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Conclusion
 Enhanced mode ETD scan function provides increased precursor capacity which 

translates to higher MS2 S/N ratios of proteins.

 The gain is m/z dependent due to the removal of the precursor sequestration 

step associated with the standard ETD scan function. 

 Both the extended front section LIT and the standard LIT showed these gains.

 The extended LIT was able to maintain pseudo first order kinetics longer than the 

standard counterpart due to the increased reagent capacity of the front section
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Overview 
Purpose: Increase the per scan signal to noise (S/N) ratio for electron transfer 

dissociation (ETD) spectra acquired in a Thermo ScientificTM OrbitrapTM analyzer of a 

hybrid quadrupole mass filter – Orbitrap - quadrupole linear ion trap (LIT) instrument.

Methods: Vary the ETD scan functions by changing the pre-reaction (starting) 

locations of the precursor and reagent and the order in which they are injected into 

high pressure cell (HPC) of the dual cell LIT.

Results: A three-fold or greater improvement in precursor capacity is realized when 

the precursor is injected and sequestered into the center section of the HPC.

Introduction
Electron transfer dissociation (ETD) has been demonstrated to be a useful tool for the 

analysis of polypeptide compounds including peptides with labile PTM’s, peptides with 

many basic sites, and proteins. The major challenge in the application of ETD to Top 

Down proteomics applications is overcoming the low spectral signal to noise (S/N) ratio 

resulting from the division of the isolated precursor ion current into many dissociation 

product ion channels. Therefore, methods to increase the precursor capacity prior to 

ETD reaction are highly desirable. We demonstrate extended dynamic range in the 

ETD spectra of large protein molecules via new ETD ion manipulation sequences and 

alternative ion trap geometries on a dual cell 2D linear quadrupole ion trap (LIT) based 

hybrid instrument

Methods
The precursor capacity of the widely used three-section 2D linear quadrupole ion trap 

is currently limited by the capacity of the trap section into which the precursor is 

sequestered prior to ETD reagent injection and reaction. For hybrid instruments, 

increased precursor capacity has been demonstrated by accumulating products of 

multiple ETD reactions and analyzing them collectively in a single m/z analysis 

(multiple fill approaches).1,2 Since such approaches have already been investigated 

and shown to be somewhat costly in terms of total scan time, we choose to explore 

alternative methods which extend the per fill precursor capacity of the linear ion trap 

and which include new ETD scan functions and a LIT with an extended front section

FIGURE 1. Section of the extended front section high pressure LIT showing the 

back, center, and front sections lengths, at 12.5, 35, and 35 mm, respectively

FIGURE 2. Relative trap segment lengths for the extended front section LIT (left 

column) and the standard HPC (right column), including the location of 

precursor and reagent species prior to charge sign independent trapping for 

“Normal” and “Enhanced” scan functions. The second row represents the 

“Enhanced” scan function where the precursor is injected into the center section 

and left there during reagent anion injection in the front section, while the third 

column depicts the “Standard” ETD scan function wherein precursor ion are 

sequestered into the back section while the reagent  ions are injected into the 

center section. 

Results
Scan Functions

ETD in our quadrupole linear ion traps is a multi-step process in which charge sign 

independent trapping allows for ion-ion reactions between precursor and reagent 

species. When a front end reagent ion source is employed, it is standard practice to 

sequester the precursor cations to the back section of the HPC to enable injection and 

accumulation of the reagent radical anions in the center section of the HPC. Since 

sequestration into the back section has been shown to limit the precursor capacity and 

also induce multipole storage assisted dissociation (MSAD) at high precursor 

targets,3,4 we chose to alter the ETD scan function such that different permutations of 

the starting trap segment  and injection order of the ions could be evaluated. A 

standard and an extended front section LIT were employed.
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FIGURE 7. Single scan Ubiquitin 13+ (659.8 m/z) ETD spectra in the normal (top) 

and enhanced (bottom) scan modes acquired on a standard LIT. ETD reaction 

times are 3.25 and 13 msec, respectively. The intensity normalized to the most 

most abundant peak in the spectra is 3x higher in the enhanced scan. 

FIGURE 8. Expanded view of the ubiquitin 13+ ETD spectra of Figure 7 showing 

S/N gains of ~3x for c and z fragment ions in the enhanced mode.

Scan Function Evaluation

The maximum number of precursor charges retained after sequestration and the 

maximum achievable reaction rate were evaluated for five different scan functions for 

both HPC configurations. These two criteria were chosen because the number of 

precursor charges is directly correlated to the per scan S/N ratio in ETD spectra, while 

measurement of the reaction kinetics ensures that an excess of reagent anions can be 

established and an appreciable reaction completeness can be obtained. The five scan 

functions in order of the injection sequence are: Reagent Center – Precursor Front 

(RC, PF), Precursor Back – Reagent Center (PB, RC) [“Standard”], Precursor Center –

Reagent Front (PC, RF) [“Enhanced”], Precursor Back – Reagent Front (PB, RF) and 

Reagent Back – Precursor Center (RB, PC).

Figure 3. Evaluation of the saturation kinetics attainable for the five ETD scan 

functions. Pseudo first order decays of the angiotensin I [M+3H]3+ (433 m/z) 

precursor versus reaction time at various reagent targets were acquired and fit to a 

linear decay to extract the rate coefficient. All five scan functions show similar 

saturation kinetics indicating the establishment of an excess of reagent and good 

mixing of the ions clouds independent of their starting locations.  

Figure 4. Assessment of the angiotensin I [M+3H]3+ (433 m/z) precursor capacity of 

the extended front section linear trap using the standard and the enhanced ETD 

scan matrices. The ETD reaction time is 50 msec and the reagent target is 5e5 

anions. To avoid detection nonlinearities associated with large ion populations in 

the ion trap, the method is ETD for MS2 followed by HCD MS3 of the isolated 

species indicated in the graph legend. The enhanced scan matrix (open symbols) 

demonstrates a roughly 3x improvement in precursor capacity over the traditional 

scan matrix (closed symbols). 

FIGURE 5. Gain in precursor capacity for the standard versus the enhanced 

ETD scan matrix measured using a MS3 method on multiple charge states of 

apomyoglobin (MW = 16,940.967) demonstrating the expected gain with 

increasing m/z due to the removal of the radial instability that exists at the back 

section – center lens interface. 
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