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Presenter
Presentation Notes
My name is Leesa and I am currently working as a researcher at Norwegian University of Science and Technology with the Norwegian Seaweed Biorefinery Platform. I am working on several different projects, but today I will tell you a little about our work with fucoxanthin and the adventures to learn more about this molecule.


Fucoxanthin from Brown Algae

Fucoxanthin

Yang et al. 2019. Science
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Presenter
Presentation Notes
This is the chemical structure of fucoxanthin. It is a carotenoid, and one of the most abundant carotenoids found in nature. It is found in brown algae and there it has a role in photosynthesis. Fucoxanthin is located in a membrane-bound light harvesting complex together with other pigments including chlorophylls a and c. Pigments like fucoxanthin and chlorophyll c allow brown algae to utilise the filtered light available at increased depths underwater.

Images: Top left – the chemical structure of fucoxanthin. Bottom left – structure of fucoxanthin chlorophyll a/c complex from Phaeodactylum tricornutum. Right – diagram of the fucoxanthin chlorophyll protein located in a thylakoid membrane.

Links to references: Wang et al. 2019: http://doi.org/10.1126/Science.aav0365

http://doi.org/10.1126/Science.aav0365
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There has been a lot of interest in fucoxanthin beyond just photosynthesis. Here is a plot showing the number of publication that have the word fucoxanthin either in the title, abstract, or as a keyword from SCOPUS database through time. In total there were 2201 publications and you can see that scientific interest has been steadily growing ever since the molecule has been discovered around the 60s. In resent years there are close to 200 publications each year. But it’s also interesting to look at what this research is focused on and how the interest has been changing.

Images: A plot of the number of publications each year that have the word “fucoxanthin” in the title, abstract or keyword in the SCOPUS database. Accessed on 23 Nov 2021 at scopus.com


Trends in Fucoxanthin Research

Table 2. Top ten productive institutions in producing fucoxanthin publications from 1928 to June 2021.

Number of Publications
Institution Country
1928-1970  1971-1980  1981-1990  1991-2000  2001-2010  2011-2021*
Hokkaido University Japan 110 0 0 1 8 33 68
CNERS Centre National de la
France 61 1 0 1 17 17 25
Recherche Scientifique -
Goethe-Universitit Frankfurt Germany 49 0 0 0 3 13 33
am Main
Norges
teknisk-naturvitenskapelige Norway H“ 0 7 12 12 8 3
universitet
Chinese Academy of Sciences China 41 0 0 1 1 2 37
Sorbonne Universite France 39 0 ] 1 10 14 14
Kyoto University Japan 34 0 0 3 B 9 14
Kobe University Japan ! 0 0 0 1 7 26
Plymouth Marine Laboratory ~ United Kingdom 33 0 0 1 15 6 11
Pukyong National University Korea 33 0 0 0 1 2 30

TP: Total publications; 2021 *: up to June 2021.
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This is a table from a recent bibliometric study on trends in fucoxanthin research. They analysed the metadata associated with the publications in terms of when, who and where has the research been conducted. And I wanted to show this table as its interesting to see that there is a history of fucoxanthin research here in Norway, so hopefully we can continue that. This paper also looked into the research concepts of all these publications, categorised those concepts into four broader categories and tracked these trends throughout time. Early research was initially focused optimizing the extraction process tackling issues like stability and extraction yields. There was also some focus on the role of fucoxanthin in photosynthesis, as well as for environmental monitoring more specifically for microalgae. In more recent times the focus has shift to biological activities and there are many review papers available that summarise the biological and health-promoting effects of fucoxanthin.

Images: Table of the top ten productive institutions producing fucoxanthin research showing the number of publications in each decade.

Links to references: Khaw et al 2021: https://doi.org/10.3390/md19110606

https://doi.org/10.3390/md19110606
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Presentation Notes
Lots of different health-promoting effects have been reported from fucoxanthin, these include antioxidant activity, anti-inflammatory, antitumor/anticancer… and the list goes on and on.

Links to references: Khaw et al 2021: https://doi.org/10.3390/md19110606, Peng et al 2011: https://doi.org/10.3390/md9101806


https://doi.org/10.3390/md19110606
https://doi.org/10.3390/md9101806
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So what exactly is contributing to all this wonderful biological activity? How does this one little compound accomplish all this? We set out to collect some of this compound with the plant to deeply understand the structure, and then in turn the biological activity.

Images: the chemical structure of fucoxanthin


The Extraction and Purification Adventure @
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What started out as a simple venture – just replicate what is in the literature and just isolate – wasn’t so simple. At first we were able to extract and verify fucoxanthin, by both nuclear magnetic resonance (NMR) spectroscopy, and mass spectrometry (MS), but this was in a crude mixture so we needed to ask for some help from a collaborator at Aalborg University who is very skilled in small molecule purification. Using chromatography the crude extract was purified. This was done iteratively but generating a lot of fractions of all kinds which also showed all kinds of different colours, verifying which fraction contains fucoxanthin using MS, and then using chromatography again to separate the fucoxanthin-containing fractions further. Even after several purifications we were still left with a mixture of two compounds – shown here as two orange bands on a thin layer chromatography plate - which have a mass-to-charge ratio (m/z) that matches with fucoxanthin.

Images: Top left and bottom left - sets of tubes with different fractions after purification using chromatography. Right – thin layer chromatography plate showing two bands associated with fucoxanthin-containing fractions


The Extraction and Purification Adventure
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Here is a proton NMR spectrum of a fucoxanthin fraction after three purification rounds. It shows two bands on the TLC plate (highlighted with black arrow). Peaks in the proton spectrum represent hydrogen atoms located in the fucoxanthin molecule and the peaks show here are the ones that relate to the polyene chain. In this spectrum you can see some taller peaks relating to the major component and some smaller peaks relating to the smaller component. Look closely at the peaks around 7.4 and 6.1 ppm. The two components in this fraction were attempted to be separated.

Images: Bottom: black proton NMR spectrum of the fucoxanthin fraction. Right – TLC plate. The fraction shown in the proton NMR spectrum is highlight with a black arrow.


The Extraction and Purification Adventure
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The blue spectrum shows the purified major component. You can see in the smaller peaks are now gone, and the sample (highlighted with a blue arrow) is only showing one band on the TLC.


The Extraction and Purification Adventure
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However, the final fraction is still showing as a mixture of the two components. You can see two bands on the TLC plate (highlighted with green arrow). And you can see many of the peaks of the minor component (i.e. at 7.4 and 6.1 ppm) are now much higher. This shows that the two components are able to interconvert and must exist in some kind of equilibrium.


Geometrical Isomers

100:

sog all-trans -(6'R)
% 60‘ all- trans -(6°S)

40 9°-cis -(6°S) 131';5" '.(6_ ?, R)

' 13’-cis -(6°5) 9acis -6R)
20- 13-cis -(6°5)
0- — . g T v '
10 20 30 40 50

- _w==» M Liaaen-Jensen & Lutncees 2008. Carotenoids

' & sdei10. 1

£ gt

SIG Seaweed meeting — 25-26.11.2021 = i © . e - R, - g ‘//c
leesa.klau@ntnu.no . / : 3 i .

¢


Presenter
Presentation Notes
In the field of carotenoids, the presence of geometrical isomers is well-established and the geometrical isomers of fucoxanthin have also been well documented during early works into the structure of fucoxanthin. The geometric isomers differ by the confirmation of double bonds along the polyene chain. These exist in equilibrium but can also be formed during sample handling and processing. Geometric isomers can also biological properties such as solubility. So far there is some biological activity reported on the Z- isomers of fucoxanthin. We should have a good understanding of the isomers when handling fucoxanthin and testing for biological activity.

Images: Right – chemical structure of E-fucoxanthin, and several Z-fucoxanthin molecules. Left – HPLC-UV chromatogram showing the separation of fucoxanthin isomers.

Link to references: Liaaen-Jensen and Lutnœes. 2008. http://doi.org/10.1007/978-3-7643-7499-0_3

http://doi.org/10.1007/978-3-7643-7499-0_3
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Other challenges we found when handling fucoxanthin was both purity and stability. Here is a proton spectrum (in black) showing a partially purified sample. You can see the large signals about 5.4ppm that relate to unsaturated fatty acids.
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The same sample was measure again after 1 week (blue spectrum) – which showed little changes. And then again after approximately 2 months (green spectrum). In this time the fucoxanthin has completely degraded and you can see the missing peaks from 6.0-7.0 ppm and the unsaturated fatty acid signals have been maintained. This sample was stored in chloroform (the solvent used for NMR) which can create a slightly acidic environment promoting chemical oxidation of fucoxanthin.


Oxidation leads to apo-carotenoids
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Carotenoids are degraded through enzymatic oxidation carried out by carotenoid oxygenases, as well as nonenzymatic oxidation occurring due to exposure to light, heat, or acidic conditions. This figure show the oxidative cleavage of beta-carotene and the subsequent products that are called apo-carotenoids. Beneficial health effects are also documented for apo-carotenoids as a broad class of compounds, and so far there are few studies on those apo-fucoxanthinoids that result from the oxidation of fucoxanthin. Understanding which products are formed from the oxidation of fucoxanthin, and what are their associated biological activities is of interest.

Link to reference: http://doi.org/10.1146/annurev-nutr-082117-051841

http://doi.org/10.1146/annurev-nutr-082117-051841
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So to come back to the title of the presentation, we are not yet closer to understanding exactly which biological activities we are dealing with when it comes to fucoxanthin. It was a lot more complex than we released to get some of the compound in high purity. We faced challenges with purity, degradation, and isomerisation. However, it has been a necessary journey to develop the competency in our lab, and now we have a good handle on fucoxanthin. Stay turned for the next update.
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