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Chapter 8  
 

 Summary 

 
 

 



Numerous processes in photosynthesis are studied by means of Chl a fluorescence (Papageorgiou 

et al. 2007; Sonneveld et al. 1979; Strasser et al. 2004) since it relates the observed signal to the 

photochemical activity of PSII. A most common tool in NPQ–research is pulse-ampitude modulated 

(PAM) fluorometry (Schreiber 2004), which, in cyanobacteria, delivers suboptimal results due to 

the contribution of phycobilisome light (Campbell et al. 1998).In chapter 2, we presented a kinetic 

model for PAM data of whole cells of Synechocystis PCC 6803 and mutants thereof lacking either 

the core unit ApcD or ApcF or both (Jallet et al. 2012). The periods of high-light illumination that 

led to OCP-related quenching (Gwizdala et al. 2011; Wilson et al. 2008) as well as those that led to 

saturation of PSII RCs were key to resolve the contribution of the phycobilisomes from that of PSII. 

The model provides the tools needed to interpret the fluorescence traces as a linear combination 

of a minimal amount of fluorescence species e.g. quenched vs. non-quenched or open vs. closed 

PSII RCs. The results led us to confirm the hypothesis that the ApcD and ApcF subunits of the 

phycobilisome core are involved in efficient energy transfer to PSII but, more importantly, they 

also allow the amount of functionally uncoupled phycobilisomes to be quantified. We found out 

that the percentage of uncoupled phycobilisomes was less than 3% in WT, 5% in ΔApcD, 7% in 

ΔApcF and 13% in ΔApcDF. One of the most valuable achievements is that while the processes 

captured by the PAM instruments happen on the time scale of several seconds to minutes, our 

model fits the data using as input parameters fluorescence quantum yields (un/quenched, 

open/closed RCs) that were determined with ultra-fast spectroscopic methods (Tian et al. 2013; 

Tian et al. 2012; Tian et al. 2011), that is looking at time windows where processes are several 

orders of magnitude faster that the processes we ultimately modeled. 

 

One of the lessons learnt while modelling PAM data is that crucial information is lost during the 

very measurement process because the detected fluorescence is integrated and registered as a 

single scalar value which makes it impossible to distinguish between spectral signatures of 

different sources of fluorescence. Our efforts to spectrally resolve functional fluorescent species 

ultimately led to chapter 3, where we present a method for data analysis of time-resolved 

fluorescence spectra of whole cells. The method is based on the Singular Value Decomposition 

(SVD) of the data matrix. Experiments were carried out on whole cells of wild-type Synechocystis 

PCC 6803 and two mutants thereof which lack either PSI (ΔPSI, see (Shen et al. 1993)) or PSII 

(ΔPSII, see (Komenda et al. 2004)). We decompose the data into spectra and concentrations of the 

species we conclude to be present in each sample. Of particular relevance is the involvement of 

PSI in fluorescence quenching as a comparison of the species associated spectra from the WT and 

the ΔPSI mutant shows. We also propose an increasing (decreasing) EET rate from PB to PSI as an 

explanation for the state 1 to 2 (state 2 to 1) transition. This is in line with the PB-PSII-PSI 

megacomplex found by (Liu et al. 2013). 

 

In chapter 4, we apply the SVD-based method to data on whole cells of the ΔPSI mutant 

mentioned above under several conditions that affect respiratory activity (dark-adaptation, KCN 

treatment, microoxic environment). Based on the analysis of all conditions and on a minimal 

mathematical model, we conclude that the ΔPSI mutant is equipped with (at least) one quencher 

that alleviates the illumination pressure upon PSII and strongly quenches its fluorescence, does 



not operate in a microoxic environment and is activated at earlier times the longer the dark-

adaptation time has been. 

 

 

  

 
Figure 8.1 Normalized fluorescence spectra of the steady-state 
reconstruction from target analysis (black) and that of the estimated SAS 
via the SVD-based method (gray) of a PB-PSII complex with open PSII RCs 

  

 

  



In chapter 5, further SVD-based analyses of spectrally and time-resolved fluorescence data are 

presented. In this case, the Synechocystis mutants included the ΔPSI mutant and the M55 mutant, 

where the type-I NDH does not fully assemble. Measurements of the wild-type grown under 

strictly controlled conditions in a photobioreactor were also analyzed. The resolved spectra of 

DCMU pre-treated cells led us to the conclusion that there must be an additional ‘pool’ of electron 

acceptors to PSII other than the PQ pool. We postulate that the flavodiiron proteins Flv 2/4 build 

such a pool. We also relate state transitions to two of the three components and identified these 

with, respectively, slow and fast EET from PB to PSI in a megacomplex arrangement where PB can 

bind and supply excitation energy to both PSII and PSI.  

 

Chapter 6 offers an insight into the very fast dynamics of EET within and from the phycobilisome in 

a Synechocystis ΔPSI mutant. Target analysis of streak camera measurements performed at 

different temperatures and with different excitation wavelengths results in an EET rate from the 

that the terminal emitter of the phycobilisome of (20 ps)-1 to photosystem II. This is faster than the 

intraphycobilisome energy transfer rates between a rod and a core cylinder, or between the core 

cylinders. Based on the target model, reconstructed steady state spectra are presented. As 

illustrated in Figure 8.1, the reconstructed steady state spectrum of the PB-PSII complex with open 

PSII RCs is good agreement with the photochemically quenched component estimated in chapter 5 

by means of the SVD method. 

 

Finally, in chapter 7, we present a global and target analysis of streak camera measurements 

performed in the phycoerythrin (PE) -containing cyanobacterium Synechococcus WH7803. The 

pathways of EET and the charge separation dynamics are identified. Energy absorbed in the PB 

rods by the abundant PE is funneled to phycocyanin (PC645) and from there to the core that 

contains allophycocyanin (APC660 and APC680). Intra PB EET rates have been estimated to range 

from 11 to 68/ns. It was estimated that at RT the terminal emitter of the phycobilisome, APC680, 

transfers its energy with a rate of 90/ns to PSI and with a rate of 50/ns to PSII. At 77K, the red 

shifted Chl a states in the PSI core were heterogeneous, with maximum emission at 697 and 

707 nm. In 72% of the PSI complexes the bulk Chl a in equilibrium with F697 decayed with a main 

trapping lifetime of 39 ps.  
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