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Abstract 
Skeletonema costatum was submitted to two experiments using UV lights and CO2with the purpose 
of observing changes in the lipids profile and the synthesis of polyunsaturated aldehydes (PUA) 
after cell disruption. When cells receive CO2 supply, it was noticed that the production of PUA was 
significantly lower. The same was observed when the culture was treated with a dose of 45.9 kJ·m−2 
of ultra-violet A/B ray. The premise to all experiments was the production of 2,4-heptadienal 
compared to the supply of EPA as substrate. As a result, the same synthesis rate was observed both 
when the CO2 treatment was applied and in the experiment control. On the other hand, the culture 
subjected to ultraviolet radiation showed a 68% greater demand with the utilization of the sub-
strate. These observations suggested that EPA was consumed before cell disruption and was 
probably exuded to the surrounding environment as a sign of stress. Changes in cell morphology 
could be observed by the migration of the chloroplast nearby the cell wall, where PUA was pro-
duced, indicating a defense strategy. 
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1. Introduction 
The ocean covers 70% of the planet’s surface and presents an extraordinary microbial diversity, constituting the 
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largest ecosystem in the world [1]. Diatoms are an outstanding group of phytoplankton microalgae playing a 
crucial role in the ocean’s ecological and biogeochemical systems, cycling important nutrients such as carbon, 
nitrogen and silica [2]. Planktonic organisms drifting on ocean currents are usually challenged with unfavorable 
conditions [3] that can generate great changes in the metabolic functioning of some diatoms, e.g. increasing their 
level of toxicity through the synthesis of polyunsaturated aldehydes [4] [5]. 

The rising of CO2 level in the atmosphere is causing ocean’s acidification [6] [7] and the continuous stratos-
pheric ozone depletion will increase UVB radiation in 5% to 10% during de next decades [8] [9]. Ocean acidifi-
cation can cause an increase in carbon fixation rates in some photosynthetic organisms [10] [11] and the capa-
bility of marine organisms to adapt to this rise, as well as its implications for ocean ecosystems, is not well 
known. Trying to understand if the UVB-stressed-algae can indirectly affect primary and secondary consumers 
in the marine environment lead to the deepening of the present research. Wichard et al. found that about 30% of 
the marine diatoms produce polyunsaturated aldehydes (PUA) as secondary metabolites derived from fatty acid 
metabolism [12]. It has been demonstrated that PUA have negative effects on copepod development and repro-
duction, as well as on other marine invertebrates [13]-[16], since their first identification in marine diatoms [17]. 
The exudation of aldehydes during algae development represents a chemical sign for the ending of the bloom at 
specific PUA concentrations [18]. Species belonging to different taxonomical groups of phytoplankton, are also 
inhibited by PUA acting as allelochemicals [19] [20]. It is found that stress-surveillance system triggers the rise 
of an intracellular messenger (Ca+2), as an increase of gene activity, producing nitric oxide (NO), that induces 
cell death [21] [22]. In a recent report, Vardi [23] demonstrates how cells employ a complex mechanism to 
sense changes in environment and activate chemical-based defense strategies, elucidating how chemical signals 
(e.g., infochemicals), derived from biotic interactions, have the potential to shape complex community structures 
in aquatic systems. On the other hand, healthy diatoms that are growing in favorable conditions are capable of 
overcoming the risk of self-poisoning even tough producing toxic compounds [24]. 

This report compares how cells respond to the influence of UV light and the increase of CO2, by changing 
concentrations of polyunsaturated fatty acids (PUFAs) and producing oxylipins, under the influence of the envi-
ronmental conditions in the intra-specific response. 

2. Material and Methods 
2.1. Collection and Screening 
Phytoplancton samples were collected in a Coquimbo Bay (29˚55'S and 71˚19'W) in a campaign between Sep-
tember to December 2009 using a network mesh of 23 µm. Cells of Skeletonema costatum was isolated and cul-
tivated in a f/2 + Si [25] for a quick analysis of PUA content through a semi-quantitative solid phase microex-
traction (SPME) by the concentrated biomass [12]. The paste of microalgae was obtained by centrifugation of 
1600 ml of the culture in 50 ml tubes at 4˚C for 15 min at 1500 rpm. Of this, 500 μL of biomass was introduced 
in a vial of 4 ml whit a silicon septum cap. A SPME fiber of polydimetilsiloxan (PDMAS, 100 µm) was used to 
adsorb aldehydes from a head space of the vial, after the cell disruption by sonication from 10 min at 40˚C. The 
sample recovered in SPME fiber was injected into the CG-MS for desorption of the analytes and further charac-
terization. After this analysis, the richer strain in aldehydes was selected to achieve the next experiments. 

2.2. Experimental Design 
The cultures were performed in triplicate in a controlled environment at 20˚C, light intensity of 50 µmol/m2/s 
and constant aeration in Erlenmeyer of 2 L. For the treatment carried out with addition of CO2 cultivation was 
supplied with a flow of 0.5 mm³/s of carbon dioxide with a purity of 99%, for 24 h in parallel aeration. For the 
test with ultraviolet cultures received photosynthetic active radiation PAR (700 - 400 nm) while were subjected 
to UV A/B, of wavelength 400 - 280 nm. A filter Schott WG 305 was used to prevent radiation at frequencies 
lower than 280 nm. Equation (1) calculates the doses of the UV light the irradiated [26]. 

J·m−2= W·m−2·s                                        (1) 

The final dose was calculates in 45.9 KJ·m−2, concerning the radiation of 15.3 KJ·m−2 found at 1 m depth ac-
cumulated over three days, as described [27]. 
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2.3. Experimental Design 
To descript the change profile of fatty acids during the curve growth, atransesterification methodology was ap-
plied [28]. A solution of methanol, hydrochloridric acid and chloroform was prepared (10:1:1 v/v/v), and was 
added 3 mL to a sample of 50 mg of lyophilized microalgae. The sample was homogenated and maintained dur-
ing 60 min at 90˚C in a water bath. Before, the sample was cooled at room temperature. The sample was homo-
genized again and 1 mL pure water and 2 mL of a solution of hexane and chloroform (4:1 v/v) was added and 
then homogenate. Finally, the sample was centrifuged for 15 min at 6800 rpm and the supernatant was used for 
the GC-MS analysis. 

2.4. Chemical Analysis of Derivatized Aldehydes and Fatty Acids 
A standard sample of 50 mL with 7.4 × 104 cells/mL obtained from each culture was concentrated in a glass fi-
ber filter (What man GB) under a reduced pressure of 700 mbar. The concentrated biomass was washed with 1 
mL of the derivatized reagent (25 mM PFBHA. HCl in 100 mM Tris/HCl, pH 7.0). The sample was transferred 
to a 4 mL vial that was exposed to ultrasound for 1 min at 4˚C. As internal standard 5 µL of benzaldehyde solu-
tion (1 mM) was added, the sample remained at room temperature for 30 min to complete the enzymatic reaction 
and after then it was stored at −20˚C. For the extraction of the derivatized compounds 0.5 mL of methanol and 1 
mL of hexane were added and homogenate in vortex, 2 drops of sulfuric acid (5 mM) was added and homoge-
nate again. The upper layer of the sample was removed pipetting and sodium sulfate was added to remove water. 
The sample was filtrated with a Millipore® membrane of 0.2 µm and transferred to a 1 mL conical vial and dried 
by a nitrogen gas flow. At the end, 50 µL of hexane was added and further analyzed in a GC-MS [29]. 

2.5. Coupled Gas Chromatography-Mass Spectrometry (GC-MS) 
A capillary GC column (50 m × 0.32 mm i.d. HP-1) fitted with a cold on-column injector was directly coupled 
to a mass spectrometer (Thermo Finnigan). Ionization was by electron impact at 70 V, 250˚C. The GC oven 
temperature was maintained at 30˚C for 5 min and then increased at 5˚C·min−1 to 250˚C. Tentative identifica-
tions were made by comparison with mass spectra databases (NIST 2002). 

2.6. Statistic Analysis of the Metabolism of PUA 
To compare concentrations of PUA and fatty acids between strains and treatments a one way ANOVA was per-
formed and the a posteriori Tukey test was applied when necessary to indicate the significant differences (p < 
0.05). 

3. Results 
3.1. SPME Analysis 
The three pre-selected strains subjected to a semiquantitative analysis by SPME-PDMS presented a pronounced 
difference of PUA synthesis Figure 1. Strains B and C present a production of 130 fold higher of 2,4-hepta- 
denal and 255 fold higher of 2,4-octadienal than the strain A. In the strain A just trace of toxic aldehydes was 
detected as shows in Figure 1. 

3.2. Fatty Acids Pofile 
Fatty acids presented a tendency of change the profile during de growing curve as describe in Table 1. The sa-
turated fatty acid shoed a reduction in their concentration over the time, down from 55% in the 3rd day to 37% 
on the 7th day. Instead monounsaturated fatty acids remained stable, increase between the 3rd and 5th day, from 
25% to 30%, decreasing again to 25% in the last day. On the other hand, polyunsaturated fatty acids (PUFA) in-
creased in the lipid profile from 19% to 36% between days 3 to 7. These fatty acids cumulated in Skeletonema 
costatum could be a potential for the PUA production. Polyunsaturated fatty acids with 18 carbons (C18: x) in-
creased from 8% to 18% in the lipid profile. At the same time the eicosapentaenoic acid (EPA) accumulated 
from 10% to 17% in the algae cells. Docosahexaenoic acid (DHA) also was detected in low concentrations and 
it did not change significantly during the growth as show in Figure 2. 
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(a) 

 
(b) 

 
(c) 

Figure 1. Aldehydes profile of the three selected strains in chromatography by SPME technique. Strain (a) with no toxic al-
dehydes. Strain (b) and (c) showed isomers of 2,4-heptadienal (RT: 6.14 and 6.36) and 2,4-octadienal (RT: 7.81 and 8.03). 
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Table 1. Relative abundance of fatty acids of Skeletonema costatum strain in the cellular life cycle. 

Abundance of fattyacids 

 Day 3 Day 5 Day 7 

 Mean S.D. Mean S.D. Mean S.D. 

C14:0 38.36% 3.44% 34.31% 5.92% 22.98% 18.99% 

C16:0 11.31% 2.63% 7.15% 6.95% 14.40% 12.26% 

C18:0 5.35% 7.69% 0.00% 0.00% 0.00% 0.00% 

C16:1 25.39% 2.51% 30.07% 4.85% 25.97% 20.72% 

C18:2 0.52% 0.45% 0.17% 0.30% 1.71% 0.94% 

C18:3 7.57% 2.59% 11.99% 1.55% 15.94% 3.45% 

C20:5 10.11% 2.44% 15.43% 5.16% 17.01% 3.08% 

C22:6 1.39% 0.28% 0.87% 0.10% 2.00% 0.64% 
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Figure 2. Fatty acids profile during the growth curve. 

 
Through the methodology of derivatization was possible to trap and identify some fatty acids used in the me-

tabolic pathway of oxylipins. In cells culture grown with CO2 and UV light was observed a decrease in the total 
fatty acid concentration. The abundance of EPA was significantly lower (p < 0.05) in the treatment whit CO2, 
especially with cells challenged with UV light (p < 0.01) as presented in Figure 3. The tendency to accumulate 
higher amounts of saturated fatty acids was observed in crops that receive a supply of carbon dioxide increasing 
from 35% for 42% under the experimental conditions. At the same time a decrease of PUFA was observer with 
concentrations lowering from 16% to 9% in compare to the control. 
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3.3. Aldehydes Productions 
The total production of aldehydes was accessed and in both treatments. The amount of PUA produced was sig-
nificant lower (p < 0.05) in compeer to control (Figure 4). For 2,4-octadienal the tendency was the same, and 
the concentrations observed was significantly lowers (p < 0,05) in cells treated. In 2,4-heptadienal this differ-
ence was just observed in crops challenged with UV light, showing a significantly lower concentration (p < 
0.05). The 2,4,7-octatrienal was detected in trace amounts, in this analysis no significant difference was ob-
served between treatments as shows in Figure 4. Taking the EPA as the precursor of the 2,4-heptadienal and 
comparing the concentrations of this substratum and the final product, was observed that was basely no differ-
ence between control and CO2 crops (4%). On the other hand, those cultures irradiated with UV light consumed 
68% fold more EPA than the control. 

4. Discussion 
4.1. Screening and Selection 
In the present work, a screening was conducted to select strains that produce the larger amount of aldehydes. 
From these three microalgae analyzed the strain A did not produce the molecules of interest. However, these al-
gae (Skeletonema costatum) could be a good source of food for plankton consumption, because the low toxici-
tyeven after cell disruption. About the two other strains of algae tested, it was observed a very similar profile of 
aldehydes which leads us to believe that it was the same species. Moreover the microalgae that not produce al-
dehydes could be another species of Skeletonema sp. and more accurate analysis should be conducted for the 
identification that isolated strain. 
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Figure 3. Distribution of fatty acids abundance trapped after de cell disruption by the 
derivatization methodology in microalgae challenged by three different experiments. 
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Skeletonema costatum collected from the experiencedcultures. 
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4.2. The Effect of Increase of CO2 
In cultures that grow with supply of carbon dioxide, the cells density does not surpass the control culture. In a 
work made by Blanchemain and Grize [30], a crop of Skeletonema costatum that received CO2 with the control-
ling pH in 8 do not register significant difference between treatments, corroborating the results of this work and 
conclude that diatom is insensitive to the increased supply of carbon dioxide. The Rubisco activity and the abil-
ity to capture CO2 decrease with gradual increase in available carbon dioxide [31]. However, carbon fixation by 
diatoms still remains considerable debate about how diatoms process the CO2 by the enzyme Rubisco, with sets 
carbon [32]. In a study by Monsalve [33], it was observed with increasing CO2 concentrations. The diatom Tha-
lassiosirapseudonana increased the averaged concentration of saturated fatty acids and decreased production of 
PUFA including EPA. The same was observed in this work with Skeletonema costatum. 

The effect of CO2 on the lipid composition was also studied in the others microalgae. In strains of Chlamido-
monasreinhardtii was observed that increasing concentrations of PUFA occurred when CO2 concentrations was 
reduced from 2% to 0.03% [33]. Probably the strain of Skeletonema costatum under high CO2 concentrations 
showed a similar inhibition of the activity of the desaturase and elongase enzymes, responsible for the synthesi-
sof PUFA. In this experiment, Skeletonema costatum showed low productivity of aldehydes that corroborate on 
the lipid profile that was generated by the CO2 saturation. Their profiles show an increase in saturated fatty acid 
synthesis and decreased from 46.7% in the production of EPA. These polyunsaturated fatty acid, used as sub-
strate for synthesis of 2,4-heptadienal decreased proportionally with aldehyde observed, as compared to control. 
Through this treatment was obtained less toxic microalgae. 

4.3. The Action of Ultra-Violet Rays 
With regard to the physiology of the defense and the production of oxylipins after the cell wall damage was 
possible to observe the same proportions between the aldehydes produced. We can assume that the path of en-
zymes involved in the synthesis of PUA remained active with no direct effect by UV light in their functions. 
Kouwenber and Lantoine [27] suggested that the effect of ultra-violet in Skeletonema costatum cells, could po-
tentiate their toxicity through the synthesis of secondary metabolites, subjected to UV irradiation, mainly for the 
production of reactive oxygen species (ROS). In this study we found that the ultra-violet has a direct effect on 
the physiology of microalgae promoting similar conditions of radiation in temperate zones. In this experiment 
the dose of irradiation of 45.9 KJ/m2 was sufficient to generate changes in cell morphology. It was observed a 
migration chloroplast to the periphery, nearby de cell wall and the increase of the cell volume, also described by 
Kouwenber and Lantoine [27]. At the same time, these results cannot be extrapolated to what happens in oceanic 
conditions or in the sea of Chile. Gieskes and Buma [34] and Neale et al. [35] mentioned that the effects of UV 
radiation on phytoplankton can only be faithfully reproduced when is used a model that realistically consider the 
attenuation of UV and PAR light, the vertical mixing dynamics, the seasons and cloud cover. 

The result of this experiment with indirect evidence suggests that microalgae synthesize and release oxylipins 
before cell disruption respond to a stress signal, as described by Vidoudez and Pohnert [18] in bloom termina-
tion of Skeletonemamarinoi. The microalgae under the influence of UV irradiation may exude aldehydes as a 
form of chemical signals between the same specie [36] like many other examples of cell-to-cell communication 
in the marine environmental [37]. The release of 2,4-heptadienal and 2,4-octadienal directly affects the metabol-
ism of surrounding cells preventing the cells to continue dividing [35]-[39]. Brownlee [36] proposes that alde-
hydes are released in response to abiotic stress, such as reduced nutrient supply and irradiance acting intracellu-
larly as an info-chemical that can lead to a mechanism for regulating the growth and to promote programmed 
cell death. Kouwenberg and Lantione [27] propose the transformation of these cells in a resting spore. Vardi et 
al. [23] observed an increase in PtNOA1 gene expression synthesizing a group of proteins called GTP associated 
to stress for aldehyde 2,4-decadienal (DD). These authors were able to determine the activation of the pathway 
that regulates the production of NO in diatoms in response to the DD present in the environmental. PtNOA1 
gene, located in the chloroplast has upregulation when in the presence of DD, increases the synthesis of supe-
roxide and metacaspases, responsible for triggering apoptosis. In a new study, it was also observed that alde-
hydes, 2,4-heptadienal and 2,4-octadienal produce the same effect on the cells of Skeletonema marinoi, func-
tioning as infochemicals [22]. It is also the reason why, aldehydes trapped after cell rupture were lower in mi-
croalgae subjected to this treatment, as part of the production of these compound have been released as chemical 
signals [23] from the microalgae. This explains why, fatty acid concentrations decreased under this stress, as 
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enzyme activity and the production of oxylipins remained normal, while the cells are changing their morpholog-
ical characteristics, lowering its nutritional value and its digestibility [27] [39]. 

5. Conclusion 
Despite cultures were not axenic, the PUA that was produced by and identified in Skeletonema costatum corro-
borated with the literature [11], confirming that any picoplanktoncontamination was insignificant to the experi-
ment’s outcome. In this work, the production of 2,4-heptadienal using EPA as substrate was addressed as a 
model for the synthesis of PUA. Among the treatments of aeration (control) and CO2-enriched cultures, the re-
sults of the enzymatic utilization and consumption of substrate for the synthesis of aldehydes were virtually the 
same (difference of 4%). However, the culture subjected to UV radiation showed a 68% greater demand for 
EPA compared to the control and the CO2 treatment, although the final production of PUA itself was not greater. 
This leads us to conclude that EPA consumption may have been made before cell disruption. In this way, the 
2,4-heptadienal could be exuded during the stress period, confirming the positioning of chloroplasts near the cell 
wall, where EPA prevails. For future studies and bioassays, extracellular amounts should be quantified to clarify 
this behavior and the influence on the environment under the influence of CO2 concentration and UV irradiation, 
using marine plankton communities enclosed in mesocosms systems. 

Acknowledgements 
L. F. M. P. thanks EWOS Innovation for the financial support at this study. Special thanks to E. Uribe, A. Qui-
roz, and J. Pino whose help was very important to the present work. J. Troncosois acknowledged the improving 
comments to the manuscript. 

References 
[1] Allen, A.E., Vardi, A. and Bowler, C. (2006) An Ecological and Evolutionary Context for Integrated Nitrogen Meta-

bolism and Related Signaling Pathways in Marine Diatoms. Current Opinion in Plant Biology, 9, 264-273. 
http://dx.doi.org/10.1016/j.pbi.2006.03.013 

[2] Nelson, D.M., Tréguer, P., Brzezinski, M.A., Leynaert, A. and Quéguiner, B. (1995) Production and Dissolution of 
Biogenic Silica in the Ocean: Revisid Global Estimates, Comparison with Regional Data and Relationship to Biogenic 
Sedimentation. Global Biogeochemical Cycle, 9, 359-372. http://dx.doi.org/10.1029/95GB01070 

[3] Yoshinga, M.Y., Sumida, P.Y.G., Silveria, I.C.A., Ciotti, A.M., Gaeta, S.A., Pacheco, L.F.M. and Koettker, A.G. 
(2010) Vertical Distribution of Benthic Invertebrate Larvae during an Upwelling Event along a Transect off the Tropi-
cal Brazilian Continental Margin. Journal of Marine Systems, 79, 124-133.  
http://dx.doi.org/10.1016/j.jmarsys.2009.07.007 

[4] Ribalet, F., Wichard, T., Pohnert, G., Ianora, A., Milarto A. and Casotti, R. (2007) Age and Nutrient Limitation En-
hance Polyunsaturated Aldehyde Production in Marine Diatoms. Phytochemistry, 68, 2059-2067.  
http://dx.doi.org/10.1016/j.phytochem.2007.05.012 

[5] Ribalet, F., Vidoudez, C., Cassin, D., Pohnert, G., Ianora, A., Miralto, A. and Casotti. R. (2009) High Plasticity in the 
Production of Diatom-Derived Polyunsaturated Aldehydes under Nutrient Limitation: Physiological and Ecological 
Implications. Protist, 160, 444-451. http://dx.doi.org/10.1016/j.protis.2009.01.003 

[6] Orr, J.C., Fabry, V.J., Aumont, O., Bopp, L., Doney, S.C., Feely, R.A., Gnanadesikan, A., Gruber, N., Ishida, A., Joos, 
F., Key, R.M., Lindsay, K., Maier-Reimer, E., Matear, R., Monfray, P., Mouchet, A., Najjar, R.G., Plattner, G.K., 
Rodgers, K.B., Sabine, C.L. Sarmiento, J.L., Schlitzer, R., Slater, R.D., Totterdell, I.J., Weirig, M.F., Yamanaka, Y. 
and Yool, A. (2005) Anthropogenic Ocean Acidification over the Twenty-First Century and Its Impact on Calcifying 
Organisms. Nature, 437, 681-686. http://dx.doi.org/10.1038/nature04095 

[7] Doney, S.C., Fabry, V.J., Feely, R.A. and Kleypas, J.A. (2009) Ocean Acidification: The Other CO2 Problem. Annual 
Review of Marine Science, 1, 169-192. http://dx.doi.org/10.1146/annurev.marine.010908.163834 

[8] Engelsen, O. and Kylling, A. (2005) Fast Simulation Tool for Ultraviolet Radiation at the Earth’s Surface. Optical En-
gineering, 4, 44. http://nadir.nilu.no/~olaeng/fastrt/fastrt.html 
http://dx.doi.org/10.1117/1.1885472 

[9] Reuder, J., Dameris, M. and Koepke, P. (2001) Future UV Radiation in Central Europe Modelled from Ozone Scena-
rios. Journal of Phytochemistry and Photobiology B: Biology, 61, 94-105. 

[10] Riebesell, U., Schulz, K.G., Bellerby, R.G.J., Botros, M., Fritsche, P., Meyerhöfer, M., Neill, C., Nondal, G., Oschlies, 
A., Wohlers, J. and Zöllner, E. (2007) Enhanced Biological Carbon Consumption in a High CO2 Ocean. Nature, 450, 

http://dx.doi.org/10.1016/j.pbi.2006.03.013
http://dx.doi.org/10.1029/95GB01070
http://dx.doi.org/10.1016/j.jmarsys.2009.07.007
http://dx.doi.org/10.1016/j.phytochem.2007.05.012
http://dx.doi.org/10.1016/j.protis.2009.01.003
http://dx.doi.org/10.1038/nature04095
http://dx.doi.org/10.1146/annurev.marine.010908.163834
http://nadir.nilu.no/%7Eolaeng/fastrt/fastrt.html
http://dx.doi.org/10.1117/1.1885472


L. F. C. da Motta Pacheco et al. 
 

 
3640 

545-548. http://dx.doi.org/10.1038/nature06267 
[11] Fontugne, M.R. and Descolas-Gros, C. (1985) Carbon Fixation in Marine Phytoplankton: Carboxylase Activities and 

Stable Carbon-Isotope Ratios; Physiological and Paleoclimatological Aspects. Marine Biology, 87, 1-6.  
http://dx.doi.org/10.1007/BF00396999   

[12] Wichard, T., Poulet, S.A., Halsband-Lenk, C., Albaina, A., Harris, R., Liu, D.Y. and Pohnert, G. (2005) Survey of the 
Chemical Defence Potential of Diatoms: Screening of Fifty One Species for Alpha, Beta, Gamma, Delta-Unsaturated 
Aldehydes. Journal of Chemical Ecology, 31, 949-958. http://dx.doi.org/10.1007/s10886-005-3615-z  

[13] Caldwell, G.S., Bentley, M.G. and Olive, P.J.W. (2003) The Use of a Brine Shrimp (Artemia salina) Bioassay to As-
sess the Toxicity of Diatom Extracts and Short Chain Aldehydes. Toxicon, 42, 301-306.  
http://dx.doi.org/10.1016/S0041-0101(03)00147-8  

[14] Romano, G., Russo, G.L., Buttino, I., Ianora, A. and Miralto, A. (2003) A Marine Diatom-Derived Aldehyde Induces 
Apoptosis in Copepod and Sea Urchin Embryos. Journal of Experimental Biology, 206, 3487-3494.  
http://dx.doi.org/10.1242/jeb.00580  

[15] Buttino, I., Santo, M.D., Ianora, A. and Miralto, A. (2004) Rapid Assessment of Copepod (Calanus helgolandicus) 
Embryo Viability Using Fluorescent Probes. Marine Biology, 145, 393-399.  
http://dx.doi.org/10.1007/s00227-004-1317-7  

[16] Ianora, A., Miralto, A., Poulet, S.A., Carotenuto, Y., Buttino, I., Romano, G., Casotti, R., Pohnert, G., Wichard, T., 
Colucci-D’Amato, L., et al. (2004) Aldehyde Suppression of Copepod Recruitment in Blooms of a Ubiquitous Plank-
tonic Diatom. Nature, 429, 403-407. http://dx.doi.org/10.1038/nature02526  

[17] Miralto, A., Barone, G., Romano, G., Poulet, S.A., Ianora, A., Russo, G.L., Buttino, I., Mazzarella, G., Laabir, M., Ca-
brini, M., et al. (1999) The Insidious Effect of Diatoms on Copepod Reproduction. Nature, 402, 173-176.  
http://dx.doi.org/10.1038/46023  

[18] Vidoudez, C. and Pohnert, G. (2008) Growth Phase-Specific Release of Polyunsaturated Aldehydes by the Diatom 
Skeletonema marinoi. Journal of Plankton Research, 30, 1305-1313. http://dx.doi.org/10.1093/plankt/fbn085  

[19] Casotti, R., Mazza, S., Brunet, C., Vantrepotte, V., Ianora, A. and Miralto, A. (2005) Growth Inhibition and Toxicity of 
the Diatom Aldehyde 2-Trans, 4-Trans-Decadienal on Thalassiosira weissflogii (Bacillariophyceae). Journal of Phy-
cology, 41, 7-20. http://dx.doi.org/10.1111/j.1529-8817.2005.04052.x  

[20] Ribalet, F., Berges, J.A., Ianora, A. and Casotti, R. (2007) Growth Inhibition of Cultured Marine Phytoplankton by 
Toxic Algal-Derived Polyunsaturated Aldehydes. Aquatic Toxicology, 85, 219-227.  
http://dx.doi.org/10.1016/j.aquatox.2007.09.006  

[21] Caldwell, G.S. (2009) Review-The Influence of Bioactive Oxylipins from Marine Diatoms on Invertebrate Reproduc-
tion and Development. Marine Drugs, 7, 367-400. http://dx.doi.org/10.3390/md7030367  

[22] Gallina, A.A., Brunet, C., Palumbo, A. and Casotti, R. (2014) The Effect of Polyunsaturated Aldehydes on Skeletone-
ma marinoi (Bacillariophyceae): The Involvement of Reactive Oxygen Species and Nitric Oxide. Marine Drugs, 12, 
4165-4187. http://dx.doi.org/10.3390/md12074165  

[23] Vardi, A. (2008) Cell Signaling in Marine Diatoms. Communicative & Integrative Biology, 1, 134-136.  
http://dx.doi.org/10.4161/cib.1.2.6867  

[24] Pohnert, G. (2000) Wound-Activated Chemical Defense in Unicellular Planktonic Algae. Angewandte Chemie Interna-
tional Edition, 30, 4352-4354.  
http://dx.doi.org/10.1002/1521-3773(20001201)39:23<4352::AID-ANIE4352>3.0.CO;2-U  

[25] Guillard, R.R.L. (1975) Culture of Phytoplankton for Feeding Marine Invertebrates. In: Smith, W.L. and Chanley, 
M.H., Eds., Culture of Marine Invertebrate Animals, Plenum Press, New York, 29-60.  

[26] Dring, M.J. (1982) The Biology of Marine Plants. Cambridge University Press, New York. 
[27] Kouwenberg, J.H.M. and Lantonie, F. (2007) Effects of Ultraviolet-B Stressed Diatom Food on the Reproductive Out-

put in Mediterranean Calanus helgolandiscus (Crustacea; Copepoda). Journal of Experimental Marine Biology and 
Ecology, 341, 239-253. http://dx.doi.org/10.1016/j.jembe.2006.10.047  

[28] Lewis, T., Nichols, P.D. and McMeekin, T.A. (2000) Evaluation of Extraction Methods for Recovery of Fatty Acids 
from Lipid-Producing Microheterotrophs. Journal of Microbiological Methods, 43, 107-116.  
http://dx.doi.org/10.1016/S0167-7012(00)00217-7  

[29] Wichard, T., Poulet, S.A. and Pohnert, G. (2005) Determination and Quantification of α, β, γ, δ-Unsaturated Aldehydes 
as Pentaflurobenzyl-Oxime Derivatives in Diatom Cultures and Natural Phytoplankton Populations: Application in 
Marine Field Studies. Journal of Chromatography B, 814, 155-161. http://dx.doi.org/10.1016/j.jchromb.2004.10.021  

[30] Blanchemain, A. and Grizean, D. (1999) Increased Production of Eicosapentaenoic Acid by Skeletonema costatum 
Cells after Decantation at Low Temperature. Biotechnology Techniques, 13, 497-501.  

http://dx.doi.org/10.1038/nature06267
http://dx.doi.org/10.1007/BF00396999
http://dx.doi.org/10.1007/s10886-005-3615-z
http://dx.doi.org/10.1016/S0041-0101(03)00147-8
http://dx.doi.org/10.1242/jeb.00580
http://dx.doi.org/10.1007/s00227-004-1317-7
http://dx.doi.org/10.1038/nature02526
http://dx.doi.org/10.1038/46023
http://dx.doi.org/10.1093/plankt/fbn085
http://dx.doi.org/10.1111/j.1529-8817.2005.04052.x
http://dx.doi.org/10.1016/j.aquatox.2007.09.006
http://dx.doi.org/10.3390/md7030367
http://dx.doi.org/10.3390/md12074165
http://dx.doi.org/10.4161/cib.1.2.6867
http://dx.doi.org/10.1002/1521-3773(20001201)39:23%3c4352::AID-ANIE4352%3e3.0.CO;2-U
http://dx.doi.org/10.1016/j.jembe.2006.10.047
http://dx.doi.org/10.1016/S0167-7012(00)00217-7
http://dx.doi.org/10.1016/j.jchromb.2004.10.021


L. F. C. da Motta Pacheco et al. 
 

 
3641 

http://dx.doi.org/10.1023/A:1008989730798 
[31] Chen, X.W. and Gao, K.S. (2004) Characterization of Diurnal Photosynthetic Rhythms in the Marine Diatom Skeleto-

nema costatum Grown in Synchronous Culture under Ambient and Elevated CO2. Functional Plant Biology, 31, 
399-404. http://dx.doi.org/10.1071/FP03240   

[32] Armbrust, E.V., Berges, J.A., Bowler, C., Green, B.R., Martinez, D., Putnam, N.H., et al. (2004) The Genome of the 
Diatom Thalassiosira pseudonana: Ecology, Evolution, and Metabolism. Science, 306, 79-86.  
http://dx.doi.org/10.1126/science.1101156  

[33] Monsalve, J.R.B. (2010) Effect of CO2 on Elemental Composition and Fatty Acids of Diatoms and Concomitant Ef-
fects on Copepods. Master Thesis, Kiel University, Kiel. 

[34] Gieskes, W.W.C. and Buma, A.G.J. (1997) UV Damage to Plant Life in a Photobiologically Dynamic Environment: 
the Case of Marine Phytoplankton. Plant Ecology, 128, 17-25 (in Kouwenberg et al. 2007). 

[35] Neale, P.J., Davis, R.F. and Cullen, J.J. (1998) Interactive Effects of Ozone Depletion and Vertical Mixing on Photo-
synthesis of Antartic Phytoplankton. Nature, 392, 585-589 (in Kouwenberg et al. 2007).  

[36] Browlee, C. (2008) Diatom Signalling: Deadly Messages. Current Biology, 18, 518-519.  
http://dx.doi.org/10.1016/j.cub.2008.05.003  

[37] Ianora, A., Boersma, M., Casotti, R., Fontana, A., Harder, J., Hoffmann, F., et al. (2006) The H.T. Odum Synthesis 
Essay: New Trends in Marine Chemical Ecology. Estuaries and Coasts, 29, 531-551.  
http://dx.doi.org/10.1007/BF02784281  

[38] Vidoudez, C. and Pohnert, G. (2008) Growth Phase-Specific Release of Polyunsaturated Aldehydes by the Diatom 
Skeletonema marinoi. Journal of Plankton Research, 30, 1305-1313. http://dx.doi.org/10.1093/plankt/fbn085  

[39] Vidoudez, C., Nejstgaard, J.C., Jakobsen, H.H. and Pohnert, G. (2011) Dynamics of Dissolved and Particulate Polyun-
saturated Aldehydes in Mesocosms Inoculated with Different Densities of the Diatom Skeletonema marinoi. Marine 
Drugs, 9, 345-358. http://dx.doi.org/10.3390/md9030345  

[40] Wichard, T., Gerecht, A., Boersma, M., Poulet, S.A., Wiltshire, K. and Pohnert, G. (2007) Lipid and Fatty Acid Com-
position of Diatoms Revisited: Rapid Wound-Activated Change of Food Quality Parameters Influences Herbivorous 
Copepod Reproductive. ChemBioChem, 8, 1146-1153. http://dx.doi.org/10.1002/cbic.200700053 

http://dx.doi.org/10.1023/A:1008989730798
http://dx.doi.org/10.1071/FP03240
http://dx.doi.org/10.1126/science.1101156
http://dx.doi.org/10.1016/j.cub.2008.05.003
http://dx.doi.org/10.1007/BF02784281
http://dx.doi.org/10.1093/plankt/fbn085
http://dx.doi.org/10.3390/md9030345
http://dx.doi.org/10.1002/cbic.200700053


http://www.scirp.org/
http://www.scirp.org/
http://papersubmission.scirp.org/paper/showAddPaper?journalID=478&utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ABB/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AM/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJPS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AJAC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/AS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/CE/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ENG/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/FNS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/Health/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCC/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JCT/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JEP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/JMP/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/ME/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/NS/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
http://www.scirp.org/journal/PSYCH/?utm_source=pdfpaper&utm_campaign=papersubmission&utm_medium=pdfpaper
mailto:submit@scirp.org

	The Effect of UV Light and CO2 in the Production of Polyunsaturated Aldehydes in Skeletonema costatum (Bacillariophycea)
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Collection and Screening
	2.2. Experimental Design
	2.3. Experimental Design
	2.4. Chemical Analysis of Derivatized Aldehydes and Fatty Acids
	2.5. Coupled Gas Chromatography-Mass Spectrometry (GC-MS)
	2.6. Statistic Analysis of the Metabolism of PUA

	3. Results
	3.1. SPME Analysis
	3.2. Fatty Acids Pofile
	3.3. Aldehydes Productions

	4. Discussion
	4.1. Screening and Selection
	4.2. The Effect of Increase of CO2
	4.3. The Action of Ultra-Violet Rays

	5. Conclusion
	Acknowledgements
	References

