antioxidants m\py

Editorial

Marine Algal Antioxidants

Clementina Sansone * and Christophe Brunet

Stazione Zoologica Anton Dohrn, Villa comunale, 80121 Napoli, Italy; christophe.brunet@szn.it
* Correspondence: clementina.sansone@szn.it

check for
Received: 19 February 2020; Accepted: 28 February 2020; Published: 2 March 2020 updates

Sea and marine biodiversity exploration represents a new frontier for the discovery of new natural
products with human health benefits (“the exploitable biology”, [1]).

New compounds suitable for nutraceuticals, cosmeceuticals, or pharmaceuticals require
(i) eco-friendly production and (ii) bioactivity against illness, thus making microorganisms potential
interesting targets. Among them, microalgae provide advantages as they are photosynthetic, high
growth rate organisms that are easy to cultivate and require less space than higher plants, together
with displaying high chemodiversity—though this has barely been explored—coupled with high
biodiversity [2]. Although very attractive compared to higher plants, microalgae biotechnology still
requires further research and development to lower its cost and enhance practical and industrial
interest [3,4]. One of the main branches of the biotechnological exploration of marine algae concerns
bioactive and, especially, antioxidant compounds.

This Special Issue, concerning marine algal antioxidants, contains eleven contributions detailing
recent advances in this field; experimental results and technical improvements are presented
and discussed.

Antioxidant bioactivity concerns different families of compounds, but this issue is focused on the
microalgae richness of such compounds (e.g., [5,6]). Among the huge variety of antioxidant compounds,
algae derived carotenoids are the most well known, together with other bioactive compounds, such as
polyphenols, sterols, carbohydrates, and vitamins [6]. The synergistic effect of all of these families in
unicellular organisms induces the high antioxidant power of microalgae that is comparable, or even
higher than, the antioxidant activity of higher plants or fruits [5]. The potentiality of a single microalgae
cell compared with that of a multicellular plant presents a biotechnological challenge for developing
microalgae as an efficient and ecosustainable “bio factory” of bioactive molecules with antioxidant
activity. For this reason, it is very important to invest in research programs aiming to investigate
the diversity of bioactive molecules along the microalgal biodiversity scale and its intracellular
modulation [2].

In a recent study [7], the coastal diatom Skeletonema marinoi was used to investigate the modulation
of lipophilic antioxidant compounds and the hydrophilic vitamin ¢ by light manipulation. The results
revealed a significant effect of light (intensity and/or distribution) on the production of antioxidants as
well as a strong link between carotenoid operating photoprotection and the antioxidant molecules
and activity modulation. This study confirms the role of light manipulation as a powerful tool for
modulating the synthesis of antioxidant compounds in microalgae.

The most frequently investigated algae compounds are carotenoids due to their well-known
bioactivity and human wellness benefits as well as their plasticity which allows them to be enhanced
through abiotic factors, for example, light modulation in microalgae [2,8].

Dunaliella salina, a chlorophyte that is mostly used for biotechnological investigations and
applications, mainly relies on the production of (3-carotene [9], has been used as a model to study the
modulation of carotenoids and (3-carotene concentration with respect to the light spectrum [10,11].
This study demonstrates that monochromatic red light strongly affects the carotenoid pool, enhancing
the (3-carotene concentration as well as modifying the ratio between the different forms of 3-carotene
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towards 9-cis 3-carotene. These studies confirm the relevant role of light in shaping the carotenoid
profile in microalgae, demonstrating that its modulation is of great interest for the biotechnological
production of such bioactive compounds.

The enhancement of carotenoid production in algae can use genetic engineering and biomanipulation.
In order to reach this goal, it is necessary to increase the knowledge about the biosynthetic pathways of
these compounds as well as the modulation factors affecting the gene expression involved. Two brown
algae, Saccharina japonica and Cladosiphon okamuranus, have been investigated thanks to the analysis of
Genome-Scale Metabolic Networks (GSMNSs, [12]). The authors were able to reconstruct the biosynthetic
pathways of the main carotenoids in these two algae, highlighting the interest and scientific richness of
such approach for the study of targeted biochemical pathways.

Together with carotenoids, chlorophylls and their derivatives are also of interest for biotechnological
applications [13]. Enhancing the production of chlorophylls per biomass unit in microalgae and
understanding the biosynthetic and degradation pathways of such molecules is therefore biotechnologically
relevant. The study by Maroneze and collaborators [13] reported and discussed the modulation of the
chlorophyll and carotenoid contents in the model species Scenedesmus obliquus with respect to the growth
phase and the presence/absence of light, turning growth from autotrophy to heterotrophy. The authors
demonstrated that the content and chemical forms of these compounds are affected by growth
conditions, laying the foundation for up-scaling and massive production for industrial application.

On the other hand, i.e., in brown algae, fucoxanthin is now being investigated for its potential
activity related to human health protection [14]. This pigment might be extracted from numerous
classes of microalgae, including diatoms as well as brown macroalgae [14]. The anti-inflammatory,
antioxidant, and antiproliferative effects of fucoxanthin were investigated on blood mononuclear cells
and different cell lines [15]. The results clearly displayed the antiproliferative and antioxidant activities
of fucoxanthin in vitro, highlighting the great interest in its potential use in nutraceuticals.

Pigments are not the only compounds presenting antioxidant properties; other lipophilic
compounds such as phenols and hydrophilic compounds accompany them.

It is therefore of interest to investigate the best solvents for obtaining the best yield from the
extraction of bioactive compounds from algal biomass. For this reason, in three brown algae [16],
the antioxidant properties and antioxidant compound concentration were compared between seven
extraction solvents or mixtures between them. This work defined the best extraction procedure for
enhancing the harvesting of phenols, flavonoids, carotenoids, and chlorophylls. In the same framework,
a technical approach comparing methodologies for the quantification of polyphenols was undertaken
on the macroalga Ulva intestinalis [17], highlighting some uncertainties and difficulties in actual
methodologies that require further optimization of the extraction, identification, and quantification
of polyphenols.

In addition, polysaccharides are also relevant antioxidant compounds, and algae might be a
relevant source for their production and use as nutraceuticals [18]. In the contribution by Le et al. [19],
the authors compared data from different extraction procedures of the green alga Ulva pertusa in terms
of antioxidant activity together with polysaccharide and ulvan contents. The differences between
the various extracts were compared with regard to operational parameters such as power, time,
water-to-raw-material ratio, and pH, in order to optimize the quantity yield of ulvan.

Last, but not least, extracts from Fucus spiralis and Chlorella vulgaris were tested as enhancers of
the removal of heavy metals (Hg**, Ag, Sn, Pb) in patients with long-term dental titanium implants
and amalgam filling restoration [20]. The authors demonstrated that long-term effects from nutritional
supplementation with these algae result in the enhancement of heavy metal removal.

All of these contributions highlight the great potential of marine algae to provide
substances/extracts that are able to protect or increase human wellness, and the need for optimization
and technological/technical/scientific improvement to increase the biomass-harvesting efficacy with
reduction of the production cost. Marine biotechnology relies on the exploration, discovery,
and exploitation of marine algal species and/or products still requires research dealing with biodiversity
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(searching for new targeted species with peculiar biochemical profiles, for instance), chemodiversity
(richness and diversity of bioactive molecule screening), bioactivity (antioxidant ability of the algal
extracts), technological cultivation improvement (lowering the costs, co-cultivation, environmental
modulation), and optimization of the extraction techniques. These steps are crucial to achieve the
challenges offered by the green (blue in case of marine) biotechnological revolution which, in our point

of view, cannot exist without deployment of the industrial use of (micro)algae.
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References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Bull, A.T.; Ward, A.C.; Goodfellow, M. Search and Discovery Strategies for Biotechnology: The Paradigm
Shift. Microbiol. Mol. Biol. Rev. 2000, 64, 573-606. [CrossRef] [PubMed]

Barra, L.; Chandrasekaran, R.; Corato, F; Brunet, C. The challenge of ecophysiological biodiversity for
biotechnological applications of marine microalgae. Mar. Drugs 2014, 12, 1641-1675. [CrossRef] [PubMed]
Williams, PJ.B.; Laurens, L.M.L. Microalgae as biodiesel & biomass feedstocks: Review & analysis of the
biochemistry, energetics & economics. Energy Environ. Sci. 2010, 3, 554-590.

Kroumov, A.D.; Scheufele, F.B.; Trigueros, D.E.G.; Modenes, A.N.; Zaharieva, M.; Najdenski, H. Modeling and
Technoeconomic Analysis of Algae for Bioenergy and Coproducts. Algal Green Chem. 2017, 201-241.
[CrossRef]

Sansone, C.; Brunet, C. Promises and Challenges of Microalgal Antioxidant Production. Antioxidants 2019, 8,
199. [CrossRef] [PubMed]

Galasso, C.; Gentile, A.; Orefice, I; Ianora, A.; Bruno, A.; Noonan, D.M.; Sansone, C.; Albini, A.; Brunet, C.
Microalgal Derivatives as Potential Nutraceutical and Food Supplements for Human Health: A Focus on
Cancer Prevention and Interception. Nutrients 2019, 11, 1226. [CrossRef] [PubMed]

Smerilli, A.; Balzano, S.; Maselli, M.; Blasio, M.; Orefice, I.; Galasso, C.; Sansone, C.; Brunet, C. Antioxidant and
Photoprotection Networking in the Coastal Diatom Skeletonema marinoi. Antioxidants 2019, 8, 154. [CrossRef]
[PubMed]

Brunet, C.; Chandrasekaran, R.; Barra, L.; Giovagnetti, V.; Corato, F.; Ruban, A.V. Spectral radiation dependent
photoprotective mechanism in diatom Pseudo-nitzschia multistriata. PLoS ONE 2014, 9, e87015. [CrossRef]
[PubMed]

Tafreshi, A.H.; Shariati, M. Dunaliella biotechnology: Methods and applications. J. Appl. Microbiol. 2009, 107,
14-35. [CrossRef] [PubMed]

Xu, Y.; Harvey, P. Carotenoid Production by Dunaliella salina under Red Light. Antioxidants 2019, 8, 123.
[CrossRef] [PubMed]

Xu, Y.; Harvey, P. Red Light Control of 3-Carotene Isomerisation to 9-cis 3-Carotene and Carotenoid
Accumulation in Dunaliella salina. Antioxidants 2019, 8, 148. [CrossRef] [PubMed]

Negre, D.; Aite, M.; Belcour, A.; Frioux, C.; Brillet-Guéguen, L.; Liu, X.; Bordron, P.; Godfroy, O.; Lipinska, A.;
Leblanc, C.; et al. Genome-Scale Metabolic Networks Shed Light on the Carotenoid Biosynthesis Pathway in
the Brown Algae Saccharina japonica and Cladosiphon okamuranus. Antioxidants 2019, 8, 564. [CrossRef]
Maroneze, M.; Zepka, L.; Lopes, E.; Pérez-Gdalvez, A.; Roca, M. Chlorophyll Oxidative Metabolism During
the Phototrophic and Heterotrophic Growth of Scenedesmus obliquus. Antioxidants 2019, 8, 600. [CrossRef]
[PubMed]

Zhang, H.; Tang, Y.; Zhang, Y.; Zhang, S.; Qu, J.; Wang, X.; Kong, R.; Han, C.; Liu, Z. Fucoxanthin: A
Promising Medicinal and Nutritional Ingredient. Evid. Based Complement. Alternat. Med. 2015, 2015, 723515.
[CrossRef] [PubMed]

Neumann, U.; Derwenskus, F.; Flaiz Flister, V.; Schmid-Staiger, U.; Hirth, T.; Bischoff, S. Fucoxanthin, A
Carotenoid Derived from Phaeodactylum tricornutum Exerts Antiproliferative and Antioxidant Activities In
Vitro. Antioxidants 2019, 8, 183. [CrossRef] [PubMed]

Rajauria, G. In-Vitro Antioxidant Properties of Lipophilic Antioxidant Compounds from three Brown
Seaweed. Antioxidants 2019, 8, 596. [CrossRef] [PubMed]

Wekre, M.; Késin, K.; Underhaug, J.; Holmelid, B.; Jordheim, M. Quantification of Polyphenols in Seaweeds:
A Case Study of Ulva intestinalis. Antioxidants 2019, 8, 612. [CrossRef] [PubMed]


http://dx.doi.org/10.1128/MMBR.64.3.573-606.2000
http://www.ncbi.nlm.nih.gov/pubmed/10974127
http://dx.doi.org/10.3390/md12031641
http://www.ncbi.nlm.nih.gov/pubmed/24663117
http://dx.doi.org/10.1016/B978-0-444-63784-0.00011-4
http://dx.doi.org/10.3390/antiox8070199
http://www.ncbi.nlm.nih.gov/pubmed/31252612
http://dx.doi.org/10.3390/nu11061226
http://www.ncbi.nlm.nih.gov/pubmed/31146462
http://dx.doi.org/10.3390/antiox8060154
http://www.ncbi.nlm.nih.gov/pubmed/31159429
http://dx.doi.org/10.1371/journal.pone.0087015
http://www.ncbi.nlm.nih.gov/pubmed/24475212
http://dx.doi.org/10.1111/j.1365-2672.2009.04153.x
http://www.ncbi.nlm.nih.gov/pubmed/19245408
http://dx.doi.org/10.3390/antiox8050123
http://www.ncbi.nlm.nih.gov/pubmed/31067695
http://dx.doi.org/10.3390/antiox8050148
http://www.ncbi.nlm.nih.gov/pubmed/31137878
http://dx.doi.org/10.3390/antiox8110564
http://dx.doi.org/10.3390/antiox8120600
http://www.ncbi.nlm.nih.gov/pubmed/31795375
http://dx.doi.org/10.1155/2015/723515
http://www.ncbi.nlm.nih.gov/pubmed/26106437
http://dx.doi.org/10.3390/antiox8060183
http://www.ncbi.nlm.nih.gov/pubmed/31248073
http://dx.doi.org/10.3390/antiox8120596
http://www.ncbi.nlm.nih.gov/pubmed/31795205
http://dx.doi.org/10.3390/antiox8120612
http://www.ncbi.nlm.nih.gov/pubmed/31816918

Antioxidants 2020, 9, 206 4o0f4

18.  Wells, M.L.; Potin, P; Craigie, ].S.; Raven, J.A.; Merchant, S.S.; Helliwell, K.E.; Smith, A.G.; Camire, M.E.;
Brawley, S.H. Algae as nutritional and functional food sources: Revisiting our understanding. J. Appl. Phycol.
2017, 29, 949-982. [CrossRef] [PubMed]

19. Le, B.; Golokhvast, K.; Yang, S.; Sun, S. Optimization of Microwave-Assisted Extraction of Polysaccharides
from Ulva pertusa and Evaluation of Their Antioxidant Activity. Antioxidants 2019, 8, 129. [CrossRef]
[PubMed]

20. Merino, J.; Parmigiani-Izquierdo, J.; Toledano Gasca, A.; Cabafia-Mufioz, M. The Long-Term Algae Extract
(Chlorella and Fucus sp.) and Aminosulphurate Supplementation Modulate SOD-1 Activity and Decrease
Heavy Metals (Hg++, Sn) Levels in Patients with Long-Term Dental Titanium Implants and Amalgam
Fillings Restorations. Antioxidants 2019, 8, 101. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1007/s10811-016-0974-5
http://www.ncbi.nlm.nih.gov/pubmed/28458464
http://dx.doi.org/10.3390/antiox8050129
http://www.ncbi.nlm.nih.gov/pubmed/31091698
http://dx.doi.org/10.3390/antiox8040101
http://www.ncbi.nlm.nih.gov/pubmed/31014007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

