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Chapterr 7 

Summary y 

Organismss have to be able to respond to changes in their environment, be it positive or negative. 

Sincee bacteria are single-cellular organisms, they are much more susceptible to environmental 

changess than multi-cellular organisms, and can not use differentiated cells to react to these 

changes.. Instead, they use molecular signaling pathways, starting with a receptor protein that 

sensess environmental stimuli, and ending, usually after a cascade of cellular chemical reactions, 

inn a physiological response. This thesis describes several molecular properties of such a receptor 

protein,, dedicated to inform a cell on the color and intensity of its light environment: Photoactive 

Yelloww Protein. 

Photoactivee Yellow Protein (PYP) is a small (125 amino acids, 14 kDa) water-soluble 

proteinn first found in the purple sulphur bacterium Halorhodospira halophiia. PYP is a member 

off the blue-light photoreceptor family called xanthopsins. The protein owes it bright yellow color 

too a covalently bound p-coumaric acid chromophore. In the dark (ground-) state of the protein, 

thee vinyl double bond of the chromophore is in the fnms-configuration and the phenolic oxygen 

iss deprotonated. Upon blue-light excitation, the protein enters a photocycle in which the double 

bondd isomerizes and the chromophore is protonated. These events lead to formation of 

photocyclee intermediates that have different (UV/Vis) absorption characteristics than the 

groundstatee (pG), and ultimately, the presumed signaling state pB is formed. In this state, the 

configurationalconfigurational change of the chromophore has lead to a conformational change of the protein 

backbone,, to such an extent that it has characteristics of protein unfolding. The actual amount of 

unfolding,, however, has been shown to be strongly dependent on the mesoscopic environment of 

thee protein, e.g. it is much smaller in a crystalline environment than in aqueous solution. The pB 

statee is thought to transfer the light-signal to a signal-transduction partner, ultimately leading to 

negativee phototactic response of the cell towards blue light. 

Thee first part of this thesis deals with the photocycle of PYP, the functional unfolding, 

andd the influence of the mesoscopic context: Chapter 2 shows that a large part of the structural 

unfoldingg of the protein upon pB formation takes place in the N-terminal a-helices. This was 

shownn through truncation studies, after which the Arrhenius behavior of the photocycle in the 

constructedd N-terminally truncated variants was investigated. In the full-length protein, 

temperaturee dependence of photocycle kinetics shows abnormal Arrhenius behavior, indicating 

unfoldingg that results in changes in the heat capacity ACP. The PYP variant in which the 25 N-

terminall residues have been deleted does yield a normal Arrhenius curve, showing that most 
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unfoldingg takes place in this N-terminus. In Chapter 3 the influence of hydration on the 

photocyclee of PYP is described. After making thin PYP films on quartz-slides, the relative 

humidityy in these films could be set. At very low hydration (<50% relative humidity), an 

authenticc photocycle was not observed, and the (dark) formation of a pB-like intermediate 

suggestedd protein unfolding. Surprisingly, at moderate dehydration, authentic photocycling was 

observed,, albeit with different characteristics than in aqueous solution; the rate of groundstate 

recoveryy has increased, whereas the rate of depletion of the red-shifted intermediate pR has 

dramaticallyy decreased. Global analysis shows that in these partly dehydrated conditions, the 

photocyclee can proceed through a short-cut route, i.e. without formation of the (partially 

unfolded)) pB intermediate. 

Thee second part of the thesis mostly deals with chromophore - protein backbone 

interactions.. In Chapter 4, it is shown how a pointmutation in PYP (E46Q) combined with the 

usee of a chromophore analog, results in a large red-shift in the absorption spectrum of PYP, 

yieldingg a protein that is orange instead of yellow. In Chapter 5, it is shown that the covalent 

linkagee of PYP is of utmost importance for the functioning of PYP. Through use of a PYP 

pointmutantt (C69G) and a chromophore model compound, it is shown that whereas the 

chromophoree can be bound to the protein in the absence of the covalent linkage, an authentic 

photocyclee is not observed. This contrasts the situation in other photoreceptor proteins with 

isomerizablee chromophores, where it has been shown that they can function with a non-

covalentlyy bound chromophore. 

Finally,, in Chapter 6, the function of different xanthopsins is investigated, through 

detailedd analysis of recent data from genome sequencing projects. It is shown that in H. 

halophila,halophila, a second pyp gene is present, in a completely different genomic context than the pyp 

genee already known. Cloning of the gene and overexpression yielded a yellow protein with 

absorptionn characteristics similar to those in the well-studied PYP. It also shows a blue-light 

inducedd photocycle, with a relatively slow groundstate recovery. Presumably, this protein plays a 

rolee in gene regulation, as do some other PYP (containing) proteins. 

Inn Chapter 7, the above described findings are discussed in a larger context. 

Furthermore,, other recent experiments on PYP are described, the most important of which are 

structurall studies of the pB intermediate in solution, and studies of the early events in the 

photocycle.. Regarding the latter, the most important finding is that the isomerization of the 

chromophoree double bond is preceded by a charge translocation over the chromophore. 

Ass is discussed in Chapter 7.4, models for signaling in photoreceptor proteins in general 

andd PYP in particular can possibly be extended to other, non-photoreceptor PAS domains. Once 
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thiss type of extrapolation can be made, the wealth of information obtained in studies of 

photoreceptorr proteins can help in the understanding of the mechanism of signaling in other 

proteins. . 
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