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Abstract

Multiplexed, isobaric tagging methods are powerful techniques to increase throughput, precision, 

and accuracy in quantitative proteomics. The dynamic range and accuracy of quantitation, 

however, can be limited by coisolation of tag-containing peptides that release reporter ions and 

conflate quantitative measurements across precursors. Methods to alleviate these effects often lead 

to the loss of protein and peptide identifications through online or offline filtering of interference 

containing spectra. To alleviate this effect, high-Field Asymmetric-waveform Ion Mobility 

Spectroscopy (FAIMS) has been proposed as a method to reduce precursor coisolation and 

improve the accuracy and dynamic range of multiplex quantitation. Here we tested the use of 

FAIMS to improve quantitative accuracy using previously established TMT-based interference 

standards (triple-knockout [TKO] and Human-Yeast Proteomics Resource [HYPER]). We 

observed that FAIMS robustly improved the quantitative accuracy of both high-resolution MS2 

(HRMS2) and synchronous precursor selection MS3 (SPS-MS3)-based methods without sacrificing 

protein identifications. We further optimized and characterized the main factors that enable robust 

use of FAIMS for multiplexed quantitation. We highlight these factors and provide method 

recommendations to take advantage of FAIMS technology to improve isobaric-tag-quantification 

moving forward.
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Sample multiplexing for quantitative proteomics enables improved precision, reduced 

missing values, and increased throughput. The canonical methods to multiplex multiple 

samples within a single sample injection rely on isobaric tags (e.g., iTRAQ and TMT).1,2 

The flexibility and utility of isobaric tagging methods has been extended to a range of 

biological questions from single-cell proteomics to large clinical cohort studies.2 However, 

multiplexed quantitative methods must contend with ratio compression due to channel 

interference wherein coisolation of undesired isobaric-tag containing peptide fragments 

results in attenuation of the quantitative dynamic range and convergence of quantitative 

ratios toward the median.1–3 The standard high-resolution MS2 (HRMS2) methods are 

particularly vulnerable to this issue as they rely on only two precursor filtering mechanisms, 

chromatography and a single precursor isolation width, to remove interfering ions. To 

alleviate the effects of interference, several methods had been proposed to reduce or 

compensate for the effects of this ratio compression. These include improving 

chromatographic resolution, using gas phase fractionation, adding ion mobility separations, 

shrinking precursor isolation windows, complement ion quantification and stringent 

interference filters.4–7

One of the most notable improvements in quantitative accuracy was achieved with the 

advent of methods that applied secondary fragmentation of TMT containing ions followed 

by MS3 scans for quantitation.3,8 Selection of individual fragment ions from an MS2 for 

further fragmentation and quantitation at the MS3 level reduces the negative effect of 

coisolating ions in HRMS2 spectra allowing more accurate quantitative ratios.8 

Quantification at the MS3 level does not require HRMS2 scans, instead making use of ion 

trap scans for peptide spectral matching and MS2-fragment selection. Furthermore, the 

development of multinotch MS3, or synchronous precursor selection MS3 (SPS- MS3), 

methods improved the utility of MS3-based quantitation by increasing the number of ions 

that could be isolated for secondary fragmentation and thereby increasing the total TMT 

signal that could be measured in the MS3 scans.3,8 Improved accuracy using SPS-MS3 

methods comes at the price of reduced peptide and protein identifications due to sacrificing 

run time for the acquisition of high-resolution MS3 spectra.1 The increased time component 

means that fewer peptide-matching scans can be collected across the chromatographic space. 

Even considering the reduced protein identification rate, the improved quantitative accuracy 

of SPS-MS3 based methods highlights the advantage that can be gained by eliminating the 

effects of precursor coisolation in multiplexed analyses.3,8
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Recent work has shown the potential advantage of the separation of precursors by their ion 

mobilities to reduce precursor coisolation, including techniques such as high-Field 

Asymmetric-waveform Ion Mobility Spectroscopy (FAIMS) sources.4,9 Thermo Fisher 

developed a FAIMS source (the FAIMS Pro) with a cylindrical central electrode that has low 

resolving power but significantly improved ion transmission.10–12 The new FAIMS source 

can separate precursor ions at atmospheric pressure in the gas phase based on their mobility 

through a strong electric field (33 000 eV/cm3). In a FAIMS device, ions are propelled 

between two concentric cylinders separated by a gap (g = 1.5 mm to 2.5 mm) using a carrier 

gas (i.e., nitrogen). In the gap, ions experience a bisinusoidal RF waveform commonly 

termed as the Dispersion Voltage (DV) with an alternating high (DV = −5000 V) and low 

(DV = −1700 V) amplitude at a 3 MHz frequency. The field strength in the gap is reported as 

Electric Field normalized to Number Gas Density (E/N) in units of Townsend (Td = 10−21 

V*m2) and at high E/N (~186 Td) such as that established during the high period of the 

waveform with heated electrodes (100 °C), ions experience a change in their average 

collisional cross section relative to the that in the low field. Consequently, ions exert 

different electrical mobilities during the high (Kh) and low (Kl) period of the waveform, 

resulting in a difference in mobility (ΔK) per RF cycle. During transit (t = 20–50 ms) 

through the electrodes ions experience millions of RF cycles producing a net difference in 

mobility that causes ions to deviate toward one of the FAIMS electrodes. A DC offset or 

Compensation Voltage (CV) can be applied to one of the electrodes to restore ion trajectory 

toward the center of the gap for transmission, and the FAIMS source can cycle through 

multiple CVs within a single LC-MS/MS method. Because ions are separated based on ΔK, 

the FAIMS technique can be seen as partially orthogonal to m/z and can be expected to 

distinguish between precursor ions even when they have similar observed m/z. This 

technique has the added advantage of increased speed as it operates in gaseous phase as 

opposed to condensed phase thus providing the orthogonal separation dimension with little 

to no time cost. Hebert et al. and Pfammatter et al. leveraged the FAIMS technique as a gas-

phase fractionation tool analogous to offline condensed phase fractionation.10,13 In these 

studies, FAIMS provided similar depth, for tryptic peptides derived from K562 or HEK293 

cells, compared to the analysis of LC fractions, over a fixed analysis time.

In this work, we characterized and optimized the utility of FAIMS for the efficient 

separation of coeluting precursor ions in multiplexed proteomics analyses. We further 

measured the effect of reducing this precursor coelution had on reporter-ion interference in 

multiplexed quantitative analyses on a Thermo Orbitrap Fusion Lumos (Figure 1A). We 

observed up to a 6-fold reduction in quantitative interference using FAIMS without 

sacrificing protein identification rates. Using a TMT-interference standard14 we determined 

that FAIMS significantly improved the quantitative accuracy of multiplexed analyses for 

both HRMS2 and SPS-MS3 methods. Furthermore, we highlight the factors that contribute 

to improving the quantitative accuracy of both HRMS2 and SPS-MS3 methods and provide 

recommendations for future integration of the FAIMS technology into multiplexed 

proteomic strategies.
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EXPERIMENTAL SECTION

Sample Preparation.

Yeast cells (Saccharomyces cerevisae, BY4742) were grown in 500 mL of YPD cultures to 

OD600 = 0.8. Yeast cells were washed twice with ice-cold PBS, pelleted, and stored at −80C 

until use. Yeast cells were lysed by resuspending in lysis buffer (8 M urea, 50 mM EPPS pH 

8.5, 150 mM NaCl, Roche protease inhibitor tablet) and bead beating (Supplementary 

Methods). After lysis and bead removal, the lysate was centrifuged to remove cellular debris, 

and the supernatant was collected for use. Human HCT116 cell pellets were lysed, and 

lysates were reduced and alkylated prior to digestion with LysC/Trypsin (Supplementary 

Methods). Peptide digests were aliquoted to desired concentrations and labeled with separate 

TMT channels. The labeled peptides were mixed and desalted (50 mg C18 SepPak, Waters) 

prior to use.

Mass Spectrometric Data Acquisition and Data Analysis.

Labeled peptides were resuspended in 5% ACN/2% formic acid at 1 mg/mL and loaded at 1 

μg, unless otherwise noted, on an in-house pulled C18 column (30 cm, 2.6 um Accucore 

[Thermo Fisher], 100um ID), and eluted using a linear gradient from 0% to 30% buffer B 

(95% ACN, 0.125% formic acid). Eluted peptides were injected into an Orbitrap Fusion 

Lumos (Tune 3.1.2412) using a either a high-resolution MS2 (HRMS2) or synchronous 

precursor selection (SPS-MS3) method for quantitation (Supplementary Methods). All figure 

panels include replicate injections separated on the same analytical column. Acquired Raw 

files were searched with SEQUEST15 using an in house proteomic pipeline (Supplementary 

Methods). Peptide spectral matches were first filtered to a peptide false discovery rate of less 

than 1% based on linear discriminant analysis using a target decoy strategy.16,17 Peptides 

were subsequently filtered to a final protein-level false discovery rate less than 1%.16,18 For 

quantitation, a total sum signal-to-noise of all reporter ions of 200 was required for analysis 

and comparisons. Data analysis was performed using the R statistical scripting language 

(3.5.1, “Feather Spray”).19

High-Field Asymmetric-waveform Ion Mobility Spectroscopy (FAIMS).

The Thermo FAIMS Pro device was run with default parameters. Briefly, the FAIMS source 

was operated in standard resolution which sets the FAIMS inner and outer electrode to 

100 °C and yields a FWHM between 10 V to 15 V (Supplementary Methods). No additional 

gas was supplied for desolvation. The DV circuitry was tuned using the autotune option, 

which independently tunes each of the sine waves and phase shifts one of the waveforms by 

π/2 to assemble a bisinusoidal waveform with a high amplitude of −5000 V at a 3 MHz 

frequency. The CV switch time was automatically calculated based on the capillary 

conductance and was set to 25 ms (Orbitrap Fusion Lumos).

Measurement of Quantitative Interference and Dynamic Range.

The interference free index (IFI) was calculated as previously described.14 The maximum 

observable ratio (MOR) for TKO samples was the proportional measure of the estimated 

Schweppe et al. Page 4

Anal Chem. Author manuscript; available in PMC 2020 January 31.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



maximum ratio that could be measured based on the amount of interference observed in the 

sample with a given instrument method (Supplementary Methods).

RESULTS AND DISCUSSION

Reducing the effect of precursor coisolation for isobaric-tag based quantitative proteomics 

has the potential to vastly improve the dynamic range, accuracy, and precision of 

multiplexed analyses. Differential ion mobility prior to mass isolation separates precursors 

based on mass and charge (Figure 1A,B). To accomplish differential ion mobility separation 

we used a new, high ion-transmission, low-resolving-power FAIMS device (FAIMS Pro, 

Thermo Fisher Scientific). As an initial assessment of the separation of precursors by 

differential ion mobility we compared the charge states of MS1 features at CVs from −20 V 

to −80 V (Figure 1B). Precursors with +1 charge state were enriched at CVs greater than 

−40 V, whereas +2/+3/+4 charge state precursors were enriched at CVs less than −40 V. 

Qualitative comparison of the triple knockout (TKO) standard14 or the two proteome Human 

Yeast Proteomics Resource (HYPER) standard resulted in noticeable, consistent differences 

in the total ion current chromatograms over multiple individual CVs (Figure 1C,D). Thus, 

the precursor separation, and its potential benefits, were consistent for both a low (TKO) and 

high (HYPER) complexity samples. Together these observations lent credence to our 

supposition that FAIMS could be useful for mobility-based prefractionation of precursor 

ions prior to mass analysis.

Optimal CVs for peptide and protein identifications were determined by replicate injections 

of the TKO standard at decreasing CVs from −20 V to −100 V (one CV per sample 

injection). A CV of −50 V generated the highest number of TMT-labeled peptide 

identifications (Figure 2A). CVs between −40 V and −80 V generated similar number of 

total protein identifications (2300 proteins). Total identified proteins and peptides decreased 

markedly at CVs higher than −40 V and lower than −90 V (Figure 2A). Interestingly, the 

profile of TMT-labeled peptides was generally similar to that of unlabeled peptides, though 

we identified labeled peptides at −30 V, while unlabeled peptides were not identified until 

−40 V (Figure 2A, S1A). The intersection of peptides across CVs reached a maximum of 

35% (−50 V and −60 V) but generally remained below 20% for CVs from −30 to −100 

(Figure 2B). The low overlap of identifications suggested that FAIMS could separate 

precursors in a manner analogous to condensed phase fractionation.

The TKO standard consists of three knockout yeast strains (Δmet6, Δura2, Δhis4) combined 

in triplicate with two wild-type yeast replicates (Figure S1B). Reporter ion interference can 

be measured using quantified TKO peptides matching to one of the knocked out proteins as 

the reporter ion channels for these KO strains should have no TMT reporter signal. When 

TMT signal is observed for these peptides in the knockout channels the signal must 

intrinsically be due to reporter interference, which is measured using the interference free 

index (IFI; IFI = 1 means no observed interference). Using the TKO standard, we observed a 

direct relationship between the FAIMS CV and the quantitative interference measured for 

individual peptides (Figure S1C).
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TKO standard IFI’s for low isolation width (0.5–0.7 Th) HRMS2 methods without FAIMS 

have generally been observed between 0.65 and 0.8, with variation primarily due to the 

chromatographic column used and/or the current performance of the instrument (Figure S2).
14,20 For FAIMS-HRMS2 with a single CV, we observed the mean IFI to be similar to 

HRMS2 methods without FAIMS (mean IFI = 0.720 ± 0.025 SEM, Figure 3A). Interestingly 

FAIMS-SPS-MS3 methods at single CVs consistently resulted in high IFIs for all measured 

CVs (mean = 0.914 ± 0.018 SEM, Figure 3B). FAIMS LC-MS/MS methods can 

alternatively cycle through multiple CVs to analyze a single sample injection. For multi-CV 

methods, we selected CVs with a low inter-CV identified peptide intersections and high 

rates of protein identifications (Figure 2A–B). With FAIMS-HRMS2 methods utilizing 2 

CVs we observed a modest 12% increase in the IFI for TKO knockout proteins (mean = 

0.726 ± 0.008 SEM, Figure 3C) compared with single CV methods (mean = 0.650 ± 0.020 

SEM, Figure 3C). Strikingly, increasing the number ofCVs to 3 improved the IFI even 

further to 0.919 ± 0.015 SEM (Figure 3C). This corresponds to a 41% increase in IFI 

compared to single CV methods, and translates into a 4.3-fold reduction in TMT reporter ion 

interference when using three CVs with FAIMS-HRMS2. Increasing the number of CVs 

(i.e., 4 CVs) maintained the improved quantitative accuracy, however adding a fourth CV led 

to reduced total protein identifications, suggesting that 3 CVs provides an optimal balance 

for quantitation and identification (Figure S2B,C).

With respect to quantitative dynamic range, for a single CV HRMS2 method the maximum 

observable ratio (MOR, Figure S3A, Methods) between any two reporter channels in the 

sample was a 2.86-fold change (MOR calculated based on the mean of single CV HRMS2 

IFIs, Figure 3C). With 2CVs, the MOR was 3.66 (based on the mean IFI for 2CV methods, 

Figure 3C), and for 3CVs the MOR was 12.35. Thus, utilizing multiple CVs increased the 

quantitative dynamic range 4-fold. One factor contributing to the improvement of 3CV 

methods over 1 or 2CV methods was the increased median precursor intensity for the 3CV 

method compared to the 1 and 2 CV methods. We observed a similar effect when comparing 

canonical SPS-MS3 methods without FAIMS, whereby peptides with high precursor purity 

(greater than 0.7) had higher precursor intensity (Figure S3B). Precursor purity denotes the 

proportion of the isolation window intensity due to the selected precursor. Rationally this 

can be attributed to coisolation of interfering peaks having a larger effect on low abundance 

precursors. Sampling precursors at three CVs enriched high abundance precursors by 

selecting only the “best” precursors at each mobility for quantitation. In other words, 

targeting the top n most intense precursors at each CV limited data dependent targeting of 

low intensity precursors for quantitation at any individual CV.

We next examined the effect of factors that have previously been cited as contributing to 

precursor coisolation and quantitative interference.1,3,8 First we studied the effect of sample 

loading amount on FAIMS method performance. We injected varying amounts of TKO 

standard (0.9 ng to 273 ng per proteome in an 11-plex) using a FAIMS-HRMS2 method 

(Figure S4, Figure S5). FAIMS increased or matched total protein identifications for input 

amounts down to 2.7 ng per proteome (30 ng total injection) compared with HRMS2 

methods without FAIMS (Figure S4). In the range of typical large-scale TMT analyses (45 

ng per proteome to 273 ng per proteome),16 increasing the injection amount increased total 

peptide identifications slightly but had little effect on the observed interference or 
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quantitative accuracy (Figure S5). Consistent identification rates across injection amounts 

demonstrates that the new FAIMS source can achieve sensitive detection of multiplexed 

samples down to 9 ng per proteome, in part due to improved transmission of ions through 

the device.10–12

Second, we tested the effect of changing the precursor isolation widths from 0.5 m/z to 2.0 

m/z on FAIMS methods (Figure 4A). Quantitative accuracy for FAIMS-HRMS2 methods 

decreased as the isolation width increased when the analysis was performed with or without 

FAIMS (Figure 4A). However, we observed that FAIMS-HRMS2 provided higher 

quantitative accuracy across all isolation widths tested. Peptides quantified using FAIMS-

HRMS2 at 0.5 m/z isolation width had increased quantitative accuracy, individual channel 

signal-to-noise and summed channel signal-to-noise (Figure 4B). Differential ion mobility 

separation of coeluting precursors improved multiplexed quantitative dynamic range and 

enriched TMT containing precursors within each CV. FAIMS also improved the quantitative 

accuracy of FAIMS-SPS-MS3 methods for all tested isolation windows (Figure 4C). Along 

with the improved accuracy we observed a 6% increase in total protein identifications for the 

0.5 m/z isolation width with the FAIMS-SPS-MS3 method compared to the SPS-MS3 

method (Figure 4D, Figure S6).

To test if the benefits of FAIMS extended to more complex samples, we used the two-

proteome HYPER standard (human/yeast TMT peptide standard).21,22 This standard 

provides a near real world context for quantitative accuracy assessment due to the high 

sample complexity and the assumption that biological perturbations only alter a subset of the 

analyzed proteome, here modeled as 10% of the total sampled proteome changing (yeast 

peptides, Figure 5A). The yeast peptides were mixed at several ratios (1, 1.5 and 3 fold 

changes) with no yeast peptides in the first and last channels (TMT-126 and TMT-131c, 

Figure 5A). The human peptides were mixed at a ratio of 1:1 across all 11 channels such that 

the mass of yeast peptides was 10% of the total peptide mass. Across all runs, we observed 

an average of 10.1% of the total peptides were identified as yeast peptides (Table S1).

For both HRMS2 and SPS-MS3 methods, incrementing the number of CVs in the method 

increased quantitative accuracy (Figure 5B, Table S1). For the 3-to-1 ratio yeast channels, 

replicate injections of the same sample at 3CVs with FAIMS-HRMS2 or FAIMS-SPS-MS3 

resulted in a median observed ratio of 2.64 or 3.18, respectively. The FAIMS-SPS-MS3 

method resulted in the least reporter ion interference indicated by the signal-to-noise in the 

“empty” TMT-126 channel (Figure 5, Figure S7). We measured this interference using an 

analogue to the TKO IFI, wherein the two reporter ion channels lacking yeast peptides 

(TMT-126 and TMT-131c) were used in place of the TKO knockout strains in the original 

IFI equation(Figure 5C, Figure S1B). The least interference and highest quantitative 

accuracy was observed for the FAIMS-SPS-MS3 methods at either 2CVs or 3CVs (0.94 or 

0.96, respectively, Figure 5B,C). Based on the HYPER interference free index, we 

calculated the MOR to be 5.3 fold for the 3CV FAIMS-HRMS2 method (IFI = 0.81) and 25 

fold for the FAIMS-SPS-MS3 method (IFI = 0.96, Figure 5C). While the difference in IFI 

values for the FAIMS-SPS-MS3 2CV (0.94) and 3CV (0.96) methods was small, this 

represented a change in the MOR from 17 to 25, respectively (Figure S3A). As noted above, 
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the improved quantitative accuracy with increasing numbers of CV was in part due to higher 

precursor intensities and precursor isolation purity (Figure S7D, Figure S8).

CONCLUSIONS

After optimizing our methods for sensitivity and quantitative accuracy, we recommend that 

FAIMS methods using HRMS2 -only quantification should use at least 3 CVs and maintain 

an isolation window as small as possible based on the instrument, with 0.5m/z or below 

being ideal to ensure the greatest gains in quantitative accuracy. For FAIMS-SPS-MS3 

methods the use of at least 2CVs improved peptide and protein identification rates and 

simultaneously improved quantitative accuracy. Further we suggest using CV values 

between −40 and −80 CV for maximal protein identifications with TMT-labeled peptides, 

though using a CV of −90 may be helpful for some peptides.

For multiplexed quantitative proteomics, FAIMS (HRMS2 or SPS-MS3) improved 

quantitative accuracy without sacrificing protein identifications. FAIMS-SPS-MS3 

consistently had the least quantitative interference, followed by (in order) non-FAIMS-SPS-

MS3, FAIMS-HRMS2, and non-FAIMS-HRMS2 (Figure 4A–C, 5B,C). Significant reduction 

in reporter ion interference, as observed with FAIMS methods, has the potential to enable 

experiments that were previously unattractive for multiplexed quantification, including 

samples with high abundance peptides that elute across broad sections of the chromatogram 

(e.g., plasma or unfractionated lysates).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Mobility-based separation of precursors. (A) Peptides are selectively filtered based on the 

compensation voltages (CVs) applied to the FAIMS source. In the upper panel, interference 

due to the gray coisolated ions cause suppression of the ratio measured as a 1.5-fold change. 

FAIMS eliminates interference due to precursor coisolation resulting in a true ratio, in this 

case a 2-fold change. (B) Proportion of MS1 features at each CV based on their charge. 

HYPER standard precursor centroids fractionate partially by charge over different CVs. 

Charge +1 features were destabilized at CVs less than −30 V. Charge +2 features were 

enriched at CVs less than −30 V. Charge +3 features were enriched at CVs less than −40 V. 

(C) and (D) Chromatograms for TKO and HYPER standard replicate injections across 

multiple CV values.
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Figure 2. 
Peptide and protein identifications across FAIMS CVs. (A) Peptide, unique peptide, and 

protein identification rates for each tested CV from −20 to −100. Protein identification rates 

were stable from −40 to −80 V. (B) Peptide level overlap between replicate injections of 

TKO across CVs. For replicate injections of the same sample, the maximum peptide overlap 

between single CV methods was 35%.
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Figure 3. 
Comparison of reporter ion interference observed for FAIMS methods. Median Δmet6 

channel IFI values in red are shown for each comparison. (A) Interference for HRMS2 

methods across multiple CV values using only one CV at a time. (B) Interference for SPS-

MS3 methods across multiple CV values using only one CV at a time. SPS-MS3 improved 

IFI values compared to HRMS2,consistent with previous reports. (C) Measured IFI for 

FAIMS-HRMS2 methods applying cycles of one (pink), two (red) or three CVs (dark red). 

CVs for each method are depicted in the table below.
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Figure 4. 
Optimization of HRMS2 and SPS-MS3 methods for multiplexed quantification. (A) IFI 

measurements for the Δmet6 strain channels across multiple isolation widths for HRMS2-

based methods. FAIMS data are shown as red boxes. Non-FAIMS data are shown as gray 

boxes. (B) Comparison of multiple metrics for the 0.5 m/z FAIMS-HRMS2 (red) versus 

HRMS2 (gray). (C) IFI measurements for the Δmet6 KO strain across multiple isolation 

widths for SPS-MS3-based methods. FAIMS data are shown as red boxes. Non-FAIMS data 

are shown as gray boxes. Values are median IFI for the given experiment. (D) Total 

identified proteins for the HRMS2, SPS-MS3, FAIMS-HRMS2 and FAIMS-SPS-MS3 

methods using a 0.5 m/z isolation width.
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Figure 5. 
Quantification of complex biological samples is improved using multiple FAIMS CVs. (A) 

The HYPER standard is a novel means to determine small numbers of changing protein 

abundances in background. 1.1 mg of human protein was equally divided at a 1:1 ratio 

across 11 TMT channels. 110ug of yeast peptides were mixed into the human background at 

varying concentrations to represent ~10% of a proteomic sample changing. (B) Quantified 

yeast peptide ratios across multiple HRMS2 and SPS-MS3 methods. Expected ratios (1, 1.5 

or 3) for the three triplicate yeast peptide concentrations are marked with dotted gray lines. 
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Using multiple CVs improved both HRMS2 and SPS-MS3 analyses. (C) Interference free 

index (IFI) calculated using the empty HYPER standard channels (TMT-126 and 

TMT-131c) as the “knockout” channels in the canonical calculation. Median IFI, total 

number of yeast peptides (n peptides) and CVs used are shown.
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