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Abstract
Structural analogs are evaluated as peptide internal standards for protein quantification with liquid
chromatography-multiple reaction monitoring mass spectrometry (LC-MRM); specifically, single
conservative amino acid replacements (SCAR) are performed to create tagged standards that differ
by the addition or subtraction of a single methylene group in one amino acid side chain. Because
the performance of stable isotope-labeled standards (SIS) has been shown to be superior to
structural analogs, differences in both development and quantitative performance between assays
based on SIS and SCAR peptides are explored. To establish an assay using the structural analogs,
analysis of endogenous, SCAR, and SIS peptides was performed to examine their ion signal,
fragmentation patterns, and response in LC-MRM. Performance of SCAR and SIS peptides was
compared for quantification of epidermal growth factor receptor from lung cancer cell lysates and
immunoglobulin M in the serum of multiple myeloma patients.
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Introduction
Liquid chromatography-multiple reaction monitoring mass spectrometry (LC-MRM) has
emerged as a versatile platform for quantification of protein expression. 1–3 Relative
quantification can be accomplished without the use of internal standards.4,5 However, LC-
MRM approaches to develop biomarkers and to mechanistically explore biological
processes will require calculation of protein copy number per cell, per given weight of
tissue, or per volume in biofluids. These measurements, termed absolute quantification,2 are
achieved though the use of synthetic peptide standards injected at known concentrations
with each sample. Selection and evaluation of these internal standards, including stable
isotope labeled standards (SIS), structural analogs, and other molecules for peptide
quantification, has been reviewed.6–8 Currently, optimal methods employ the use of stable
isotope-labeled standard (SIS) peptides.9,10 An SIS peptide incorporating an amino acid
labeled with the stable isotopes, 13Cx and 15Ny, is synthesized for each endogenous peptide
of interest, creating an internal standard that differs in mass, but not in other chemical or
physical properties. Multiplexed experiments monitoring panels of proteins11–13 or post-
translational modifications14–16 require a number of standards with a cost as high as $1,000
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(USD) each.5 Therefore, evaluation of alternative strategies for the design of standard
peptides may provide additional tools for LC-MRM assessment of protein biomarkers and
dissemination of assays to multiple laboratories.

Drawing on the literature for quantification of other types of molecules, different types of
internal standards have already been explored as alternatives to SIS peptides, and the utility
of these standards improves with increasing similarity between the standard and the
endogenous molecule.17,18 Assay performance using structural analogs as standards is also
improved when additional purification steps are used for sample preparation.19,20 Multiple
stable isotope-labeled peptide internal standards have been concatenated into a single
“protein” to enable evaluation of variability in both proteolytic digestion and instrument
performance.21 Relative quantification has been achieved using one labeled reference
peptide (LRP) for the normalization of all peptides in the LC-MRM analysis; statistical
analysis indicated that relative quantification with matched SIS peptides resulted in the
lowest CV values, but the LRP method was able to effectively quantify relative protein
expression levels. 5 Based on extensive use in small molecule quantification, structural
analogs have also been used as internal standards for peptide quantification (e.g. using a
standard containing norleucine to quantify an endogenous peptide containing valine or
exchanging cysteine residues for alanines in a standard).17, 22–26 In addition, commercially
available naturally-occurring peptides with similar sequences or lengths have also been used
as standards for bioactive peptide quantification.27–30 Sequence modification has also been
explored as a strategy for creating peptide standards. A minimally permutated analog
(MIPA) peptide is synthesized by switching the sequence position of two (usually adjacent)
amino acids in the endogenous peptide. 31 Although the composition remains the same, the
sequence modification produces peptides that have a shift in retention time and a change in
the fragment ion masses detected. Quantification was reported by comparing either the total
peak areas for peptides with retention time differences or comparing the intensities of
fragment ion pairs that had mass differences due to the sequencechange for co-eluting
peptides.31

Single conservative amino acid replacement (SCAR) peptides are another option for protein
quantification using structural analogs. This strategy changes one amino acid side chain to
incorporate the addition or subtraction of a methylene group and introduce a mass difference
of 14 Da (e.g., glycine to alanine or vice versa). This type of strategy (using the difference of
a methylene group) has been previously employed in chemical derivatization techniques for
relative quantification in proteomics.32 Because these SCAR peptides are chemically similar
to the endogenous peptides, they elute at similar retention times in reversed phase liquid
chromatography and have similar fragmentation patterns. Because this strategy has been
used in this laboratory primarily to supplement data from assays reliant on SIS peptides, the
methods for assay development using SCAR peptides are reported with two examples to
illustrate aspects of SCAR peptide design and explore the utility and limitations of these
structural analogs. Quantification using SCAR peptides produces values for protein
expression that are not significantly different from those obtained using assays based on SIS
peptides for expression of epidermal growth factor receptor (EGFR) in digests of whole cell
lysate and immunoglobulin M (IgM) in digests of serum acquired from multiple myeloma
patients.

Materials and Methods
Peptide synthesis reagents were purchased from Protein Technologies, Inc. (Tucson, AZ),
with the exception of N-Methyl-2-pyrrolidone (Applied Biosystems, Carlsbad, CA) and the
stable isotope-labeled amino acids (Sigma-Aldrich, Milwaukee, WI). HPLC grade solvents

Remily-Wood and Koomen Page 2

J Mass Spectrom. Author manuscript; available in PMC 2013 February 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were purchased from Burdick and Jackson (Honeywell, Muskegon, MI) and all other
chemicals were acquired from Sigma-Aldrich (Milwaukee, WI).

Peptide Synthesis and Evaluation
Peptides were chosen for internal standard analysis from previous LC-MRM screening
experiments. Human epidermal growth factor receptor (EGFR_HUMAN) and
Immunoglobulin M (IGHM_HUMAN), were selected for comparison of quantification
achieved using different types of internal standards. All of the selected peptides were
between 7 and 25 amino acids in length with no cysteine or methionine residues. Stable
isotope standards were synthesized using either heavy leucine (for EGFR) or heavy proline
(for IgM). SCAR peptides were created by replacing amino acids, such as an alanine with
glycine or a glutamic acid with aspartic acid (data not shown). All synthetic peptides were
checked for uniqueness within the SwissProt human proteome database using the iPIP
program, which was written in-house.33

Peptides were synthesized at the 25 μmole scale (Symphony, Protein Technologies, Tucson,
AZ) using standard FMOC chemistry.34 Three peptides were synthesized for each analysis:
the endogenous species, and two internal standard peptides, one using a stable isotope-
labeled amino acid and a second using a single conservative amino acid replacement. All
peptides were purified and characterized as previously described.35 The concentration of
each peptide solution was determined by amino acid analysis using 6N HCl-phenol
hydrolysis, derivatization, and detection after reversed phase chromatography (AminoQuant,
HP).

Mass spectrometry evaluation for each of the synthetic peptides was performed on a triple
quadrupole mass spectrometer (TSQ Quantum Ultra, Thermo, San Jose, CA). Peptide
solutions (1μM) were infused at 300 nl/minute in 30% aqueous acetonitrile with 0.1%
formic acid. The scan time was set for 1 second with Q1 resolution at 0.4 and Q3 resolution
at 0.7. For full scan MS/MS, the collision energy was theoretically calculated using
Equation 1,

Equation 1

where CE is collision energy and m/z represents the doubly charged mass-to-charge ratio.
CE values were then tuned manually as necessary to optimize fragmentation. Data were
analyzed using QuanBrowser (Xcalibur 2.0.7, Thermo, San Jose, CA). Peak m/z and
intensity values were extracted for each daughter ion (y1 to y(n-1) and b1 to b(n-1)) every 10
seconds of data acquisition time after Gaussian smoothing was applied to the spectra. To
compare the distribution of N- and C-terminal charge retention, all of the daughter ion
intensities were summed and the percentages of b- and y-ions were calculated. Because
these experiments used trypsin for digestion, the y-ions were then further analyzed by
calculating the percentage of the total y-ion signal detected for each y ion. Both of these
calculations were statistically analyzed by ANOVA to determine if the SIS and SCAR
peptides presented similar fragmentation patterns to the endogenous species (α = 0.05).
After initial data acquisition, optimization of collision energies was run on all fragment ions
for each peptide, these values were compared between the endogenous, SCAR, and SIS
peptides; then, the same optimized collision energy was used for all three peptides.
Fragment ions (n = 3 to 6) were selected for monitoring based on intensity and selectivity.

Preparation of HCC827 Cell Lysates and Serum for LC-MRM
Cells (n = 107) from the EGFR mutant human non-small-cell lung cancer cell line HCC827
were lysed with aqueous 8 M urea buffered in 100 mM ammonium bicarbonate on ice,
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sonicated, and centrifuged at 14, 000 x g for 10 minutes. After lysis in denaturing buffer,
proteins were reduced with 2 mM tris(2-carboxyethyl) phosphine and alkylated with 20 mM
iodoacetamide. The denatured cell lysate was then diluted (10-fold) in ammonium
bicarbonate and digested overnight with trypsin at 37¼C. The final digest of HCC827 lysate
was then diluted to 4 different concentrations in 2% aqueous acetonitrile containing 0.1%
formic acid and spiked with both the SIS and SCAR peptides for EGFR, such that 10 fmol is
injected for each analysis. The samples were analyzed in triplicate.

According to the standard of care for myeloma patients, human serum samples were
acquired from excess remaining after completion of diagnostic and prognostic
measurements, as approved by the Institutional Review Board at the University of South
Florida. Serum proteins were denatured, reduced, alkylated, and digested in solution, as
described above. Samples were further diluted with 2% aqueous acetonitrile containing
0.1% formic acid and spiked with both the SIS and SCAR internal standards for IgM, such
that 0.5 nl of serum and 10 fmol of standard peptides were injected for each analysis.

LC-MRM Data Acquisition and Analysis
A dilution series was created for all of the synthetic peptides ranging in concentration from
100 attomoles to 25 femtomoles per injection. Samples were run in triplicate on a nanoLC
system (EasynLC, Proxeon, Denmark) interfaced with a triple quadrupole mass
spectrometer (Vantage, Thermo Scientific, San Jose CA) fitted with a nanospray ion source.
Separations were achieved with C18 reversed phase chromatography using a trap column
(100 μm ID and 2 cm in length packed with 5 μm particles, Nanoseparations, The
Netherlands) and an analytical column (75μm ID and 15 cm in length packed with 3 μm
particles, Nanoseparations, The Netherlands). A 20 minute gradient was set up from 5% to
50% B solvent using the following solvent system: A) aqueous 2% acetonitrile with 0.1%
formic acid and B) aqueous 90% acetonitrile with 0.1% formic acid). The following
instrument parameters were used 2,500 V spray voltage, 10 V skimmer offset, and 210 ¼C
transfer tube temperature. Peptide precursors were selected with a Q1 resolution of 0.4; the
resulting fragment ions were selected in Q3 at a resolution of 0.7. The scan width was set to
0.002, and each transition was acquired for 20 milliseconds. The resulting data was analyzed
using Skyline 1.1.36 Total peak area for each peptide was extracted for comparison. The
ratio of the endogenous peptide to each internal standard (SIS or SCAR) was calculated to
determine the concentration of the endogenous peptide. The results were statistically
analyzed comparing the endogenous concentration obtained by SIS vs. SCAR for each
peptide first by an f-test to determine the presence of equal variances and then by a two-
tailed t-test (α = 0.05).

Results
Comparison of Reversed Phase Retention of Endogenous, SIS, and SCAR Peptides

All peptides were analyzed by LC-MRM using samples containing 100 attomoles to 25
femtomoles. Similar to deuterated standards,37 the SCAR peptides often have differences in
reversed phase HPLC retention time from the endogenous peptide. The average retention
times for the EGFR peptides were as follows: 13.25 minutes for the endogenous peptide,
13.25 minutes for the SIS peptide, and 13.27 for the SCAR peptide (Figure 1A–C). Average
retention times for the IgM peptides were 14.36 minutes for the endogenous peptide, 14.36
minutes for the SIS peptide, and 14.21 minutes for the SCAR peptide (Figure 2A–C). In
both cases, the eluting SCAR peptide peaks overlap with the endogenous and SIS peptides.
The peptides’ retention times remain similar even with longer gradients. Using 60 minute
gradients, the difference in elution between the EGFR peptides was 0.1 minutes and between
the IgM peptides was 0.6 minutes. The differences increased to 0.4 minutes (EGFR) and 0.9
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minutes (IgM), when using 120 minute gradients. If the endogenous and standard peptides
are monitored as a pair, the window for scheduled LC-MRM would need to be expanded to
accommodate these differences in retention time, resulting in a decrease in peak capacity. If
each is scheduled independently, no decrease in peak capacity occurs. However, if the user
wants to detect the endogenous peptide and the structural analog over the same time
window, the strategy that would least effect the peak capacity would center the window
between the elution times of the two peptides.

QqQ MS and MS/MS of Infused Peptides
The first step in comparison of synthetic endogenous, SIS, and SCAR peptides is infusion
on the triple quadrupole mass spectrometer. For the peptides reported here, MS analysis
detected the same charge state distributions for the endogenous, SIS, and SCAR peptides in
each case. For the peptides from EGFR and IgM, the doubly protonated species was
detected as the only peak. In addition, the amount of ion signal observed for each peptide
was similar for both the EGFR and IgM test cases.

Product ion scans acquired during direct infusion indicated similarities and differences in the
fragmentation of the endogenous, SIS, and SCAR peptides. In these examples, little
difference is noted between the fragmentation pattern of SCAR peptides when compared to
both endogenous and SIS peptides. When differences are noted, they are usually restricted to
the fragment ions created by cleavage of the bonds adjacent to the amino acid replacement.
Tandem mass spectra are shown for the sequences representing the endogenous EGFR
peptide, GSTAENAEYLR, the SIS peptide, GSTAENAEY(13C6

15N)LR, and the SCAR
peptide, ASTAENAEYLR, are shown in Figure 1D–F, respectively. Tandem mass spectra
are shown for the endogenous IgM peptide, DGFFGNPR, the SIS peptide,
DGFFGN(13C5

15N)PR, and the SCAR peptide, DAFFGNPR, in Figure 2D–F, respectively.

To examine the fragmentation patterns more quantitatively, the fraction of ions produced
with N-terminal and C-terminal charge retention is calculated for each peptide, using the
total signal of the b- and y-ions observed in 6 tandem mass spectra. For EGFR (Figure 1G)
and IgM (Figure 2G) peptides, no significant differences were found in the overall
distribution of fragment ion charge retention (p > 0.05). Because the b-ion signals had low
intensity in these examples and no b-ions would be selected for LC-MRM, further
quantitative analysis of fragmentation patterns was only performed for y-ions. For the EGFR
peptides, one significant difference in y-ion signal distribution was observed when the
SCAR peptide was compared to either the endogenous or SIS peptides (Figure 1H). The y9
fragment ion signal was higher intensity in the SCAR peptides, when compared with the
endogenous peptide (2.5-fold, p = 0.0056) and the SIS peptide (2.6-fold, p = 0.0087). When
comparing the SIS to the endogenous peptide, one significant difference was noted for the
level of the y7 fragment ion (1.3-fold higher signal, p = 0.007). The other fragment ions
were not significantly different. The SCAR peptides for IgM had decreased ion signal for
the y5 fragment ion (p = 2.7E-5) and increased signal for the y6 fragment ion (p = 8.0E-5)
when compared to endogenous and SIS peptides, as shown in Figure 2H. No differences
were noted between the endogenous and SIS peptides for IgM. Selection of transitions
should balance the increases and decreases in fragment ion signals to reduce or eliminate
these effects.

All y-ion transitions with m/z values greater than that of the doubly protonated peptide were
selected for further monitoring. Optimized collision energy values were the same for the
endogenous, SIS, and SCAR peptides in these examples. For the EGFR peptides, five
fragment ions were monitored. These transitions corresponded to 60.6 ± 1.5% (endogenous),
65.0 ± 4.5% (SIS), and 66.4 ± 5.1% (SCAR) of the total y-ion signal. These values were not
found to be significantly different (p = 0.06). For the IgM peptides, three transitions were
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monitored, which corresponded to 88.8 ± 2.5% (endogenous), 90.0 ± 1.4% (SIS), and 92.0 ±
1.5% (SCAR) of the total y-ion signal. The differences in these values had minimal
statistical significance (p = 0.04). In both cases, a correction factor based on the ratio of
percentages of total y-ion signal between the endogenous and SCAR peptide could be used
to normalize the ion signals, if desired. However, no correction factor is used in these
examples.

LC-MRM Calibration Curves
In both EGFR (Figure 1I) and IgM calibration curves (Figure 2I), all three peptides were
detected in all samples and no differences were noted for limit of detection or limit of
quantification. Total peak area was derived from the sum of each area under the curve for all
of the transitions monitored. Using ANOVA, the endogenous peptide peak area was
compared with the SIS peak area and the SCAR peak area at each point in the calibration
curve. For the EGFR peptides, only one point on the calibration curve, 100 amol, was
significantly different between the three peptides; the endogenous peptide had lower
intensity than both the SIS and SCAR peptides (p < 0.003). This variation in peak area was
most likely due to the low signal-to-noise ratios observed at that injected amount. For the
IgM peptides, no significant differences were found in the total peak areas of the three
peptides (p > 0.05) at any amount injected.

Implementation in Biological Samples
EGFR expression levels were quantified in cell lysate from HCC827 lung cancer cells.
Different amounts of digested lysate ranging from 0.025 to 0.25 μg of total protein were
spiked with SIS and SCAR peptides, and analyzed with LC-MRM. Quantification using the
SIS and SCAR internal standards produced similar results for EGFR expression in fmol for
each sample (p > 0.05), as listed in Figure 1J. On average, CV values for the assay based on
SCAR peptide were 1.4-fold higher than for the SIS peptide.

The concentration of IgM was determined using both SIS and SCAR peptides in four
separate samples acquired from multiple myeloma patients (Figure 2J). In all cases, no
significant differences were noted the values for the concentration (in mg/ml) of endogenous
peptide calculated using either SIS or SCAR peptides (p > 0.05). When compared with the
use of SIS peptides, the average CV value for IgM measurements was 1.3-fold higher when
using assays dependent on SCAR peptides.

Discussion
Assessment of Advantages and Limitations in the SCAR Strategy

The use of SCAR peptides has some advantages. It enables straightforward automated
synthesis, whereas stable isotope-labeled amino acids are manually inserted into the peptide
sequence. In certain cases, the reduction of the side chain length can improve the results of
synthesis of peptides with hydrophobic regions. This strategy also allows for the synthesis of
peptide standards that can be used for estimation of protein copy number in conjunction with
stable isotope-labeling strategies for relative quantification (e.g., stable isotope-labeling with
amino acids in cell culture, SILAC38) or with stable isotope-labeled protein standards spiked
into the biological matrix to control for all sample preparation and processing steps. Because
of the 14 Da mass tag, the SCAR peptides will not overlap with the endogenous or the stable
isotope-labeled peptides. Also, evaluation of these changes in peptide sequence gives some
insight into the potential differences between peptides with highly similar sequences (e.g.
mutated sequences or highly homologous peptides). We are also exploring the use of two
SCAR standards to bracket the endogenous peptide peak area to provide more accurate
quantification than single point intensity calibration methods.
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The use of SCAR peptides can be limited in certain cases, because they are structural
analogs and because the mass tags are incorporated using naturally-occurring amino acids.
Structural analogs may not have the same stability or degradation as the endogenous
peptides, as previously noted during the comparison of assays for angiotensin IV.17 They
may also differ in ionization efficiency, but differences in ion signal have not been noted for
the peptide analogs used in this study. If they do not co-elute in LC-MRM; the endogenous
and SCAR peptides may have differences in ion suppression due to the background matrix,
which may explain the differences between the CV values for the assays based on the SIS
and SCAR peptides. In these two examples, the endogenous proteins have fairly high
abundance (> 0.1% of the total protein), and the peptides have overlapping retention
profiles; both of these factors may be reasons why the assay based on the structural analog
does not lose much in performance when compared to the SIS peptide.

Because the amino acid replacement strategy is flexible in the site of tag incorporation, the
SCAR strategy method has been effective for the development of more than 60 assays in this
laboratory. However, specific elements of peptide design must be taken into account, as
described below. First, SCAR standards must be carefully selected for peptides from a
protein group that has high sequence homology, like the Src family kinases. LIEDNEYTAR
(Fyn, Lck, Src, and Yes) and VIEDNEYTAR (Hck and Lyn) differ only by the N-terminal
amino acid, which would be similar to one potential SCAR labeling strategy. However, the
alanine in LIEDNEYTAR can be replaced with glycine, creating a peptide (LIEDNEYTGR)
with the same molecular weight as VIEDNEYTAR, but different y-ion transitions. BLAST
searching potential sequences for each standard peptide against the proteome eliminates this
issue; this analysis is parallel to the determination of uniqueness for endogenous peptides
prior to assay development. Second, the SCAR strategy would have to account for known
sequence variants. As an example, the SCAR peptide for the lower mass endogenous variant
could be reduced in mass, while the SCAR peptide for the higher mass endogenous variant
could be increased in mass to create standards that would not interfere with the endogenous
peptides. In a case where the variant had not been observed before, the SCAR peptide could
have same sequence as a naturally-occurring variant (e.g., changing glycine to alanine could
occur with single point mutation altering the mRNA codon from GGX to GCX, where X
indicates any ribonucleotide). The peptide representing that endogenous variant could be
measured using the transitions designated for the SCAR peptide, but it would be difficult to
accurately quantify by subtraction of the signal for the standard. If the SCAR standard was
spiked in at levels significantly higher than the endogenous expression; a small amount of
ion signal corresponding to the endogenous variant peptide would likely go unnoticed as a
minor variation in the standard peak area. Third, SCAR peptides incorporating a tag that
increases their mass would be inappropriate for monitoring peptides containing methylation
sites, because the standard would be isobaric with the modified peptide, which could create
interference. Therefore, SIS peptides would be more appropriate for monitoring methylation.
Finally, the performance of the SCAR peptide has to be compared to the endogenous peptide
for each analytical step. SCAR peptides can be evaluated without changes to our current
workflow for assay development, which includes infusion for collision energy optimization
and calibration curves to estimate limits of detection and quantification. Other experiments
would need to be added when the workflow involves additional processing (e.g., strong
cation exchange chromatography in f-MRM39 or immunoprecipitation in SISCAPA40 or
iMALDI41). In immunoprecipitation, the effect of amino acid replacement could be highly
variable depending on the importance of the residue in the antigenicity; a SCAR strategy
could be devised to minimize the impact of the amino acid replacement.42
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Conclusions
The aim of this study was to assess the utility of single conservative amino acid
replacements (SCAR) as mass tags for creating peptide standards for protein quantification
experiments. Because this approach has been used in our laboratory to supplement data
generated by quantification based on SIS peptides, a method for evaluation of peptide
standards and compensation for differences in ion signal in MS and fragmentation pattern in
MS/MS has been developed for SCAR peptides. In two examples monitoring proteins in cell
lysate and serum, the measured values for protein expression were similar for assays
developed using SCAR and SIS peptides, but the CV values were 1.3 to 1.4-fold higher for
the structural analogs when compared to the SIS peptides. Finally, the use of SCAR peptides
as secondary standards can augment experiments using SILAC or SIS proteins and allow for
measurement of protein expression levels.
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Figure 1. Quantification of Endogenous EGFR in HCC827 NSCLC Cells using SIS and SCAR
Peptides
LC-MRM total ion chromatograms for the endogenous peptide (A), SIS peptide (B), and
SCAR peptide (C). MS/MS data averaged over one minute of acquisition time for the
endogenous peptide (D), SIS peptide (E), and SCAR peptide (F). The distribution of charge
retention is plotted using b vs. y-ion signal for the three peptides (G), then y-ion data were
further analyzed to compare individual transitions. All transitions were similar except for y7
in which the SIS peptide showed higher peak intensity, and y9 in which the SCAR peptide
showed higher intensity (H). A dilution series of the peptide set shows similar peak areas for
all three peptides, resulting in accurate absolute quantification by each internal standard (I).
EGFR expression in lysate from the HCC827 lung cancer cell line was analyzed by both
internal standards; no significant difference was found between the two calculations (J).
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Figure 2. Quantification of Endogenous IgM in Serum using SIS and SCAR Peptides
LC-MRM total ion chromatograms for the endogenous peptide (A), SIS peptide (B), and
SCAR peptide (C). MS/MS data averaged over one minute of acquisition time for the
endogenous peptide (D) SIS peptide (E) and SCAR peptide (F). The distribution of charge
retention is plotted using b vs. y-ion signal for the three peptides (G), and y-ion data were
further analyzed to compare individual transitions. All transitions were similar except for y6
in which the SCAR peptide showed higher intensity and y5 for which the SCAR peptide had
lower intensity (H). A dilution series of the peptide set shows similar peak areas for all three
peptides, resulting in accurate absolute quantification by each internal standard (I). The
expression of IgM was measured by both internal standards in serum samples from 4
multiple myeloma patients; no difference was found between the results calculated using the
SIS and SCAR peptides (J).
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