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Mass spectrometry analysis system with integrated micro electrospray ionization emitter
for peptide detection
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*School of Chemical Engineering and Institute of Molecular Biology and Genetics, Seoul National University

Abstract - This paper describes a novel microfluidic device with
a microfabricated electrospray source for a sheathless
electrospray ionization interface to a mass spectrometer. This
electrospray ionization-mass spectrometry (ESI-MS) device
consists of a triangular-shaped metal emitter, allowing the
generation of an efficient electrospray for peptide detection,
and microfluidic channels monolithically in a glass microchip.
The performance of the proposed interface was evaluated by
opimizing its experimental condition and spraying standard
peptides. The spraying has high signal strength and stability,
with a relative standard deviation of 2.9% and singly-charged
and doubly-charged peaks of the peptides were successfully
detected. The metal emitter source showed a good
performance to be comparable to commercially available
emitters in signal strength and stability.

1. Introduction

Miniaturized total analytical schemes have been developed in
the field of proteomicsand the final detection step is performed
using mass spectrometry(MS) techniques. As a result, new
tools are essential for MS analysis and especially MS analysis
based on electrospray ionization(ESI). The ESI technique uses
strong electric fields to create ions from solution. The
ESI-MS method has the ability to detect large biomolecules
with great sensitivity and accuracy. Hence, it is a suitable
analytical tool that has been widely applied to biomolecular
structure analysis[1]. Several groups have been explored to
make a chip-based ESI-MS interfacel2, 3]. In common
method, the interface based on a microfluidic device is coupled
to conventional sprayer or micro nozzles fabricated using
silicon and polymers. However, all the systems require a gold
conducting coating of the tip which may lead to deterioration
of the spray stability due to the poor adhesion of such a thin
conducting layer. Also, they are not fully integrated with the
microfluidic channels, producing a large dead volume in the
interface between the chip and the capillary sprayer, which
can lead to broadening of separation bands[4].

In this paper, a new microfluidic device with an integrated
gold electrospray emitter, allowing the generation of an
efficient nanospray for peptide detection, is presented. As a
mass spectrometry electrospray source, a triangular—shaped
open emitter was formed by lithography and electroplating on
a glass substrate instead of inserting a separate tip. The
fabrication and assembly method of open emitters is simple
while still maintaining a sharp emitter and it is more robust
than that recently reported for silica or polymer. The
triangular emitter acts like a nozzle that prevents liquid
spreading at the exit of the microfluidic channel and helps to
form and fix the position of the Taylor cone by directly
applying high voltage on the metal emitter. The sensitivity
and analytical characteristics of the proposed interface were
investigated for a standard peptide mixture.

2. Experimental

2.1 Microchip fabrication

The fabrication process for the ESI microfluidic device is
shown in Fig.l. The separation channel and a metal emitter
were fabricated using a glass wet etching and gold
electroplating process, respectively. As a wet-etching mask, an
amorphous silicon layer was deposited on both sides of the
glass wafer by low pressure chemical vapor deposition at 540
°C to realize two different etch depths. Reactive ion etching
was used to transfer the pattern to the amorphous silicon.
The microfluidic channel, 4 cm long, 70 um wide at
half-depth, 20 ym deep, was then isotropically etched in 49%
HF. The metal emitter was aligned with the channel at the
end of the glass channel, so the microchannel was expanded
to the end of the emitter. The emitter part, 10 ym deep with
an apex angle of 30°, was isotropically etched for 40 s under
the same conditions of the microchannel etching. Then, a
triangular-shaped gold emitter, 25 mm long, was formed by
lithography and an Au electroplating process on a glass
substrate. Au emitter structure was released to establish a
well-defined Taylor cone by a wet etching process using 49%
HF solution. This was followed by removal of the
electroplating mold and all etch mask. To form a closed
channel network, this PDMS plate was irreversibly bonded to
the glass plate containing the emitter structure after surface
treatment with oxygen plasma.

2.2 ESI/MS instrumentation
ESI-MS was performed in the positive-ion mode using an
LCQ Deca ion-trap mass spectrometer (ThermoFinnigan, San
Jose, CA, USA) equipped with a syringe pump. The device
was mounted on the xyz stage positioner and adjusted to
obtain the maximum total ion current. The electrical contact
for the high voltage application was realized directly by the
integrated gold emitter. The inlet reservoir was connected to
the syringe pump via silica capillary tubing(Fig.2). For the
mass spectrometry analysis, the Bradykinin fragment 2-9 (903
Da) was prepared as a peptide sample with the concentration
of 1-10 uM. The sample and carrier solvent, i.e.
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Fig.2. Corresponding ESI-MS experimental setup
water:acetonitrile (1:1) was introduced via syringe pump.
3. Results and Discussion

3.1 Electrospray performance and stability of the
total ion current (TIC)

The spraying stability performance was evaluated by
adjusting sample infusing flow rate with the concentration of
5 uM in water: acetonitrile (1:1, v/v) and the buffer solution
of sodium bicarbonate(10 mM, pH 83). However liquid
injection to the emitter interface by capillary action is also
applicable, steady flow rate by external pressure is needed to
get distinguished stability of the electrospray ion generation.
Important parameters for stable electrospray were sample flow
rate, electrostatic potential and distance of the chip from a
mass spectrometer orifice. In our experiment, the applied ESI
potential and the distance between the edge of the emitter and
the entrance of the MS orifice was fixed at 2 kV and 2 mm,
respectively. To determine the optimal sample infusing flow
rate, the sample flow rate was decreased gradually from 5
ul/min to 0.5 ul/min adjusted via syringe pump of the MS
equipment. As the flow rate was decreased, a stable
electrospray was maintained with a current of 10 pA. Fig. 3
shows the long-term stability of the total ion current for a 20
min continuous infusion MS run with an acquisition speed of
0.6 spectrum/s. The scan range of the mass-to-charge ratio
(m/z) was from 150 to 2000. The spraying, with the flow rate
of 05 ul/min, was stable with a relative standard deviation
(RSD) of 29%. Typically, electrospray ionization was stable
for five hours at least, and the electrospray performance in
other chips with the same design was not significantly
different without any sign of degradation of the ESI stability
after several performance tests. The proposed -electrospray
source disperses the liquid sample purely by electrostatic
means, and no assistance such as sheath flow or nebulizing
gas is used. Nevertheless, it is a very stable source that has
high tolerance due to the unique characteristics of gold
material.

3.2 Electrospray mass spectrometry using fabricated
emitters

The electrospray signal was recorded with the experimental
method. The sample was introduced via syringe pump and
carrier solvent, i.e. wateracetonitrile (1:1), at a flow rate of 0.5
ul/min. High voltages of 26 V and 15 kV directly were
applied to the MS orifice and integrated gold emitter,
respectively. Fig.4 shows the corresponding mass spectrum
obtained for a Bradykinin 2-9 sample, 5 yM, in acetonitrile
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Fig.3. Total ion current of a Bradykinin 2-9 sample with the
concentration to 5 yM in water and flow rate of (a) 1 wul/min
and (b) 0.5 yl/min
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Fig.4. Mass spectrum of Bradykinin 2-9 sample with the
concentration to 5 yM for 20 min. with (a) a microfabricated
emitter and (b) a conventional tip

5% (v/v) mixture (1:1) and the buffer solution of sodium
bicarbonate (10 mM, pH 8.3) using the microemitter and
conventional emitter, respectively. Singly-charged (IM+H]",
m/z 904) and doubly-charged peaks ([M+2H]*, m/z 453) of
Bradykinin 2-9 were detected using microfabricated emitter,
but singly-charged peak was not detected in conventional ESI
analysis system. The mass spectrum obtained with the sample
has a good intensity (4.72x10%. The resulting mass spectrum
aquired using microfabricated ESI emitter presented several
peaks having comparable intensities. With the help of the
released emitter structure and the characteristics of the gold
material, which avoids solution spreading at the outer walls,
the device has shown an efficient ionization performance
constantly providing a stable MS signal. The detected
fragmentation spectrums provide an excellent signal-to—noise
ratio and they were seen to be the same as with conventional
glass or fused silica emitters with respect to matching peaks
and their intensities.

4. Conclusions

We have demonstrated that a sheathless electrospray
interface with a conducting metal emitter is a promising
method for MS analysis based on ESI. This approach is less
involved than applying a conductive coating to the exit end to
establish electrical contact. This ESI-MS setup offers the
possibility of a direct application of the ionization voltage on
the gold emitter without using a Pt wire or additional coating
with conductive material on electrosprayer. Furthermore, the
interface is less dependent upon the longevity or durability of
such a coating, factors that have been concerns in the
sheathless interfaces. The performance of the metal emitter
sources was seen to be comparable to that of commercial
emitters in signal strength and stability.

Acknowledgements

This research has been supported by the Korea Ministry of
Science & Technology, which carries out development of
protein chip technology Projects (M10415010006-04N1501~
00610).

References

[1] Y.-X. Wang, J.W. Cooper, C.S. Lee, D.L. DeVoe, "Efficient
electrospray ionization from polymer microchannels using
integrated hydrophobic membranes”, Lab Chip, Vol. 4, 363-367,
2004

[2] S. Le Gac, S. Arscott, C. Rolando, "A planar
microfabricated nanoelectrospray emitter tip based on a
capillary slot”, Electrophoresis, Vol. 24, 3640-3647, 2003

[3] J. Kameoka, H.G. Craighead, H. Zhang, J. Henion, "A
polymeric microfluidic chip for CE/MS determination of small
molecules”, Anal. Chem., Vol. 73, 1935-1941, 2001

[4] J. Li, JF. Kelly, 1. Chernushevich, D.J. Harrison, P.
Thibault, "Separation and identification of peptides from
gel-Isolated membrane proteins using a microfabricated device
for combined capillary electrophoresis/nanoelectrospray mass
spectrometry”, Anal. Chem. Vol. 72, 599-609, 2000

- 1535 -




<<
  /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


