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Eukaryotic algae and cyanobacteria constitute a very promising source of different types of renewable biofuels, bioactive lipids and high-value lipid-based precursors. The high
degree of genetic diversity of these organisms and the dependence of their compositional profiles also on phenotypic factors, require efficient analytical methods for
comparative and screening studies. In this work, the lipidic fraction of six species of freshwater green algae and four cyanobacteria is studied through the NMR analysis of
their extracts in CH2Cl2:MeOH (1:1,v/v).
NMR

CULTIVATION

ACOI-Coimbra Collection of Algae
http://acoi.ci.uc.pt/

CHLOROPHYTA
Scenedesmus aculeolatus ACOI 429
Scenedesmus acuminatus ACOI 415 and 533
Scenedesmus armatus ACOI 563
Pediastrum angulosum ACOI 1354
Enallax acutiformis ACOI 118
Monoraphidium contortum ACOI 225

CYANOBACTERIA
Chroococcus sp. ACOI 2145
Micrhochaete tenera ACOI 630
Calothrix sp. ACOI 2022
Anabaena cylindrica ACOI 505

M7 or S2T2 medium
T: 23 ◦C
pH: 6-8
Photon irradiance: 56 µmol m-2 s-1
Light/dark cycle: 16:8 h
Air bubbling: 0.5-1 L min-1

Bruker Advance III 600 MHz equipped with a cryoprobe
(1H, 13C, 15N, 31P).
Solvent: CDCl3.
Acquisition parameters: 256 scans of 64 data points with
a 30 ◦ pulse, a spectral width of 7800 Hz and a recycle
time of 1 s.

EXTRACTION

SEMIQUANTITATIVE ANALYSIS

DCM:MeOH 1:1

Normalization to the total spectral intensity.
Integration of the selected resonances using
the decovolution algorithm present in
MNOVA software.

Centrifugation (4500 rpm 15 min)
-80 ◦C overnight
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Figure 1. Relative amount of triacylglycerides (TG) estimated
through the glycerol backbone signals.
Figure 2. Relative amount of monogalactosyl
diacylglycerides (MGDG) estimated through the glycerol
backbone and anomeric signals.
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In these culture conditions green-algae accumulate triacylglycerides
whereas structural lipids (monogalactosyl diacylglycerides) are the
major components of DCM:MeOH extracts in cyanobacteria.
Cyanobacteria are also characterized for higher content in
pheophytin. Exceptions: Monoraphidium contortum (Chlorophyta)
and Chroococcus sp. (Cyanobacteria) with a TG:MGDG ratio of
1:2.3 and 2.4:1, respectively.
EPA and ARA were not detected and the proportion of DHA was low,
particularly in cyanobacteria where only for one of them was
detected. Monounsaturated acyl chains predominate in greenmicroalgae and the relative amount of ω-3 chains was higher in
cyanobacteria. The absence of linolenic (C18:2) chains in Calothrix
should be underlined.
Figure 4. Composition
of the acyl chains in
Cyanobacteria.
Percentages are referred to the Hα signal.

Figure 3. Composition
of the acyl chains in
Chlorophyta.
Percentages are referred
to the Hα signal.
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INTRODUCTION
Metabolites from microalgae are isolated by solvent extraction, a procedure that determines the metabolite composition obtained and commonly requires to collect extracts from a
series of solvents. NMR spectroscopy has emerged as a rapid, efficient and reliable analytical method for the screening of microalgae extracts. In contrast to the convectional
chromatographic methods that require, for a fully lipid characterization further fractionation and derivatization, NMR provides global information about the sample in a single
analysis.

RESULTS AND DISCUSSION
Extracts from three marine
microalgae,
obtained
through
two
different
extraction protocols, were
analyzed by NMR. Protocol 1
(red): sequential use of Hex
(a) and EtOAc (b). Protocol 2
(blue): DCM as single solvent
(c).
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Triacylglycerols are the major lipids present in
the Hex extract from Dunaliella sp. and
Chaetoceros calitrans
In contrast, the Hex extract of Tisochrysis lutea
is rich on polyunsaturated trans alkenones.

Tisochrysis lutea

Dunaliella sp.
(Hexane)
-9

CH=CH
sn2



a

a

-3

ba


sn1 sn3

CH, SFA
-9, -6
-3


sn1, sn3

ba

a



Monogalactosyl
diacylglycerols
and
pigments are concentrated in the AcOEt
extract.
T = 0.39 s
1

Polymer PHB was
also detected in the
AcOEt fraction of
Dunaliella sp.

T1 = 0.38 s
CAROTENOIDS
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(literature value for PHB: T1 = 0.38 s, Jan, S.; Roblot, C.;
Courtois, J.; Courtois, B.; Barbotin, J. N.; Séguin, J. P.
Enzyme Microb. Technol. 1996, 18, 195)

CONCLUSIONS
The results obtained point out that the two solvents procedure is the most efficient and selective. Furthermore, the NMR analysis of the extracts evidenced clear differences in the
lipid composition among the microalgae. In this regard, Dunaliella sp. is particularly relevant due to its high content in DHA and the presence of carotenoids.
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