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Editorial on the Research Topic

Marine Biotechnology, Revealing an Ocean of Opportunities

RELEVANCE AND THE MAIN CHALLENGES OF MARINE (BLUE)
BIOTECHNOLOGY

The ocean, including its coastal areas and covering more than 70% of the Earth’s surface, has always
represented an important environmental and economic resource. Indeed, almost 40% of the global
population lives in coastal communities (United Nations, 2017). With its ecosystem services, the
ocean represents a pivotal role in human society (Rayner et al., 2019). Undeniably, the ocean
provides food, regulates the climate, provides oxygen and ensures economic resources through its
shipping routes and tourism opportunities. Additionally, the ocean is home to organisms that have
for centuries sparked the scientific interest of many research groups to uncover the biodiversity and
functions of these fascinating marine ecosystems. Through their biological and chemical diversity,
marine organisms synthesize unique secondary metabolites, biopolymers and enzymes produced in
response to environmental stimuli. Secondary metabolites play important biological roles in
improving competitiveness, providing chemical defence against predators or competitors and
facilitating reproductive processes (Rotter et al.). Screening of these natural products and their
producer organisms, coupled with the search of their unique biological activities that could be used
in various industries, is tackled within marine (blue) biotechnology. Marine organisms and
microorganisms can be investigated, and their primary and secondary metabolites, biopolymers
and enzymes can be used as lead agents for nutraceutical and pharmaceutical industries to improve
processes (e.g., in drug delivery) and as a source of bio-inspired materials for numerous
biotechnological applications. Although this field has been appearing since the 1960s and 1970s,
it is still considered an emerging field and marine biotechnology is still in its infancy (Rayner et al.,
2019; Rotter et al.). This is because many marine environments are extreme ones that are either
hardly accessible for sampling and harvesting and/or are home to organisms that cannot be cultured
or grown in laboratory conditions. Consequently, a lot of advancement in the field of marine
biotechnology was hampered until recent advances in science were achieved, including sampling
methods, high-throughput methods and transdisciplinary collaborations.
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Here is where the Research Topic “Marine Biotechnology,
Revealing an Ocean of Opportunities” comes into play. The
Research Topic was initiated to provide an overview of the
current status of research activities in this exciting field,
generating a compendium of processes and technologies and
mapping the current scientific actors in the field of marine
biotechnology. All steps of marine biotechnology development
pipeline were tackled; from bioprospecting, metabolite/protein/
enzyme/polymer isolation and characterization, dereplication,
synthetic optimization, toxicology, bioassay screening, scale-up
production, exploration of wider use, ethics, intellectual property,
legislation, to commercialization and sustainability. This enables
the creation of a so-called cookbook for maximizing the impact of
marine biotechnology development, which can be used for
initiating, improving, and facilitating the dialogue amongst
adjunct scientific fields, providing data, promoting collaborations
between experts, and showcasing their expertise that will, directly
and indirectly, enhance blue growth.
MARINE BIOTECHNOLOGY TODAY

This Research Topic provided an interesting insight into the
current state of affairs in marine biotechnology. To get an
overview of the spotlight research and give insight to the field,
regardless of the expertise level of the reader, we provide
keywords to this field that map the published manuscripts.

Introduction to Marine Biotechnology. Marine biotechnology
is embedded in various European initiatives, national smart
specialization strategies and international collaborations. As such,
it inherently demands the collaboration of several disciplines and
experts. An overview on the important aspects of marine
biotechnology workflow, including the organisms, biodiversity
hotspots, methodologies for exploration, production scaling up
and use case scenarios was provided in Rotter et al.

Marine Macroorganisms With Valorization Potential.
Jellyfish have emerged as organisms with great potential for
biotechnological valorization in several publications (Borchert
et al.; Lengar et al.; Mearns-Spragg et al.). Brown seaweeds from
Tunisian coasts were assessed for their contents of high added-
value bioactive metabolites (Ktari et al.). Novel conopeptides
were isolated from cone snail Conus quercinus (Zhang et al.).
Bioprospecting of 37 marine invertebrates from extreme (i.e.,
polar) regions with a wide range of bioactivities and the chemical
structure of the main bioactive compounds was reviewed by
Avila and Angulo-Preckler. The underexplored potential use of
cephalotoxins, a group of proteinaceous toxins produced by the
salivary glands of coleoids, i.e., octopuses, squids and cuttlefishes,
was reviewed by Gonçalves and Costa. The use of sponges,
ascidians and gorgonians was reviewed by Pech-Puch et al.,
while marine fish skin mucus was reviewed by Tiralongo et al.
Fish skin can be an important waste valorization strategy to
decrease fishing and aquaculture waste. Other waste valorization
strategies, with marine organisms, their biopolymers and
application biofuel, fertilizers, feed, food, food packaging,
bioremediation and other industries were reviewed in
Rudovica et al.
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Marine Microorganisms, Associated to Macroorganisms.
Marine microorganisms, especially those associated with
macroorganisms, have often been overlooked as a novel
biotechnological resource. Huang et al. investigated the
potential of the fungal strain Aspergillus sp., isolated from a
red seaweed Grateloupia filicina in Qingdao, China.
Additionally, Furtado et al. presented the potential of bacteria
associated with the Brazilian endemic ascidian Euherdmania sp.
An overview of the potential of biologically active peptides by
marine organisms and their microbial symbionts was provided
by Macedo et al., along with the bioprospecting techniques and
potential industrial uses.

Marine Microorganisms With Potential Valorization. The
biotechnological potential of marine phytoplankton was tackled in
two publications. Diatoms with their varied silica walls and
capabilities to survive in extreme environments were reviewed in
the biotechnological perspective by Sharma et al. The dinoflagellate
Prorocentrum spp. was assessed as a potential source of phycotoxins
with reviewed strategies to enhance their production, including
chemical and genetic engineering and culturing techniques
(Camacho-Muñoz et al.). The potential of marine bacteria was
also researched: Stenotrophomonas maltophilia in Chu et al., Vibrio
brasiliensis in Ouyang et al., bacteria from rock samples and
associated to deep-sea invertebrates in the submarine volcano in
the Canary Islands, Spain (Garcıá-Davis et al.). Importantly, when
optimizing the production of the metabolite of interest for
biotechnological applications, several techniques are used. One of
them, the co-culturing of microbial species, was optimized for
astaxanthin-producing marine bacterium Paracoccus
haeundaensis, where the medium conditions were optimized for
its co-culturing with lactic acid bacterial species Lactobacillus
fermentum (Choi et al.).

Omics. Omics techniques have become a must in modern
molecular biology laboratories. In biotechnology, metabolomics
is one of such high-throughput techniques that enables a faster
exploration of chemical diversity than classical approaches, that
rely on culturable species and provide a limited overview within a
single experiment. The potential of metabolomics was assessed to
investigate patterns in metabolite variation, which could assist in
unravelling the multiple pathways affected by environmental
factors (Reverter et al.).

Application in Various Industries

(1) Biomedical applications. Jellyfish collagen is becoming an
important alternative in various industries due to the safety
concerns of using mammalian-derived collagen. An important
application of jellyfish collagen is its use as a matrix of cell
cultures to model human diseases. Results reveal that jellyfish
collagen is comparable and, in some indicators, even superior to
rat tail collagen for culturing human iPSC-derived microglia
(Mearns-Spragg et al.).

(2) Pharmaceutical applications. Marine organisms (sponges,
ascidians and gorgonians) collected in the Yucatan peninsula
showed antiviral activity against human adenovirus in 17% of
the extracts and antitumor activity against one or more tumor
cell lines in 37% of extracts (Pech-Puch et al.). The potential of
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marinefish skinmucus for antibacterial and antifungal activities
was reviewed by Tiralongo et al. Anticancer activity by
Streptomyces isolated from the Brasilian endemic ascidian
Euherdmania sp. was shown by the proteasome inhibitor and
potent cytotoxicity in glioma cell lines (Furtado et al.). Algicidal
activity against harmful algal blooms is important to maintain
fishery resources, marine ecosystems and human health.
Repeated batch fermentation of immobilized algicidal
bacterium Vibrio brasiliensis H115 was preformed to enhance
the productivity of the algicidal compounds (Ouyang et al.).
Finally, the analgesic potential by novel conopeptides from the
carnivorous cone snail Conus quercinus was demonstrated
(Zhang et al.).

(3) Wellbeing applications. Phenolic compounds have antioxidant
activities, a characteristic used in the cosmetic industry. The
potential of dissolved organic matter for antioxidant potential
was quantified from porewaters and water column in Wadden
Sea, where this potential was higher than what is commonly
found in microalgae and macroalgae (Catalá et al.).

(4) Pigment production. Pigments from marine organisms can
be used in various food, cosmetics, pharmacological and other
industries. The optimization of astaxanthin and fucoxanthin
isolation was provided by co-culturing (Choi et al.) or
optimization of extraction conditions (Ktari et al.).

(5) Agriculture applications. Eleven new compounds have been
isolated from the seaweed-derived fungus, Aspergillus sp.,
revealing anti-phytopathogenic bacterial activity that could
contribute to increased global food safety (Huang et al.).
Jellyfish was assessed as a valuable potential biofertilizer,
considering the impact on greenhouse emissions and the
cost of material pre-processing (Borchert et al.).

(6) Alternative energy sources. Bioethanol is becoming an
important renewable energy source as an alternative to fuel. A
resource with promising potential for bioethanol production is
seaweed biomass, where its alginate needs to be efficiently
degraded into alginate monosaccharide by alginate lyases. A
novel oligoalginate lyase from the marine bacterium
Stenotrophomonas maltophilia was shown to completely
depolymerize alginate to monomers (Chu et al.).

(7) Plastics and bioplastics. Marine pollution caused by plastics is
becoming an increasing environmental, societal and
technological challenge. This was tackled in the Research
Topic by including an overview of marine Actinobacteria and
marine fungi to biodegrade (micro)plastics, methods to detect
and analyze biodegradation and potential for bioplastic
production. Moreover, the most important methods for plastic
degradation and recycling valorization were reviewed by
Oliveira et al. The potential sequestration of microplastics
using jellyfish mucus provided a novel bioremediation
potential for this material (Lengar et al.).

Transdisciplinary collaboration. To advance the field of marine
biotechnology, there is a need to create effective, operational,
inclusive, sustainable, transnational and transdisciplinary
networks with a serious and ambitious commitment for
knowledge transfer, training provision, dissemination of best
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practices and identification of the emerging technological trends
through science communication activities. This network,
Ocean4Biotech, an Action within the European Cooperation in
Science and Technology (COST) that connects all stakeholders
interested in marine biotechnology in Europe and beyond, was
introduced in Rotter et al. An open-access map of experts and their
expertise in themarine biotechnology field was further provided by
Rotter et al.
FUTURE PROSPECTS

The field of marine (blue) biotechnology is gaining visibility
worldwide in many complementary scientific fields and has
inspired the creation of several legislative, infrastructural and
scientific collaborative networks. Ultimately, this field can
become an important driver in economic development,
creating innovative clusters and managing the sustainable
development of coastal areas globally. However, to promote
the exploitation of scientific outputs and commercialization of
innovative products frommarine organisms and microorganisms, a
constant dialogue needs to be maintained between the scientific
community, the legislative authorities, the industry, and the general
public, who are the final beneficiaries and consumers of the
developed products and processes. This is seen in the marine
biotechnology field through several white papers, research,
innovation and governance projects, ocean literacy initiatives, and
media exposure activities. These demand the involvement of
transdisciplinary communities. They provide a different approach
to such applied science, in contrast to the basic one, and building
dialogues and collaboration between different actors (e.g., the
scientific community and governance authorities that provide
financing). This is also seen in this Research Topic where the 25
published manuscripts provide an overview of methodologies and
marine micro and macroorganisms with biotechnological potential,
their use in various industries, and the importance of
transdisciplinary collaborations and sustainability. Based on the
diversity of studies that have been provided in this Research Topic,
we believe that the field of marine biotechnology is slowly but surely
establishing itself as an important scientific and innovation field that
will provide for economic prosperity, circularity and sustainability
for decades to come.
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Copyright © 2022 Rotter, Gaudêncio, Dubnika and Vasquez. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
April 2022 | Volume 9 | Article 887630

https://doi.org/10.3389/fmars.2019.00330
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
https://www.un.org/sustainabledevelopment/wp-content/uploads/2017/05/Ocean-fact-sheet-package.pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

	Editorial: Marine Biotechnology, Revealing an Ocean of Opportunities
	Relevance and the Main Challenges of Marine (blue) Biotechnology
	Marine Biotechnology Today
	Application in Various Industries

	Future Prospects
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


