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Genera ll  discussio n 

Sincee the discovery of photoactive yellow protein 
(PYP)) in 1985 many studies have been 
performedd to investigate its various biochemical 
andd biophysical properties. This yellow protein 
wass purified by Meyer etal. [1] during a search 
forr coloured proteins [e.g. cytochromes, 
ferredoxins)) in halophilic purple bacteria, 
bacteriaa that inhabitate extreme environments. 
Amongg the chromo-proteins isolated from these 
organismss was the newly discovered PYP of 
EctothiorhodospiraEctothiorhodospira halophila, a bacterium of 
whichh is known that it tolerates high salt 
concentrationss (up to 32% NaCI) and a highly 
alkalinee environment (with a pH up to 11). PYP 
turnedd out to be photoactive, water-soluble and 
extremelyy stable, both chemically and 
photochemically,, which made it an excellent 
modell system to study various aspects of 
photosensor// proteins. 
Thee amino acid sequence of PYP and the 
chemicall structure of the attached co-factor 
(chromophore)) were elucidated during the 
followingg years [2, 3], The isomerisation of this 
chromophore,, 4-hydroxy-cinnamic acid, was 
foundd to be the trigger of the photochemical 
transitionss occurring after the absorption of a 
bluee photon [4], The photocycle of PYP was 
analysedd in great detail with a variety of different 
techniques.. Time-resolved UV/VIS absorption 
spectroscopyy combined with global data analysis 
allowedd the kinetic characterisation of the 
photocyclee transitions and its intermediates [5], 
Initially,, two photocycle intermediates were 
establishedd with absorption maxima red- and 
blue-shiftedd (named pR and pB, respectively) as 
comparedd to the absorption spectrum of the 
groundstatee (pG). These intermediates are 
characterisedd by a change in chromophore 
conformationn (cis versus trans) [4, 6], a change 
inn the protonation state of the chromophore 
(deprotonatedd versus protonated) [7] and finally 
aa change in protein conformation [8-10]. 
Thee different processes occurring during a 
photocyclee were also analysed with respect to 
structurall changes in the protein. The static 

crystall structure of PYP was solved in 1995 [11] 
andd was used subsequently for time-resolved X-
ray-crystallography,, which resulted in a high 
resolutionn description of structural changes 
occurringg during a photocycle in PYP crystals 
[12,, 13]. The results of those experiments 
describee structural changes restricted to the 
chromophoree itself and few amino acids in the 
directt environment of the chromophore. Other 
approaches,, e.g. NMR analyses [10], experi-
mentss with a hydrophobic probe [9], and FTIR 
spectroscopyy [8, 14], demonstrated large 
conformationall changes initiated by photon 
absorption.. Hence, a partially unfolded inter-
mediatee (pB) is formed during the photocycle, at 
leastt in solution, which is believed to be the 
signallingg state of PYP. The biological implica-
tionss of those results are very interesting in 
termss of signal transduction processes initiated 
byy a (photoreceptor molecule and the subse-
quentt generation of a biological response. 
Thee proposed biological function of PYP is blue-
lightt sensing and signal generation in (negative) 
phototaxiss of E. halophila [15]. As a phototrophic 
bacteriumm E. halophila is attracted by photosyn-
theticallyy active light, which is absorbed by the 
reactionn centre and antenna complexes (see e.g. 
[16]).. The action spectrum for this response 
matchess the absorption spectrum of the photo-
syntheticc pigments in these types of bacteria 
[17].. As a result, free swimming E. halophila 
cellss accumulate in light spots of attractant light 
(greenn and infra-red [15]). In contrast, the 
bacteriumm is repelled by intense blue light [15]. 
Thee action spectrum for this response was 
matchingg perfectly the absorption spectrum of 
PYP,, with a maximum at -440 nm [15], strongly 
suggestingg PYP as the responsible photo-
receptorr for negative phototaxis in E. halophila. 
Subsequently,, experiments were started to 
furtherr substantiate this hypothesis. Unfortu-
nately,, E. halophila, as an extreme halophilic and 
strictlyy anaerobic bacterium, is genetically not 
welll accessible, obstructing e.g. the construction 
off a pyp-knock-out mutant. Consequently, a 
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geneticc proof for the function of PYP in the 
repellentt photoresponse has not been provided 
soo far. 
PYPP had also been isolated from two other 
halophilicc purple-sulphur bacteria [18, 19], and 
analysiss of cell extracts with a polyclonal 
antiserumm raised against PYP indeed indicated 
thee presence of cross-reacting proteins in these 
species,, and also in a wide range of other 
organismss [20]. Among the species which 
containn an immunologically related protein was 
thee well studied and genetically well accessible 
purplee non-sulphur bacterium Rhodobacter 
sphaeroides.sphaeroides. Subsequently, a PCR-based 
approachh was started to discover a pyp gene in 
thiss organism, and the gene was cloned and 
isolatedd [21, 22]. A pyp knock-out mutant was 
constructedd in Rb. sphaeroides [23], and this 
mutantt was analysed (in comparison with the 
wildtype)) with respect to different phototaxis 
responsess ([23] and this thesis). A repellent taxis 
responsee towards high intensities blue-light 
couldd indeed be shown for Rb. sphaeroides RK1, 
but,, rather surprisingly, PYP is not involved in 
thiss response [23, 24]. The involvement of PYP 
inn other blue-light responses of Rb. sphaeroides 
wass subsequently studied (see e.g. Chapter 5 of 
thiss thesis). This has led to a deeper insight in 
blue-lightt mediated taxis responses in this 
organismm in general, but a function for PYP from 
Rb.Rb. sphaeroides in phototaxis could so far not be 
established. . 

Meanwhile,, a spectacular discovery opened the 
wayy to another line of research: PYP was shown 
too be a member of the PAS domain superfamily 
[25].. Moreover it was designated as the 
(structural)) prototype of the complete PAS fold 
[26].. This insight was confirmed by the 
subsequentt elucidation of 3D structures of 
severall other PAS domains [27-29]. The detailed 
biophysicall and biochemical knowledge available 
forr PYP and the fact that it can be light triggered 
makess this protein, once again, an excellent 
modell system to study signal transduction 
mechanismss of PAS domains in general. 
Computerr simulation techniques are widely used 
too deepen our understanding of the behaviour of 
proteinss at the molecular level, and were also 
appliedd on PYP. Earlier studies, using essential 
dynamicss analysis, showed the presence of 

concertedd backbone motions in PYP [30]. Three 
mainn eigenvectors were found which describe 
thee internal coordinated backbone motions of 
thee protein. Moreover, several highly flexible 
regionss were identified, one of them being the 
highlyy mobile loop around amino acid 50. This 
loopp is part of the most conserved region of PAS 
domains,, the so-called PAS core [31]. An 
analysiss to detect hinge bending regions in these 
internall motions identified several glycines as 
possiblee hinge points. Three of those, G29, G47 
andd G51, are part of the PAS core of PYP, and 
G511 is one of the very few amino acids 
conservedd throughout the entire PAS domain 
superfamilyy [30, 31]. In order to verify the 
resultss from the performed computer analyses, 
threee PYP mutants were constructed (G47S, 
G51S,, and G47S/G51S) and the effect of these 
mutationss on the dynamics and photocycle 
characteristicss of the protein was studied. 
Chapterr 4 of this thesis shows that the photo-
cyclee 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.. These results reveal the crucial 
importancee of those glycines in the protein 
dynamicss of PYP and very likely also of PAS 
domainss in general, since G51 is one of the very 
feww amino acids conserved within PAS domains. 
Alsoo a comparison of concerted backbone 
motionss for other PAS domains, with a known 
crystall structure, point towards a general 
(dynamic)) mechanism in the function of this 
proteinn domain (Vreede, unpublished results). 
Thee biological function of proteins containing a 
PASS domain is very divers, but most, if not all, 
areare involved in signal transduction processes, 
mediatingg protein-protein interaction and 
providingg a scaffold for co-factor binding [31]. 
Forr PYP this property opens the way to obtain 
indications/evidencee for the function of the 
proteinn in the living cell. The identification and 
isolationn of interacting signal transduction 
partnerss was attempted in a approach using the 
yeastt two hybrid system, a tool that was 
successfullyy applied for other PAS proteins (e.g. 
[32]).. PYP from £ halophila (E-PYP) and from 
Rb.Rb. sphaeroides (R-PYP) were used to screen 
genomicc libraries of both organisms for 



Generall discussion  91 

interactingg partners (see Chapter 6 of this 
thesis).. Positive interactions could be found 
betweenn proteins encoded in the flanking 
regionss of r-pyp (the proposed r-pyp operon), 
butt unfortunately, this strategy did not lead to 
thee identification of transducer proteins. Other 
techniquess based on protein-protein interaction, 
suchh as protein cross-linking, co-precipitation 
etc.,, might be more successful in the future. 
Ann important step towards the elucidation of the 
biologicall function of PYP is the finding of a 
secondd photoactive species in the groundstate 
R-PYP. . 
Thiss new result regarding the properties of 
photoactivee yellow proteins were obtained 
throughh analysis of the biochemical and 
biophysicall characteristics of R-PYP. The protein 
wass overexpressed in E. coli and reconstituted 
withh 4-hydroxy cinnamic acid, the chromophore 
isolatedd from E-PYP. Experiments with the 
purifiedd protein revealed surprising results (see 
Chapterss 2 and 3 of this thesis). The properties 
off R-PYP differ to a great extent from those 
obtainedd from other PYPs. Most remarkably, the 
groundstatee absorption spectrum of R-PYP 
showss beside the characteristic blue absorption 
alsoo a second peak with a maximum in the UV 
regionn of the light. These two absorption peaks 
representt two protein species which are both 
photoactive.. This is the first example for the 
presencee of two photoactive groundstate species 
forr a PYP. The biological importance of these 
findingss could be far-reaching, possibly it is the 
"second"" photoactive species (absorbing at 360 
nm)) which mediates a physiological response in 
Rb.Rb. sphaeroides. Experiments examining a 
possiblee UV-response (in contrast to so far 
analysedd blue-light responses) could reveal a 
cluee for understanding the function of R-PYP. To 
furtherr establish the biological relevance of this 
finding,, native R-PYP should be isolated and 
characterisedd (in contrast to so far studied 
heterologouslyy produced R-PYP). This could 
confirmm the presence of an UV-light absorbing 
proteinn species also in living cells. So far, the 
veryy low expression levels of R-PYP in Rb. 
sphaeroidessphaeroides cells, as analysed by Western blot 
experimentss (see Chapter 6 of this thesis) 
hamperedd the analysis of native R-PYP. The 
constructionn of an overexpression system was 

thereforee initiated and studies to purify and 
characterisee native R-PYP are still ongoing. 
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