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Summary 

This thesis addresses light responses of microorganisms, and more specifically 
molecular details of the key functional elements in such responses, photo-sensory 
receptor proteins (‘photoreceptors’). Light is an important environmental signal for 
microorganisms. Many bacteria make use of photoreceptor proteins to sense the light 
conditions of their environment. The wide range of microorganisms that expresses 
functional photoreceptor proteins includes the chemotrophic model organisms 
Escherichia coli and Bacillus subtilis. Photoreceptor proteins are excellent model 
systems for the understanding of intra- and inter-molecular signal transduction. After a 
brief explanation of the role of photo-sensory receptors in the physiological functioning 
of microorganisms, in particular in bacteria, an overview of all known photoreceptor 
families is presented. From these nine families, the main representative of the 
Xanthopsins, the photoactive yellow protein, is then discussed in detail. 

Chapter 2 describes the lethal and sub-lethal effects of UV/blue light on cells 
of E. coli and B. subtilis. At low temperature, E. coli cells display a slight inhibition of 
growth rate by blue-light with high intensities. Also, we observe temperature dependent 
growth inhibition by UV-A light. For B. subtilis, the growth inhibition by blue and UV-
A light is much more significant compared to E. coli. Surprisingly, B. subtilis is more 
sensitive to blue light than to UV-A light, indicating that possibly a blue-light 
photoreceptor is involved. However, light by itself, e.g., through photosensitization, can 
also be harmful enough that it leads to growth inhibition. The most harmful light for 
living organisms is UV-C light. In accordance with this we confirm that light of 207 and 
254 nm has lethal effects on both E. coli cells and on B. subtilis cells and spores. 
Especially 254 nm light, a wavelength which is close to the absorption maximum of 
DNA, has a profound inactivation effect on the cells and spores. 

In Chapters 3, 4, and 5 studies on photoactive yellow protein (PYP) are 
represented. PYP is the prototype of the PAS domains. PAS domains are protein 
domains found throughout all three kingdoms of life. Most of these PAS domains are 
involved in signal transduction and modulation of protein-protein interaction plays an 
important role in this. PYP is a small water-soluble protein from the purple sulphur 
bacterium Halorhodospira halophila that functions as photoreceptor for a light-
avoidance response. Light activation initiates a photocycle in this protein in which both 
red-and blue-shifted transient ground state intermediates play a role. Through the years 
models for this photocycle have become more and more complex, but all identified 
states can be grouped as sub-states of the ground state pG, the early red-shifted state pR, 
and the signaling state pB. In the first basic step of the photocycle, in which the protein 
is transferred from the ground state to pR, the chromophore isomerizes around its C7=C8 
double-bond from trans to cis. The next major step, formation of the signaling state, 
starts by protonation of the chromophore, which, through formation of the carboxylate 
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side chain of E46, triggers large structural changes in the protein that show many 
similarities with protein unfolding. This ‘partly unfolded’ signaling state has a lifetime 
that is long enough to allow interaction with a signal-transduction partner. The last step 
in the photocycle is recovery to the ground state. 

Chapter 3 is a study into the photochemistry of PYP, and the role of C4-C7 
single-bond rotation, C7=C8 double-bond isomerization, and the positive charge of R52 
in this process. On the basis of experimental and theoretical studies it has been proposed 
that C4-C7 single-bond rotation may play an important role in the primary 
photochemistry of PYP. We therefore reconstituted the apo-form of WT PYP, and its 
R52A derivative, with a chromophore analog in which rotation across the C4-C7 single-
bond has been locked. In PYP reconstituted with this rotation-locked chromophore, the 
(rate of) formation of the nonproductive intermediate state GSI is enhanced and the 
quantum yield of photochemistry is ~60 % reduced. In contrast to theoretical 
predictions, the initial photocycle dynamics of PYP were observed not to be affected by 
the charge of the amino acid residue at position 52. The results presented in Chapter 3 
imply that C4-C7 single bond rotation in PYP is not so much an alternative to C7=C8 
double-bond rotation, in case the nearby positive charge of R52 is absent, but rather 
facilitates, presumably though a compensatory movement, the double bond 
isomerization of the chromophore. 

In Chapter 4 we present a detailed UV/Vis spectroscopic study of the recovery 
of the signaling state of WT PYP and two mutants thereof, i.e., H108F and ∆25 PYP, as 
a function of pH and citrate concentration. To refine the interpretation of the effect(s) of 
this tri-carboxylic cycle intermediate on the photocycle of PYP, we interpret the three 
‘classic’ photocycle species of this protein (see above) as ensembles of sub-species. The 
distribution of these sub-species is dependent on characteristics such as pH. In this way 
we were able to show that addition of citrate can influence photocycle recovery by 
influencing the distribution of pB sub-species. The di-anionic form of citrate interacts 
with the pBm sub-species, such that it retards recovery of the pB state to the stable 
ground state pG. The obtained results show how changes in the distribution of sub-
species of the signaling state of PYP influence the rate of recovery to the ground state. 
The binding site for citrate is located in-between the N-terminal cap and central β-sheet 
of PYP, which is accessible only in the signaling state of the protein. The fact that 
citrate binds to the signaling state only may indicate that the hypothetical signal-
transduction interaction partner of PYP interacts with the same site as where citrate 
binds. The principles behind the way how citrate influences the PYP photocycle may 
translate very well into how a signal-transduction interaction partner for PYP may 
influence the photocycle of PYP in vivo. 

In Chapter 5 we describe the characterization of a series of eight ‘single-
tryptophan’ mutants of PYP. In these mutants a tyrosine, phenylalanine or histidine 
residue is replaced by a tryptophan, while simultaneously the endogenous W119 is 
replaced by a phenylalanine. We have analyzed the tryptophan fluorescence 
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characteristics of these PYP derivatives in both the ground state and the signaling state 
of PYP. Only three of the eight mutants in this series emit measurable tryptophan 
fluorescence: F6W/W119F, F96W/W119F and H108W/W119F. These three mutant 
proteins also display altered tryptophan fluorescence upon formation of the signaling 
state. As residue 96 is located very close to the chromophore, the F96W/W119F mutant 
protein is particularly well-suited for future studies on the dynamical changes of the 
polarity in the chromophore-binding pocket of PYP upon formation of the signaling 
state. This study further independently confirms the specific functionality of tryptophan 
at position 119 in the absorption of UV light and its fluorescence. 

In the Discussion (i.e., Chapter 6) of this thesis the impact of the results 
described in Chapters 2 to 5 are briefly discussed in the light of the current state of 
understanding of PYP functioning, together with some results from related studies on 
PYP that do not form part of the heart of this thesis. 




