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Overview

Introduction 

Methods Results 
Global proteomics offers a unique opportunity to study the relationships between 

microorganisms by examining changes in species composition and protein 
expression on a community level. This examination process has, however, proven to 
be difficult due to many levels of complexity. 
A high throughput proteomic method for peptide identification detecting species-
specific protein expression (using MS/MS) was explored in two ways. Initially through 
an in-silico study, and second through experimental measurements. 
The method application was applied to a current bioremediation site. Samples were 
taken from a contaminated Colorado River sediment community on a former uranium 
ore-processing site, before and after bio-stimulation.
A significant problem in assessing the approach was the efficiency of removing 
particle associated sediment bacteria. Emphasis on the use of enzymes and physical 
disruption to liberate cells for analysis was probed. 
While results from our in-silico study illustrated the feasibility of detecting an 
organism against a background of other organisms in a microbial community, the 
applied approach demonstrated many complexities which hampered the ability to 
discern individual peptide identifiers. 
Issues included: soil extraction, analysis and informatics problems.

Map of NABIR Bio-stimulation Well Field (1)
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• Certain dissimilatory metal-reducing microorganisms are 
capable of reductively precipitating radioactive metals in 
contaminated subsurface environments. The precipitation 
of heavy metals decreases the risk to organisms by 
lowering its ability to leach into waterways. (1)

• In order to study the microbial processes that make 
bioremediation possible, the microbes must be removed 
from the sediment, the proteins extracted and digested into 
peptides and then analyzed on a mass spectrometer. 

• The purpose of the in-silico study was to assess the utility 
of peptide identification methods for detecting a single 
species within a community of species.

• For the in-silico study, proteins predicted from annotated 
genomes that correspond to 25 microorganisms were 
compiled, virtually digested, and analyzed to determine 
whether a particular peptide could be used as a unique 
identifier in the presence of the other peptides. (2)

Tryptic Digest Procedure

Soil Bacteria Extraction Procedure (3)

• For the application study, samples 
were collected from an UMTRA 
(Uranium Mill Tailing Remedial 
Action) site in Rifle Colorado, before 
and after biostimulation.

• Seven soil bacteria samples were 
extracted from the soil with the use 
of light detergents and enzymes. 

• To test the efficiency of the enzyme 
extraction method, the samples 
were digested in quadruplicate and 
each digestion analyzed on an LTQ 
in triplicate.

Peptide identification by MS/MS  • In theory, species-specific peptides can be detected within a 
community and differentiation of protein expression is possible on 
a community level, as demonstrated with an artificial 25-organism 
study. (2)

While the in-silico study revealed the potential for identifying unique 
peptides to a specific organism from a community of organisms, with a 
community of 25 sequenced organisms there is high likelihood of 
identifying peptides.

With a metagenome, complexity can be overcome and identification is 
likely.  Work is in progress to develop such data sets.

However, there are still a number of obstacles to be overcome:

1. Soil bacteria extraction – need to identify an efficient extraction 
method that does not rely on heavy detergents, or sodium buffers.  
Current enzymatic extraction methods do not sufficiently release
bacteria from biofilms.

2. Sample processing and LC-MS analysis – working with low 
quantities of complex mixtures, dynamic range issues, and obtaining 
high quality spectra despite contamination issues.

3. Informatics – Complexity can surpass that of the most complex 
eukaryotic systems, lack of a metagenome for each sample, protein 
homogeneity (between organism) issues, need for high throughput 
“de novo” spctrum analysis tools..

Informatics Challenges:
• Complexity - Multiple copies of the same protein introduce redundancy of peptide to 

protein identifications, and multiple organism protein files are generally appended 
together in database searching, in effect lowering the scores associated with best fit by 
commonly used search engines (delCN in SEQUEST) because of the increased 
numbers of possible matches.  In terms of protein counts, a multiple-organism 
community can easily achieve a proteome of 40,000 proteins – the number currently 
associated with many eukaryotic systems. 

• Lack of database - It is unknown exactly which microbes are present in the sample,
therefore, without an annotated genomic database, it’s hard to make a good 
identification. A match is only as good as the database.

Map of Sample Locations (1)

Soil Bacteria Extraction Challenges:
• An enzymatic bacterial extraction technique by Bockelmann, et al. 

(3)  was explored to limit the use of heavy detergents that have
historically been used in soil microbe extraction which are 
problematic for mass spectrometric analysis. Bacteria living in 
sediments develop biofilms, which are primarily composed of 
extracellular polymeric substances that adhere bacteria to soil 
surfaces. The enzymatic extraction method did not release the 
bacteria from the biofilm, resulting in low protein yield.

• The buffers suggested in the study (500mM sodium phosphate 
buffer for a working solution and 7.5 mM sodium pyrophosphate for 
a dispersion buffer), caused sodium adducts in the spectra (peaks 
at 44 Da apart). 

Spectra of a soil sample showing the disodium peaks differing by 44 Da.
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• The actual application of this approach, however, demonstrated 
some significant problems that likely resulted from issues 
introduced during all stages: sample preparation/soil bacteria 
extraction, basic instrument analysis issues and informatics.

Percentage of uniquely-identifiable peptides within an artificial complex 
community. With a metagenome we can characterize a community (2) 

Contributions of each organism to the total pool of 
unique peptides.  The solid bars are the total 
number of peptides from each organism 
contributing to the pool of high confidence unique 
peptides from all organisms.  The hashed bars 
represent the subset of peptide sequences that 
are unique to one organism. (2)

Global representation of all unique peptides from the complex community. Microbial communities can 
be as complex as eukaryotic systems. (2)

Protein and peptide counts for an artificial, 
complex microbial community of 25 
organisms, in alphabetical order by 
organism.  Fully tryptic peptides with at 
most one missed cleavage site were 
considered. (2)

14,000 rpm

Retain supernatant and 
pellet separately

°

Organism Proteins 
In-silico 

Peptides 
B burgdorferi 1637 68,845 
C burnetii 2051 84,462 
C muridarumi 916 45,880 
C pneumoniae 1116 51,051 
C tepidum 2241 92,970 
D desulfuricans 3007 137,441 
D radiodurans 3117 125,640 
E coli 4289 174,328 
G metallireducens 4767 183,448 
G sulfurreducens 3449 165,509 
M jannaschii 1780 89,926 
N meningitidis 2047 82,033 
P gingivalis 1916 95,150 
R palustris 4833 216,946 
S agalactiae 2115 89,116 
S aureus 2676 109,044 
S mitis nctc 2148 74,320 
S oneidensis 4798 173,719 
S pneumoniae 2098 82,352 
S typhimurium 4550 184,652 
T denticola 2756 136,903 
T maritima 1842 97,215 
T pallidum 1030 53,116 
W pipientis 1176 52,897 
Y pestis 4286 162,250 
    Totals 66,641 2,829,213 

Experimental Plot



<<
  /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


