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55Th ee photorecepto r PYP is no t involve d in 
anyy of th e know n blue-ligh t induce d taxi s 
response ss in Rhodobacter  sphaeroides 

Co-autho r r 

J.P.. Armitage 

Abstrac t t 
Thee response of Rhodobacter sphaeroides cells upon the addition and removal of a blue-
lightt stimulus was characterised in this study. 
Thee swimming behaviour of Rb. sphaeroides RK1 cells upon a slight increase and 
subsequentt decrease in the blue-light intensity was analysed. The cells were grown at light 
intensitiess of 50 jaE m2 s"1 and pre-incubated at very low light intensities. As already reported 
forr free-swimming cells of Rb. sphaeroides WS8N, also tethered RK1 cells show a decrease 
inn stop probability after a step-up and an increase in stop probability after a step-down of 
blue-light.. This pattern is characteristic for an attracting stimulus for Rb. sphaeroides. This 
blue-lightt response is mediated by the photosynthetic machinery as shown in experiments 
withh the be,-complex inhibitor myxothiazol. The blue-light photoreceptor PYP is not involved 
sincee a pyp-knock-out mutant of Rb. sphaeroides RK1, also exhibits this response. A PCR-
basedd approach to detect additional copies of the pyp gene in Rb. sphaeroides RK1 did not 
yieldd DNA products with homology to pyp. Besides, our results show that Rb. sphaeroides 
RK11 displays two opposite taxis responses upon stimulation with blue-light, dependent on 
thee light intensity. At low intensities, this strain is attracted by blue-light, whereas intense 
blue-lightt function as a repellent. 
Moreover,, high-intensity blue light induces also the release of volatile methanol in Rb. 
sphaeroides.sphaeroides. This response is associated with the adaptation mechanism in the taxis 
machineryy of bacteria. A number of Rb. sphaeroides strains were analysed for the release of 
methanoll using a flow assay with methyl-fH]-methionine labelled cells. A strain lacking 
functionall reaction centres was examined for an involvement of the photosynthetic 
apparatuss in this response. This mutants and also a mutant defect in sensing chemical 
stimuli,, due to knock-out of components of the taxis machinery, did not show any 
differencess in the blue-light induced methanol response compared to the wildtype. The blue-
lightt photoreceptor PYP is also not involved in this response. 

Introductio n n 
Thee photoactive yellow protein (PYP) of 
RhodobacterRhodobacter sphaeroides belongs to the 
Xanthopsins,, a family of small, water-soluble 
blue-lightt photoreceptors, containing 4-hydroxy-
cinnamicc acid as a chromophore [1], Although 
theree is indirect evidence of an involvement in a 
phototaxiss response in the bacterium 
EctothiorhodospiraEctothiorhodospira halophila [2], a function of 

PYPP in Rb. sphaeroides could so far not be 
established. . 
Rb.Rb. sphaeroides is a purple non-sulphur bacte-
riumm able to grow under aerobic dark conditions 
ass well as under anaerobic conditions in the 
light,, while carrying out photosynthesis. The 
organismm is motile through the unidirectional 
rotationn of a single non-polar flagellum, which 
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stopss periodically for re-orientation of the cell 
[3].. Rb. sphaeroides responds to changes in the 
environmentt by avoiding unfavourable and 
movingg towards more favourable conditions 
exhibitingg chemo-, aero- and phototaxis [4, 5]. It 
hass been known for more than a century that 
anaerobicallyy grown cells of purple bacteria 
accumulatee in the light with wavelengths 
matchingg the absorbance bands of the 
photosyntheticc pigments [6]. Analysis of free 
swimmingg and tethered cells characterise the 
photoresponsee of Rb. sphaeroides as an 
increasee in stop frequency upon reduction in 
lightt intensity (see e.g. [4]), leading to the 
accumulationn of cells in favourable light 
conditions. . 

Recently,, two alternative photoresponses have 
beenn described for free swimming cells of Rb.  Rb. 
sphaeroidessphaeroides upon changes in light intensity, (i) 
Rb.Rb. sphaeroides WS8N cells show an increase in 
swimmingg speed upon a slight increase in blue 
orr white light intensity, followed by a decrease of 
swimmingg speed upon a step-down in light 
intensityy (thereby characterising this low light 
intensityy reaction as attractant responses [7]). 
Additionn of inhibitors of the photosynthetic 
electronn transport abolished the response 
completely,, indicating that variations in electron 
transportt rates might be the primary signal. It 
wass shown that this photoresponse is mediated 
byy components of the complex chemotaxic 
systemm of Rb. sphaeroides: a Tn5 insertion in 
thee cheAt gene, encoding the histidine protein 
kinasee of the main chemotaxis operon {operon 
2),, led to a complete loss of the photoresponse. 
Inn frame deletion of che\ resulted in an inverted 
response,, showing a decrease in swimming 
speedd upon addition and an increase in 
swimmingg speed upon removal of the light 
stimulus.. The deletion of the chemotaxis operon 
11 had no effect on the response, (ii) Another 
lightt response was described recently for Rb. 
sphaeroidessphaeroides RK1 [8]. Free swimming cells of 
thiss strain stop swimming upon the addition of a 
highh intensity blue light flash. After removal of 
thee light motility returns to the pre-stimulus 
level,, characterising high intensity blue light as 
ann repellent stimulus. This response could not 
bee identified in Rb. sphaeroides strain WS8N [8], 
Itt was also shown that the high intensity blue-

lightt stimulus induces the release of fH]-
methanoll in Rb. sphaeroides RK1; this effect is 
knownn to result from de-methylation of the 
chemotaxiss transducer proteins [9]. 
Thee methylation/de-methylation of those 
transducerr proteins is known to be important for 
adaptationn in taxis (for reviews see e.g. [10,11]. 
Inn E. co//the methylation state of the transducers 
iss responsible for the sensitivity of the sensor 
domainn towards chemical stimuli and is 
regulatedd by the action of CheR and CheB, both 
proteinss of the chemotactic system. The methyl-
transferasee CheR methylates specific residues at 
so-calledd methyl accepting proteins (MCPs). 
Uponn stimulation of the chemotactic system the 
histidinee protein kinase CheA is auto-
phosporylatedd and can subsequently transfer its 
phosphatee either to the response regulator 
CheY,, inducing a subsequent response of the 
flagellarr motor, or to a second response 
regulatorr CheB, a methyl-esterase, leading to 
thee release of methyl groups as methanol. 
Inn this study, we report the presence of an 
attractantt as well as a repellent response of Rb. 
sphaeroidessphaeroides RK1 towards the same blue-light 
stimulus.. In order to investigate a possible role 
off PYP, we also examined the characteristics of 
thesee blue-light taxis responses in pyp-knock-
outt mutants of Rb. sphaeroides RK1. Moreover, 
wee investigated the nature of the described high 
intensityy blue-light induced methanol release 
andd the chemotaxis machinery components that 
mightt be involved in it. 

Material ss  and Method s 

Strainss and culture conditions 

Bacteriall strains and plasm ids used in this study 
aree listed in Table 1. Rhodobacter sphaeroides 
wass grown anaerobically in the light or semi-
aerobicallyy in the dark as described earlier [8], 
att C on succinate medium [12]. £co//S17-1 
XX pir (used for conjugal transfer into Rb. sphae-
roides)roides) was grown at C in LB medium. Kana-
mycinn was used at a concentration of 25 ng/ml 
forr Rb. sphaeroides and and 50 ng/ml forE.coii. 
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strain s s 
ECU//S17-11 Xpir 

Rb.Rb. sphaeroióes RK1 

Rb.Rb. sphaeroióes RK1 PI 

Rb.Rb. sphaeroióes RKDP 

Rb.Rb. sphaeroióes RKlcheR2B 

Rb.Rb. sphaeroióes WS8N 

Rb.Rb. sphaeroióes MCC 17023 

Rb.Rb. sphaeroióes ATCC17023 RC 

plas mm ids 

PJPA112 2 

pDS1 1 

pAMRO O 

characteristic s s 
strainn for conjugattonai plasmid transfer 

wildtype,, containing pyp gene 

pyppyp interruption mutant, derivative of RK1, Km 

ApypApyp derivative of RK1 

AcheFQR,AcheFQR, derivative of RK1, SmR 

spontanouss nalidixic acid-resistant mutant of wildtype WS8 

wildtypee strain 

strainn lacking functional reaction centres 

characteristic s s 

vectorr containing genes chemotaxis operon 2 

5.55 kb fcoRl fragment containing sp/sm cassette inserted into 
cheR,cheR, inserted into fcoRl site of pK18mobsacB 

2.22 Aatt fragment containing pyp inserted into Aatl\ site of 
PSUP202 2 

Referenc e e 

[241 1 

[25] ] 

[16] ] 

[16] ] 

thiss study 

[26] ] 

[27] ] 

sourc e e 

[14] ] 

thiss study 

[16] ] 

Tablee 1: Bacteria l strain s and plasmid s used in thi s stud y 

Constructio nn of Rhodobacter 
sphaeroióessphaeroióes  RK1cheR2 B 

Plasmidd pDS1 containing a spectinomycine/ 
streptomycinee (omega) cartridge inserted into 
cher\cher\ was constructed as follows: pHP45-
omegaa [13] was digested using Smal to obtain 
thee 2.2 kb omega fragment. This cartridge 
consistss of a streptomycin/spectinomycin resis-
tancee gene flanked by inverted repeats carrying 
transcriptionn and translation termination signals, 
insertionn therefore leads to polar effects. 
Plasmidd pJPA112 [14], containing cheWt, 
cheWcheWuu,, cher\ and cheB from chemotaxis operon 
2,, was linearised by digestion with EcdPSI in 
chet\anüchet\anü ligated to the 2.2 kb omega fragment. 
Thee obtained new vector was digested with 
EcoRlEcoRl A 5.5 kb fragment was cloned into the 
appropriatee cut vector pK18mobsacB [15] 
generatingg plasmid pDS1. pDS1 was mobilised 
intoo Rb. sphaeroióes W] from E.coliSJï7-'\ Xpir 
byy conjugal transfer and recombinants were 
selectedd as described in [14]. 

Souther nn blottin g 

Chromosomall DNA, isolated from different Rb. 
sphaeroióessphaeroióes strains, was digested with PsA, 
separatedd on a 0.9 % agarose gel and blotted 

ontoo a Amersham Hybond N membrane. Pre-
hybridisationn was carried out for 6 h at C in 
blockingg solution (5 x SSC, 2 % blocking reagent 
(Boehringer),, 0.1 % N-lauroylsarcosine (Sigma) 
andd 0.02 % SDS (Pharmacia)). Hybridisation was 
carriedd out overnight at C with a freshly 
denaturedd a-^P-dCTP labelled 300 bp fragment 
off the pyp gene from Rb. sphaeroióes, obtained 
inn a PCR reaction using the vector pAMRO [16] 
ass template and the primers sphF and sphR. 
Thee blot was washed twice at C with 0.1 x 
SSCC / 0.1 % SDS and exposed to a film at -

CC using an intensifier screen. 

PCRR approac h to detec t additiona l 
pyppyp  copie s in th e Rhodobacter 
sphaeroidessphaeroides  genom e 

Basedd on the sequence alignment of all known 
PYP'ss a set of four degenerated primers (see 
tablee 2) was designed in order to amplify and 
detectt possible additional copies of pyp in the 
Rb.Rb. sphaeroióes genome. Chromosomal DNA 
isolatedd from Rb. sphaeroióes RK1, RKPI, RKDP 
andd WS8N was used as template in a hot-start 
PCRR reaction using the following optimised con-
ditionss for a 40 u.1 total reaction volume: 10 ng 
templatee DNA, 20 pmol of each primer, 0.25 
mMM dNTP's, 2.5 mM MgCI2, 4 ul 10x TaqPoly-
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primer r 

spUF F 

sphR R 

PYP1F F 

PYP2F F 

PYP3F F 

PYP4R R 

sequence e 

CGATCCTGAAATACAACAGG G 

GCGAATTTGTAATCGAACAT T 

CTGSCYTTCGGCGC C 

TACMCARGGCCGG G 

GASRTSGCCCCCTGC C 

TGGVTSTTCGTSAAGCGC C 

characteristics s 

regionn PYP alignment aa 26-30 

regionn PYP alignment aa 42-47 

regionn PYP alignment 65-69 

regionn PYP alignment 119-124 

source e 

[16] ] 

[16] ] 

Eurogentec c 

Eurogentec c 

Eurogentec c 

Eurogentec c 

Tablee 2: Oligonucleotide primers used in this study 

merasee reaction buffer and 0.5 U TaqPoly-
merase.. After 4 min incubation at , 35 
PCR-cycless were performed with 30 s at , 
300 s at C and 1 min at , followed by a 
finall incubation for 4 min at . Products 
weree analysed by agarose gel electrophoresis. 
Forr each template DNA 7 reactions were carried 
out,, for each primer alone and using combina-
tionss of the primers PYP1F, PYP2F and PYP3F 
withh PYP4R. Specific bands not appearing in the 
controll reactions and with a size ranging from 
aboutt 200 to 700 bp were cloned using the 
TOPO-TAA cloning system (Invitrogen) and inserts 
weree sequenced (BaseClear, Leiden, The 
Netherlands). . 

Tethere dd cel l motio n analysi s 

Rb.Rb. sphaeroides WS8N and RK1 were grown 
anaerobicallyy under intermediate light conditions 
(lightt intensity  50 nE m"z s1) to an 0D66Onm 

betweenn 0.2 and 0.8 (exponential growth-
phase).. 1 ml cell suspension of motile cells 
(motilityy was confirmed using phase contrast 
microscopy)) were harvested by centrifugation 
andd washed once with N2-sparged medium. 
Cellss were finally resuspended to an 0D660nm of 
aboutt 2 in Nrsparged succinate medium for 
phototaxiss experiments or in 10 mM HEPES pH 
77 for chemotaxis experiments, both containing 
500 ng/ml chloramphenicol to inhibit further 
proteinn synthesis. To tether the cells, 12 ^ l of 
thiss cell suspension was spotted onto a round 
coverslipp together with 3 \i\ of antiflagellin anti-
bodiess and incubated for 20 min in the light, 
beforee it was sealed to the flow chamber. For 
experimentss under strict anaerobic conditions, 
thee coverslip was pre-incubated with the anti-
body,, and a cell suspension, containing 2 mM 

glucose,, 20 ng/ml glucose oxidase and 10 
HP/mll catalase, was spotted onto the coverslip 
andd sealed immediately to the flow chamber. 
Non-tetheredd cells were washed away by flowing 
pre-incubationn solution through the chamber. 
Thee effect of the electron transport inhibitor 
myxothiazoll was measured at a concentration of 
55 jaM, after at least 5 min pre-incubation in the 
floww chamber. 
Photoresponsess were measured in a flow cham-
berr placed on the stage of a Nikon Optishot 
microscope.. Cells were incubated in white 
monitoringg light with a light intensity of 4 jaE m2 

s1.. During the experiment no flow through the 
chamberr was applied. The photostimulus was 
givenn via a shuttered light source with a 432
200 nm blue-light transmission filter for 1 min. 
Cellss were monitored using a CCD camera, with 
aa yellow filter inserted in front of the camera to 
preventt interference with the stimulating light. 
Rotationn rates of the tethered cells were 
calculatedd using the computerised Hobson 
Trackingg motion analysis system. The obtained 
dataa were further analysed by setting values to 
eitherr 0 (swimming mode) or 1 (stop) with a 
thresholdthreshold of -2.5 rotations s1. The stop proba-
bilityy for as many cells as available in the 
camera-imagee (at least 4 cells per experiment) 
wass calculated. The data obtained from inde-
pendentt experiments were averaged and 
smoothed. . 

Forr the measurement of chemotactic responses 
thee cells were tethered as described above, the 
cellss were incubated in continuous flow (0.09 
ml/min)) of 10 mM HEPES buffer before applying 
thee stimulus (1 mM propionate) for 5 min. 
Propionatee was removed by flowing 10 mM 
HEPESS through the chamber. The data were 
obtainedd and analysed as described above. 
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Methano ll  releas e assay 

22 ml of an anaerobically or semi-aerobically 
grownn culture of the indicated Rb. sphaeroides 
strainss were harvested at an OD6eo of 0.8-1.0. 
Thee cells were washed and resuspended in 2 ml 
succinate-medium.. Subsequently, 40 jxl of L-
[methyl-H3]-methioninee (specific activity 75 
Ci/mmol,, Amersham Pharmacia) was added 
(finall concentration 100 jaCi/ml) and the 
suspensionn was incubated for ~ 40 min at C 
too allow the incorporation of labelled methyl 
groups.. Cells were washed, immobilised on a 
0.22 urn pore size syringe filter (Nalgene) and 
equilibratedd for 10 min in a continuous flow of 
medium,, applied with a rate of 1 ml/min. 
Fractionss of 0.5 ml were collected in 1.5 ml 
Eppendorff tubes, which were incubated in 
closedd scintillation vials filled with 7 ml Ultima 
Goldd scintillation fluid for 24 - 48 h to allow the 
evaporatingg label in the methanol to be trapped 
inn the scintillation fluid. The concentration of 
[3H]-methanoll was estimated using a Packard 
scintillationn counter. During the experi-ment a 
blue-lightt stimulus (with a light intensity of 100 
nEE m"2 s"' at the surface of the filter) was 
suppliedd through a 450  20 nm interference 
filterr using a Schott KL1500 light source 
(containingg a 150-watt halogen lamp). 

Result s s 

Blue-ligh tt  response s of tethere d Rb. 
sphaeroidessphaeroides  RK1 (wildtype ) cell s and a 
mutan tt  lackin g pyp 

Thee effects of a step-up and step-down of low 
intensityy blue-light were determined in Rb. 
sphaeroidessphaeroides RK1 wildtype and RK1PI cells 
(lackingg the pyp gene as confirmed by Southern 
blotting,, see Fig. 1). Anaerobically grown cells of 
bothh strains were maximally motile in the early 
too mid-exponential phase, at cell densities of 
0D660nmm -0.9-1 cells started to loose motility 
andd above 1.2 this loss was complete. As for 
Rb.Rb. sphaeroides WS8N the rotation mode of 
thesee strains consists of counter-clockwise rota-
tionn and stops, the number of motile cells is 
considerablyy lower in the RK1 strain (as com-

lanee 1 2 3 4 

2.44 — m*: 

0.99 — SJP 

Fig .. 1 : Presenc e of a pyp gen e in differen t Rb. 
sphaeroidessphaeroides  strain s and mutant s analyse d by Souther n 
blotting .. A Ps& digest of chromosomal DNA isolated from Rb. 
sphaeroidessphaeroides RK1 (lane 1), RKPI (lane 2), RKDP (lane 3) and WS8N 
(tonee 4) was probed with radio-labelled rpyp fragment (for details see 
materiall and methods). A pyp gene is only present in the RK1 strain 
(tonee 1) as Indicated by the labelled band of 2.4 kb. The two 
fragmentss of 0.9 and 2.9 kb of the mutant RK1PI (lane 2) correspond 
withh the introduction of a kanamycine cassette of 1.2 kb (containing a 
Pstll sRe) into the pyp gene. Note that the stronger signal and 
backgroundd in lane 2 originate from higher amount of loaded DNA. 

paredd to strain WS8N) and cells tend to stick to 
thee surface of the coverslip, resulting in most 
cellss being self-tethered. 
Tetheredd cells of photosynthetically grown Rb. 
sphaeroidessphaeroides were incubated in very low white-
lightt intensities of 4 ^E m2 s"1 and exposed for 
600 s to a step-up and subsequent step-down of 
bluee light of 1 nE m2 s"'. The most pronounced 
effectt of these stimuli, as shown in Fig. 2A and 
B,, is the increase in stop probability after a step-
downn in light intensity. In contrast, the cells 
reactt to a step-up in blue-light intensity with a 
transientt decrease in stop probability, be it less 
pronouncedd due to the already quite low stop 
probabilityy without stimulus. As can bee seen in 
Fig.. 2A and B, these effects can be observed in 
bothh the RK1 wildtype strain as well as the 
RK11 PI pyp knock-out mutant. 
Too test the role of the photosynthetic apparatus 
inn this blue-light response, cells were incubated 
withh myxothiazol, a known inhibitor of the photo-
syntheticc electron transport [17], and the res-
ponsee to blue light was measured. Fig. 2C and D 
showw that inhibition of photosynthetic electron 
transportt leads to a complete loss of the blue-
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lightt photoresponse; most distinct is the lack of 
thee stop response after removal of the stimulus. 
Bothh RK1 and RK1PI show a similar effect to-
wardss the incubation with myxothiazol (Fig. 2C 
andd D). Clearly, the measured response of Rb. 
sphaeroidessphaeroides RK1 after a low intensity blue-light 
stimuluss is mediated by the photosynthetic 
apparatuss and the blue-light photoreceptor PYP 
iss not involved. 

Blue-ligh tt  induce d methano l releas e in 
variou ss  Rb. sphaeroides  strain s 

Rb.Rb. sphaeroides RK1 shows an increase in the 
releasee of methanol after stimulation with high 

intensityy blue light (see Fig. 3A and [8]). 
Previouss experiments carried out with 
engineeredd Rb. sphaeroides mutants lacking the 
pyppyp gene revealed that this response is not 
mediatedd via the involvement of PYP [16]. In Fig. 
3B3B it can be seen that also Rb. sphaeroides 
WS8N,, a wildtype strain lacking the pyp gene 
(seee Fig. 1), displays a similar blue-light induced 
methanoll release response, again confirming 
thatt another photoreceptor must be responsible 
forr this response. A PCR-based approach to 
detectt additional copies of the pyp gene in Rb. 
sphaeroidessphaeroides RK1, RKPI, RKDP and WS8N (see 
Materialss and Methods) did not yield DNA 
productss with homology to pyp. In the control 

1000 110 120 130 140 150 160 170 180 190 200 1000 110 120 130 140 150 160 170 180 190 200 

400 50 60 70 80 90 100 110 120 130 140 

time(s ) ) 

400 50 60 70 80 90 100 110 120 130 140 

tlme(s ) ) 

Fig .. 2: Effec t of blue-ligh t on th e sto p probabilit y of tethere d cell s of Rb. sphaeroides  RK1 and RKPI {pyp  knock -
out) .. Anaeroblcalty grown cells of Rb. sphaeroides RK1 (panel A and C) and RKPI (panel B and D) were tethered and exposed to low Intensity 
bluee light (as Indicated by the arrows). Graph C and D show the response after addition of myxothiazol. For each graph 12-22 celte from three 
independentt experiments were analysed. For experimental details see Materials and Methods. 
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Fig .. 3: Releas e of pH]-methano l upo n stimulatio n wit h 
high-intensit yy  blu e light . The response was measured in 
anaerobicallyy grown cells of Rb. sphaeroides RK1 (A), WS8N (B) and 
RK11 CheR2B (C) upon a step-up and step-down in blue light (450 nm 

 20 nm Interference filter, indicated by black bar). Each point 
Indicatess the amount of [JH] labelled volatile methanol release 
collectedd wtthin 30 s. 

reactionn with DNA from strain RK1 products 
weree amplified with the predicted size, which 
weree not present in any of the other strains. 
Severall other PCR products in the range of 200-
7000 bp were cloned and sequenced, but the 
obtainedd sequences only showed homology to 
unrelatedd proteins. 
Thee observation, that this blue-light induced 
methanoll release is absent in cells cultured 
underr aerobic conditions [8], could indicate 
towardss the involvement of the photosynthetic 
apparatuss in this response. In order to examine 
thiss possible involvement, we have assayed a 
Rb.Rb. sphaeroides strain lacking functional 
reactionn centres on similar blue-light induced 
methanoll release. As shown in Fig. 4, also this 
strainn shows a clear increase in methanol 
releasee upon illumination with blue light. Since 
thesee cells were grown under semi-aerobic 
conditionss (because they lack reaction centres), 
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Fig.. 4: Effec t of th e presenc e of photosyntheti c 
reactio nn center s on th e releas e of [3H]-methano l upo n 
stimulatio nn wit h blu e light . Shown is the release of [SH]-
methanoll of semi-aerobically grown cells of Rb. sphaeroides ATCC 
170233 and ATCC 17023 RC-, lacking Intact reaction centres (filled 
andd open symbols, respecth/ely) upon stimulation with blue light (450 
nmm  20 nm interference filter, indicated by black bar). Each point 
representss the amount of ['HJ labelled volatile methanol release 
collectedd within 30 s. 

thee wildtype parent strain, Rb. sphaeroides 
ATCC17023,, was also tested after growth under 
similarr conditions, again in this strain the 
methanoll release increases about 3-fold upon 
stimulationn (see Fig. 4). The relative increase in 
blue-lightt induced methanol release, when the 
wildtypee strain is grown photosynthetically, is 
alsoo approx. 3-fold (data not shown). The 
differencess in the basal release level are 
probablyy due to the variation in extent of uptake 
and/orr incorporation of L-[3H]-methionine/[3H]-
methyll groups between different strains and in 
differentt experiments. 
Underr normal conditions, i.e. in wildtype cells, 
thee methyl-transferase CheR is responsible for 
methylationn of receptor proteins (MCPs). To 
examinee the involvement of this methyl-
transferasee in the blue-light induced methanol 
release,, we have constructed a CheR2 insertion 
mutantt in Rb. sphaeroides RK1. This mutant is 
alsoo impaired in the transcription of cheB, the 
methyltransferasee responsible for demethylation 
off the MCPs, due to strong polar effects of the 
insertedd omega cartridge. The blue-light induced 
methanoll release for this CheR2B mutant was 
assayedd (Fig. 3C). Surprisingly, also in this strain 
ann increased release of methanol upon addition 
off the blue-light stimulus can be observed (Fig. 
3C),, indicating that CheR2 and CheB are not 
involvedd in this particular response. 
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Too confirm the integrity of the constructed 
mutant,, we analysed the behaviour of the Rb. 
sphaeroidessphaeroides RK1CheR2B strain upon exposure 
too a chemical stimulus using motion analysis 
andd swarm plate assays. The response of wild 
typee tethered cells upon addition and removal of 
propionatee is shown in Fig. 5A: after a step-up 
inn propionate concentration the stop probability 
forr the flagella motor decreases and the rotation 
ratee is even increased (not shown), removal of 
thee stimulus induces an increase in stop proba
bility.. The response of tethered cells of the 
CheR2BB mutant strain upon addition and remo
vall of propionate is completely abolished (Fig. 
5B)) and also the swarming behaviour of these 
cellss is severely impaired (results not shown). 

Discussio n n 

Threee different responses towards changes in 
blue-lightt intensity have been recognised so far 
inn Rhodobacter sphaeroides: the first is a low 
light-intensityy attractant taxis response, which 
wass demonstrated in anaerobically grown Rb. 
sphaeroidessphaeroides WS8N cells [7], the second a high 
light-intensityy repellent taxis response shown in 
anaerobicallyy grown Rb. sphaeroides RK1 [8], 
andd the third a high light-intensity induced 
methanoll release response, also demonstrated 
inn Rb. sphaeroides RK1 [8]. In the current study 
wee have performed a series of combined 
analysess using different Rb. sphaeroides strains 
andd mutants, after growth under different condi
tions,, in order to get more insight into the signal 
transductionn pathways that are involved in these 
differentt responses. Our particular interest lays 
inn the possible involvement of the blue-light 
photoreceptorr PYP in these responses. 
Wee have characterised a blue-light induced 
attractantt response in Rb. sphaeroides RK1, a 
strain,, which in contrast to Rb. sphaeroides 
WS8NN (the strain that was previously used to 
analysee this response), contains a pyp gene. In 
thiss strain a slight step-up of blue-light results in 
aa decrease of stop probability, and, more 
pronounced,, the subsequent step-down results 
inn a short stop response, followed by restoration 
off the original swimming pattern (Fig. 2). 
Althoughh the low number of cells analysed per 
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Fig .. 5: Behaviou r of tethere d Rb. sphaeroides  cell s 
upo nn th e additio n and remova l of 1m M propionate . 
Anaerobicallyy grown cells were incubated in 10 mM HEPES pH 7 
containingg chloramphenicol (50 mg/mO and tethered as described in 
materiall and methods. The addition and removal of 1 mM propionate 
iss indicated by the arrows. The stop probability of 9 cells Rb. 
sphaeroidessphaeroides RK1 (A) and of 7 cells of the mutant strain CheR2B (B) Is 
shown. . 

experimentt and the very short and transient 
responsess (in contrast to responses towards 
chemicall stimuli, see e.g. Fig. 5), leading to a 
relativelyy poor signal/noise ratio, it is clear that 
thesee results correlate quite nicely with results 
obtainedd with Rb. sphaeroides WS8N [7]. 
Therefore,, in this assay, no additional effect(s) of 
PYPP on this low intensity blue light response 
couldd be derived. Since it is known that this 
responsee is mediated by the photosynthetic 
apparatuss [7], it could be inhibited after incuba
tionn with the be,-complex inhibitor myxothiazol. It 
iss clear from Fig. 2 that in both strains (with or 
withoutt the pyp gene) indeed the full taxis 
responsee has disappeared after treatment with 
myxothiazol.. These results show that there is no 
contributionn of a response mediated by PYP, 
whichh might have been obscured in the overall 
responsee in the presence of cyclic electron flow. 
Rb.Rb. sphaeroides strain RK1, in contrast to strain 
WS8N,, shows two different taxis responses 
towardss blue light, depending on the light 
intensity:: at low intensities blue light functions 
ass an attractant stimulus (this study), whereas 
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highh blue-iight intensities cause a repellent 
responsee [8]. Since the two strains behave 
differently,, it seems to be likely that the two 
oppositee responses are mediated by two 
differentt systems. The photosynthetic apparatus 
iss clearly responsible for mediating the low light 
attractantt response (see Fig. 2), whereas it is 
nott involved in signalling the repellent response 
towardss high intensity blue light [8], The 
photoreceptorr PYP was suggested to function as 
receptorr in the high intensity motility response, 
sincee Rb. sphaeroides WS8N does not contain a 
pyppyp gene and does not exhibit this response. 
However,, a pyp knock-out strain of Rb. 
sphaeroidessphaeroides RK1 did not show any changes in 
respondingg to intense blue-light. 
Accompanyingg the described two motility 
responses,, blue light also stimulates the release 
off [3H]-methanol in anaerobically and semi-
aerobicallyy grown Rb. sphaeroides cells (see Fig. 
33 and 4). This response was measured originally 
inn Rb. sphaeroides RK1 and characterised as 
repellentt response, since the opposite effect, an 
decreasee in methanol release upon stimulation, 
wass observed for stimulation with photosynthetic 
activee light [8], However, an involvement of the 
photoactivee yellow protein in the blue-light 
inducedd methanol release again could not be 
shown;; strains lacking a pyp gene (knock-out 
mutantt strains or WS8N) still exhibit a blue-light 
inducedd increase in methanol release. In the 
presentt paper we also showed, that the photo
syntheticc apparatus does not play a role in this 
response,, since a strain missing functional 
reactionn centres still exhibits an unimpaired 
responsee (see Fig. 4). 

Thee release of volatile methyl-groups, as 
measuredd in the assay used here, is ascribed to 
de-methylationn of proteins, so-called methyl 
acceptingg proteins (MCPs), involved in chemo-
andd phototactical signalling and in adaptation to 
stimuli.. These MCPs are methylated by the 
methyl-transferasee CheR and de-methylated by 
thee action of CheB upon stimulation of the 
chemotacticc system [9, 18]. Rb. sphaeroides 
WS8NN has, in contrast to E. coli, a more 
complexx chemotaxis system consisting of 
severall copies of most of the chemotaxis 
proteins,, among which several copies of CheR 
([14,19,, 20], see also Rb. sphaeroides genome 

project).. So far, the biological role of two CheR 
proteinss have been characterised: CheR, and 
CheR,.. CheR, is part of the chemotaxis operon 1, 
whichh plays a minor role in the tactical behaviour 
off Rb. sphaeroides, since deletion of the operon 
didd not change the response to the main chemo-
andd photo-stimuli. In contrast, operon 2 is 
mediatingg all tactic responses and comprises 8 
geness including cheR[y and cheB[7,14,19, 21]. 
Thee constructed Rb. sphaeroides RK1cheR2B 
mutant,, showed a completely abolished chemo
taxiss response upon stimulation with propionate 
(seee Fig. 5), emphasising the importance of 
operonn 2. This result correlates with results 
obtainedd in strain WS8N, where deletion of 
cheRcheRtt or cheB leads to the same effect [22]. 
There,, also the increase in methanol release 
uponn addition of propionate, as it was shown for 
thee wildtype strain, was completely abolished, 
indicatingg that the adaptation response is clearly 
mediatedd by components encoded in chemotaxis 
operon2,, CheR, and CheB [22]. Surprisingly, the 
blue-lightt induced methanol release was not af
fectedd by the deletion of cheRv as measured in 
thee mutant strain Rb. sphaeroides RK1cheR2B 
(seee Fig. 3). 

Onee possible explanation for this response is the 
presencee of CheR, expressed from operonl, 
whichh could be responsible for the methylation 
off the particular transducer affected by blue-
light.. In Rb. sphaeroides WS8N it was shown 
recently,, that CheR, does not play a role in the 
adaptationn response towards chemotactical 
attractants:: deletion of cheRf did not impair the 
increasee in methanol release upon addition of 
propionatee [22]. Moreover, the main methyl-
esterasee CheB, encoded in operon2, is not 
expressedd in the mutant Rb. sphaeroides 
RK1CheR2B,, due to the polar effects of the 
insertedd omega cartridge [13]. It is therefore 
possiblee that the measured methyl-groups do 
nott originate from MCPs (the biological role of 
otherr CheB copies in Rb. sphaeroides has not 
yett been investigated). That would indicate that 
thee chemotaxis system is not involved in the 
releasee of [^-labelled volatile methanol upon 
illuminationn with blue-light. Another possibility is 
thee release of volatile methyl-groups other than 
methanoll resulting from other processes stimu
latedd by strong light signals. For Halobacterium 
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salinarumsalinarum the nature of the pH] signal measured 
inn the methanol-release assay was examined 
[23].. It was found, using gas chromatography/ 
masss spectrometry, that the released methyl-
groupss comprised two different chemical 
species,, methanol and methanethiol. The 
methyl-groupss for both compounds originated 
fromm methionine as shown by radiolabelling 
experiments,, but only the amount of released 
methanoll was influenced by addition of chemo-
orr photostimuli. Possibly, stimulation with strong 
bluee light could affect other processes in the 
cell,, not necessarily related to taxis responses. 
Moreover,, we can exclude now a suggested link 
betweenn the high-light induced motility response 
andd the blue-light induced methanol release [8], 
sincee the motility response but not the methanol 
releasee is absent in Rb. sphaeroides WJSÜU. 
Inn none of the three described blue-light respon
sess a function for PYP could be ascribed. Since 
Rb.Rb. sphaeroides has often several copies of 
certainn genes (e.g. the chemotaxis genes), we 
consideredd the possibility of additional pyp 
homologuess in the strains Rb. sphaeroides 
RK11 DP, RK1 PI or WS8N. Since such a gene can 
nott be detected by Southern blot hybridisation 
wee used a PCR-based approach with a set of 
degeneratedd primers homologous to the most 
conservedd regions in all known PYPs. The pre
sencee of ann additional pyp(-\\ke) gene could not 
bee revealed in any of those strains, which leads 
too the conclusion that PYP is not involved in any 
off the currently known blue-light taxis responses 
inn Rb. sphaeroides. 
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