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ABSTRACT

W

e report the environmental regulation of a
metabolic pathway in Dunaliella salina to understand
that the physiological basis of salt tolerance in the alga is
the synthesis/removal of intracellular glycerol. The
unicellular alga Dunaliella thrives in environments with
very high salt concentrations, accumulating large
amounts of commercially important chemicals such as βcarotene and glycerol and neutral lipids for biofuel. We
determine glycerol levels using acetylacetone method.
The goal was to evaluate D. salina with regard to its
suitability for commercial production of glycerol.
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concentrated saline water bodies such as the Dead Sea in Israel,
the Pink Lake in Western Australia, the Great Salt Lake in Utah,
USA. Thus, if the external salinity is increased, water flows from
the cells; this triggers the synthesis of glycerol either by
degradation of the storage product starch or by incorporation of
photosynthetic CO2 fixation products into glycerol.

INTRODUCTION

The unicellular alga Dunaleilla salina is classified in the
order Volvocales, which includes a variety of ill-defined
unicellular species. Members of the genus Dunaliellaare all ovoid
bi-flagellates with cell volume in the range of 50-1000 µm3
(Figure 01). This cholorophyceae can live in aquatic habitats
ranging from nearly freshwater (0.1 M NaCl) to hypersaline waters
(5.5 M NaCl).

II.

MATERIALS AND METHODS

Figure 01: Microscope image of Dunaleilla salina in a 100X oil
immersion objective (enlarged). This image shows the green
unicellular alga with 2 flagella in the forward direction. This image
shows the length comparison which is for scale. This particular
sample is 13 µmin length and 8 µm in width.
Many microorganisms can grow in the presence of
elevated levels of osmotic pressure. To increase osmotic pressure
(or osmotic potential), it is necessary to add osmotically active
solutes (e.g. salts and sugars) to the growth medium. This sets up
an osmotic gradient between the cells and the medium and water
flows from the cells (low osmotic pressure) into the medium (high
osmosis pressure). The osmotic behavior of the cells is governed
by the semi-permeable nature of the cell membrane i.e. it allows
water to pass freely but it does not allow free passage for solutes.
In wall-less cells, an increase in extracellular osmotic pressure
leads directly to a decrease in cell volume since no turgor pressure
is present. Therefore, it is clearly an advantage for cell to be able
to adapt to changing external osmosis pressure to avoid the
deleterious changes in turgor pressure or cell volume. (Figure 02)
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The protocols followed were those in the Practical
Booklet, MBB165 Semester 2 Laboratory Session 32-34
Experiment
titled
“Metabolic
Pathways
Mini-Project:
Environmental Regulation of a Metabolic Pathway”; pages 32.134.5. The only changes made to the protocol procedure was
changing 110 µl of clear supernatant to 220 µl, 10 ml 30% TCA to
20 µl 30% TCA and 100 µl of 1.5 M NaCl medium to 200 µl.
Absorbance of Glycerol and chlorophyll was taken in specified
wavelengths.
III.

RESULTS

We read the absorbance values for Glycerol at 410 nm in a range
of salinities:
Salinity ( M )
0.1
0.4
0.7
1.0
1.5
2.0

Glycerol Absorbance (410 nm)
0.01
0.029
0.078
0.103
0.138
0.211

Table 01: Glycerol absorbance. For each salinitywe measured
the absorbance in the spectrophotometer at 410 nm.
Chlorophyll determination:
a (645 nm)
0.106
0.086
0.120
0.147
0.130
0.140

b (663 nm)
0.246
0.201
0.256
0.277
0.239
0.247

Table 02: We read OD for Chlorophyll absorbance at 645 nm
and 663 nm.
Readings from the two OD samples were further calculated as
below:
OD645 x 202 = y; OD663 x 80.2 = z

Figure 02: Schematic representation of the volume changes of
Dunaleilla in response to hypertonic and hypotonic solution.
The underlying mechanism which allows Dunaleilla to grow in a
wide variety of salinities is the ability to synthesize or remove
intracellular glycerol. It is the only eukaryotic unicellular
microorganism that has been detected in significant numbers in

y
21.412
17.372
24.240
29.694
26.260

z
19.729
16.120
20.531
22.215
19.167

28.280

19.809

Table 03: The figures 202 and 80.2 are related to the extinction
coefficients for chlorophyll a and b and have been adjusted to give
a measurement of total chlorophyll.
(y+z) / 1.5 = µg chl. Ml-1
a)
b)
c)
d)
e)

27.427 µg chl/ml
22.328 µg chl/ml
29.847 µg chl/ml
34.606 µg chl/ml
32.059 µg chl/ml
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A slight change is observed in the slope of the graph when the
class data and personal data was compared. The individual
sample errors that might have been induced by buffering,
temperature or lab conditionswere removed by large class
sample size. Also the uneven distribution of Dunaliella in the
sample taken as this alga has a tendency to come to the surface
for maximum light might have caused variable results.
Salinity (M)
0.1
Figure 03: Glycerol Concentration in Algal sample.

1.0

The measure of chlorophyll per ml is done to correlate with algal
biomass to measure growth. From the above calibration curve we
get µg glycerol 100 µl-1 sample.
µg/92.1 = µmoles
200 µl-1

Multiplied by 5

2.5
10
18
24
36.5
47.5

0.0271
0.1085
0.1954
0.2605
0.3463
0.5157

0.1357
0.5428
0.9771
1.3025
1.7315
2.5780

Table 04: Calculation of Glycerol Concentration in Algal
Samples.
We express the amounts of glycerol in our samples as µmoles
glycerol mg-1 chlorophyll by doing the following as above. (Figure
7)
We convert mg chlorophyll i.e. multiply by 1000 and divide by µg
chlorophyll present in 1 ml.
a)
b)
c)
d)
e)
f)

4.947µM/mg
24.310µM/mg
32.736µM/mg
37.637µM/mg
57.173µM/mg
80.414µM/mg

Class Data:
Salinity
0.1
0.4
0.7
1.0
1.5
2.0

Concentration of
Glycerol (µM/mg )

Standard Deviation of
sample

11.4545
15.0976
24.3166
38.8221
50.6926
49.6669
Table 05: Class Results.

10.6981
14.7504
23.7575
37.9295
49.5271
48.5250

The Class results were uploaded on MOLE and we had to calculate
the mean was calculated for each salinity to create the final data for
plotting alongside my own results.(Figure 04)
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µg glycerol 200 µl-1

1.5

Average

Temperature (°C)
25°C
(µM/mg )
0.43
13.6
0.112
0.298
22.7
23.78
31
0.15
0.73

0.892
20.8
0.106
0.276
21.36
22.15
29.1
0.23
1.15

10.31

31.98

30°C

Table 06: Recovered algae at 0.1, 1.0 and 1.5 salinities and
incubated at 25°C & 30°C.
We observe that the 30°C incubated set gave a higher yield in
terms of glycerol concentration as it was 3.1 times more than
the 25°C set. Temperature plays a key role; we must consider
this factor to be of utmost importance when planning to grow
mass culture of Dunaleilla in UK. (Table 06) (Figure 05).

Figure 05: Recovered algae after incubating in different
temperatures and salinity to observe yield.
IV.

DISCUSSION

The increase in the NaCl concentration is directly
proportional to glycerol. The glycerol produced by Dunaliella
is in response to the hypertonic environment. The glycerol rise
is to equalize the osmotic pressure between the external and
internal environment of the cell so that it does not lyse.
Dunaliella accumulates high concentrations of
glycerol within the cells up to 50-80% of dry weight when in
hypersaline conditions. Glycerol is used in drugs, cosmetic
manufacture, food industries and chemical products like
Urethane and Cellophane.
However, Dunaliella represents an unusual case
optimizing productivity. Production of glycerol is directly
proportional to salinity and production of β-carotene increases
with increase in light intensity and a slower growth rate.

Figure 04: Final Class Result and Individual Result
comparison graph.

In the extensive cultivation mode, such conditions
are achieved by using salt concentration to limit growth rate,
controlling availability of nitrogen supply in locations that
provide a high yearly average solar irradiation and moderate
temperatures.
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Day Temperature in the UK is 5°C in January to 23°C in July.
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whereas the optimum growth condition is 22-28°C.
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natural habitat of desert-arid climate with 13-14 hours of average
daylight annually.
Most large scale commercial cultivation ponds for
Dunaliella are oblong raceways constructed of bricks. But we can
also grow these in shallow concrete ponds with slow revolution
paddle wheels to provide free mobility since the algae are very
fragile. (Figure 06)
The use of a shallow water body is based on the following:

2.
3.

Absorbs maximum photosynthetically effective
irradiation.
Maximum cell density for effective harvesting.
High light intensity per area unit.

a)

b)

Figure 06: a) Open pond cultivation. A typical cultivation pond
of Dunaliella. The constructed paddle wheel to provide smooth
mixing with little frothing. b) Closed Industrial
photobioreactors. Algae platform consisting of four GICON
photobioreactors at the Biosolar Center in Koethen.
In open pond cultivation, (Figure 12 a) the yield of glycerol is
generally lower. The output of glycerol in biophotoreactor
(Figure 12 b) is 50% higher than open pond cultivation,
indicating that it is effective to increase the glycerol yield by
cultivating D. salina in the biophotoreactor. This includes
enhanced growth performance and higher biomass quality
through cultivation in closed photobiorectors.
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CONCLUSION

Taking everything into consideration, it is not
favourable to culture Dunaliella in the UK despite the success of
open systems, future advances in microalgal mass culture will
require closed systems as the algal species of interest grow in
highly selective environments for maximum yeild. However,
their high cost has largely precluded their commercial
application until recently.
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