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Editorial on the Research Topic

Current challenges in photosynthesis: From natural to artificial,
volume I

Photosynthesis, as one of the most important chemical reactions, has powered our
planet for over four billion years on a massive scale, in particular via water-splitting
reactions (Shevela et al., 2019; Blankenship, 2021). It captures and stores solar energy
through a remarkable oxygenic photosynthetic machinery in plants, algae, and
cyanobacteria, as well as through an anoxygenic machinery in photosynthetic bacteria.
Photosynthesis research is a truly interdisciplinary field involving physics, chemistry,
biology, engineering, and computer science. The molecular mechanisms of the
fascinating photosynthetic machine have been extensively investigated using a
combination of spectroscopy, mutagenesis, and structural approaches (Bryant, 1994;
Blankenship et al., 1995; Ort and Yocum, 1996; Green and Parson, 2003; Wydrzynski and
Satoh, 2006; Golbeck, 2010; Hou et al., 2017; Shen et al., 2021). To address global energy
and climate issues, tremendous efforts have been made using the principles of natural
photosynthesis via artificial photosynthesis, and bioenergy applications worldwide
(Barber, 2009; Bruno, 2016; Najafpour et al., 2016; Brudvig and Campagna, 2017; Hou
et al., 2017; Blankenship, 2021).

In 2014, a group of international scientists attempted to target the challenges in
natural and artificial photosynthesis (Hou et al., 2014). There, we presented advances in
both natural and artificial photosynthesis with 10 papers authored by 31 scientists from
Australia, Finland, Germany, Sweden, Taiwan, and the USA. This publication provided
the readers with exciting new results, their implications, as well as their potential
limitations; further, it addressed new open questions.
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Since 2014, new molecular details of natural photosynthesis
and outstanding applications via artificial photosynthesis have
become available. For example, strategies to reduce the antenna
size were developed to improve photosynthetic efficiency (Ort
et al., 2015; Negi et al., 2020; Blankenship, 2021). In addition,
synthetic chemical approaches were utilized in semiconductor-
based light-driven electron transfer systems, as well as in
artificial water-splitting systems (Brudvig and Campagna,
2017; Hou et al., 2017; Zhang and Sun, 2019).

Invited and encouraged by the Frontiers Editorial Team, the
current Research Topic, “Challenges in photosynthesis: From
natural to artificial,” Volume II, was organized with the goal to
provide an update on natural and artificial photosynthesis from
2014 through 2022. Due to the extremely tight time frame and
other unexpected reasons, many of the contributors were unable
to submit their manuscripts at this time. We intend to provide a
more comprehensive version of the current Topic, as Volume
III, in the future.

Although the current update (in Volume II) is relatively
short, yet it has three thorough reviews and two original research
papers. It is noteworthy that these five papers are written by 34
authors from seven countries: China (5), France (2), Israel (3),
Netherlands (5), Switzerland (4), Thailand (13), and Taiwan (2).

In natural photosynthesis, several photosynthetic membrane
proteins play vital roles in regulating solar energy conversion.
For example, cytochrome (Cyt) b-559 is a crucial component of
the Photosystem II complex for its appropriate functioning and
assembly. In the opening review article, Chiu and Chu present a
timely review of the functional roles of cytochrome b-559 in
Photosystem II (PS II); this review includes a discussion of new
exciting results on site-directed mutagenesis and high-resolution
structures of native, inactive, and assembly intermediates of PS II
complexes. Further, the novel results presented in this review
offer an in-depth understanding of the structure and the
mechanisms of Cyt b-559 in PS II.

Synthetic mimics of the photosynthetic oxygen evolution is a
fast-growing area in artificial photosynthesis. Recent advances
have been achieved using X-ray crystallography (Shen et al,
2021). In the second review paper, Chen et al. evaluate the
synthetic Mn,XO, clusters (X=Ca/Y/Gd) to mimic the
geometric structure, the electronic structures, and the redox
property of PSII oxygen-evolving complex. These results are
extremely interesting and are expected to provide the structural
molecular platform to investigate the molecular details of the
photosynthetic water oxidation chemistry.

In the third review article, Shlosberg et al. summarize the
application of photosynthesis in the area of bioenergy,
using cyanobacteria, green algae, seaweeds, and plants, to
produce electricity. Here, we have the description of bio-
photoelectrochemical cells, achieved through the combination of
native photosynthesis with electrodes and electron mediators. This
exciting ‘green energy’ approach can be used in various systems,
including cyanobacteria, green algae, seaweeds, and higher plants,
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for light harvesting and energy production. Furthermore, in this
review, future challenges of bio-photoelectrochemical cells, for
practice applications, are presented.

In the first original research paper in this Volume, Vayghan
et al. report that the stable loss of the LHCB1, a component of
the light-harvesting complex II (LHCII) complex, induces
compensatory mechanisms in Arabidopsis thaliana; these
authors used CRISPR/Cas9 to knock out five genes (Lhcbl.1,
Lhcbl.2, Lhebl.3, Lhcbl.4, and Lhcbl.5) encoding LHCBI and
found that the loss of LHCBI drastically altered the thylakoid
structure. The method presented in the paper has the potential
to be used to improve photosynthetic efficiency for
crop productivity.

In the last paper in this Volume, Chutimanukul et al.
examined the physiological responses in secondary metabolite
production in the herbal plant, the holy basil Ocimum
tenuiflorum L, under controlled environmental conditions. The
methods described in the paper are suggested to produce high-
quality raw materials using this herbal plant as a plant factory for
the food and pharmaceutical industries.

The volume II of the Research Topic provides some of the
most recent updates in the field of photosynthesis from natural
to artificial, including the aspects of methodology, structure,
mechanism, and applications. We hope the readers may benefit
from the work presented here to stimulate their research
innovation, promote new discoveries and breakthroughs to
understand the amazing working details of photosynthesis,
and offer effective strategies to address the issues of food,
energy, and climate change worldwide.

Author contributions

All authors listed have made a substantial, direct, and
intellectual contribution to the work and approved it
for publication.

Acknowledgments

We thank all the authors for their outstanding contributions
and the reviewers for their critical suggestions for the
improvement of the manuscripts. Also, we are grateful to
Talitha Gray (the Submissions Team Manager), Ana Castro
(Review Operations Specialist), Rebecca Carver, and Rebecca
Milne (Commissioning Specialists) for their valuable support
and timely advice. Finally, we thank the Faculty Research
Development Award and Curriculum Enhancement Award
from the Office of Academic Affairs of Alabama State
University (to HH), the Institute for Advanced Studies
in Basic Sciences (to MN), the Ministry of Science and
Higher Education of the Russian Federation (Theme No.
122050400128-1) (to SA), and the University of Illinois

frontiersin.org


https://doi.org/10.3389/fpls.2022.914922
https://doi.org/10.3389/fpls.2022.929532
https://doi.org/10.3389/fpls.2022.955843
https://doi.org/10.3389/fpls.2022.833032
https://doi.org/10.3389/fpls.2022.833032
https://doi.org/10.3389/fpls.2022.1008917
https://doi.org/10.3389/fpls.2022.1113693
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Hou et al.

at Urbana-Champaign (to GG). Also, we thank Robert
Blankenship for reading this Editorial.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

Barber, J. (2009). Photosynthetic energy conversion: Natural and artificial.
Chem. Soc Rev. 38, 185-196. doi: 10.1039/B802262N

Blankenship, R. E. (2021). Molecular mechanisms of photosynthesis. 3rd edition
(John Wiley & Sons, Inc).

Blankenship, R. E., Madigan, M. T., and Bauer, C. E. (1995). “Anoxygenic
photosynthetic bacteria,” in Advances in photosynthesis and respiration, vol. 2 . Ed.
G. Govindjee (Springer).

Brudvig, G. W., and Campagna, S. (2017). Introduction to a themed issue of
chemical society reviews on artificial photosynthesis, chem. Soc Rev. 46, 6085-6087.
doi: 10.1039/C7CS90096A

Bruno, R. (2016). Artificial photosynthesis, In Advances in Botanical Research,
vol. 79, Ed J. Jacquot and P. Gadal (Academic Press)

Bryant, D. (1994). “The molecular biology of cyanobacteria,” in Advances in
photosynthesis and respiration, vol. 1 . Ed. G. Govindjee (Springer).

Golbeck, J. (2010). “Photosystem I: The light-driven plastocyanin: Ferredoxin
oxidoreductase,” in Advances in photosynthesis and respiration, vol. 24 . Ed. G.
Govindjee (Springer).

Green, B. R, and Parson, W. W. (2003). “Light-harvesting antennas in
photosynthesis,” in Advances in photosynthesis and respiration, vol. 13 . Ed. G.
Govindjee (Springer).

Hou, H. J. M., Najafpour, M. M., Allakhverdiev, S. L, and Govindjee, G. (2014).
Current challenges in photosynthesis: From natural to artificial. Front. Publishers.
doi: 10.3389/978-2-88919-286-1

Hou, H. J. M., Najafpour, M. M., Moore, G. F., and Allakhverdiev, S. I. (2017).
Photosynthesis: Structures, mechanisms, and applications volume I (Springer).

Frontiers in Plant Science

03

10.3389/fpls.2022.1113693

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Najafpour, M. M., Renger, G. , Holynska, M., Moghaddam, A. N,, Aro, E. M,
Carpentier, R., et al. (2016). Manganese compounds as water-oxidizing catalysts:
From the natural water-oxidizing complex to nanosized manganese oxide
structures. Chem. Rev. 116 (5), 2886-2936. doi: 10.1021/acs.chemrev.5b00340

Negi, S., Perrine, Z., Friedland, N., Kumar, A., Tokutsu, R., Minagawa, J., et al.
(2020). Light regulation of light-harvesting antenna size substantially enhances
photosynthetic efficiency and biomass yield in green algae. Plant J. 103, 584-603.
doi: 10.1111/tpj.14751

Ort, D. R, Merchant, S. S., Alric, J., Barkan, A., Blankenship, R. E., Bock, R,, et al.
(2015). Redesigning photosynthesis to sustainably meet global food and bioenergy
demand. Prod. Natl. Acad. Sci. U.S.A. 112, 8529-8536. doi: 10.1073/
pnas.1424031112

Ort, D., and Yocum, C. F. (1996). “Oxygenic photosynthesis: The light
reactions,” in Advances in photosynthesis and respiration, vol. 4 . Ed. G.
Govindjee (Springer).

Shen, J. R, Satoh, K., and Allakhverdiev, S. I. (2021). “Photosynthesis: Molecular
approaches to solar energy conversion,” in Advances in photosynthesis and
respiration, vol. 47 . Eds. T. D. Sharkey, J. J. Eaton-Rye and G. Govindjee (Springe).

Shevela, D., Bjorn, L., and Govindjee, G. (2019). Photosynthesis: Solar energy for
life (Singapore: World Scientific).

Wydrzynski, T., and Satoh, K. (2006). “Photosystem II: The light-driven water:
Plastoquinone oxidoreductase,” in Advances in photosynthesis and respiration, vol.
22 . Ed. G. Govindjee (Springer).

Zhang, B., and Sun, L. (2019). Artificial photosynthesis: Opportunities and
challenges of molecular catalysts. Chem. Soc Rev. 48, 2216-2264. doi: 10.1039/
C8CS00897C

frontiersin.org


https://doi.org/10.1039/B802262N
https://doi.org/10.1039/C7CS90096A
https://doi.org/10.3389/978-2-88919-286-1
https://doi.org/10.1021/acs.chemrev.5b00340
https://doi.org/10.1111/tpj.14751
https://doi.org/10.1073/pnas.1424031112
https://doi.org/10.1073/pnas.1424031112
https://doi.org/10.1039/C8CS00897C
https://doi.org/10.1039/C8CS00897C
https://doi.org/10.3389/fpls.2022.1113693
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Editorial: Current challenges in photosynthesis: From natural to artificial, volume II
	Author contributions
	Acknowledgments
	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


