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INTRODUCTION

Electrospray mass spectrometry coupled to
nanobore reverse phase chromatography has
rapidly become the chosen method for the
separation and characterization of enzymatically
digested protein samples. A key component in the
MS analysis is the complexity of the sample that
elutes into the mass spectrometer, from the HPLC
column, at any given moment in time. This can
have a profound influence on the number of
peptides and hence proteins identified, and also
the dynamic range of the identified components.
Therefore, the peak capacity of the
chromatographic system is often an important
attribute. Additional chromatographic attributes
such as retention time reproducibility and injection
methods can have profound effect on the results,
especially if relative quantification is desired.

In this poster we investigate different stationary
phases for peptide mapping and in particular we
will focus on how to improve chromatographic
separations over those methods currently in use.
Data will be presented showing the improved
peptide recovery, particularly of small, hydrophilic
peptides from a protein digest, resulting in an
increased level of protein coverage.

EXPERIMENTAL

All data was acquired on a Waters® Micromass®

Q-Tof™ Global and Waters modular CapLC® system.
The following column configuration was used to
separate tryptic digests.

The amount of 100 fmol of Yeast Enolase digest was
first loaded onto a trapping/guard column, at a flow
rate of 15 µL/min for 3 minutes in 0.1% formic acid
solvent. The guard column consisted of Symmetry®

C18 OPTI-PAK, 300 µm x 5 mm, followed by a
Graphitized Carbon column 180 µm x 30 mm
(Figure 1). Following the loading phase, the 10-port
Stream Select Module back-flushes (Figure 2) the
trapped peptides onto the analytical column. The

analytical column used was a Waters NanoEase™

75 µm x 15 cm Atlantis™ dC18 capillary column.
The pumping system delivers a flow of 4.5 µL/min,
which is split to give a resultant flow through the
analytical column of 300 nL/min.  Peptides were
resolved using an acetonitrile gradient. Details of
gradient are listed below.

The above loading/trapping procedure and
gradient were also used to separate the tryptically
digested peptides of Yeast Enolase in the absence
of the Graphitized Carbon column. 

Chromatographic columns

Waters NanoEase dC18 75 µm x 150 mm 3 µm

Symmetry C18 OPTI-PAK 300 µm x 5 mm

Graphitized Carbon 180 µm x 30 mm

Gradient

Solvent A, 5% ACN (v/v) 0.1% HCOOH (v/v)

Solvent B, 95% ACN (v/v) 0.1% HCOOH (v/v)

Mass Spectrometry

Mass spectroscopic analysis was carried out on a
Waters Micromass Q-Tof Global mass spectrometer
fitted with a nano ZSpray™ source. The instrument was
calibrated over the mass range m/z 50-1600, using
the fragment ions of Glu-fibrinopeptide B. Data Directed
Acquisition (DDA™) was performed on the tryptically
digested samples. An initial TOF-MS survey scan was
acquired over the mass range m/z 300-1600, with the
switching criteria for MS to MS/MS switching
including ion intensity and charge state. The Q-Tof
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Global was programmed to ignore singly charged
ions and perform MS/MS on, and up to three 
co-eluting species, with 1-second integration times.
Switch back into MS survey mode was triggered
after a time period of 4 seconds. The collision
energy used to perform MS/MS was varied
according to the mass and the charge state of the
eluting peptide. Data for MS/MS was acquired over
the mass range m/z 50-1600.

Figure 1.  The configuration of Symmetry C18

OPTI-PAK trapping column and graphitized
carbon column. The Symmetry OPTI-PAK trapping
cartridge screws directly into the connector of the
graphitized carbon column, thus minimizing any
dead-volume.

Figure 2.  The loading and back-flushing
configuration of the Symmetry C18 OPTI-PAK
trapping column and graphitized carbon column
when connected to the Stream Select Module.

Figure 3.  Chromatographic separation of 100 fmol
of Yeast Enolase tryptic digest. The top
chromatogram represents separation in the presence
of the Symmetry C18 trapping column and Graphic
carbon column, followed by Atlantis dC18 analytical
separation. The three additional chromatographic
peaks have been highlighted. The lower
chromatogram represents separation in the presence
of the Symmetry C18 trapping only, followed by
Atlantis dC18 analytical separation.
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Figure 4.  The amino acid sequence coverage map
of Yeast Enolase. The red amino acid residues
represent those obtained by trapping peptides in the
presence of the Symmetry C18 only  (66% sequence
coverage). The underlined residues are the
additional peptides obtained by trapping in the
presence of a Symmetry C18 trapping column and a
Graphic carbon column (6.6% sequence coverage).

RESULTS

The data would indicate that when trapping a tryptic
peptide digest onto a Symmetry C18 trapping
column, followed by an extremely hydrophobic
stationary phase is advantageous. Any small
hydrophilic peptides which are not normally retained
by standard C18, are trapped by the additional
hydrophobic trapping column plumbed in series to
the standard C18 trapping column.

The upper chromatogram in Figure 3 shows the
presence of 3 additional chromatographic peaks
at the beginning of the gradient, corresponding to
the peptides of sequence GVFR, VYAR, WMGK,
TGQIK, AAAEK and TGAPAR. Figure 4 shows the
coverage map of Yeast Enolase when analyzed
using the two differing trapping protocols. The
additional 6 peptides noted above represents an
additional 6.6% sequence coverage, therefore
increasing sequence coverage from 68% to
74.6%. Note also that the overall
chromatographic retention times of all the peptides
change in the presence of the additional
hydrophobic trapping column.

CONCLUSION

Upon analysis of 100 fmol of Yeast Enolase tryptic
digest in the absence of the Graphitized Carbon
trapping column, the percentage of amino acid
sequence coverage obtained was 68%. In the
presence of the Graphitized Carbon, the sequence
coverage increased to 74.6%. The additional
6.6% sequence coverage represents 6 small
hydrophilic peptides, which were not retained by
the Symmetry C18 trapping column alone.
Additionally, this trapping column configuration
may be very useful in the analysis of small
hydrophilic phosphopeptides, which are known to
be problematic when analyzed by standard
reverse phase chromatography.

AVSKVYARSVYDSRGNPTVEVELTTEKGVFRSIVPSGASTGVHEALEMRDGDKSKWM 
GKGVLHAVKNVNDVIAPAFVKANIDVKDQKAVDDFLISLDGTANKSKLGANAILGVSLA 
ASRAAAAEKNVPLYKHLADLSKSKTSPYVLPVPFLNVLNGGSHAGGALALQEFMIAPT 
GAKTFAEALRIGSEVYHNLKSLTKKRYGASAGNVGDEGGVAPNIQTAEEALDLIVDAIK 
AAGHDGKVKIGLDBASSEFFKDGKYDLDFKNPNSDKSKWLTGPQLADLYHSLMKRYP 
IVSIEDPFAEDDWEAWSHFFKTAGIQIVADDLTVTNPKRIATAIEKKAADALLLKVNQIGT 
LSESIKAAQDSFAAGWGVMVSHRSGETEDTFIADLVVGLRTGQIKTGAPARSERLAKL 
NQLLRIEEELGDNAVFAGENFHHGDKL 



P
o
st

er
RE

PR
IN

T

Sales Offices:
AUSTRIA AND EXPORT (CENTRAL EUROPE, CIS, MIDDLE EAST,
INDIA AND INDIA SUBCONTINENT) 
43 1 877 18 07

AUSTRALIA 61 2 9933 1777

BELGIUM AND LUXEMBOURG 
32 2 726 1000

BRAZIL 55 11 5543 7788

CANADA 800 252 4752 X2205

CZECH REPUBLIC 420 2 617 11384

DENMARK 45 46 59 8080

FINLAND 358 09 506 4140

FRANCE 33 1 3048 7200

GERMANY 49 6196 400600

HONG KONG 852 29 64 1800

HUNGARY 36 1 350 5086

INDIA 91 80 837 1900

IRELAND 353 1 448 1500

ITALY 39 02 27 4211

JAPAN 81 3 3471 7191

KOREA 82 2 3284 1300

MEXICO 52 55 5524 7636

THE NETHERLANDS 31 76 508 7200

NORWAY 47 6 384 6050

PEOPLE’S REPUBLIC OF CHINA
86 10 8451 8918

POLAND 48 22 833 4400

PUERTO RICO 787 747 8445 

RUSSIA/CIS 7 095 931 9193

SINGAPORE 65 6278 7997

SPAIN 34 93 600 9300

SWEDEN 46 8 555 11 500

SWITZERLAND 41 62 889 2030

TAIWAN 886 2 2543 1898

UK 44 208 238 6100

U.S.A. AND ALL OTHER COUNTRIES: 
WATERS CORPORATION
34 Maple St.
Milford, MA 01757 U.S.A.
T: 508 478 2000
F: 508 872 1990
www.waters.com

Waters, Micromass, Q-Tof, CapLC, Symmetry, NanoEase, Atlantis, ZSpray and DDA are 
trademarks of Waters Corporation.
All other trademarks are the property of their respective owners.
©2003 Waters Corporation  Produced in the U.K.  October 2003  720000765EN  CH-PDF

WATERS CORPORATION
34 Maple St.
Milford, MA 01757 U.S.A.
T: 508 478 2000
F: 508 872 1990
www.waters.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /UseDeviceIndependentColorForImages
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [594.000 792.000]
>> setpagedevice


