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Calcium has been established to have(Fpe fundamental messanger role
in the regu]atio%+of cellular processes °. This is carried on by the
interaction of{pa with a class of calcium modulated proteins which bind
and relase Ca~ as a function ofngts intracellular concentration ranging
from 10 * M (resting state) to 10 ° M (excited state).

Here we report the results of an ext%ﬂ§ive X-ray spectroscopy investi
gation on the local structure at the Ca of four Ca modulated proteins
(CaMP): calmodulin (CaM), an ubiquitous and multifunctional regulator
of ATPase activity, troponin C (TnC), a skeletal muscle specific CaMP,
carp parvalbumin (CPa), essentially located in carp white muscle but also
in mammalian cells and $100, a dimeric brain specific CaMP whose function
is still unclear. CaM and TnC bind four Ca ions per protein, CPa two and
$100 one per monomer. All these proteins have been purified taking care
of avoiding Ca contamination. Tests have been performed to verify their
purity, functional actiYigy and Ca content. Samples have been prepared
as previously described ™. XANES and EXAFS spectra have been measured
at the Frascati synchrotron radiation facility PULS,with the storage ring
operating at 1.5 GeV and 60-30 mA,by steps of 0.2 eV and 1.0 eV respec-
tively.

We have found that the EXAFS spectra give the same first shell (Ca-0)
mean distance (2.41 0.01 A) for CaMCa, and CPaCa,. This is in agreement
with the large similarity found in the XANES spectra of the two proteins,
which differ only in little details, probably due to small distortions
of the C00~ groups coordinating the Ca ion in the binding sites. In fact,
theoretical XANES calculations for a cluster formed by a Ca ion coordi-
Mated by 8 CO0 _groups evég?nce the features of the XANES peaks as depend
ing on the CO0O geometry ~'. No appreciqgge differences hgxe been found
in the spectra of CaM(:a4 (both high, 10 = M, and low, 10 ~ M, affinity
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sites occupied) respect to those of CaMCa, (high affinity). Despite the
high resolution crystal structure of CPa Ts known, these results are not
sufficient to deduce that the two local structures are the same.

‘The comparison between the spectra of CPa, CaM and S100 (in the dimer
state), all containing two .Ca ions per molecule, shows differences be-
tween S100 and the first two both in the position and in the shape of
the XANES features, that appear closer to these of whiting CPa, a mutant
CPa binding only one Ca ion in an high affinity site. The energy separa-
tion between the edge ( AE) and the first multiple scattering resonance
is hovgyer the same, indicating a similar first coordination shell dis-
tance ~'. This suggests that while the general features of the site are
conserved, the conformation of the site is different from those previ-
ously observed.

A quite different site conformation has been found analizing the spec
tra of TnCCa,, where the energy separation AE is shifted of -0.8 eV and
this shift i3 propagated over the whole spectrum. The mean first shell
distance is longer than in the other CaMP, and no ' difference is appreci-
able comparing the spectra with two and four Ca ions bond. Unlike ob-
served on CaM, CPa and S100 the presence of Mg (necessary for the functio
nal activity) induces a reduction of the energy separation AE.

In conclusion we find that the similar features present in the XANES
spectra of all the CaMP studied confirm their common origin from a single
site ancestor. During the evolution extremely specialized CaMP species,
Tike S100 and TnC appeared, the last characterized by a particular Ca
binding site geometry.

Although at the moment it's not possible to define a precise relation
between Ca affinity, specificity and local structure, we_observe differ-
ent geometries in CaMP sites whose affinity is about 10’ M (CaM III and
v, CPa,_g]OO) and in the sites III and IV of TnC, whose affinity is
about 10 ~ M and bind both Ca and Mg ions. These observations suggest
that different local structures can be necessary to achieve higher
affinity values, with some Tloss 1in specificity. Further this assertion
can be corro%qﬁated by tbg)comparison of the low resolution crystal struc
tures of CaM and TnC' ", which present different geometries regarding
the Tlinker elical region between the two high affinity sites, probably
producing differences 1in the Tlocal structure appreciable by the XANES
spectra.

References:

(1) R.H.Kretsinger, CRC Crit. Rev. Biochem. 8, 119 (1980).

(2) A.Bianconi, A.Giovannelli, L.Castellani, S.Alemd, B.Oesh and S.Mobi-
lio, J. Mol. Biol. 165, 170 (1983).

(3) C.R.Natoli, in EXAFS and Near Edge Structures, Ed. by A.Bianconi,
L.Incoccia and.S.Stipcich (Springer Verlag, 1983), p. 43.

(4) B.Y.Sudhakar et al., Nature 315, 37 (1985).

(5) 0.Herzberg and M.N.G.James, Nature 313, 653 (1985).

72




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


