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Summary y 

Photoactivee yellow protein is a water-soluble 
blue-lightt photoreceptor present in a number of 
photosyntheticc purple bacteria. This relatively 
smalll protein has a strong yellow colour and is 
photoactive,, i.e. after the absorption of a blue 
photonn it enters into a fully reversible 
photocycle.. Originally, the protein was isolated 
fromm the purple sulphur bacterium 
EctothiorhodospiraEctothiorhodospira halophila. In this organism an 
involvementt of PYP in a negative phototaxis 
responsee has been proposed. Unfortunately, this 
extremophilicc bacterium, which lives under 
strictlyy anaerobic conditions, at high salt 
concentrationss and high pH, is not easily 
accessiblee for genetic manipulation. This has 
hamperedd the final genetic proof for this 
proposedd function, and also a detailed 
characterisationn of the accompanying signal 
transductionn processes in the living cell. 
Therefore,, as is described in this thesis, another 
organismm was chosen to characterise the 
biologicalbiological role of PYP: the purple non-sulphur 
bacteriumm Rhodobacter sphaeroides. This 
bacterium,, which lives preferably in an aquatic 
environmentt under low oxygen tension, in the 
presencee of light, while performing 
photosynthesis,, is the best studied 
photosyntheticc purple bacterium. It is also 
capablee of growing under aerobic conditions, in 
thatt case, deriving energy from respiration. 
Thee gene encoding the photoactive yellow 
proteinn in Rb. sphaeroides (R-PYP) had already 
beenn cloned earlier and in Chapter 2 of this 
thesiss the over-expression and purification of a 
histidinee tagged version of the protein in 
EscherichiaEscherichia coli is described. R-PYP was 
isolatedd from E. coli and reconstituted with 4-
hydroxy-cinnamicc acid, the chromophore of PYP 
inn E. halophila (E-PYP). A yellow coloured protein 
wass indeed obtained and subsequently purified 
byy Ni-affinity chromatography. Surprisingly, the 
groundstatee UV/VIS absorption spectrum of R-
PYPP shows, besides the characteristic blue 
absorbancee peak, with a maximum at 446 nm, 
alsoo a second peak, with a maximum at around 
3600 nm. Both R-PYP groundstate species, R-
PYP4466 and R-PYP^, are part of a pH- and 
temperaturee depending equilibrium, and, more 

importantly,, both are photoactive. The 
characterisationn of the accompanying two 
photocycless of R-PYP is described in Chapter 3. 
Ass was shown by time-resolved absorption 
spectroscopy,, upon absorption of a blue photon, 
R-PYP4466 undergoes a photocycle with at least 
fourr transition states. Several red- and blue-
shiftedd intermediates are formed, with the 
longestt living intermediate pB^, resembling 
PÖ3555 from E-PYP. Recovery of the groundstate 
fromm this intermediate occurs very fast, with a 
timee constant of 2 ms. The second photocycle of 
R-PYPP occurs after the absorption of a UV 
photonn (by R-PYP3J and leads to the 
accumulationn of a red-shifted intermediate, R-
PYP435.. In this case, recovery of the groundstate 
R"PYP36o inn t n e dark proceeds only slowly, with a 
recoveryy time in the range of minutes, but can 
bee accelerated by excitation with a subsequent 
bluee flash. The molecular basis of these exciting 
resultss was examined with fluorescence 
spectroscopyy using the polarity probe Nile Red 
andd by FT-IR spectroscopy. Results from those 
experiments,, together with a computer based 
analysiss of the structure of R-PYP, led to the 
propositionn of the following model: the 
differencess in the characteristics of R-PYP446 and 
R-PYPg^^ can be explained by different 
isomerizationn and protonation states of the 
chromophoree in combination with differences in 
thee protein fold of both groundstate species. 
Too gain more insight into the structure-function 
relationshipp of photoactive yellow proteins, the 
dynamicc behaviour of E-PYP was studied in 
Chapterr 4. An experimental approach was 
designedd to confirm results obtained by 
computerr simulations analysing the dynamic 
behaviourr of PYP on a molecular level. In these 
studies,, using the essential dynamics technique, 
largee concerted backbone motions in PYP were 
described.. In these analyses, dedicated, and in 
PYPss conserved, glycines were proposed to be 
essentiall and instrumental in the dynamic 
behaviour.. In Chapter 4, three PYP mutants 
weree constructed (G47S, G51S, and 
G47S/G51S)) and the effect of these mutations 
onn the dynamics and photocycle characteristics 
off the protein was studied. These studies were 
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carriedd out with the most stable and best studied 
PYPP variant: E-PYP. it was shown that the 
photocyclee characteristics of these mutants were 
indeedd significantly changed, while the overall 
crystall structure of the mutant proteins were not 
significantlyy affected by the newly introduced 
side-chains,, confirming the crucial importance 
off those glycines in the protein dynamics and 
functioningg of PYP. 
Thee role of PYP in the living cell was examined 
inn Rb. sphaeroides (Chapter 5). Rb. sphaeroides 
RK11 shows two different taxis responses 
towardss blue tight, depending on the light 
intensity.. At high intensities Rb. sphaeroides 
RK11 is repelled by blue light whereas at low 
intensitiess blue light functions as an attractant. 
Thee photoreceptor PYP is not involved in either 
off the two blue-light induced taxis responses, as 
shownn by comparison with a pyp-deletion 
mutant.. Our experiments clearly showed that the 
photosyntheticc apparatus is responsible for the 
loww light intensity attractant response, but the 
molecularr basis of the high intensity response is 
stilll not clear. Also another response, the blue-
lightt induced release of methanol, was examined 
inn Chapter 5. This response is associated with 
adaptationn in taxis processes. We showed, by 
comparisonn of different strains, that the 
photosyntheticc apparatus does not mediate this 
response,, but also the photoreceptor PYP is not 
involvedd in this adaptation response. 
Ass shown in Chapter 6, R-PYP is expressed in 
Rb.Rb. sphaeroides RK1, at very low level (about 
3000 molecules per cell). Western blot 
experimentss were used to analyse the abun-
dancee of the protein under various conditions: R-
PYPP is expressed in cells grown anaerobically in 
thee light as well as aerobically in the dark, 
indicatingg that the presence/absence of light or 
oxygenn is not required for the expression of R-
PYP.. The abundance of R-PYP in the cells is 
dependentt on the growth phase. Cells growing 

exponentiallyy show a clear signal in Western 
blots,, whereas R-PYP is not expressed in cells in 
thee stationary growth phase. To analyse native 
R-PYPP isolated from Rb. sphaeroides itself, an 
over-expressionn system was designed and cha-
racterised,, this is also described in Chapter 6. 
Anotherr strategy to gain insight into the function 
off PYP was chosen in experiments described in 
Chapterr 6. There, the aim was the identification 
off (additional) components of the PYP signal 
transductionn pathway. The yeast two-hybrid 
systemm was applied to identify putative signal 
transductionn partners of PYP, both from Rb. 
sphaeroidessphaeroides and E. halophila. The expression of 
thee PYP-fusion bait proteins in yeast was 
confirmedd by Western blot analysis. Two 
genomicc library were constructed and screened 
forr interacting partners of PYP. These screens 
didd not lead to the identification of transducer 
proteins.. For two other proteins encoded in the 
flankingg regions of r-pyp, on the chromosome, 
positivee interactions could be found. 
Inn conclusion, R-PYP is expressed in exponen-
tiallyy growing Rb. sphaeroides RK1 cells, but the 
involvementt of the protein in any of the known 
blue-lightt responses could not be shown. But 
detailedd biochemical and biophysical analyses of 
heterologouslyy expressed R-PYP revealed the 
presencee of a second photoactive groundstate 
absorptionn peak, absorbing at 360 nm. Possibly, 
thiss new finding is the key to solve the biological 
rolee of R-PYP, which could be in a UV-light 
dependentt response. Moreover, the analysis of 
thee PYP sequences showed that the PYP protein 
family,, the Xanthopsins, is clustered into 
subgroups.. Members of these different 
subgroupss differ in their biochemical and 
biophysicall properties and probably also in their 
biologicall role. Therefore, instead of being 
involvedd in only one response, it might turn out 
thatt the biological role of photoactive yellow 
proteinss is very divers. 


