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Abstract

Previous work from our laboratories utilized a novel skin taping method and mass spectrometry-
based proteomics to discover clinical biomarkers of skin conditions; these included atopic
dermatitis, Staphylococcus aureus colonization, and eczema herpeticum. While suitable for
discovery purposes, semi-quantitative proteomics is generally time-consuming and expensive.
Furthermore, depending on the method used, discovery-based proteomics can result in high
variation and inadequate sensitivity to detect low abundant peptides. Therefore, we strove to
develop a rapid, sensitive, and reproducible method to quantitate disease-related proteins from skin
tapings. We utilized isotopically-labeled peptides and tandem mass spectrometry to obtain
absolute quantitation values on 14 peptides from 7 proteins; these proteins had shown previous
importance in skin disease. The method demonstrated good reproducibility, dynamic range, and
linearity (R2 > 0.993) when n=3 standards were analyzed across 0.05-2.5 pmol. The method was
used to determine if differences exist between skin proteins in a small group of atopic versus non-
atopic individuals (n=12). While only minimal differences were found, peptides were detected in
all samples and exhibited good correlation between peptides for 5 of the 7 proteins (R2 =0.71 —
0.98). This method can be applied to larger cohorts to further establish the relationships of these
proteins to skin disease.
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1.0 Introduction

Previous work from our laboratory has resulted in the development of a semi-quantitative
mass spectrometry-based strategy to study skin diseases such as atopic dermatitis and
eczema herpeticum. The strategy uses non-invasively obtained skin taping samples; a
collection method that is appropriate for all age groups, including infants and children. In
general, a total of 10 tapings from a single sampling results in confident identification of
over 100 proteins. These include proteins that have previously been determined to be present
in the cornified and granular layers of the skin[1].

When applied to a study on atopic dermatitis (AD), the semi-quantitative strategy
successfully revealed novel proteins involved in the pathogenesis of AD[2]. Specifically, it
was found that there was a lower expression of skin barrier proteins and enzymes in
individuals with AD. These include filaggrin 2, corneodesmosin, and transglutaminase 3. It
was further shown that patients colonized with methicillin-resistant Staphylococcus aureus
(S. aureus) had greater amounts of epidermal fatty acid-binding protein (FABP)[3]; it was
hypothesized that this might perpetuate the inflammatory response through eicosanoid
signaling. While suitable for discovery based experiments, the semi-quantitative approach
was deemed inappropriate for larger scale clinical studies. This was attributed to several
factors including the time consuming and expensive nature of the approach and the
concentration of protein required for technical replicates. Finally, relatively high variance in
peptide abundances was observed during discovery experiments; this was considered to be
largely due to matrix effects. The quantitative analysis of skin proteins has numerous
additional applications, including cancer, psoriasis, and photodamage[4-7]. Therefore, the
current study aimed to develop a method that overcame these challenges to produce a rapid,
sensitive, and validated method to quantitate skin proteins.

Isotope dilution is a commonly used strategy for obtaining absolute concentrations (eg.
Pg/ml) of molecules in complex matrices. The strategy has been applied in multiple
examples of peptide quantitation[8-10]. Briefly, a synthetic, isotope-labeled peptide is added
during sample preparation and acts as an internal standard; tandem mass spectrometry is
used to resolve and quantitate both the endogenous and labeled peptides[11]. The known
amount of the labeled peptide is used to determine the concentration of endogenous peptide
in the sample. This strategy is sometimes referred to as isotope dilution.

In the current study, we developed an isotope dilution technique to quantitatively measure 14
peptides from 7 proteins; these proteins were previously shown to be related to skin
disease[2, 3, 12]. Overall, the 17 min method exhibited good linearity for all peptides and
good reproducibility when standards were spiked into control samples. When applied to a
small study evaluating the effect of location on skin proteins, it was determined that only
two peptides were consistently different between patients with atopic dermatitis. However, 5
of 7 proteins had good correlation between the two peptides used to quantitate that protein,
with R2 values greater than 0.71.
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2.0 Experimental

2.1 Sample Collection & Storage

Six atopic and six non-atopic subjects were consented under National Jewish Health IRB
protocol # HS 1962, NJ209. Tapings were obtained for the following locations: bicep,
antecubital fossae (anterior elbow), forearm, abdomen, back, thigh, and behind the knee.
Sample collection procedures have been described elsewhere in detail [2]. Briefly, 20
standard D-Squame Skin Sampling Discs (CuDerm, Dallas, TX) were applied sequentially
to the same location and placed adhesive side up in its own 20 ml borosilicate scintillation
vial (Wheaton, Fisher Scientific, Pittsburgh, PA) and frozen in a -80°C freezer. Participants
were advised to not to use soap, lotion, or perfume on the day of collection. In addition,
forearm samples were obtained from one non-atopic individual for the purpose of method
and assay development; this included the generation of linearity curves for all labeled
standards.

2.2 Reagents

Ammonium bicarbonate (ABC), sodium dodecyl sulfate (SDS), LC/MS grade acetonitrile
and formic acid were obtained from Fisher Scientific. LC grade water was obtained from
Burdick and Jackson. HALT protease inhibitor 100x was obtained from Pierce.
Dithiothreitol (DTT) and lodoacetamide (IAA) were obtained from Bio-rad. Trypsin was
obtained from Promega. Labeled peptides were custom synthesized from Sigma-Aldrich and
New England Peptides. Since the peptides used for quantitation were from a tryptic digest,
the C-terminus of the peptide was labeled with U-13C6, U-15N4 arginine (+10 da shift) or a
U-13C6, U-15N4 lysine (+8 da shift). Individual peptides were reconstituted in either 0.1%
formic acid and 30% acetonitrile or 5% ammonium hydroxide based on the solubility of the
individual peptide. A mixture of all of the labeled peptides was then prepared at a
concentration of 250pmol/ul in 0.1% formic acid in 30% acetonitrile. Peptide digestion
tubes were then prepared by pipetting 20ul (5pmol total of each labeled peptide) of the
combined mix into a 1.5 ml low retention microfuge tube and frozen at -70°C until ready for
use.

2.3 Protein extraction

Discs (i.e. tape strips) were removed from the freezer and protein was harvested as follows:
500pl of extraction buffer (1% SDS, 50mM ABC, 10mM DTT, 1x HALT) was placed in the
well of a 6 well cell culture plate and discs were placed in to the well with the sticky side
down using forceps and incubated for 1 minute. While holding with forceps, the entire sticky
side of the disc was scraped with a methanol cleaned cell scraper; as much sample was
recovered as possible. The extracted disc was discarded. This process was repeated for up to
10 discs. The extract from 10 discs was then transferred to a 1.5 ml low retention microfuge
tube and stored on ice. The volume was measured and the extraction well was washed with
enough extraction buffer to bring the total volume of protein extract to 500ul. This process
was performed separately for each disc obtained at each location.

Following extraction from the disc, the samples were vortexed briefly and centrifuged to
collect all liquid. Each sample was sonicated 3 times for 2 sec each using a probe sonicator
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at a frequency of 25%. The samples were stored on ice for ~1 min after each sonication.
Between each sonication the probe was washed by sonication in Contrad, followed by
rinsing with 70% EtOH, then sonication with Millipore water. The sonicated extracts were
then centrifuged at 14,000 RPM for 10 min at 4°C and the supernatant was placed in a new
microfuge tube.

Detergent was removed from the samples prior to protein digestion using a Pierce Detergent
Removal Spin Column; the standard Pierce protocol was used with 50 mM ABC as wash
buffer. The protein content was then determined using a Bradford protein assay with bovine
serum albumin as the standard.

2.4 Protein digestion

Following initial processing, including detergent removal, a volume equivalent to 100ug of
total protein was added to a 1.5ml centrifuge tube containing 5pM of each isotope labeled
peptide. Samples were dried in a speedvac prior to alkylation and digestion. A volume of
52.5 ul of 50% trifluoroethanol in 50mM ABC and 0.2mM DTT was added to the sample;
tubes were vortexed for 1 min to denature and reduce the proteins. The sample was then
heated for 45 minutes at 65°C. 10ul of 4mM iodoacetamide was added and the sample was
incubated in the dark at room temperature for 1 hour to alkylate cysteine residues. 2.5ul of
4mM DTT was added and the sample was incubated in the dark at room temperature for 1
hour to remove excess iodoacetamide. 3.3 ug of trypsin in 400ul of 25mM ABC was added
and the sample was digested for 17 hours at 37°C. Following digestion, trypsin was
deactivated with 2ul of neat formic acid; the sample was placed into a speedvac until dry.
Digested protein samples were frozen at -80°C until analysis. On the day of analysis the
samples were removed from the freezer and reconstituted in 100ul of 0.1% ammonium
hydroxide in 3% acetonitrile. The samples were analyzed within 24 hours of reconstitution.

2.5 Quadrupole time-of-flight mass spectrometry and database searching for method
development

For initial experiments designed to select peptides for inclusion in the assay, digested
peptides were analyzed using liquid chromatography mass spectrometry (LC/MS) as
described previously[13, 14]. Briefly, tryptic peptides were analyzed using an Agilent
Technologies 1100 series nanoflow HPLC-chip/MS system coupled to an Agilent 6520
Quadrupole Time-of-Flight (QTOF) mass spectrometer. Separation of peptides was
accomplished using a Protein ID high capacity chip (0.075 mm x 150 mm 300A C18
analytical column with a 160 nL enrichment column). A total of 1 ug total protein was
injected onto the column with the following run conditions: nano pump flow rate = 450 nL/
min; capillary pump flow rate = 4 uL/min; drying gas temperature = 300°C; gas flow rate =
4 L/min and; capillary voltage = 1800V-2100V. The analytical separation employed a
combination of Buffer A (3% Acetonitrile, 97% water, 0.1% formic acid) and Buffer B (90%
Acetonitrile, 10% water, 0.1% formic acid). The linear gradient employed was from
3%-36% Buffer B in 33 minutes; a linear gradient to 80% Buffer B at 35 minutes; holding at
80% Buffer B until 40 minutes and an 8-minute post-run equilibration in 3% Buffer A.
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Data analyses were performed using the Spectrum Mill MS Proteomics Workbench software
suite (Rev A.03) (Agilent Technologies, Santa Clara, CA). Data were searched against the
Swiss-Prot database (UniProt Release 14). Search parameters included setting the species
selection to “human’; the missed cleavage allowance to “2” and; fixed modifications to
include carbamidomethylation and oxidized methionine. Search criteria for data acquired on
the Q-TOF allowed for 20 ppm precursor and 50 ppm product ion mass tolerances with a
minimum matched peak intensity of 50%. Protein identifications were filtered based on the
following criteria; protein score = 11, individual peptide scores = 7, and Scored Percent
Intensity (SPI) = 70%. Matching spectra were confirmed manually. Note that protein
identification was only used for the purpose of identifying spectra that corresponded to
specific peptides of interest. For a more complete catalog of proteins detected in skin
tapings, please see [2].

2.6 Selection of MRM transitions

Proteins were selected for inclusion based on known biological relevance and differential
analysis results from previous studies [2, 3]. Table 1 details the proteins and specific
peptides used; briefly these were filaggrin I and 11, corneodesmosin, fatty acid binding
protein, serpin B3, transglutaminase 3, and alpha enolase. Agilent Spectrum Mill MRM
selector was used to determine which tryptic peptides to use for the MRM transitions;
Skyline was used to verify the fragment ions chosen for the MRM method. 2 peptides per
protein and 2 transitions per peptide were monitored for each targeted protein.

2.7 Labeled peptides

For each peptide selected for MRM quantitation, a labeled peptide was synthesized. For
each labeled peptide, the C-terminus was labeled with either a U-13C6, U-15N4 arginine or a
U-13C6, U-15N2 lysine. The “heavy” labeled arginine resulted in a +10 Da shift in mass; the
heavy labeled lysine resulted in a +8 Da mass shift. Labeled peptides were added to
extracted samples at a concentration of 5pmol per 100ug of total protein digested; this was
performed immediately before reduction, alkylation, and digestion. A total of 14 peptides
were synthesized.

2.8 Linearity in response of labeled peptides

To demonstrate linearity and dynamic range of the labeled peptides across a range of
concentrations, 6 @ 100ug aliquots of pooled protein harvested from skin tapings was
spiked will all 14 labeled peptides at concentrations of 0.5, 1.25, 2.5, 5, 12.5, and 25 pmol
per 100ug of protein. The samples were then digested and analyzed as described.

2.9 Quantitative LC/MS/MS using triple quadrupole (QQQ)

Liquid chromatography was carried out using an Agilent 1200 series HPLC equipped with a
quaternary pump (pump “A”), a binary pump (pump “B”), an autosampler with thermostat,
and a column heating compartment with switching valve (Agilent Technologies, Palo Alto,
CA). Buffer A was 0.1% formic acid in HPLC water and Buffer B was 0.1% formic acid in
90:10 acetonitrile:H20. Gradient conditions for pump A were as follows: 3% B from 0 - 1
minute, 100% B from 1.01 - 10 minutes, 3% B from 10.01 — 17 minutes. Gradient

J Chromatogr B Analyt Technol Biomed Life Sci. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reisdorph et al.

Page 6

conditions for pump B were as follows: 5% B from 0 - 1 minutes, 5-30% B from 1.01 — 15
minutes, 80% B from 15.01-16 minutes, and 100%B from 16.01-17 minutes. 20uL of the
digested skin was injected onto the enrichment column for concentration/purification
followed by backflushing and separation on the analytical column using the gradient
conditions described above. The column switching valve was switched to redirect the flow
from pump B to backflush the enrichment column onto the analytical column 1 minute after
injection. Flow rates were 1 ml/min for pump A and 0.15 ml/min for pump B. The
enrichment column was an SB-C8 2.1 x 12.5mm 5uM guard cartridge (Agilent
Technologies, Palo Alto, CA). The analytical column was an Agilent 300SB-C18 column
(1.0 x 150 mm) with a 3.5 uM particle size operated at 45C.

Detection of digested skin peptides was accomplished using an Agilent 6410 triple
quadrupole mass spectrometer (QQQ) coupled to a positive electrospray ionization source.
The QQQ mass spectrometer was tuned and calibrated using Agilent G1969-85000
calibration and tuning mix (Agilent Technologies). Heated (325°C) drying gas flowing at 9
L/min, with a nebulizer pressure of 30 PSIG, was used for droplet desolvation. Spray was
induced with a capillary voltage of 4000V. A fragmentor voltage of 130V was used for all
transitions, and collision energy was determined using Skyline (Table 1).

2.10 Data analysis

Quantitative analysis of all peptides was accomplished using MassHunter quantitative
analysis software (Agilent). The peak area of both the light and heavy peptide were obtained
and the concentration of each peptide was calculated using the following formula:
Area_endogenous/Area_labeled*5pM=pM peptide/100ug of skin protein.

2.11 Method accuracy, precision, limits of detection (LOD) and limits of quantitation (LOQ)

Linearity curves for the labeled peptide standards were used to determine the recovery of
each labeled peptide in a matrix of 100ug of digested skin protein. Analysis was conducted
in triplicate; recovery and relative standard deviation (RSD) were determined for each
peptide. LOD and LOQ were also calculated using a digested skin sample spiked with
0.5pmol/100ug of each AQUA peptide run in triplicate (Supplemental Material 1). The LOD
was calculated by multiplying the standard deviation by 3 (3o) and the LOQ was calculated
by multiplying the standard deviation by 10 (100).

2.12 Clinical sample analysis

The method was applied to the clinical pilot study described above. Samples from each of
the 7 locations was digested as described and then analyzed in triplicate using the
LC/MS/MS method described. The results for each peptide in each sample were determined
using the formula: Area_endogenous/Area_labeled*5pM=pM peptide/100ug of skin protein.
The average of the 3 injections was used for the final concentration.

2.13 Statistics

The mean and standard error for the triplicate analyses were determined for each peptide and
for the normal non-atopic and atopic subjects separately. An unpaired t-test was performed
against both phenotypes on each peptide for each location. Statistical significance
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determined using the Holm-Sidak method, with alpha = 0.05. Computations assumed that all
peptide values were sampled from populations with the same scatter (SD). A two-way
ANOVA was conducted for each peptide to determine if differences existed across sampling
locations. Linear regression analysis was conducted to determine if the two peptides had
similar responses across locations for each protein. All statistics were performed using
GraphPad Prism v. 6.0.

3.0 Results and Discussion

3.1 Peptide selection from QTOF data

Using previous results, 15 candidate proteins were considered for inclusion in the assay [2,
3]. To verify the presence of candidate proteins, a set of fresh skin taping samples was
obtained from a non-atopic volunteer. The sample was prepared as described and analyzed
using an LC/Q-TOF to verify the presence of candidate proteins using Agilent Spectrum
Mill as previously described [2, 3]. Spectrum Mill MRM selector was used to identify
potential target peptides and MS/MS transitions from the Q-TOF data; Skyline was used as
further verification of the MS/MS spectra. Skyline was used to build and export an MRM
method compatible with Agilent Mass Hunter Acquisition software. A 10 ug digest was
analyzed on the QQQ and compared with the Q-TOF data (Figure 1). Based on these results,
a final set of 7 proteins and 14 peptides was selected for inclusion in the assay: alpha
enolase, corneodesmosin, FABP, filaggrin 1 and 2, serpin B3, and transglutaminase 3.
Additional criteria that were considered include the following: the presence of potentially
modified amino acids such as cysteines, oxidation sites, number of amino acids, and
potential for missed trypsin cleavages.

3.2 Linearity of labeled peptide standards

It is impossible to create a blank matrix for skin taping samples that are completely free of
the target peptides being analyzed; therefore, linearity and dynamic range were assessed by
spiking labeled peptides into extracted and pooled skin taping samples. The samples were
digested and analyzed as described in the methods. Good resolution of the labeled and
endogenous peptides was achieved at the MS-level (Figure 2A). There was no overlap of
isotopes for any of the labeled:endogenous peptide pairs included in the assay. Figure 2B
shows the peak areas for both labeled and endogenous peptides; peptide concentration was
determined based on this value for each of the peptide pairs.

Six aliquots of pooled protein were used for linearity experiments. Each aliquot was
comprised of 100 ug pooled protein; this was spiked with all 14 labeled peptides at
concentrations of 0.5, 1.25, 2.5, 5, 12.5, and 25 pmol. Figure 3 shows a representative
calibration curve for both peptides associated with one protein, Filaggrin 1. The R2 values
for these peptides, LAQAYYESTR (Figure 3A) and NPDDPDMVDVFMDHLDIDHNK
(Figure 3B), were 0.993 and 0.997 respectively.

Calibration curves for all peptides are shown in Supplemental Material 1. R? values for all
labeled peptides ranged from 0.99363 to 0.99942. Overall, the chromatography method
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demonstrated good-to-excellent separation of peptides (Figure 4). The total length of QQQ
analysis time was 17 minutes.

3.3 Precision, accuracy, LOD and LOQ of LC/MS/MS method

The majority of the labeled peptides demonstrated very good linearity, reproducibility and
accuracy (Table 2) with the exception of NPDDPDTVDVIMHMLDR (Table 2 and
Supplemental Material 1). The majority of labeled peptides had recoveries between 89.3 —
120.6% with relative standard deviations (RSDs) between 0.5 — 21.4 (Table 2). LODs ranged
from 0.032-0.449pmol/100ug protein and LOQs ranged from 0.106-1.496pmol/100ug
protein (Supplemental Material 1).

3.4 Reproducibility of protein digestion

Because variation may occur during processing, especially in complex matrices, the
reproducibility of sample preparation was determined. To account for this, we used a
constant 100ug of protein for each sample and a 30:1 protein/trypsin ratio in addition to a
typical digestion time (17 hours). We then used inter-day precision to demonstrate that the
digest was reproducible. For these experiments, a pooled sample was split into 3 aliquots,
spiked with standards, and digested separately over 3 days. Digested samples were analyzed
using LC/QQQ in a single batch. Overall, 12 of the 14 peptides were detected in the pooled
samples (Table 3). Variability ranged from 1.90% RSD for corneodesmosin to 25.31% for
filaggrin I (Table 3). We suspect that the higher variation was due to differences in protein
digestion efficiency. However, because our previous experience and others[15, 16]
demonstrates that optimal protein digestion times can vary per protein in complex matrices,
we did not conduct individual protein digestion time course experiments.

3.5 Assay performance in pilot study

The assay was applied to a small pilot study aimed at determining if differences exist based
on sampling location and disease state. A total of 12 participants were sampled in the
following locations: bicep, antecubital fossae, forearm, abdomen, back, thigh, and behind
the knee. Six of the participants had been diagnosed with atopic dermatitis; an additional six
participants with no atopic dermatitis were included. Participants with atopic dermatitis were
sampled at non-inflamed regions. Samples were analyzed in technical triplicates.
Endogenous peptide concentration was determined as ug peptide/ug total protein as
described in methods.

3.6 Comparison of endogenous protein levels

Statistical analyses were conducted to compare peptide and protein abundances across
locations and between atopic and non-atopic individuals. To achieve this, peptide
abundances were compared following normalization to total ion signal or with no
normalization. Regardless of the normalization method used, few significant differences
were found between atopic and non-atopic individuals. As shown in Table 4, peptide
SVVTVIDVFYK from filaggrin Il was found to be significantly different between atopic
and non-atopic individuals in the abdomen, anterior elbow bicep, and knee locations. Only
the anterior elbow location was different when the Filaggrin [l NPDDPDTVDVIMHMLDR

J Chromatogr B Analyt Technol Biomed Life Sci. Author manuscript; available in PMC 2019 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Reisdorph et al.

Page 9

peptide was measured. filaggrin | peptide LAQAY YESTR was different when the back,
forearm, or thigh were sampled. Conversely, no differences were noted for any of the serpin
B3, alpha enolase, corneodesmosin, transglutaminase, or FABP proteins. While not
significant, peptides sampled from the back location were consistently higher compared to
other locations (Supplemental Material 2).

Conversely, when a two-way ANOVA was used to compare samples, the majority of
peptides were found to be different between locations (Table 4, “Location” column).
Relatively few differences were found when disease status was considered (Table 4 “Disease
status” column). However, when both location and disease status were considered, no
significant differences were found (Table 4, “Interaction” column).

3.7 Regression analysis

In quantitative proteomics, one challenge lies in determining the relationship between the
quantitation of a single peptide and absolute protein amounts. In the current study, two
peptides were used to determine the overall quantity of each protein. Linear regression
analysis was used to determine if the peptides had similar responses. While peptides from
alpha enolase (R2 = 0.9644), FABP (R2 = 0.9883), and serpin B3 (R2 = 0.8199) had
relatively good correlation, peptides from corneodesmosin (R2 = 0.716) and
transglutaminase 3 (R2 = 0.7426) had only moderately good correlation. Filaggrin 1 (R2 =
0.5693) and filaggrin 2 (R2 = 0.4776) peptides were poorly correlated. Possible explanations
for this include post-translational modifications (eg oxidation of methionine), remaining
secondary structure, or other factors that affect protein digest efficiency of some peptides
more than others. In addition, some loss could occur with longer peptide sequences during
the detergent removal step and/or re-solubilization of the labeled standard. Graphs and
equations for regression analysis can be found in Supplemental Material.

3.8 Application to Clinical Research

There are currently no comparable techniques to analyze epidermal proteins. This technique
is well tolerated by the patient and can conceivably be used to assess any skin condition.
Skin tape strips can be obtained in less than one minute, the lab analysis can be completed in
less than 3 days, and the technique results in quantitative measurement of proteins of
interest. Although we examined 7 key epidermal proteins involved in skin barrier for the
current study, any epidermal protein (>150) as reported by Broccardo et. al. can be
quantitated. While transcriptome analysis has been performed on skin tapings,
transcriptomics is far more tedious and complex to perform compared to the technique
described herein[17]. The simplicity of this skin tape strip technique makes it ideal for
clinical application.

4.0 Conclusion

We have demonstrated the utility of an isotope dilution technique for the quantitative
analysis of 14 peptides from 7 proteins: alpha enolase, corneodesmosin, FABP, filaggrin 1
and 2, serpin B3, and transglutaminase 3. These proteins have been previously shown to be
related to skin disease[2, 3, 12]. Overall, LC/QQQ method exhibited good linearity for all
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peptides and acceptable reproducibility when standards were spiked into control samples. In
addition, 5 of 7 proteins had good correlation between the two peptides used to quantitate
that protein, with R2 values greater than 0.71. Analytical challenges, including solubility and
digestion efficiency of individual peptides, may have contributed to the poor correlation
between the two filaggrin proteins. When applied to a small clinical study, it was determined
that peptides from filaggrin 2 were consistently different between patients with atopic
dermatitis and normal patients. Importantly, all peptides were found consistently in all
patient samples. This method is suitable for quantitating these 14 peptides in skin taping
samples. It can easily be adopted to non-skin samples such as cells or tissue.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. We present an LC/MS/MS method to quantitate 7 proteins from skin tapings.

. Isotopically-labeled peptides were used to obtain absolute quantitation values

. Good reproducibility, dynamic range, and linearity were achieved

. Atopic versus non-atopic individuals (n=12) were compared for differences in
proteins

. Peptides were detected in all samples and in general exhibited good
correlation
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B)
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Figure. 1.
QTOF data was used to determine peptides and transitions. 1A: Product MS/MS spectrum

for peptide LAQAY YESTR with precursor m/a 601.2966. Data was generated on a QTOF
mass spectrometer as described in the methods. Data was searched against a SpectrumMill
database as previously described 2,3. 1B: Skyline was used to generate predicted peptides
from a theoretical trypsin digest and the predicted y and b peptide ion fragments. Arrows
indicate the experimentally determined fragments in the Q-TOF data. 1C: An extracted ion
chromatogram is shown for two transitions, 601.3 > 655.3 and 601.3 > 889.4, generated for
peptide LAQAYYESTR. Data was generated on the QQQ mass spectrometer.
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A) i Synthetic Corneodesmosin
Heavy labeled peptide
[M+2H]+2
(K)GSPGVPSFAAGPPISEGK(Y)
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Figure. 2.

Resolution of labeled:endogenous peptide pairs in MS-mode and determination of
endogenous peptide concentration. 2A) Full scan MS spectrum (QTOF) of endogenous (left
side of spectrum) and labeled (right side of spectrum) peptide. Data was collected using a
QTOF mass spectrometer. 2B) Overlaid extracted ion chromatograms of labeled and
endogenous peptides. Peak area was determined using MassHunter software (Agilent) and
peptide concentration was determined using the following formula: Area_endogenous/
Area_labeled*5pM=pM peptide/100ug of skin protein.
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A) LAQAYYESTR Filaggrin | P20330 - € Levels, € Levels Used, 18 Points, 18 Points Used, 0 QCs
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Figure. 3.

Calibration curves for labeled peptides of one representative protein, Filaggrin I. Pooled
protein samples were spiked with 6 concentrations of labeled peptides prior to digestion.
Samples were analyzed on the QQQ mass spectrometer as described. Curves were generated
as described in the methods. Calibration curve for peptide LAQAYYESTR is shown in 3A.
Calibration curve for peptide NPDDPDMVDVFMDHLDIDHNK is shown in 3B.
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Figure. 4.

Extracted ion chromatograms of all MRM transitions of all peptides. Good-to-excellent
separation of peptides is demonstrated using a 16.5 minute liquid chromatography gradient.
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