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Analytical centrifuge facility 
 

Andy Baron and Peter Stockley 
 
Introduction 
The Centre has two Beckman XL-I analytical ultracentrifuges installed in the Wellcome Trust 
JIF Centre for Biomolecular Interactions.  Both instruments are equipped with absorbance 
and interference optics, 4-place, and 8-place rotors, and velocity and equilibrium cells with a 
choice of quartz or sapphire windows.  We employ a range of data analysis methods, 
enabling the determination of properties of macromolecules in free solution including species 
distribution, mass, degree of asymmetry and association constants of interacting species. 
 
Work carried out in 2004 
The facility was used by a number of researchers groups, some making extensive AUC 
studies while others did simple experiments to determine the properties in free solution of 
their material.  The results from one of these latter experiments is shown as an example. 
 
Sedimentation velocity analysis of a GFP fusion protein  
This work was part of a postgraduate research programme into directed evolution of aldolases 
being carried out by Chris Plummer in the laboratory of Dr Alan Berry.  In order to select 
soluble mutants of GatY, an insoluble tagatose bisphosphate aldolase, fusions with green 
fluorescent protein (GFP) were used.  The GFP serves as a visual screen for soluble mutants.  
Insoluble mutants would be cleared into inclusion bodies where GFP would not have time to 
fold and so be non-fluorescent.  The soundness of this strategy was tested by constructing a 
GFP fusion with a soluble aldolase of the same class, fructose bisphosphate aldolase (FBP 
aldolase).  Sedimentation velocity analysis was performed on this construct to check that the 
oligomeric state of the aldolase-GFP fusion was the same as the aldolase alone - in this case a 
dimer. 
 
Three samples of the protein at 0.1, 0.25 and 0.5 mg/ml were centrifuged at 35000 rpm for 5 
hours.  The changing distribution of protein was recorded by Rayleigh interference optics and 
radial absorbance scans at 390nm - the absorbance peak of the GFP used.  The whole 
boundary profiles were used to calculate the distribution of sedimentation coefficients [c(s)] 
by fitting to the Lamm equation using the program Sedfit v 8.9 (P. Schuck, NIH). 
 
In all 6 datasets there was one major component having a sedimentation coefficient lying in 
the range 6.9 to 7.4 Svedbergs, the value being inversely correlated with concentration, as 
expected.  The area underneath these peaks is proportional to the concentration of the 
component (Fig 1.) 
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Fig 1.  c(s) analyses  A: Absorbance data,   B: Interference data 
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Comparison of the sedimentation coefficient measured with that of a perfect sphere having 
the same mass as the protein indicated that a 7.1 S solute must be at least as large as the 
dimer (135 kDa), with a frictional ratio of 1.3.  There were small amounts of material 
sedimenting faster than 7 S, but none smaller.  In c(s) analyses of the interference data there 
is a peak at around 11 S which is absent in analyses of the A390 data.  This is probably a non-
GFP contaminant, or possibly unfolded fusion protein; the interference system measures 
concentration changes of total solute, whereas the absorbance system is selective. 
 
This experiment showed that the natural oligomeric state of the control protein was 
maintained when fused with GFP.  Therefore it is highly likely that the GFP fusions with 
GatY soluble mutants will also exist in the same oligomeric state as the unfused protein - in 
this case tetramer.  
 
 
Funding 
We gratefully acknowledge funding by HEFCE and the Wellcome Trust. 



<<
  /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 300
  /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 300
  /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 <>
    /ENU (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.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


