Supplementary Material. Correction of Natural Isotopes of Elements in Mass
Isotopomer Fragments

The natural isotopes of elements other than metabolic carbon can interfere in mass isotopomer
abundance measurements and need correction before their use in estimating fluxes. The elements
hydrogen, oxygen, sulfur and silicon are present in commonly measured metabolites (e.g. amino acids),
and in commonly used derivatizing reagents (e.g. N-methyl-N-(tert-butyldimethylsilyl)
trifluoroacetamide [MTBSTFAY]).

Previously, Fernandez and co-workers (1) reported a matrix-based correction method, which was
improved by Wittmann and Heinzle (2) and then by van Winden and co-workers (3). However, the
generation of the correction matrices in these papers is nontrivial, and may not be accessible to the
general user. Here we present a novel algorithm to generate these correction matrices, based on the
representation of mass isotopomers in an appropriate numeration system. We also demonstrate the
application of this method to a mixture of known amounts of labeled and unlabeled amino acids.

Correction of Mass Isotopomer Abundances

The correction of a measured mass isotopomer abundance vector m to a corrected mass isotopomer
abundance vector m. involves premultiplication by a correction matrix A for each element other than
metabolic carbon (3),

m =A"m.

The correction matrix A has dimensions ny % nyng, where ng is the number of mass isotopomers before
correction, n; is the number of natural isotopes of the element being corrected for, and nz is the number
of atoms of this element in the compound of interest.

To demonstrate the generation of the correction matrix A, we have used the example of silicon isotopes
in tBDMS-derivatized glycine. Glycine contains two metabolic carbon atoms (n9 = 2), and tBDMS-
derivatized glycine contains two silicon atoms (nz = 2). Silicon has three natural isotopes, **Si [M~+0],
¥Si [M+1], and *°Si [M+2], with natural abundances po, pi, and p, respectively. Since each silicon atom

in tBDMS-derivatized glycine can be **Si, *’Si, or *’Si, (n, + 1)"5 = 9 isotopomers are possible (Table S-
2.1).

We propose that the isotopomers be numbered in a numeration system of base n/+1, with exactly ng
digits. The mass gain Am (increase in the mass of the molecule) due to the isotopomer is then the sum of

these digits, and the abundance of this isotopomer is H p, - For silicon in tBDMS-derivatized glycine,
i=1

n;+1 = 3. The isotopomer (**Si—>"Si) or [M+0][M+2] is represented as 02, its mass gain Am is 0+2 = 2

Da, and its abundance p is pop».

The correction matrix A can now be updated for each isotopomer,

A =4. +
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We measured mass isotopomer abundances of three representative amino acids glycine, alanine, and
glutamic acid from a mixture containing predetermined amounts of U-">C and naturally abundant algal
amino acids. The expected abundances of the mass isotopomers (from the weights of U-">C and
naturally abundant algal amino acids in the mixture) were corrected for the natural isotopes of hydrogen,
oxygen, non-metabolic carbon, and silicon by generating correction matrices as described here. The



corrected mass isotopomer abundances were closer to the measured mass isotopomer abundances than
the uncorrected mass isotopomer abundances (Figure S-2.1).

Table S1. Isotopomers of a fragment consisting of ng = 2 silicon atoms. Silicon has n; = 3 isotopes with
masses [M+0], [M+0], and [M+2], and natural abundances po, p1, and p; respectively. The total number

of isotopomers is (n , + 1)"E = 9. When isotopomers are represented in base n/+1 = 3, the mass gain due

to each isotopomer is the sum of the digits, and the abundance of the isotopomer is the product of the
probabilities corresponding to each isotope contained in the isotopomer.

Isotopomer Base (n,/+1) Mass gain  Abundance
representation
[M+0][M+0] 00 0 po’
[M+0][M+1] Ol 1 Pop1
[M+0][M+2] 02 2 Pop2
[M+1][M+0] 10 1 PiPo
[M+1][M+1] 11 2 P
[M+1][M+2] 12 3 Pip2
[M+2][M+0] 20 2 P2Po
[M+2][M+1] 21 3 DPap1
[M+2][M+2] 22 4 Py
Total (Po+pr+tpa) =1
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Figure S1. Measured and calculated isotopomer abundances of three representative amino acids glycine,
alanine, and glutamic acid from a mixture of U-">C and naturally abundant algal amino acids. Calculated
abundances are either corrected for natural abundances of isotopes of elements other than the carbons in
the amino acid and for [M-n]" peaks (black circles) or uncorrected (grey circles). Isotopomer abundances
were measured by derivatizing a mixture of predetermined amounts of U-">C and naturally abundant
algal amino acids and analyzing on a GC-MS in EI mode. Correction of isotopomer abundances was
performed as explained in text.



References
1. Fernandez, C. A., Des Rosiers, C., Previs, S. F., David, F., and Brunengraber, H. (1996) J Mass

Spectrom 31(3), 255-262

2. Wittmann, C., and Heinzle, E. (1999) Biotechnol Bioeng 62(6), 739-750

3. van Winden, W. A., Wittmann, C., Heinzle, E., and Heijnen, J. J. (2002) Biotechnol Bioeng
80(4), 477-479




<<
  /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


