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1. Introduction

The last decade has seen a considerable increase in the number of biochemical and
biomedical applications of PFG NMR diffusion methods. However, despite commercial
availability of powerful, stable, and reproducible gradient units, 'H diffusion
measurements of low-concentration solutes in non-deuterated media can still present a
challenging problem. Large solvent peaks can make integration of small solute peaks
extremely difficult. Complex mixtures can also be difficult to work with, due to spectral
crowding. At the same time, non-deuterated,
spectrally crowded systems must routinely be i T T T A
dealt with in many of the practically relevant o 7 9

experimental situations, such as NMR of /n\ /n\ B
biofluids, proteins, or cellular systems. Our J{>
ongoing work in this area has been directed at = ' —
the development of NMR diffusion experiments

which deal with these problems by using ®2

1/4J 1/14J T 1/4J 1/14J
contemporary solvent suppression and multiple-
quantum filtering techniques.
2. The CONVEX experiment

CONVEX [1] is a double-echo PGSE which  Fig 1. Pulse sequences of:
incorporates excitation-sculpting solvent suppres-  (A) CONVEX; (B) DQDiff.

sion [2]. Its pulse sequence is shown in Fig. 1A.

Within each bracketed excitation-sculpting block, the on-resonance solvent peak
experiences a cumulative 0° rotation and is not refocused. Off-resonance solute peaks
undergo 180° rotations and thus experience a double spin-echo [3]. The gradient
amplitudes g; and g, relate as prime numbers in order to eliminate solvent signal leakage.
Signal attenuation for off-resonance peaks is given by

2
byg? S{Al (Hc),%}

S ( g) =S (O)e
where C = g, : g;. Convection compensation is achieved by setting A; : A, =g, : g;. The
CONVEX experiment was tested on a number of samples, including simple solutions of
small molecules; solutions of proteins and peptides in phosphate-buffered saline; and
hydrogels. A representative comparison of CONVEX and PGSE measurements of
hydrogel systems is shown in Fig. 2 [4]. CONVEX provides superb water suppression
and almost no baseline distortions, compared to conventional PGSE or convection-
compensated double PGSE.
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3. DQDiff

DQDiff diffusion experiment (shown in Fig. | | \k‘ R I
1B) is another recent development [5]. This PGSE “‘ \“ Il i

is a double-quantum filtered diffusion expe- au HU\ \\.\

riment which selects a single coherence ¢ ./ Uw, Nl - T,

transfer pathway using an asymmetric set of
gradient pulses. Diffusion sensitization and
convection compensation are both built into
the gradient CTP selection. The resulting
diffusion spectra are phase-sensitive, which
eliminates the need for a magnitude Fourier 5%
transform required by traditional DQF
diffusion measurements. The analytic
expression for the signal attenuation in
DQDiff is rather cumbersome, but produces
a linear Stejskal-Tanner plot with the
negative slope proportional to D. The experiment was tested on solutions of small
molecules; a protein; and a micellar solubilizate. It does not appear to offer an across-the-
board improvement over the existing convection-compensating methods, but provides a
potential advantage where DQF editing of crowded diffusion spectra is required.

Fig. 2. Representative spectra and
attenuation plots from conventional
PGSE (A, B) and CONVEX (C, D).

4. Pure-phase acquisition using OGSE

Also presented are new applications of oscillating-gradient spin echo (OGSE) [6].
Traditionally, OGSE has been advantageous in measuring the apparent short-A diffusion
coefficient in the presence of restricted diffusion [7,8]. We demonstrate that single-echo
OGSE provides convection compensation which compares well with that afforded by
double-echo PGSE. We also show that, in the presence of homonuclear scalar couplings,
setting the OGSE echo time to 1/2J enables acquisition of pure-phase diffusion spectra
and yields more reliable D estimates than mixed-phase PGSE or OGSE spectra. Pure-
phase OGSE acquisition is compatible with measurements of the apparent diffusion
coefficient at an arbitrary diffusion time. These features of OGSE can be valuable in
diffusion measurements of scalar-coupled small-molecule probes in cellular and other
heterogeneous systems.

References

[1] K.I. Momot, P.W. Kuchel, J. Magn. Reson. 169 (2004) 92-101.

T.L. Hwang, A.J. Shaka, J. Magn. Reson. A 112 (1995) 275-279.

G.H. Serland et al, J. Magn. Reson. 142 (2000) 323-325.

D.G. Regan, K.I. Momot, P.W. Kuchel, Manuscript in preparation.

K.I. Momot, P.W. Kuchel, J. Magn. Reson. 174 (2005) 229-236.

K.I. Momot, P.W. Kuchel, B.E. Chapman, J. Magn. Reson., submitted.

M. Schachter et al, J. Magn. Reson. 147 (2000) 232-237.

E.C. Parsons, M.D. Does, J.C. Gore, Magn. Reson. Imaging 21 (2003) 279-285.

— e ——
01N DN b~ W
e e e e e e

Diffusion Fundamentals 2 (2005) 75.1 - 75.2 2



	NMR Diffusion Experiments for Complex Systems 


<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


