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Chapter 8

General discussion

The overall structure of reaction centres is conserved in all photosynthetic organisms, however,

the antenna complexes have diversified greatly as a result of the adaptation to the light condi-

tions of each biotope, differences in their pigment composition and organization result in similar

functions1,2. Land plants share similar photosynthetic pigment-protein systems3, while algae

have developed a variety of light-harvesting systems, reflecting both the diversity of their origin

and the variety of their specific habitats4. Chl-a5,6, Chl-b7–10, and Chl-c11,12 may be bound to

their antennae proteins, as well as a large diversity of carotenoid molecules to ensure absorption

in the spectral region of available light13.

In this work, two types of algae were studied to elucidate the pigment configuration in

their LHCs. First, a soil chromophytic alga Xanthonema (X.) debile, which is unique for not

having Fx and possessing only non-carbonyl allene and alkyne carotenoids, and only Chl-a.

The light-harvesting complex from this algae, XLH, was shown to have a stoichiometry of

8 : 1 : 2.1 : 1.1 = Chl-a/heteroxanthin (Het)/diadinoxanthin (Ddx)/vaucheriaxanthin (Vau) –

4.4 Cars per 8 Chls. Second, a marine siphonous alga Codium (C.) fragile possess a specific

antenna complex, SCP, binding Chls-a and -b, Neo and siphonaxanthin/siphonein. Its pigment

stoichiometry is 6 : 8 : 2.5 : 1 = Chl-a/Chl-b/siphonaxanthin + siphonein/9’-cis Neo, that

corresponds to 3.5 Cars per 14 Chls. These two examples of algae possess completely different

light-harvesting systems, suggesting that the characterization of such unique photosynthetic

organisms is of great importance, as their study may, in particular, yield insights into the key

mechanisms underlying antenna optimisation to light quality. It is known that proteins tune

the electronic structure of pigments by changing their geometry14–16. As for example, two

luteins in LHCII possess identical structure, but have different optical properties induced by

their binding pockets in the protein17. Moreover, this is observed only in trimeric LHCII.

C. fragile resembles a similar situation with two Sx species in the light-harvesting complex,

probably having the same role as the luteins in LHCII, where lutein 2 serves as a link collecting

energy from higher states and transferring it to the lower ones via dark states17.

In order to understand protein-tuned pigment behaviour in complexes, it is important to

elucidate the relationship between their optical properties and induced structural/conformational

changes. A good strategy for this is the combination of experiments on pigments performed

in vitro in different environments, and the theoretical calculations. However, as carotenoids

display a large structural diversity, calculating molecular properties of these molecules using
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only their global energy minima does not fully address the experimental observations. For

example, diadinoxanthin, found in XLH, was observed to exhibit atypical vibrational properties

in solutions indicating the presence of several conformations – the ν1 band in resonance Raman

spectra consists of two species. The position and intensity of each species were dependent on

the excitation wavelength and the solvent. The strategy presented in this work, to theoretically

solvate alkyne carotenoid by water molecules, thus stabilizing non-minimum conformations by

hydrogen-bonding interactions, proposes a nice perspective for disentangling the parameters

which are able to tune pigment properties.

The presence of conjugated groups, such as allene (Vau found in XLH, Neo – in SCP) or

alkyne (Ddx & Het found in XLH), was shown to specifically modify the spectral properties

of carotenoids – vibrational spectra of the molecules contained particular modes. It raises im-

portant questions about their biological function, as such carotenoids are mainly found in the

photosynthetic apparatus of algae, which are exposed to rapid fluctuations in light intensities. It

was shown, that allene and alkyne group conjugation to the polyene chain of the molecule in-

duces additional distorted conformations, which may have a particular function for the caroten-

oid light-harvesting and photoprotection properties. Besides tuning the electronic properties

of the molecules, alkyne and allene groups could also have a role for the specific binding of

carotenoids to the protein.

For the holistic understanding of the processes occurring in the photosynthetic apparatus

at different structural levels, in addition to spectroscopic studies and molecular modelling of

the pigments, fluorescence imaging offers unprecedented insights, especially in the case of or-

ganism studies close-to-native state or in vivo. By using high-resolution PRN, 3D thylakoid

membrane structures were prepared in this work, which are found within the model photosyn-

thetic organisms: intact plant chloroplasts and cells of green algae, as well as for the relatively

little studied diatoms. Simple fluorescence imaging method, such as PRN, provide us with

exciting possibilities to study the thylakoid organisation in cells and plastids in detail and com-

paring their structural differences as a function of environment of the organism. Many studies

can be found on the imaging of plants during their acclimation to the different light regimes

followed by quantifying their grana changes at close-to-native state18–20. However, these stud-

ies are mostly based on the emission coming from PSII, as PSI fluorescence is negligible at

room temperature. In addition to all its advantages, PRN also proposes a possibility to meas-

ure few emission channels simultaneously, which could be used for the fluorescence detection

from both photosystems, while using labelling techniques for PSI. To answer the remaining

questions on the thylakoid stacking and organisation within different photosynthetic organisms,

the recently discovered protein, Curvature-Thylakoid-1 (CURT1) could be a promising choice

as well, as it was found to accumulate at grana margins21. Obtained all together, these free
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components (or their equivalents in each of the photosynthetic organism class), for example in

plants: PSII emission from the grana discs, PSI emission from the grana and stroma lamellae,

and the CURT1 signal from the thylakoid stacking margins, could provide the most accurate

thylakoid membrane organisation dependent on the species and their adaptation.

To summarise, optical spectroscopy and microscopy together can cover the photosynthesis-

related events occurring from the molecular to membrane level of the organism. The ideal

solution for the elucidation of the photosynthetic apparatus could be the emerging functional

super-resolution microscopy – a high-resolution imaging co-joint with the additional method-

ologies to obtain more parameters than just the physical structure of the sample22. The com-

bined nanoscopic-spectroscopic systems, therefore, could provide us simultaneously with both

the structural information and the data on the molecular events, resulting in a breakthrough of

understanding how photosynthetic processes occurring at different levels of the organism are

interconnected. This knowledge together with theoretical modelling, thus would allow us to

achieve a common goal – construct efficient artificial photosynthetic systems and improve the

yield of crop plants.
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