last
author established outdoor cultures of Navicula sp. in a 70 litre closed glass cylinder.
The importance of high quality oils for the human diet, especially PUFAs, is well known
(Borowitzka, 1988) but PUFAs are also important in aquaculture as fish feed via zooplankton
(Borowitzka (1997), Brown (2002), Krienitz & Wirth (2006)). The search for new
prospective producers of healthy oils, especially those rich in PUFAs, remains therefore a
focus in phycology.

BIODIESEL FROM ALGAE
Prospects for the exploitation of algae as biofuel oscillates along with oil costs,
international relations, politics of self-reliance and issues of national security (Mata et al.
2010). The alga with the highest potential, Nannochloropsis sp. from Eustigmatophyceae,
was tested by Rodolfi et al. (2009) and Scenedesmus obliquus was proposed by Mandal &
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Malik (2009). However, the existence of enormous oil supplies in oil-rich sands and bitumen
slates has raised the potential for long-term mining prospects (Lomborg 2006). Programmes
on algal biodiesel (Sheehan et al. 1998) have therefore been frozen at present (Pienkos &
Darzins 2009).
Nevertheless, a price reduction of algal oil can be expected through combinations of
novel waste water treatments e.g. Botryococcus (Li et al. 2008; Shen et al. 2008). CO2 can
also be supplied cheaply (free of charge) as flue gas from municipal waste incinerators,
(Douskova et al. 2008).
The advantage of this approach is that it avoids payment of penalties for water pollution
by wastes, or air by CO2, and in parallel, produces valuable compounds. All possibilities hold
prospects for industry, and provide feed for animals although this may be problematic as a
food supplement for people, where not only the composition but also the origin of food is
strictly controlled. CO2 is also available free of charge from mineral springs or thermal bores,
and providing hot water for heating the suspension culture (Furnadzhieva et al. 2002a,b).
Reviews are presented by Courchesne et al. (2010), Huang et al. (2010), Narendra et al.
(2010), and by Shi et al.(2011). Unfortunately, Petkov (2012) has calculated that the total
energy spent in the production of algal biodiesel is much greater than the energy harvested at
the end. Only under certain circumstances can production of algal biodiesel be economically
viable.
Some algae, such as Chlorella protothecoides, can be cultivated heterotrophically e.g. in
sugar cane juice, and the oil content can reach 53% DW (Cheng et al. 2009). The advantage
of heterotrophic cultivation is that it is independent of climate and solar irradiation. Other
improvements and further progress can be expected from the application of transgenics
(Gressel 2008, Leon-Banares et al. 2004).
Trachydiscus minutus oil is not appropriate for algal biodiesel production because of its
composition of mainly unsaturated fatty acids e.g. EPA (iodine value = 216), but it has
potential as a food supplement. Meanwhile, its content of saturated myristic acid (26-28% of
total lipids) also makes this alga a candidate for the cosmetic industry or for esterification into
fuel (Table 2).

ALGAE AS FEED IN AQUACULTURE
An artificial nutrition chain: alga > zooplankton > fish was tested using a few algal
species. Nannochloris sp., a marine chlorophyte alga was examined. This contains 7% DW of
total oils, up to 23% of which comprise arachidonic acid and EPA (Petkov et al. 1994). The
main sterols were cholesterol and sitosterol, and these, as well as fatty acids, were stable if
NaNO3, KNO3, or urea were used as N sources. Nannochloris is very suitable for outdoor
mass cultivation because it is resistant to high and low salinity and tolerates sea water and
waste water mixtures.
The small cell size (2-6 μm diameter) is however, a disadvantage (Witt et al. 1981).
Nannochloropsis limnetica, a fresh-water member of Eustigmatophyceae was proposed as
fish feed for aquaculture (Krienitz & Wirth, 2006). This alga was capable of achieving 5.5%
DW of EPA, 2.2% DW of linoleic acid and 1.05% DW of arachidonic acid.
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NUTRIENT ADDITIVES FROM ALGAE
PUFAs, especially EPA are recognized as extremely valuable nutritional supplements for
man, improving the status of many conditions including heart disease, mental problems,
immunological conditions etc. (Bockow et al. 1998, Calder 1999). The following
Bacillariophyceae have been identified as potential producers of PUFAs; the marine diatom
Phaeodactylum tricornutum (Ibáñez 1998; Patil et al. 2007; Meiser et al. 2004), Monodus
subterraneus (Cohen 1994; Liu & Lin 2005; Lu et al. 2001), and Nannochloropsis, both
eustigmatophycean algae (Ning et al. 2000), the red alga Porphyridium cruentum (Cohen &
Cohen 1991), Pavlova lutheri from Prymnesiophyceae (Carvalho et al. 2009; Meireles 2003;
Patil et al. 2007), and the cyanobacterium Arthrospira ssp. (Spirulina) (Dilov 1985;
Fournadzhieva et al. 2002a). More detailed information is available in the review by Cohen
(1999, Chen & Jiang 2001).

HETEROTROPHIC CULTIVATION
Heterotrophically cultivated Nitzschia alba in a stirred-pot fermentor (Kyle & Glaudule
1993), is capable of achieving a DW of 40-50 g. l-1 (the autotrophic culture of
Bacillariophyceae only achieved 0.2-1 g. l-1) with 40-50% DW of oils. Advantages of
cultivation in fermentors include independence of weather and the ability to maintain
temperature and light (in mixotrophic mode) at optimal levels.

TRACHYDISCUS MINUTUS,
STRAIN LUKAVSKÝ ET PRIBYL 2005/1
The alga Trachydiscus minutus (Bourrelly) Ettl 1964, Xanthophyceae, Heterokontophyta,
was found in a small pond in a botanical garden in France, and was described under the name
Pseudostaurastrum minutum Bourrelly 1951. The alga is wide-spread in the temperate zone,
usually present at low concentrations amid the mass of other phytoplankton (Amarasinghe et
al., 1997; Zalocar et al., 1998); it is also very rare in Lake Svet, near Třeboň, Czech Rep.
(author). The alga that we have studied was isolated from an open shallow cooling pool of
the Temelín Nuclear Power Station, Czech Republic. The locality is characterised by a
relatively constant temperature of 18-22 0C year-round, the application of biocides that reduce
bacteria and algae, and the addition of ZnCl2 as an anti-corrosive substance; no increased
radioactivity was detected. In this locality T. minutus dominated through years 2005-6, but it
is very rare at present. Trachydiscus has often been mistaken for Chlorella, or other green
spheres (GS), because of a morphological likeness (Petkov & Garcia 2007). The fatty acid
composition of the alga, being very different from that of Chlorella, is a reliable taxonomic
marker, together with lack of chlorophyll_b and chl._c. The taxonomic position of the genus
Trachydiscus (Pseudostaurastrum) was questioned. Its original place in Xanthophyceae
(Heterokonta) was changed into Eustigmatophyceae by Hegewald et al. (2007).

Trachydiscus minutus

81

Schnepf et al. (1996) did not find chlorophyll_c, in Pseudostaurastrum limneticum which
confirms the taxonomic membership of this genus in Eustigmatophyceae. The absence of
chlorophyll_c in T. minutus was demonstrated by Přibyl et al. (2012).

Figure 1. Trachydiscus minutus under a light microscope. Characteristic features are a regularly dotted
cell wall (left) and a big, centrally placed, yolk-yellow oil drop (right), arrow – openings in cell wall.
Scale: 1 unit = 10 μm. After Lukavský et al. (2010).

ULTRASTRUCTURE
Adult T. minutus cells are rounded, discoid - pentagonal - irregular, with rounded ends,
sometimes with lobes (Fig. 3,4). The diameter is 7-9 μm (>50 – giant cells), with 1 nucleus,
3-4 disc-shape chromatophors, with no pyrenoid. Usually one big, yolk-yellow oil droplet,
about 2 μm in diameter, is located in the centre of the cell. The cell wall possesses regular
lines of distinct hollows, crossed at 60o (Fig. 1). This structural feature is visible under the
light microscope, but only in some cells of the population; there is no clear trend in the
appearence of the hollows, e.g. age of cells. Chromatophores are disc-shaped, diameter about
3 μm, parietal, without a peripheral DNA ring or girdle lamella and with no connection to the
nucleus. The nucleus sometimes shows condensed chromatin and lamellate vesicles (Fig. 2).

Figure 2. Ultrastructure of Trachydiscus minutus cells in TEM. Chl=chloroplasts with thylakoid
lamellae, CW=cell wall, LB=lipid bodies, Nu=nucleus. Scale, 1 division = 1 μm. (Přibyl pers. com.).
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Figure 3. Trachydiscus minutus under light microscope. Note the giant cell, with central oil drop (left).
Very old cells with deep-red oil droplets with inner inclusions (right). Scale, 1 division = 10 µm. (Orig.
author).

Giant cells (Fig. 3 left, Fig.4) are not rare in populations of common cells. They stop their
division but continue growth (Fig. 13 arrow). They are not correlated with a high irradiation
density, and are also present at low light intensities (Fig. 4).

PHOTOSYNTHETIC PIGMENTS
The principal pigments are violaxanthin (16.2%), then vaucheriaxanthin ester (7.4%), ß–
carotene (2.8%), zeaxanthin (0.9%), neoxanthin (1.3%). Only chlorophyll_a was detected
(71.4% of all pigments). This confirms the taxonomic position of T. minutus in
Eustigmatophyceae (Přibyl et al. 2012).

PHYLOGENY
The position of T. minutus was in doubt for some time. Now it is based on 18S rRNA
gene sequences (Přibyl et al. 2012). The nearest sequence is Goniochloris sculpta, with 96%
identity and, together with Pseudostaurastrum enorme and P. limneticum, form a clade with
maximal statistical strength.
This clade is a sister to “traditional” eustigmatophyceans; together both clades are in the
monophyletic class Eustigmatophyceae. Also the lack of chlorophyll_c and the composition
of accessory pigments is in concordance. Further research is necessary to resolve the
relationship between T. minutus and Goniochloris sculpta, particularly with regard to
Bourrelly (1968) who proposed that Trachydiscus resides within the genus Goniochloris
(Přibyl et al. 2012).

Trachydiscus minutus

Figure 4. Trachydiscus minutus cultivated under different light intensities (85 – 680 µmol photons.m2 -1
.s ) in aerated cultures (cultivation unit MC 1000, PSI Co., see Fig. 12). Note giant cells in all light
intensities, also unequal daughter cells, and irregular cell shapes. Scale: 1 division = 10 µm. (Orig.
Nedbal and Lukavsky).
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Figure 5. 1-4 diatom Cymbella sp. after 191 sec. of uv exposition. 5-8 - Navicula sp after 139 sec. exp.
uv.). 9 - Intensive autofluorescence of oils inside cell of Trachydiscus minutus (after 190 sec. exp. uv),
in contrast to diatoms, also mention quick bleaching of chlorophylls by uv, in chromatophores of
diatoms. Scale: 1 division = 10 µm. (Orig. author).

Trachydiscus minutus

85

Figure 6. The phylogenetic position of Trachydiscus minutus based on the 18S rRNA gene sequence.
The ML tree was inferred using RAxML (employing the GTR++I substitution model). Numbers at
branches represent bootstrap support values from the RAxML rapid bootstrapping search/Bayesian
posterior probabilities (only values > 50/0.90 are shown). Labels at terminal leaves comprise a
DDBJ/EMBL/GenBank accession number of the sequence, source organism, and a strain number (if
known). The terminal branch leading to Aurearena cruciata NIES-1863 (AB365192) was reduced by
half to fit it into the picture. Vertical lines on the right delimit individual heterokontophyte classes as
accepted at present. Possible expansion of Synchromophyceae, Chrysomerophyceae and
Xanthophyceae to embrace species currently placed elsewhere is indicated by dashed vertical lines.
Olisthodiscus luteus NIES-15 (AY788937) and “Chloromorum toxicum” strain C. Tomas Delaware
could not be placed with confidence into any class. Hyphochytrium catenoides ATCC 18719 (X80344)
and Developayella elegans ATCC 50518 (U37107) are treated as an outgroup. After Přibyl et al (2012).

REPRODUCTION
T. minutus usually reproduces via 2-4 autospores (aplanospores). Under specific
conditions (dark, temperature about 20 oC) approximately 30% of cells produced zoospores
(ZSP) (Fig.7, 8a). These have not yet been observed in nature. ZSPs are elongated, 3.5 x 8.5 11 µm, naked, usually with 2 plastids, without eyespot, no pyrenoid, 2 flagella, but only one
is easily visible under a light microscope; it is the length of the cell body, with mastigonemes.
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The short flagellum is thick and hardly visible (Fig. 7c); movement is slow. Zoosporogenesis
is inhibited by N starvation, in contrast with other algae eg. Chlamydomonas, Scenedesmus
obliquus, Oedogonium etc. Sexual reproduction has not yet been observed.

Figure 7. a - Life cycle of Trachydiscus minutus (left). b - zoospores under a light microscope, after
staining with Lugol solution, and c - under SEM. Arrow - second, small flagellum. Mastigonematas
emerging the main flagellum. a, c - after Přibyl et al. (2012), b - Orig. author. Scale: 1 division = 10
µm.

GROWTH CHARACTERISTICS
Data from laboratory cultivation experiments are not directly applicable in outdoor mass
cultivation, where the principal regulators (light, temperature) are oscillating. Nevertheless,
this is the first and obligatory step in domestication of every alga.

Figure 8. (Continued).
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Figure 8. Growth characteristics of Trachydiscus minutus under laboratory conditions. a - Time course
of zoospore induction in T.minutus, using dark cultivation under three different temperatures. Arrow
shows time of transfer of cultures onto the light. b - Growth of asynchronous cultures of T. minutus and
elimination of main nutrient ions (N, P) from the medium during growth. After Pribyl et al. (2012). c temperature curve after 96 h. of cultivation in laboratory unit, under a light intensity 161 μmol
photons.m-2.s-1 (PAR). The optimal temperature is about 27 oC. (After Iliev et al. 2010).

In a laboratory unit (Fig. 8b), T. minutus showed a standard sigmoidal growth curve and
stationary phase was reached at cca 12-14 g DW/L. Depletion of N and P paralleled growth.
The temperature optimum was about 27 oC; at higher temperatures, growth fell sharply, but
cells were still alive below 40 oC (Fig. 8c).

BIOCHEMICAL COMPOSITION
In T. minutus, lipids reached relatively high values; of 39% DW (Table 1), and proteins
48% DW. These proportions characterize T. minutus as an alga possessing valuable biomass
with high protein and lipid contents. The lipids have been extracted using a mixture of
ether/ethanol (Bligh & Dyer 1959), and their odour is similar to fish oil. By TLC analysis, the
total lipids comprised triacylglycerols (TAG), monogalactosyldiacylglycerols (MGDG),
sulphoquinovosyldiacylglycerols (SQDG), and phosphatidylglycerols (PG). The TAG content
of T. minutus lipids is about 20 %, which is high.

Table 1. Contents of lipids and their components in algae and cyanobacteria tested until now.
TAG - triacylglycerols, EPA = eicosapentaenoic acid. MYR = myristic acid. DW = dry weight.
* Cultivated in nutrient deficient medium. After Lukavský et al. 2010, modified
Organism
Chlorella protothecoides
Navicula sp.
Spirulina sp.
Spirulina sp.
Botryococcus braunii
Bacillariophyceae
Scenedesmus obliquus
12 strains of Cyanobacteria
Nitzschia ovalis
Thalassiosira sp.
Tetraselmis sp.
Synechocystis sp.
Synechococcus sp.
Anacystis sp. (Synechococcus nidulans)
Phaeodactylum tricornutum
Nannochloris sp.
Nannochloropsis sp.
Nannochloropsis limnetica
Pavlova lutheri, UV mutant
Monodus subterraneus
Monodus subterraneus
Monodus subterraneus
Chlorella minutissima
Phaeodactylum tricornutum
Monodus subterraneus
Trachydiscus minutus
Trachydiscus minutus*

Lipids
% in DW
53
17-18
9.4
16.3
19.8
10
12.7
8-13

TAG
% in DW

MYR
% in lipids

Author
Cheng et al 2009
Řetovský 1946
Arvanitis et al. 2003
Ramadan et al. 2008
Shen et al. 2008
Harder et Witch 1942
Mandal et Mall
Vargas et al. 1998

3.1
6.4
1.2
28.2
26.7
4.9

6.3

11

26-31
28-39

EPA
% in lipids

20

26
27-53

26.7
16.6
4.7
5
23
25
28-56
32.8
31-34
31.8
34.2
31.3
21.4
36.7
27-42
10-36

Pratoomyot et al. 2005

Meiser et al. (2004)
Petkov et al. (1994)
Ning Zou et al. 2000
Krienitz et Wirth (2006)
Meireles 2003
Liu et Lin 2005
Lu et al. 2001
Vazhappilly et Chen,
1998
Cohen 1994
Iliev et al. 2010
Řezanka et al. 2010

Table 2. Trachydiscus minutus cultivated in the laboratory and in a pilot-plant unit in a green house
Fatty
acids.
12:0
14:0
16:0
16:1
16:2
18:0
18:1
18:2
γ-18:3
α-18:3
20:4
20:5
a

Total lipids (% of wet weight)
83
161
(μmol photons.m-2.s-1)
(μmol photons.m-2.s-1)
tray
0.8 ± 0.4
28 ± 6
28 ± 3
10 ± 2
8±1
5±1
10 ± 3
tray
0.8 ± 0.3
0.4 ± 0.1
0.4 ± 0.2
3±1
3 ± 0.5
5±1
7±1
0.2 ± 0.1
0.8 ± 0.4
2±1
7±2
4±1
6±1
42 ± 6
27 ± 4

a

161
(μmol photons.m-2.s-1)
1.2 ± 0.5
26 ± 5
9±4
10 ± 3
1.5 ± 1
0.6 ± 0.5
3±2
7±1
0.6 ± 0.4
5±3
6±2
29 ± 7

b

294
(μmol photons.m-2.s-1)
0.6 ± 0.5
4±2
33 ± 13
6±1
4±2
3±1
9±3
23 ± 7
0.3 ± 0.3
6±2
4±2
3±1

Triacylglycerols
161
(μmol photons.m-2.s-1)
1.2 ± 0.1
20.3 ± 0.1
13.8 ± 0.9
14.8 ± 0.9
0.8 ± 0.1
3.7 ± 0.4
9.9 ± 0.8
11.9 ± 0.5
trace
5.5 ± 0.3
10.7 ± 0.9
7.4 ± 0.8

arithemtic means and standard deviations from 8 replicates in the laboratory, under 20, 26, 30, 34 °C, 161 μmol photons.m-2.s-1 , b cultivation in an orbicular
pilot-plant in a greenhouse, Nigrita, Greece, with an area of 2 m2 and a volume of about 330 litre, with continuous stirring using a paddle wheel. CO 2 was
supplied in excess by bubbling from a perforated tube. Irradiation density was 1100-1200 μmol photons.m-2.s-1 in PAR, the temperature of suspension was
26 0C. Myristic acid = 14:0, γ –linoleic acid = γ-18:3, EPA = 20:5. Content of individual oil acids are calculated from total lipids or triacylglycerols.
According Iliev et al. (2010).
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Table 3. Composition (% of DW) of lipids in Trachydiscus minutus cultivated in nutrient
solution after Zachleder et Šetlík (1982) with different concentrations of S, N, and their
combinations. DW increase is the change after a starting concentration of 6.2 g.l-1.
Irradiation density was 450µmol photons ·m-2·s-1, provided by fluorescent tubes
(daylight), bubbled with air enriched with 2% of CO2, temperature 12-15 oC.
After Rezanka et al. 2010
Component
Total lipids
Fatty acids

DW increase

14:1
16:1ω-7
16:0
18:2 ω-6
18:2 ω-3
20:4ω-6
20:5ω-3

Dist. water
28
26.6
11.6
11.7
6.7
5.9
1.7
35.8
0.6

Medium - S
33
41.8
13.0
17.5
6.7
10.7
0.6
9.7
1.0

Medium –S, -N
39
47.1
10.5
17.2
5.4
7.7
0.6
11.5
1.0

Medium +S, +N
30
53.5
8.6
15.0
2.8
3.8
0.9
15.4
5.7

The percentage of fatty acids depends on culture conditions, especially irradiation
intensity and nutrient concentrations, and their values under optimum growth conditions are
shown in Table 2. A high percentage of MYR (myristic acid) (28 %) and EPA (27-42%
W/W-wet weight), was found (Iliev et al. 2010). A relatively high level of sterols was found,
the main sterol being β-sitosterol (61.5 %, Iliev et al. 2010). The volatiles of Trachydiscus,
comprising 0.2 % of the dry biomass, were gravimetrically evaluated and identified by
GC/MS. From the total content of oils, myristic acid is 26 % W/W and EPA was up to 42 %
W/W. They are both valuable products used in cosmetics (myristic acid) or as food
supplements for people, animals and for aquaculture. Also γ -linoleic acid (GLA) has
numerous applications. As is clear from Table 2, the EPA content is very much dependent
upon cultivation conditions. T. minutus is characterised by a high content of both acids, where
myristic acid is saturated and EPA unsaturated. Usually in algae, only one prevails; myristic
acid in cyanobacteria and EPA in Bacillariophyceae (Table 1). Under different nutritional
conditions, the biomass composition of T. minutus differs greatly. (Table 3, 4). The most
interesting product, EPA, comprises 9.7-35.8% of DW. This enables us to control the
composition of the final product according to requirements. T. minutus rapidly grows in
standard mineral nutrient solutions common in algal biotechnology. Biomass can reach 15 g
of dry weight/litre (Fig. 8), and harvesting by sedimentation followed by centrifugation is
very easy. In a thin, dense layer of suspension (Fig. 15b) DW as much as 30 g.l-1 was reached
(Cepák, pers.com.) which is the same as in heterotrophic cultivation. The temperature
optimum is about 27 oC, which is reached spontaneously in suspension, without any necessity
for expensive temperature control (Fig. 8c). For this reason the alga is suitable for cultivation
under temperate as well as subtropical climatic conditions. The biomass contains about 48 %
DW of proteins and is a potential feed resource for man or animals. Different combinations of
temperature and light resulted in differences in the composition of biomass, pigments, sugars,
lipids, proteins, some antioxidants, and proteolytic enzymes. T. minutus tolerates
temperatures from 20- 32 oC, where growth differences are only moderate. Under
unfavourable temperatures of 15 or 40 oC there was a decrease in total lipids to 35% DW, a
decrease in carbohydrates to 14% DW, and total proteins were 30-38% DW. Defense systems
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reacted in two ways: At 40 oC superoxide dismutase, catalase and proteases were elevated and
glutathione reductase and peroxidase were decreased. At 15 oC all enzymes except
glutathione reductase were inhibited. Light enhanced/suppressed the temperature responses,
and chlorophyll and RUBISCO decreased at both temperature extremes. The alga has broad
adaptability and resistence to extremes of temperature and light (Gigova et. al. 2012).
Table 4. Variation in the end-point growth (mg DW), protein, carbohydrate, lipid
and chlorophyll content (% DW) of Trachydiscus minutus as a function of growth
temperature and light intensity. Light 132 µmol photons ·m-2·s-1 unilateral illumination;
light 2x 132 µmol photons ·m-2·s-1 bilateral illumination. All values are expressed
as means ± SD; n = 6. After Gigova et al. (2012)
Intensity
(µmol photons m-2·s-1)
Light 132
Dry weight
(mg·ml-1)
Total proteins
Total carbohydrates
Total lipids
Chlorophyll_a
Light 2x132
Dry weight
(mg. ml-1)
Total proteins
Total carbohydrates
Total lipids
Chlorophyll_a

Temperature
(oC)
15
0.75±0.07

20
2.23±0.13

25
3.34±0.17

32
2.93±0.15

40
0.96±0.12

38.13±2.18
13.95±1.25
28.19±2.13
1.04±0.01

39.76±3.44
22.78±1.51
22.76±1.95
1.08±0.03

38.20±2.01
23.74±1.16
23.22±2.40
1.44±0.08

38.04±1.41
23.00±1.44
26.66±1.13
1.77±0.09

34.96±1.97
17.45±2.28
30.08±1.54
0.65±0.11

0.79±0.07

2.61±0.15

4.63±0.28

4.03±0.17

0.94±0.15

30.51±1.03
13.64±0.85
35.19±0.97
1.02±0.03

36.57±3.08
20.98±0.83
23.31±1.48
0.92±0.08

33.45±2.99
29.01±0.70
21.77±1.82
1.12±0.01

36.49±3.36
25.13±1.04
23.27±1.50
1.16±0.09

35.38±3.73
17.37±2.43
27.08±3.92
0.73±0.05

INCREMENTS OF POLYUNSATURATED TRIACYLGLYCEROLS
The content of TAGs is dependent on the composition of the nutrient medium. Seventy
four TAGs having at least one PUFA were determined in T. minutus (Řezanka et al. 2010,
2011). Palmitic, arachidonic and EPAs are the main components. N and P starved cultures
produced TAGs without PUFAs at position sn-2 (Tab. 5). The composition of biomass can be
easily controlled via manipulation of nutrients, which is only possible in outdoor cultivation.
Table 5. Ratios of TAG positional isomers consisted of EPA, ARA and palmitic acid in
the alga Trachydiscus minutus, under different nutrient supply. PEP - 1,3-dipalmito-2eicosapentaenoin, PPE - 1,2-dipalmito-3-eicosapentaenoin, PEE - 1-palmito-2,3dieicosapentaenoin, EPE - 1,3-dieicosapentaenoin-2-palmitin, PAP - 1,3-dipalmito-2arachidonin, PPA - 1,2-dipalmito-3-arachidonin, PAA - 1-palmito-2,3-arachidonin APA
- 1,3-diarachidonin-2-palmitin. After Rezanka et al. (2011)
TAG ratio
PEP/PPE
PAP/PPA
EPE/PEE
APA/PAA

control
1:3
1:3
1:10
1:10

-N
3:1
3:1
2:1
2:1

-P
5:1
4:1
3:2
3:2
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VISUALIZATION OF THE OIL DROPS
The central oil spheres of T. minutus are easily visible in vivo under the light microscope
(Figs 1,3,4). Under epifluorescence microscopy, the cells autofluoresce (Řezanka et al. 2010).
The oil is excited under uv (wavelength 360-370 nm) and observed or photographed, using a
barrier filter (>515 nm). Oil shows a white colour, chlorophyll appears as red, and cell walls
are blue. The oil requires some time to change from yolk-yellow to white or blue-white; about
2 minutes (Fig. 9). This autofluorescence of oils under uv is specific for Xanthophyceae and
Eustigmatophyceae. It was not observed in e.g. Bacillariophyceae (Fig. 5), nor in Chlorophyta
and Cyanobacteria (Přibyl pers.com.). The oil is synthesized as numerous small drops inside
the chromatophore, and passes into the central space to coalesce into one big drop (Přibyl et
al. 2012). Under uv microscopy, live cells and dead cells can be distinguished, e.g. in
immobilized pellets (Figs. 9, 11). This is potentially a way for quick evaluation of
intracellular oils instead of extraction with solvents and gravimetric analysis (Přibyl
pers.com). The disadvantage is that chlorophyll as well as cell structures are soon damaged by
intensive uv. Interestingly T. minutus (which only possesses chlorophyll_a) is more resistant
to uv than the procaryotic cyanobacteria and eucaryotic algae.

Figure 9. Autofluorescence of oil drops and chlorophyll of Trachydiscus minutus under uv, over a
period of 30-426 sec. Cells were immobilized in 2% agar in Petri dishes. 0- visual light. Continuous
bleaching of chlorophyll is visible, too. A cover glass is placed on the surface of the agar plate to use an
immersion objective HI 100x. Scale: 1 division = 10 µm. Orig. author.
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RAMAN MICROSPECTROSCOPY
Oils produced by T. minutus are characterised by a high degree of unsaturation, which is
usually expressed as the iodine index. This crucial parameter can be evaluated directly inside
cells, in the oil drops, by Raman spectroscopy (Fig. 10), after calibration with known
standards. The iodine index differs between algal species: Chlamydomonas sp. - 93,
Botryococcus sudeticus (Botryosphaerella sudetica) - 88 and T. minutus - 216. The differences in intensities of Raman spectral peaks can be exploited in the selection of novel algal
strains as well as in the production of new mutants. T. minutus has potential as a food
supplement, but not for bio-diesel, where an iodine value of about 120 is required (Samek et
al. 2010).

Figure 10. a - Raman scattering spectrum of Trachydiscus minutus. Raman bands 7 and 9 are used to
calculate the degree of lipid unsaturation. Spectrum acquisition parameters: integration time 20 sec.,
laser power at the specimen 13 mW. 4,6,8 numbers indicate β - carotene vibrations. b - Typical Raman
scattering spectra of intracellular lipid bodies contained in Trachydiscus minutus. Raman bands used for
the calculations of iodine value are highlighted with dashed vertical lines. Corresponding pictures to the
left of the spectra show the lipid bodies from which the spectra were recorded (arrow). After Samek et
al. (2010).
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Pilát et al. (2011) used Raman microspectroscopic analysis for assessment of β-carotene
concentration in T. minutus algal lipid bodies of in vivo. This is useful in biotechnology for
lipid and pigment production, as it allows rapid selection for overproducing strains.

IMMOBILIZATION
Immobilized (IM) algae characteristically cease growth and cell division after ca 3
divisions, but metabolic activity proceeds for a long time (Lukavský et al.1986). Algae
immobilized in agar in test tubes survived for 3 years (Lukavský 1988). T. minutus can be
readily immobilized in agar or alginate and cells are viable for months. Individual cells
divided 2-3 times and produced characteristic mulberry-like colonies (Fig.11). The oil content
in IM cells is under investigation, but according to autofluorescence responses, should be
high.

Figure 11. a - Trachydiscus minutus immobilized in alginate, squash preparation. b - Trachydiscus
minutus immobilized in agar, in Petri dishes. In the left – visible light, in the right – autofluorescence
under uv. Cover glass was placed on surface of agar plate to enable using immersion objective HI 100x.
Scale: 1 division = 10 µm. Orig. author.

LABORATORY CULTIVATION
T. minutus can be easily cultivated in laboratory units, in suspensions (Fig. 12) as well as
on agar plates (Fig. 13), and can be immobilized in agar or alginate (Fig. 9, 11). Selection of
the proper technique and unit depends on the aim of the experiment. Selection for growth
mutants is possible by evaluation of colonies and their isolation in multiwell immunological
plates (Fig. 14). Almost 100 mini-cultures (0.25 ml) can be exposed and evaluated quickly in
a plate reader, at 750 nm, and the data can be converted into DW. Testing of growth
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parameters is optimal in test tubes in a water bath; greater volumes e.g. for inoculation of
outdoor cultivation, or analyses demanding huge biomasses, can be produced in 15 litre
vessels (Fig. 12-right).
Cultivation in Petri dishes, as suspensions or colonies on agar plates, in equipment with
crossed gradients of temperature and light (Lukavský 1982, Kvíderová and Lukavský 2001)
can allow ready evaluation of growth characteristics, and biomass composition.

Figure 12. Trachydiscus minutus in laboratory cultivation units, in left test tubes in a water bath,
irradiated from one side, after Nedbal unpublished). On the right is a plane parallel glass cuvette, of
volume up to 15 litre, irradiated from both sides with fluorescent tubes (2x 100 μmol photons.m-2.s-1),
aerated by perforated tube, with air containing 2% of CO2. Orig. author.
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Figure 13. Trachydiscus minutus cultivated as single- cell colonies on agar plate in a Petri dish, and
details of colonies. Arrow – giant cell. Orig. author.

Figure 14. Cultivation of Trachydiscus minutus in an immunological plate, FB type, wells of 0.2 ml.
The plates can be evaluated directly by plate reader, e.g. OD 750 can be used for plotting of growth
curves. Marginal wells are filled with distilled water to diminish evaporation. Orig. author.

T. minutus grows well on agar plates in Petri dishes. This cultivation method is suitable
for isolation and purification of algae because it results in bacteria-free clonal cultures.
Genetic experiments can also be carried out using solidified nutrient medium. Colonies on
agar plates can be used not only for selection of qualitative mutants, e.g. according
differencies in colour, but also in the selection of algal clones according to growth rate, e.g.
Chlorella (Lukavský 1975). T. minutus does not grow quickly, but it does yield distinct
colonies (Fig. 13). The correlation between colony diameter and optical density of their
progeny in stationary cultures is significant ( Fig. 16).
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PILOT PLANT CULTIVATION
T. minutus cultivated in a 330 litre orbicular, flat vat (Fig. 15a), in a greenhouse, in N.
Greece, for 30 days, gave an average daily yield of 7 g DW.m-2, under routine conditions,
where the natural light intensity was up to 1100-1200 µmol photons ·m-2·s-1 in PAR, the
maximum suspension temperature was 26 0C, and CO2 was supplied in excess via a
perforated tube. Harvesting by centrifugation and drying by sun irradiation on plastic foil was
successful. Cultivation as a dense, thin layer was also carried out, on an inclined, flat
platform, in a greenhouse at Trebon, SW. Bohemia (Fig. 15b). The yields in both units are
compared in Table 6; the thin layer was more effective with respect to volume and area than
the orbicular unit.

a

b

Figure 15. Cultivation units exploited for pilot-plant cultivation of the alga Trachydiscus minutus. a orbicular unit with suspension layer 20-30 cm high, stirred by paddle-wheel, CO2 is supplied by
perforated tube, greenhouse of Algae Co, Nigrita, N. Greece. b - flat, inclined unit with a thin (3-5 mm),
dense layer (BSC Co., Brno CZ). Pump services mixing as well as CO2 enrichment (green house at
Třeboň, SW. Bohemia). After Lukavský et al. (2010).

Another advantage of mass cultivation is that T. minutus is resistant to fungal parasites
e.g. Chytridiales, which are common in cultures of Scenedesmus and Chlorella (Phlyctidium
scenedesmi, Aphelidium chlorococcarum). No parasites have been observed, yet.
Table 6. A comparison of EPA production by an orbicular unit in Nigrita, N. Greece,
and a flat, inclined surface unit in Treboň, SW. Bohemia. Both units were placed
in a greenhouse, without temperature control (see Fig. 15). Original author

Lipids in dry weight (%)
EPA in dry weight (%)
Yields of dry weight/m2/day (g)
Yields of dry weight/L/day (g)
Yields of EPA/m2/day (mg)
Yields of EPA/L/day (mg)
Volume of unit
Area of unit (m2)
Height of suspension (mm)

Nigrita
26
3±1
19
0.115
0.57
3.45
200
2
200 - 300

Třeboň
28-31
7.2 – 13.02
2.8
0.3
0.25 – 0.455
20 – 30
140
15
5 - 10

98

Jaromír Lukavský

POTENTIAL FOR INCREASED EPA CONCENTRATIONS
T. minutus cultivated in a standard medium (after Zehnder in Staub, 1961) and in the
same solution without S and N, after a 16-d cultivation period, reached 13 g dry mass per 1
litre of medium (Tab. 7). The content of oligoenoic (‘polyenoic’) fatty acids (PUFAs), i.e.
eicosapentaenoic (EPA), was in excess of 35 % of total fatty acids; productivity was thus 88
mg.l-1.d-1 (Řezanka et al. 2010).
Table 7. Composition (% DW) of total lipids and fatty acids and dry mass (in g.l-1)
increase in Trachydiscus minutus cultivated under different nutritional conditions. Dry
mass found at the onset of stationary phase (6.2 g.l-1) before the samples from the
mother culture were mixed with the same volume of H2O, medium (–S), (–S,–N) or full
cultivation medium (+S,+N). Light; 450 μmol photons.m-2.s-1, from fluorescent tubes
(day light); cultures bubbled with air containing 2% CO2.
After Rezanka et al. (2010)
Component
(% of dry mass)
Total lipids
Fatty acid

Dry mass
increase

14:0
16:1ω-7
16:0
18:2ω-6
18:3ω-3
20:4ω-6
20: 5ω3

Distilled
water
28
26.6
11.6
11.7
6.7
5.9
1.7
35.8

Medium S
33
41.8
13
17.5
6.7
10.7
0.6
9.7

Medium
–S, -N
39
47.1
10.5
17.2
5.4
7.7
0.6
11.5

Medium
+S, +N
30
53.5
8.6
15.0
2.8
3.8
0.9
15.4

0.6

1.0

1.0

5.7

POSSIBILITIES OF SCREENING AND SELECTION
Classic genetic breeding and improvements are based on the production of mutants by uv
irradiation or chemical mutagens, followed by screening for required clones. A prerequisite
for such a procedure is a correlation between diameter of colonies and growth rates, in
derived suspensions; this has been proven (Fig. 16). The correlation coefficient r = 0.55 is
significant at 1% P (Fig. 16).
An advantage of using colonies on an agar plate, is that individual cells can also be
observed and evaluated, e.g. giant cells can be recognized inside a colony (Fig. 13 arrow).
Coefficients of correlations are almost identical if only straight line or quadratic regressions
are calculated and plotted (Fig. 16). The correlation is, however, supported mainly by the tail
of small colonies which gave little growth in suspension. The greatest colonies resulted in a
wide spectrum of yields. Further testing is necessary.
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Figure 16. Correlations between diameters of colonies on an agar plate and OD750 nm in stationary
phase of 10 ml volume cultures in test tubes. Petri plates as well as tubes were irradiated using
fluorescent tubes, 164 µmol photons ·m-2·s-1 (day light), temperature 25 oC, CO2 was supplied only by
diffusion from air. Original author.

CONCLUSION
Trachydiscus minutus is shown to be a new organism with great potential for the
production of PUFAs, especially of EPA. The strain, Lukavsky et Pribyl 2005/1, was patented
in the Czech Republic (Lukavsky et al. 2010). The yields of EPA from T. minutus are
comparable, sometimes better, than other algae in use at present.
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