
VU Research Portal

Light-Harvesting Complexes and Photoprotection in higher plants

Xu, P.

2017

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Xu, P. (2017). Light-Harvesting Complexes and Photoprotection in higher plants. [PhD-Thesis - Research and
graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/8b5b9d20-df4f-4dd7-aa03-af8482d8ee1d


Summary 

127 

 

Summary 
In higher plants, the first step of the light to chemical energy conversion is catalyzed by 
Photosystems (PS) I and II, large membrane complexes composed of pigments 
(Chlorophylls (Chls) and carotenoids) and proteins. Both PSI and PSII consist of a core 
where the charge separation occurs and several antennae (known as light-harvesting 
complexes (LHCs)) that enlarge the light-harvesting capacity of the core. PSI is composed 
of a core and 4 antennae which are named as Lhca1-4. PSII is made up of a dimeric core 
(C2) and 6 basic LHC-unit that are known as Lhcb1-6, in which Lhcb1-3 form various 
combinations of homo-and hetero-trimers (LHCII) and Lhcb 4–6 (CP29, CP26, and CP24) 
are present as monomers. The LHCII trimer strongly bound to the core is called trimer S 
and the one moderately connected to core via CP29 and CP24 is called trimer M. The 
composition of PSII is dynamic: under low light conditions C2S2M2 is dominant, while under 
prolonged higher light conditions the M trimer partially disassociates from PSII, reducing 
the PSII antenna size. In light stress conditions a process known as  non-photochemical 
quenching (NPQ), protects the plant from photodamage by dissipating excess absorbed 
light as heat. 

The capture of sunlight energy by the pigments associated with the LHCs is the first step of 
photosynthesis. Excitation energy is then transferred to the reaction center, on an 
ultrafast time scale, assuring high trapping efficiency. The organization of the pigments 
within the LHCs and the overall arrangement of the photosynthetic apparatus are key for 
such an efficient system of sunlight energy capture, transport and conversion. Addressing 
some of the most fundamental questions on light-harvesting and its regulation has been 
the main goal of this thesis. 

The biochemical and biophysical properties of LHCs have been studied intensively for the 
last three decades,  however purification of LHCs in their native state has been a limiting 
factor in scientific progress. The difficulty lies in their shared genetic lineage and very 
similar biochemical properties, making them hard to separate from one another. In the 
past,  separation was achieved using harsh isolation conditions such as isoelectric focusing 
or multistep of chromatography, however this often lead to pigment loss and altered 
properties. A commonly used alternative approach, was to reconstitute the protein with 
pigments in vitro, however this is not always accepted as being a viable substitute for the 
native protein. It was clear that a method to isolate LHCs under mild conditions was 
necessary. In Chapter 2, we describe a new method that permits us to isolate the minor 
antenna protein, CP24, using a knockout A. thaliana mutant (KO-CP24) complemented 
with a gene for CP24 containing the sequence for a His-tag. The presence of the His-tag 
does not influence the assembly of CP24 and PSII supercomplex in the membrane. Thus, 
CP24 can be purified in a mild two-step procedure of affinity chromatography followed by 
a sucrose density gradient. The method was also used to isolate a site directed-mutant of 
CP24, lacking  one specific Chl. The same approach was used in Chapter 3 to characterize 
another minor antenna, CP29. The number of Chls in our purified CP29 is more than what 
is found in the reconstituted version and is in line with the latest results shown in EM-
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structure of PSII complex (Su et al. 2017). In addition to wild type CP29, two specific 
chlorophyll knockout mutants (lacking Chl a612 and a603) were produced and 
characterized. These two Chls have been proposed as sites of quenching and are located 
at the interface between CP29 and other subunits, suggesting that they play an important 
role in excitation energy transfer. In vivo mutation analysis shows that Chl612 and Chl603 
in CP29 are isoenergetic and in this CP29 differs from related Lhcbs, in which Chl612 is 
always the lowest energy site. In chapter 3, the CP29-LHCII-CP24 complex is also studied. 
The Chls contained in CP29-LHCII-CP24 complex matches the sum of all Chls from the 
individual LHCs, however the association of the complexes influences their spectroscopic 
properties. It also influences the carotenoid composition by stabilizing the binding of a β-
carotene molecule. Thus it appears that protein-protein interactions play an important 
role in defining the spectral properties of the photosynthetic complexes. 

While fundamental to photosynthesis, light-harvesting is also risky business. This is due to 
frequent fluctuations of light intensity in the natural environment  and/or the shortage of 
photosynthetic substrates (CO2 or H2O). If the amount of absorbed light exceeds the 
capacity of the photosynthetic machinery it will lead to the formation of reactive oxygen 
species. Plants have developed a series of regulatory mechanisms to prevent this from 
occurring, the most important and widely studied of which is NPQ. Two components have 
been shown to be vital for this process: the first is PsbS, a protein which becomes 
‘activated’ following a drop in lumenal pH. The second is Zeaxanthin (Zea), which is 
formed by the de-epoxidization of violaxanthin (Vio) also under low lumenal pH. Despite 
knowing the involvement of these two components, the exact molecular mechanism of 
NPQ is still enigmatic. For example, the location and function of Zea is still largely debated. 
Most of the previous experiments related to Zea-dependent quenching were performed 
either with reconstituted LHCs or with LHCs from the NPQ2 mutant, which expresses Zea 
constitutively. In Chapter 4, a large set of LHCs including a minor antenna, multi-subunit 
LHC complexes and the PSII supercomplex, from dark adapted plants (without Zea) and 
light-stressed plants (with light induced induction of Zea) were directly isolated from 
plants. Our results showed that all complexes purified from high light treated plants 
indeed bind Zea, but in small amounts. We also found that the Zea is not located inside 
the Lhcbs as was originally proposed and it does not induce conformational changes of 
these complexes. Even more importantly, the fluorescence lifetime of the dark-adapted 
samples and of the high light treated ones are identical, which means that Zea does not 
contribute to quenching directly at the level of Lhcbs. At the thylakoid level, the 
zeaxanthin-dependent quenching can instead be observed suggesting that this quenching 
might depend on interactions exerted at the interfaces between Lhcbs. 

In Chapter 5, we tested the hypothesis proposed by Ballottari et al. (2014) that Zea acts as 
a quencher for Photosystem I in high light . We tested this hypothesis both in vitro and in 
vivo via time-resolved fluorescence. Although the pigment analysis shows that Zea does 
bind to PSI supercomplex in high light conditions, we find that it does not induce any 
quenching in the complex. We then propose that the higher sensitivity to high light 
observed in PSI in the absence of Zea is a secondary effect of the reduced quenching in 
PSII and of the lack of a strong antioxidant.  
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The carotenoid composition is relatively well conserved in plants suggesting that the 
different xanthophylls species have unique roles to play. So what would happen if a plant 
had a completely different carotenoid composition? Chapter 6 describes the comparison 
between Wild Type N. tabacum and a mutant which does not contain any of the wild type 
carotenoids (xanthophylls and carotenes) but only astaxanthin. For the first time it is 
shown that a higher plant can survive in autophototrophic conditions without carotenes, 
challenging a long-standing dogma. In this mutant, the amount of Chls dramatically 
decreases however the mutant preserves many features of the wild type plant: PSI and 
PSII are concerted properly at various light intensities, the mutant plant also performs 
NPQ, despite not having any of the carotenoids proposed to be necessary for NPQ. It also 
appears that the  folding of LHCs and Chls organization is relatively unaffected. The 
photoprotection of PSI with astaxanthin decreased, suggesting that β-carotene may be 
involved in photoprotection of PSI. Also, notably, the Lhcbs binding astaxanthin are strong 
quenched. This offers us an excellent sample to study the mechanism of carotenoid 
dependent quenching. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


