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Tables 1 & 2 reflect the calculated MH+ values and intensities of the matched pairs for both the 1:1 and 1:5 sample sets. In addition the ratio of the inten-
sities of the heavy and light pairs as well as their coefficients of variation are also provided. The data presented clearly illustrates that the product ions 
reflect the same fold change as their parent precursors. Figure 5 Panels A thru C depict log/log plots of the ion intensities of identified and validated prod-
uct ions whereby Panels D thru F reflect that of their parent precursors. The red line in Panel A depicts an exact match. A simple perusal of the Figure 5 

Panels A thru F clearly illustrate how correct and tight the intensity ratios are for the three different datasets. Figure 6 Panels A thru B illustrate respec-
tively, the ppm mass errors for both the precursor and product ions illustrated in Figure 5 Panels A thru F. In addition Panels C & D of Figure 6 represent 
the differences in retention & drift times of those same paired precursors. 

Workflow 

INTRODUCTION 

Stable isotopically labeled standards have been used effectively in 

quantitative MS experiments for many years. In the late 90’s both 

Mann1 & Gygi2 extended the method to include the analysis of complex 

protein digests. Though generally accepted the methods’ depth of 

coverage and accuracy of quantitative changes can be compromised by 

the inherent decrease in dynamic range and increased chimericy 

afforded by the method itself. The degree to which the data is 

compromised is proportional to the complexity of the initial sample, its 

dynamic range as well as the number of different conditions being 

compared.  Following is an explanation illustrating how by increasing 

the selectivity and specificity of the analytical workflow through in-line 

serial orthogonal separations, higher mass resolving power and data-

independent acquisitions we can achieve greater depth-of-coverage 

and lower quantitative variation. Additionally since precursor ions’ are 

not selected but aligned with their product ions by retention and drift 

times each elevated-energy spectrum contains product ions from all 

peptide variants enabling them to be used in both determining and 

validating the quantitative change between peptide variants. 

METHODS 

LC/MS System: 2D nanoACQUITY UPLC® SYNAPT™ G2 HDMS™ 

 

Sample Preparation and Loading:  SILAC labeling : Human breast 

cancer cell line MDA-MB-231 was cultured in DMEM-based medium 
with 10% dialyzed fetal bovine serum. “Heavy” labeling, L-

[13C6,15N4]-arginine and L-[13C6,15N2]-lysine, “Light” condition,  L-
[12C6,14N4]-arginine and L-[12C6,14N2]-lysine. Three proteome 
mixtures were generated from the heavy (H) and light (L) lysates, 

total protein weight ratios H/L = 1:1, 1:5, and 1:10. samples were 
reduced, alkylated and digested in-solution overnight with trypsin . 

 

MSE Data processing : All datasets were processed and searched 

with ProteinLynx Global Server (PLGS 2.5).   

 

Peptide and Protein Quantification : Quantitative changes and 

measurement variations were calculated utilizing the outputted PLGS 

2.5 ion lists processed in the UniQuant3  quantitation software suite. 

Ion mobility

Figure 1 

In MSE each peptide exceeding m/z 250 passes thru the 1st quad into the collision cell (color 

peaks). The collision energy toggles between a low and elevated-energy state fragmenting all 

the precursor ions (no precursor ion selection) the resulting fragment ions are then aligned to 

their parent precursor by their apex retention times. Inclusion of the orthogonal ion mobility 

separation (HDMSE) increases selectivity and peak capacity thus decreasing composite and chi-

meric ion detections. 
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CONCLUSION 

 Data-Independent Acquisitions can be utilized 

for quantitative analyzes of SILAC samples 

   Ion Mobility as a additional orthogonal 

separation significantly reduces the chimeric 
nature of “systems” sample 

   Higher Mass Resolving Powers and UPLC 

separations further reduce sample complexity 

 UniQuant is a powerful software tool for 

elucidating quantitative changes in protein 

abundance in SILAC labeled samples  

DISCUSSION 

Each of the three peptide mixtures were analyzed by 5 fraction 

2D-UPLC-HDMSE . The resulting data files were processed in 
PLGS 2.5 utilizing a Tesla 2060 GPU as the microprocessor. The 

ion detections for each of the 5 fractions were merged into a 
single ion list for each dilution. The merged datasets were than 
searched against a forward/reverse concatenated human 

database with a precursor and product ion mass accuracy of 5 
and 10 ppm respectively, for the Pass 1 (only tryptic peptides) 

increasing to 20 ppm for Pass 2 (VarMods, Missed Cleavages 
etc.). Table 3 reports the number of proteins and peptides 
identified and quantified as well as the intersection rates  for 

each of the three samples. Figure 6 Panels A-D reflects the 
mass, retention and drift time differences for all matched pairs. 

A perusal of the data illustrated in Figure 7 clearly illustrates 
the validity of the method for quantifying small perturbative 
differences between cell types including the typical 2—4 fold 

changes of drug treatments, gene transfections and 
environmental changes.  

  Protein Identifi-
cation 

Protein Quantitation 

      Proteins Peptides 

  Proteins Pep-
tides 

Number %1 Number %2 

H/L = 1:1 
  808 8119 711 96% 4250 56% 
H/L = 1:5 
  1108 11463 756 75% 3372 31% 
H/L = 1:10 
  1004 10723 537 58% 2541 26% 
Overlapped3 in 
H/L = 1:1 to 1:5 650 4448 507 84% 2271 55% 
Overlapped3 in 
H/L = 1:1 to 
1:10 629 4249 355 62% 1365 35% 
Overlapped3 in 
H/L = 1:5 to 
1:10 

793 5605 407 56% 1784 34% 
Overlapped3 in 
All three

 
597 3724 354 64% 1542 46% 

Table 3 

1 Percentage is the number of proteins in SIL-based quantitation divided by 

the number of identified proteins. 
2 Percentage is the number of peptides in SIL-based quantitation divided by 
the number of identified peptides. 
3 Overlapped coverage of identified and quantified proteins/peptides is listed 
accordingly 

With correlations (R2) between the heavy versus light pep-

tides of 0.9683, 0.9423, and 0.9267 for the H/L = 1:1, 1:5, 
and 1:10 data, respectively illustrate the precision of the 

quantitative measurements.  The high quality results ob-
tained are a direct response of the methods ability to cor-
rectly calculate each ions “true” area through the methods 

employment of multiple serial orthogonal separation tech-
niques like UPLC, ion mobility, higher mass resolving power, 

data-independent acquisitions and the unique ability to gen-
erate very clean product ion spectra containing all the frag-
ment ions from each of the peptide variants. Inspection of 

Figure 2 illustrates that when analyzing “systems” samples 
the presence of an ion occupying any mass sufficient prior to 

the addition of the isotopically labeled sample(s) is more the 
rule than the exception. Ignoring this fact will lead to com-
promise quantitative measurements reflecting high error 

rates. The ability to increase peak capacity through increased 
selectivity and specificity will always result in higher quality 

data.  

L/H=0.73 

Mass(L) Int Mass(H) Int FC FC
171.1114 140

228.1342 34

294.1807 72 302.1951 53 0.74 0.74

339.1694 25

356.1937 59

422.2410 60

453.2133 16

512.3010 32

521.3087 78 529.3223 79 1.01 1.01

620.3816 23

764.4324 112 772.4423 92 0.82 0.82

869.4527 11

879.4561 251 887.4703 225 0.90 0.90

989.5137 66 997.5140 36 0.55

990.4887 26

1007.5205 21 1015.5349 57 2.71

1047.5159 94

1064.5266 235 1072.5520 177 0.75 0.75

1135.5731 149 1143.5852 120 0.81 0.81

1234.6418 1152 1242.6587 889 0.77 0.77

Avg 0.83

Stdev 0.10
CV 12%

Figure 3: (above): Precursor intensities are recapitulated in the fragment ion intensities. The top 

panel illustrates the combined monoistopic peptide masses as well as the light/heavy (0.73) ratio 

for the peptide VAGQDGSVVQFK.  The Table on the right illustrates the intensity values and fold 

changes of paired y” ions of the correct  mass. Removing outliers (in red) there are 7 y” ions illus-

trating a similar fold change to that of their parent precursors (0.83 with a CV of 12%). 

 

Figure 3 

Figure 4: (right): Fragment ions improve on precursor ratios. The peptide GVQVETISPGDGR from 

FKB1A_HUMAN demonstrates where UPLC, higher mass resolution, and IMS are not selective enough to 

accurately assess the quantitative change of the paired precursor between the two conditions. The protein 

is small (11.8kDa) generating only 6 tryptic peptides (42% obs.).  Panel A shows the mobility separated 

precursors, interferences are marked (*) for the labeled ion at 662.8 m/z (MH2+).  Panel B shows the mo-

bility separated fragments, with the series of ions marked.  The relative ratios of each paired fragment ion 

is clear, illustrating a fold change of 0.73 with a CV of ~8%.  Ion assignments are shown in Panel C & D.  
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Add Label  

Figure 2: Panels A & B low-energy spectra from m/z 480-490. Blue and 

red arrows illustrate how composite signals can be created through the in-

clusion of isotopically labeled samples. Here the labeled amino acids are 

(13C 15N K & R). Panel C shows the addition of two labeled peptides, which 

would have the effect of adding additional peaks to an already populated 

area of the m/z scale.  Panel D is the hypothetical combined spectrum.  

The red portion of each stick reflects the intensity emanating from the la-

beled peptide whereby the blue represents that of an unlabeled.  Quantita-

tion would be difficult on the combined (chimeric) spectra based on precur-

sor intensity alone.  Additional, orthogonal separation would potentially 

remove these interferences. 
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