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Proteorhodopsin (PR) discovered in the g-proteobacterium SARS86 is believed to be a
lightdriven proton pump [1] Since the first description of PR several studies have uncovered
evidence of intermediates comparable to the photoproducts of the BR photocycle. However,
there is an ongoing discussion about the inversion of the proton pumping direction due to pH-
change and the general function of PR. Until now, no M intermediate could be detected
kinetically at acidic pH [2, 3], but recently low temperature visible spectroscopy demonstrated
the existence of a band typical for the M state at pH 4 [4].

To further investigate the photocycle of PR, we have used FTIR difference
spectroscopy at low temperature between 77 and 250 K. Low-temperature spectroscopy has
widely been used to trap and investigate intermediates in the photocycle of proteins. In
combination with FTIR spectroscopy, it is a powerful tool to gather information about the
involvement of amino acids and about structural changes of the chromophore concomitant
with the light reaction. Until now, only the K intermediate of the PR photocycle has been
characterized using this technique [5].

We have used various samples ranging from PR reconstituted with lipids to PR
2Dcrystals. Each sample provides different advantages, such as high concentration and
stability in the case of the crystals or the observable lipid-protein interactions in reconstituted
samples.

We started our experiments with a comparison of the K-state at 77 K for our samples
at pH 9, 8.5, 5.5 and 5. For pH 8.5 and 5.5 an increased amount of L-intermediate was
monitored, which was absent in the spectra at pH 9 and 5. This hints to lowered reaction
barriers for PR between pH 5.5 and 8.5. In agreement with this finding the samples at pH 5.5
and pH 8.5 show a similar kinetic behavior and identical spectral characteristics differing
from either higher or lower pH values at higher temperatures. They both lack the
characteristic positive band at 1755 c¢m™ indicative for protonation of Asp-97. This band in
combination with amid II changes was clearly observable at 242 K, showing M state
formation for pH 9. However, the pH 5 sample showed an M-like state at 227 K, which
involves aspartic or glutamic acid side chain modes at 1726 cm™ and 1730 cm™.

Our results hint at different proton translocation pathways at pH 9, pH 8.5 to 5.5 and
pH 5. This finding further supports the assumption of variable vectoriality proposed by
Friedrich et al. [2].

[1] O. Béja et al., Science 289 (2000) 1902.

[2] T. Friedrich et al., J. Mol. Biol. 321 (2002) 821.

[3] A.K. Dioumaev et al., Biochemistry 42 (2003) 6582.
[4] E. Lorinczi, M.-K. Verhoefen, to be submitted.

[5] V. Bergo et al., Biochemistry 43 (2004) 9075.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


