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Outlook
The simulations presented in this dissertation provide some new insights in photo-
synthesis, but there is still a lot to explore.

It is imperative that the findings from the simulations are validated experimentally. 
Collaborations with experimental partners could confirm the existence of the third 
PLQ channel, the diffusion of the BCRs and the tilting of the PSII monomer. 

Human life is almost completely dependent on plants, which is why one would also 
want to simulate plant PSII. Although the photosynthetic machinery of cyanobacteria 
and plants are in many aspects very similar, there are also significant differences. An 
important difference between plants and cyanobacteria is the type of antennae that 
are used. Plants have light harvesting complexes, while cyanobacteria use phycobili-
somes to collect light. The recent publication of a spinach PSII-LHCII super complex 
structure provides the opportunity to simulate plant PSII in conjunction with its an-
tenna complexes (Wei et al., 2016).

Thylakoids form complex membrane systems composed out of grana and stroma 
lamellae, over which the photosynthetic complexes asymmetrically distribute (Dan-
ielsson, Albertsson, Mamedov, & Styring, 2004). Thylakoids are on top of that dense-
ly packed with proteins (Kirchhoff, Mukherjee, & Galla, 2002). Future work might 
therefore focus on for example super complex formation by simulating a much more 
crowded thylakoid membrane that contains multiple copies of the various photo-
synthetic complexes. An even larger scale approach would include complete grana 
and lamellae, hereby the asymmetric distribution of the different complexes could be 
studied, the diffusion of electron carriers between these complexes and also the PSII 
repair cycle. 

Apart from the main photosynthetic complexes, there are also smaller proteins im-
portant in photosynthesis. It would be very interesting to study using MD the working 
mechanisms of the proteins involved in the induction of NPQ, e.g. PsbS, violaxanthin 
de-epoxidase or the orange carotenoid protein, which are all three involved in the 
onset of NPQ (Garab, Ughy, & Goss, 2016; Kirilovsky, 2015; Tibiletti, Auroy, Peltier, 
& Caffarri, 2016). The working mechanism of the CURT1 protein family is another 
excellent research subject for MD. These proteins are responsible for the curvature of 
the grana margins (Armbruster et al., 2013).

Most of the simulations in this thesis were performed at CG resolution. Some aspects 
of PSII can however only be studied at higher resolutions. It would be very interesting 
to model the interactions between PSII and the thylakoid lipids at atomistic reso-
lution, this would render information about the exact binding of the lipids and the 
role of hydrogen bonds in this. Excitation transfer is highly dependent on pigment 
orientation. An atomistic simulation of PSII would give more accurate information 
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about the dynamics of the chlorophylls, pheophytins and β-carotenes, which would 
open the way more precise modeling of PSII at quantum level, providing insight in the 
excitation dynamics and the functioning of the oxygen evolving complex.




