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Overview

Purpose: Characterization and optimization of parameters associated with performing
electron-transfer dissociation (ETD)

Methods: An electron impact/chemical ionization (ENICI) source is attached to the existing
hybrid interface port on the back of an LTQ™. Parameters including those associated with
forming reagent ions, storing the reagent and analyte ions simultaneously, and the ion-ion
reaction conditions were systematically studied

Results: By choosing optimum values for the various operating parameters, the
information produced by ETD can be maximized even for large peptides. ETD
fragmentation efficiency is optimized while a minimum time for performing ETD is
maintained. Full automation and robustness are also achieved

Introduction

Electron transfer dissociation (ETD) on a linear ion trap has been demonstrated to be an
extremely powerful dissociation technique for characterization of larger multiply charged
peptide and proteins. In implementing the ETD technique, there are many parameters
which must be considered in order to optimize its performance and produce informative,
interpretable data. These parameters include those associated with forming and
delivering the reagent ions, storing the reagent and analyte ions simultaneously, and
the ion-ion reaction conditions. These studies help to characterize and optimize many of
these parameters.

Methods

FIGURE 1. EIICI Source Attached to Existing Hybrid Interface Port on Back
of LTQ for ETD
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An electron impact/chemical ionization (EVCI) source from a Thermo Electron DSQ™ GC-
MS was attached to the existing hybrid interface port on the back of an LTQ 2D-Linear ion
trap as shown in Figure 1. This source is used for forming the negative radical anions of
Fluoranthene as the ETD reagent in these studies. Standard peptides such as Angiotensin
I, Vasoactive Intestinal Pepide 1-12, and ACTH 1-24 (Sigma-Aldrich), were used to study
various parameters and their interactions. Figure 2 shows the steps involved in performing
ETD on a linear ion trap. By storing the cations and anions in different segments of the
linear ion trap, precise control of the timing of each step is maintained.

FIGURE 2. Four Steps Involved in ETD on Segmented Linear lon Trap
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Results

Forming and Delivering Reagent lons for Long Durations

To optimize the formation of the radical anion of fluoranthene and achieve a uniform delivery
of the reagent over a long time period, a vial containing > 40 mg of solid is heated to a
temperature of 130 °C. The headspace is sampled using a carrier gas of at a flow rate of
approximately 3.5 cc/min. Methane, Nitrogen, and Helium have been compared as chemical
ionization gases. Although all three gasses can be used for effective negative ion chemical
ionization (NCI) of flouranthene, somewhat higher pressures of N, and He are required to
yield the same abundance of reagent anions. However, both N, and He were found to give
significantly lower contamination rates versus Methane, resulting in considerably extended
times between ion volume replacements and/or cleanings of the source. N, was chosen as
the NCI gas since it requires somewhat lower operating pressures than He and is normally
available on the system.

A second step, which significantly extends the time between ion volume replacements and/or
cleanings of the NCI source, involves gating the electrons into the source only when they are.
needed. This requires reducing the filament offset voltage (electron energy) from -70 eV to -5
eV while keeping an intermediate lens at +85 volts?. This gating scheme extends the time
between ion volume replacement and/or cleanings of the source by more than ten-fold.
Delivering a fairly constant number of reagent ions is critical to achieving reproducible resuits.
Changes in the ion source sensitivity can be automatically compensated for by using an
automatic gain control (AGC) for the ETD reagent ions. However, since the sensitivity of the

Storing the Analyte and Reagent lons Simultaneously

As shown in Figure 2, during the ETD reaction process, analyte cations are stored in the
front section of the trap while reagent anions are injected from the CI source at the back of
the instrument. During this process, it is important to use a trapping voltage which will
store the cation while simultaneously allowing trapping of the injected anions. Figure 5
shows the dependency of these processes on the RF ampltude. Even a high miz cation
{16 of Myaglobin) can b stared for ETO wilathe eagent anlon at iz 202 e
injected.

FIGURE 5a. Effects of RF Voltage
During lon-lon Reaction

FIGURE 5b. Effects of RF Voltage
During Reagent fon Injection

FIGURE 7. Effects of lon-lon Reaction Time and Reagent lon Intensity On ETD
Fragment lon Intensity for 4+ Charge State of Angiotensin |
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NCI source changes only very slowly, an ETD AGC scan is only require
once an hour. Figure 2 shows that the intensity of reagent ions remains within 3.7% with
ETD AGC, whereas without ETD AGC it can vary 39.1% in 72 hours.

FIGURE 3. Automatic Gain Control (AGC) for ETD Provides a
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Mass selection of the reagent anions assures reproducibility, maximizes ETD efficiency, and
allows real time control of the type of reaction desired. The combination of isolation waveforms.
and a simple quadrupole mass filter between the source and the trap enables the selection
of the reagent ions before they enter the trap, thereby minimizing any unwanted reactions. The
ability to reject background ions and select the reagent ions is demonstrated in Figure 4 and
allows the use of multiple reagent ions for multple reaction types.

FIGURE 4. Selection of a Pankulu Reagent lon Before Entering the Trap Using
a Simple Quadrupole Mass Fi
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During the ion-ion reaction, polarity independent trapping is accomplished by using RF voltages
on the entrance and exit lenses. Both the frequency and amplitude of these voltages are
important to trap all m/z's of interest. Figures 6a and 6b show the measured pseudo potentials
established by an applied RF voltage for both high and low miz ions. The frequency of the RF
voltage was 600 KHz. 300 V,, is found to provide a pseudo potential barier of -9 Vots for m/z.
195 and -2 vols for m/z 1822 Which is sufficient for efficient axial trapping,

FIGURE 6a. RF Lens Pseudo Potential  FIGURE 6b. RF Lens Pseudo Potential
for lon at MIZ 195 for lon at M/Z 1822
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lon-lon Reaction Conditions

‘The effects on ETD fragmentation efficiency have been investigated with respect to
parameters, such as reagent ion number, analyte ion number and ion-ion reaction time.
One example of a multi-dimensional study is shown in Figure 7. This data s for the +4
charge state of Angiotensin | at m/z 325 using an MS" target value of 1.0E4. The data
shows the effects of both the ion-ion reaction time and the number of reagent anions on
producing ETD fragments. The optimum number of reagent anions was
approximately 3 to 5 times the analyte ion abundance. Greater numbers of anions
did not increase the ETD efficiency but could allow some decrease in ion/ion reaction
time to values of approximately 60 msec. Figure 8 shows a subset of the data indicating
the fragment ion and charge reduced precursor ion intensity dependence on the
reaction time.

FIGURE 8. Effects of lon-lon Reaction Time On ETD
Fragment lon Intensity and Charged Reduced
cursor lons for +4 Charge State of Angiotensin |
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Figure 9 shows data for a larger peptide, ACTH 1-24, with a charge state of +6. This data

indicates the dependence of the various charge states of the fragment ions on the reaction

time. In this case, the highest intensity of the Z, sequence fragment is obtained at a reaction time

of ~25 msec where it predominantly exists in the +3 and +2 charge states. The spectra can be

simplified by allowing the charge states of the fragments to be reduced at longer reaction times,
ut with  loss in sensitivty

FIGURE 9. Effect of lon-lon Reaction Time On the Charge State of the Z,
Fragment from the +6 Charge State of ACTH 1-24 at m/z 490.0
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A study of many different peptides with various miz and charge states was performed to evaluate
the ETD efficiency of forming fragments without supplementary activation as a function of miz and
charge state. Figure 10 shows the data indicating that charge state alone does not assure good
ETD performance. Having an appropriate miz (between 350 and 600), along with sufficiently
high charge, is required. Under these conditions, very high efficiencies for forming sequence ions
can be obtaine

ELECTRON CORPORATION

FIGURE 10. ETD Efficiency for Forming Sequence lon
Information is both Charge State and M/Z Dependent.
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An understanding of the effects of each of the many parameters involved in performing ETD
assures that the information content of ETD spectra can be optimized, and therefore provide
substantial sequence coverage of large peptides and proteins. An example of 100% sequence
coverage of the ACTH 1-24 peptide with molecular weight of 2932.6 is shown in Figure 11

FIGURE 11. ETD Spectra of +6 Charge State of ACTH 1-24 at m/z 490 (M.W. 2932.6)

Conclusions
There are many parameters to consider when optimizing ETD performance.

« Robust production of ETD anion reagent: Extension of the working time of the NCI
source for producing ETD reagent ions by more than 20-fold is achieved by using N,
instead of CH, as the Cl gas, and also by gating the electrons into the source.

« Reagent anion purity: Reagent ion selection for choosing reaction type and
maximizing ETD efficiency can be achieved by using a simple quadrupole mass filter
between the ion source and linear trap.

« ETD reaction efficiency: Careful choice of trapping voltages must be made to trap
both analyte ions and reagent ions simultaneously. Reagent ion abundance should be
~5 times the analyte ion intensity. on-lon reaction times will affect ETD efficiency and
charge distribution of fragment ions, and is precursor charge state dependent. Best ETD
efficiency is achieved when the miz of the precursor is between 350 and 600, along with
sufficiently high charge.

Controlling the many important parameters discussed above, in combination with the high
performance of linear ion traps, makes an ideal system for ETD analysis.

References

(1) John E.P. Syka; Joshua J. Coon; Melanie J. Schroeder; Jeffrey Shabanowitz,
Donald F. Hunt; PNAS 2004 ,101, 9528-9533

(2) Mark E. Bier; John E.P. Syka; Dennis M. Taylor; William J. Fies; 1998, US Patent
5756996

Acknowledgements

We would like to thank our colleagues Scott T. Quarmby and Ed B. McGauley of Thermo Electron
Corporation, Austin, TX, USA, for significant assistance and contributions regarding the operation of
the EIICI source.

Al rademarks are the property of Thermo Electron Corporation and ts subsidiaries.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [792.000 1224.000]
>> setpagedevice


