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• Agilent Technologies triple quadrupole 
modified to include:
– Multi-capillary inlet
– Dual electrodynamic ion funnels

• 2- to10-fold increase in measured ion 
current compared to the standard source

• 3- to 7-fold improvement in the sensitivity 
for standard peptides

• 1 to 5 ng/mL limit of quantitation (LOQ) for 
tryptic peptides from 5 standard proteins 
spiked into mouse plasma 

• The present design achieved a 1-5 ng/mL 
instrument limit of quantitation (LOQ)

• The LOQ for some protein standards is 
limited by the instrument sensitivity, while 
for others, the LOQ is limited by the 
instrument specificity

• Significant room for further gains

• The achievable sensitivity of electrospray ionization 
mass spectrometry (ESI-MS) is largely determined 
by the ionization efficiency in the ESI source and the 
ion transmission efficiency through the ESI-MS 
interface [1].

• Selected reaction monitoring (SRM) analysis directly 
benefits from improvements in the ion source and 
interface transmission efficiency in terms of limit of 
detection (LOD), limit of quantitation (LOQ), and 
reproducibility as determined by the coefficient of 
variability (CV) [2].

• In many cases, the intensity of the ion beam, or in 
other words, the ion transmission efficiency 
determines the SRM MS detection limit.  

• The multi-capillary inlet [3] and ion funnel [4] 
technologies developed at PNNL were designed to 
increase the transmission efficiency of ions or 
increase the intensity of the ion beam into the mass 
spectrometer. In collaboration with Agilent 
Technologies, these  technologies were 
implemented into an Agilent 6430 Triple quadrupole 
mass spectrometer.

• We present our latest implementation of a multi-
capillary tandem electrodynamic ion funnel interface 
with triple quadrupole MS and the evaluation of the 
modified platform's sensitivity for targeted 
proteomics analysis.

Standard peptides spiked in water at different concentrations
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Standard source tuning results 

Ion funnel source tuning results 

Sensitivity improves ~3-7 fold using ion funnel multi-capillary inlet and 
tandem ion funnel interface for LC-SRM-MS of peptides in water

Standard proteins spiked in non-depleted mouse blood plasma 
matrix at different concentrations

Protein standards were digested and then spiked 
into non-depleted mouse plasma digest.  5 µL of 
the sample mixture was injected on column. 2 µL 
of the peptide standard mixture in water was 
injected on column. Three replicate analyses were 
performed for all samples. 

Dynamic SRM conditions

• Sensitivity comparison between standard 
interface and ion funnel interface

• Precision of peak area
• Precision of LC retention time
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SRM measurements with multi-capillary inlet and dual ion funnels

Samples for LC-SRM-MS    

Limit of quantitation (LOQ) with the multi-capillary inlet and tandem ion funnel 
interface for digested protein standards spiked into digested mouse plasma  

Multi-bore Capillary captures 
more ions from the  ESI plume

• 6 capillaries (600 μm i.d.)
• modified end cap

High Pressure Funnel 
compensates for increased gas 
load from multi-capillary inlet

• RF 3 MHz  250 Vp-p
• 340 V first plate bias
• 180 V  last plate bias
• 140 V exit lens
• ~10 Torr funnel pressure

Low Pressure Funnel 
replaces the skimmer

• RF 1.5 MHz  220 Vp-p
• 120 V first plate bias
• 20 V  last plate bias
• ~1 Torr funnel pressure

Nano-flow LC and
chip cube ESI source

• 300 nL\min
• C18 on-chip column with  3 µm 

particles 15 µm i.d. × 15 cm 
length

• Mobile phase A: water with 0.1% 
formic acid

• Mobile phase B: acetonitrile with 
0.1% formic acid

Compound Name

Bovine carbonic anhydrase
VLDALDSIK

E. coli beta-galactosidase
LWSAEIPNLYR

Equine myoglobin 
LFTGHPETLEK

Chicken ovalbumin
GGLEPINFQTAADQAR

Bovine cytochrome c
EDLIAYLK

Precursor Ion

487.28 (2+)

681.36 (2+)

424.56 (3+)

844.42 (3+)

482.77 (2+)

Product Ion

761.40 (+1, y7)

1062.56 (1+, y9)

506.26 (2+, y9)

666.34 (2+, y12)

494.30 (1+, y4)
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Compound Name
Bradykinin

Bradykinin

Deltorphin II

Deltorphin II

Kemptide

Kemptide

Melittin

Melittin
Methionine Enkephalin

Methionine Enkephalin

Renin Substrate Porcine

Renin Substrate Porcine

Nominal Mass
756.39

756.39

783.38

783.38

771.47

771.47

2845.7

2845.7
573.23

573.23

1757.93

1757.93

Precursor Ion
379.2

379.2

784.39

784.39

386.74

386.74

570.2

570.2
574.23

574.23

586.98

586.98

Product Ion
527.3

614.4

610.29

709.36

252.2

409.2

541.998

812.494
397.18

425.18

696.38

745.92
Chicken ovalbumin
SRM 844.42 to 666.34 m/z

CV <15% above 50 ng/mL 
CV =2 0% at 5 ng/mL

Carbonic anhydrase
SRM 487.28 to 761.40 m/z

CV <10% above 5 ng/mL 
CV = 30% at 1 ng/mL

Background signal limited
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Methionine enkephalin
SRM 574.2 to 397.2 m/z

Peak area with ion funnels

Peak area standard source

Deltorphin II
SRM 784.4 to 610.3 m/z
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Kemptide
SRM 386.7 to 409.2 m/z
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Equine myoglobin
SRM 424.56 to 506.26 m/z

CV <10% above 5 ng/mL 
CV = 36% at 1 ng/mL

Background signal limited

Bovine cytochrome c
SRM 482.77 to 494.30 m/z

CV <15% above 1ng/mL 
CV = 29% at 0.5 ng/mL

Analyte signal limited

Analyte signal limited



<<
  /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


