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Abstract
In the last forty years there is an increased scientific interest in deeper understanding lipid metabolism in
photosynthetic microorganisms, aiming at using the most lipid-rich strains as source for biodiesel production. One of
the many constraints is the selection of strains with high lipid content. This paper presents the isolation, purification
and selection of three strains of photosynthetic microorganisms by using an already known method, iodine vapour
method, (Work et al., 2010) which allows to rapidly and easily select those colonies which low starch content as
potential high lipid- containing isolates. These results show that in the three selected strains, the fluorescence emission
after Nile red addition is increased with different values: 7.597; 10.832 and 11.428 for strains 9.3.1, 9.8.2 and 12.9.0,
respectivley.
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INTRODUCTION

Tamayo-Ordóñez et al., 2017), including the
selection of clones with a low starch content.
There are many reports arguing that the clones
with low starch content have a higher lipid
content (Ramazanov and Ramazanov, 2006;
Wang et al., 2009; Li et al 2010 a and b; Siaut
et al., 2011; Work et al, 2010; de Jaeger et al.,
2014; Sirikhachornkit et al., 2016).
However, there are also results showing that
mutants with low starch content have the same
lipid content as the wild type cells (Vonlanthen
et al., 2015).
The aim of this paper is to present original
results concerning the screening of naturally
occurring photosynthetic microorganisms with
low starch content, as possible potential high
lipid containing strains, using the iodine vapour
method (Work et al., 2010).

The ability of photosynthetic micro-organisms
to accumulate lipids inside the cell received in
the last four decades attention with respect to
the use of photosynthetic microorganisms as
sources of lipids for biodiesel (Sheehan et al.,
1998; Chisti, 2007; Li et al., 2008; Liang et al.,
2009; Demirbas, 2010; Huang, 2010; Mata et
al., 2010; Amaro et al., 2011; Schuhmann et
al., 2012; Borowitzka, 2013; Rawat et al.,
2013; Velea et al., 2014; Ardelean and Manea,
2016).
This interest is based mainly on the their
metabolic advantages over higher plants mainly
with respect to shorter generation time
(Demirbas, 2010; Amaro et al., 2011; Rawat et
al., 2013; Ardelean and Manea, 2016).
However, so far, there are some drawbacks
(Demirbas, 2010; Amaro et al., 2011; Rawat et
al., 2013; Ardelean and Manea, 2016).
In the last two decades there is an increased
interest in understanding the competition
between starch and lipids for intermediary
metabolites (Libessart et al., 1995; Ball, 1998;
Hu et al, 2008; Blaby, 2013; Davey et al, 2014;

MATERIALS AND METHODS
Populations of photosynthetic micro-organisms
relatively rich in lipids previously selected
(Ardelean, 2015; Ardelean and Manea, 2016)
were used as biological material in these
experiments. Isolation and purification of
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RESULTS AND DISCUTIONS

photosynthetic microorganisms from the
consortia of populations was achieved by
dilution method on classically solidified BG11
(Ardelean, 2015).
Selection of colonies with low starch content
was done using the qualitative iodine vapour
method by placing solid I2 pellets on the
surfaces of agar plates to initiate sublimation
(Work et al., 2010).
Estimation of lipid content was done both by
microscopic method and by fluorescence
quantification. The colonies of isolated and
purified photosynthetic microorganisms were
treated with Nile red (9-(Diethylamino)-5H
benzo [∞] phenoxazin- 5) (Sigma Aldrich), one
of the selective fluorescence markers for lipids
(Greenspan et al., 1985; Chen et al., 2009).
The cells were incubated for 30 minutes in the
presence of Nile red in order to allow as much
as possible the penetration of cell wall and cell
membrane; then, the microbiological samples
were inspected using a fluorescence
microscope, with respect to fluorescence signal
in the red region as well as in the green region
of the spectrum.
As with the microscopic method, for
fluorescence
quantification,
the
cells
suspensions (OD730nm 1,0 units) were incubated
with Nile red for 30 minutes and then washed
with fresh BG11 medium.
The fluorescence emission of these cell
suspensions was analyzed before Nile red
addition (fluorescence emission of only
photosynthetic pigments) and after Nile red
addition
(fluorescence
emission
of
photosynthetic pigments and Nile red in the
presence of cellular lipids).
The fluorescence spectra were recorded with
spectrofluorometer FP-8300, excitation at
530nm and emission 600-750nm, PMT voltage
500 V, data interval 0.5nm and screen speed
100nm/min; the surface of the spectrum was
calculated with Spectra analysis software
associated to this instrument.

In the figure 1 there are presented the
macroscopic images of Petri dishes of three
different populations, mixture of species, (9.3;
9.8 and 12.9 respectively) containing colonies
(species) with different affinities for iodine
vapour.
One can see that the majority of colonies are
dark brown whereas few colonies are less
coloured, as expression of lower starch content.
It has to be said that there are wild type strains,
naturally occurring in the mixed populations
when grown in the so- called normal
conditions, without the occurrence of any
thermal, nutritional or osmotic stress which
could increase the lipid content of the cells
(Chisti, 2007; Li et al., 2008; Amaro et al.,
2011).
The colonies with lower affinity for iodine
vapours were further cultivated in liquid
medium to increase their biomass, to
microscopically check morphologic uniformity
and to label the lipids with the lipid-specific
marker Nile red.
In the figures 2, 3 and 4 there are presented the
results concerning the microscopic images
(both in bright field and in fluorescence
microscopy) of the purified (but non axenic)
strains (so called unialgal strains) 9.3.1., 9.8.2
and 12.9.0, respectively.
Each microscopic field has three images: one in
bright field and two images of the fluorescent
emission: red and green portion of the
fluorescence emission spectrum of the Nile red.
One can see that the red fluorescence signal is
distributed distinctly within the cells of strain
9.8.2 and, especially, 12.9.0, suggesting the
occurrence in these two strains of lipid droplets
detectable by the use of classical optical
microscopes.
Interestingly, these two strains gave higher
enhancement of the fluorescence signal, after
Nile red labelling (see table 1).
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Figure 2. Bright filed and epifluorescence images (green
filter and red filter) of cells belonging to the purified
strain 9.3.1.

Figure 1. Colonies with different affinities for iodine
vapour, after 14 days o autotrophic cultivation in normal
conditions; from up to the bottom : mixed population
9.3; mixed population 9.8. and mixed population 12.9
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Figure 4. Bright filed and epifluorescence images (green
filter and red filter) of cells belonging to the purified
strain 12.9.0

Figure 3. Bright filed and epifluorescence images (green
filter and red filter) of cells belonging to the purified
strain 9.8.2
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Table 1. Fluorescence emission (arbitrary units) of
purified strains (9.3.1; 9.8.2 and 12.9.0) in the absence
and in the in the presence of Nile red (NR)
Strains
9.3.1
9.8.2
12.9.0

Fluorescence
emission,
without NR
5.813
7.176
4.586

Fluorescence
emission,
with NR
13.410
18.028
15.914
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