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Abstract
Allergic rhinitis (AR), chronic rhinosinusitis (CRS), and asthma are prevalent airway diseases that
can have a substantial impact on a patient’s quality of life. Mass spectrometry analyses of biological
fluids can effectively screen for proteins associated with disease processes, however, initial detection
of diagnostic proteins is difficult due to protein complexity and dynamic range. To enhance the
detection of lower abundance proteins, intact nasal lavage fluid (NLF) proteins from nonpolypoid
AR and from asthmatic CRS patients were extensively fractionated prior to LC/MS/MS analysis.
Pooled NLF samples were processed to remove low molecular weight molecules and high abundance
plasma proteins. Anion exchange chromatography (AX) followed by RP-LC further separated the
remaining intact NLF proteins. The resulting fractions were digested with trypsin and the peptides
analyzed by LC/MS/MS. Spectra were searched with Mascot, Sequest, and X!Tandem to obtain
peptide identifications and subsequently analyzed by Scaffold software to identify parent proteins
with at least 99% confidence. The 197 identified proteins are compared to those previously cited in
the literature and the workflow evaluated to determine the usefulness for detection of lower
abundance proteins. This is the first extensive list of NLF proteins generated from CRS patients with
coexisting asthma.
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1 Introduction
Rhinitis and sinusitis comprise a large group of disorders that impact tens of millions of people
in the U.S. and worldwide. Symptoms can range from mild rhinorrhea and sneezing in allergic
rhinitis (AR) to debilitating mucus compaction and tissue remodeling in chronic rhinosinusitis
(CRS). AR and CRS are separately associated with asthma, another prevalent and potentially
debilitating airway disease [1]. Together, AR, CRS, and asthma, with their characteristic
eosinophilic inflammation, account for tens of billions of annual costs [2,3]. Current
therapeutic options can control mild AR and asthma, but more severe disease requires
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continuous immunosuppressive therapy. For CRS, no standard FDA-approved therapy exists
and endoscopic sinus surgery is a common last resort intervention.

Proteomic studies identify proteins using electrophoretic, chromatographic, and mass
spectrometry techniques. Differential proteomics can be used to define biomarkers or
molecular pathways associated with disease pathology. The serum proteome has been studied
most frequently; however, other human proteomes, such as cerebrospinal fluid, saliva, urine,
bronchoalveolar fluid, and nasal lavage fluid (NLF), are appearing in the literature [4,5]. There
are four main components to a proteomic study: (1) sample collection and protein extraction,
(2) protein or peptide fractionation, (3) detection of peptides or proteins, and (4) interpretation
and protein identification. Experimental design and implementation are difficult as each of
these components require optimization for individual proteomes; often times with limited
sample numbers and protein quantities.

The complexity of biological fluids, dynamic range of the proteins, and the presence of high
abundance proteins are problematic in proteomic studies but can be addressed by various
fractionation techniques. Numerous gel-based and gel-free protein fractionation and
multidimensional approaches exist; all have distinctive advantages and drawbacks. 2-DE gel
fractionation has a limited dynamic range of proteins, thus decreasing detection of low
abundance proteins, very small or large proteins, as well as basic and hydrophobic proteins.
Gel-free approaches overcome the dynamic range problem and can be directly coupled to MS
and automated for high throughput analysis. Commonly, two or more fractionation techniques
are combined, either off-line or on-line with MS, to obtain adequate protein or peptide
separation for detection of lower abundance proteins. Previous proteomic studies reveal the
necessity for complementary multidimensional fractionation for more complete protein
identification profiles.

Proteomic studies of NLF can provide essential information to understand the pathophysiologic
pathways, determine diagnostic biomarkers, and design effective therapeutic treatments for
rhinosinusitis conditions. Numerous techniques have been used to identify NLF proteins and
determine differences associated with certain disease states or chemical exposures. Lindahl et
al. identified several proteins in NLF using 2-DE in combination with western blotting or N-
terminal sequencing [6-9] and more recently using 2-DE with MS to compare NLF proteins
from healthy controls and epoxy workers exposed to dimethylbenzylamine [10,11], and from
nonsmokers and smokers [12]. This group and that of Bryborn et al. [13] also used 2-DE with
MS to compare NLF from healthy controls and AR patients [14]. Johannesson et al. used 2-
DE and LC/MS/MS to identify NLF proteins that form adducts with hexahydrophthalic
anhydride, a highly allergenic chemical [15], while Casado et al. used LC/MS/MS to compare
protein profiles of sinusitis patients before and after antibiotic treatment [16]. In a follow-up
study, protein profiles before and after nasal provocation identified several new proteins in
NLF not previously observed by the 2-DE studies [17]. A recent review discusses the
importance of separation techniques prior to MS analysis of NLF proteins [18], and Tewfik et
al. used prefractionation and peptide labeling techniques to compare the nasal mucus proteins
from CRS and control subjects [19]. Thus, these studies utilized a variety of proteomic
techniques, and although the combined efforts identified numerous NLF proteins, no single
workflow appeared to provide optimal protein identifications.

In this study, a combination of affinity, anion exchange (AX), and reverse phase separation
techniques were used to extensively fractionate intact NLF proteins from AR or asthmatic CRS
patients prior to digestion and LC/MS/MS analysis. Our main goal was to identify new, lower
abundance proteins. Protein lists are presented along with discussion of the advantages and
disadvantages of the experimental workflow.
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2 Materials and Methods
2.1 Chemicals and reagents

Ammonium bicarbonate (NH4HCO3), DTT, trifluoroethanol (TFE), glacial acetic acid (HAc),
formic acid, iodoacetamide (IA), and NaCl were purchased from Sigma-Alrich, (Milwaukee,
WI), urea from Bio-Rad Laboratories (Hercules, CA), Zwittergent 316 (Z316) detergent from
Calbiochem (San Diego, Ca), and sequencing grade modified trypsin from Promega
Corporation (Madison, WI). Burdick and Jackson HPLC grade water and ACN were ordered
from VWR International, Inc. (North Mankato, MN).

2.2 Sample collection
NLF samples were obtained from 9 and 6 patients diagnosed with nonpolypoid AR and CRS
with coexisting asthma, respectively, after obtaining their informed consent and via an
Institutional Review Board-approved protocol. Exclusion criteria included pregnancy or
lactation or a history of smoking, immunodeficiency or cystic fibrosis, airway bacterial or viral
infection, antibiotic therapy in the past week, systemic glucocorticoids in the past three months,
or allergy immunotherapy in the past year. Intranasal medications, non-prescribed medications,
or systemic medications to treat AR or CRS were stopped at least four days before and inhaled
medications at least one day before NLF collection. Without breathing or swallowing by the
subject and with their neck tilted 30 degrees back from the vertical, 5 mL of sterile isotonic
saline was instilled into one nostril, a 10 second wait was observed, and the lavage solution
was expelled into a collection beaker. The lavage solution was immediately transferred to a
sterile conical tube and placed on ice. This was repeated for the other nostril. The ice-cold nasal
lavage was gently rocked at room temperature for 15 minutes and then centrifuged at 800 x g
for 10 min at 4° C. Nasal lavage supernatant, excluding pelleted cellular material and any
buoyant mucus, was collected. Protein concentrations were determined on individual lavage
supernatant samples by the Bradford assay (BSA reference standard; Bio-Rad Laboratories,
Hercules, CA). Pooled samples for each group were prepared by combining 100 to 350 μg of
protein from individual patients to provide a total protein content of 2 mg in 14.3 ml and 1.7
mg in 10.7 ml for AR and CRS NLF, respectively. Pooled samples were frozen at −80° C until
fractionation.

2.3 Abundant plasma protein depletion
The pooled lavage samples were thawed, desalted, and concentrated using an iCON
Concentrator (20 mL maximum volume and 9 kDa molecular weight cut-off (MWCO); Pierce,
Rockford, IL) to ~200 μl. The retentate was diluted with Agilent Buffer A (Agilent
Technologies; Wilmington, DE), filtered through an UltraFree-MC spin column (Millipore
Corporation; Bedford, MA), and applied directly to a preconditioned Multiple Affinity
Removal Column (MARS; 4.6×100 mm; HU6; Agilent Technologies) according to
manufacture protocol. Samples were kept on ice or cooled in refrigerated centrifuges at all
times. The collected flow-through depleted fraction was desalted, washed with 20 mM Tris,
pH 8.2, concentrated to ~200 μl using an iCON Concentrator (7 mL; 9 kDa MWCO), and
injected directly onto the AX column.

2.4 Anion exchange fractionation (AX)
AX was performed using a BioSuite Q-PEEK column (4.6 × 50 mm; 10μ; Waters Corporation;
Milford, MA) on a 10ADVP HPLC system (Shimadzu Scientific Instruments; Columbia, MD).
The entire desalted MARS depleted protein sample was loop injected directly onto the column.
Mobile phase buffer composition was 20 mM Tris, pH 8.2 for buffer A and 20 mM Tris, pH
8.2 with 0.5 M NaCl for buffer B. Separation was achieved with a gradient of 0-50% B over
30 minutes; 50-100% B over 15 minutes; 100% B for 10 minutes; followed by 15 minutes of
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re-equilibration at 0% B. The separation was monitored at 214 nm. One minute fractions were
collected over 70 minutes (400 μl/min) and frozen at −80° C prior to reverse-phase separation.

2.5 Reverse-Phase fractionation (RP)
AX fractions were thawed and 190 μg of preweighed dry urea powder and 4 μl HAc added to
each tube and incubated for 30 min at room temperature. RP separation was achieved on a
Macroporous Reverse-Phase High Recovery Protein Column (mRP-C18; 2.1 × 75mm; 5μ;
80° C; Agilent Technologies; Foster City, CA) with mobile phases of 0.1% TFA in H2O (pump
A) and 0.08% TFA in ACN (pump B). The denatured AX fractions were loaded onto the column
and washed for 6 minutes with mobile phase A prior to a separation gradient of 5-30% B over
17 minutes; 30-55% B over 20 minutes; 55-100% B over 10 minutes; 100% B over 10 minutes;
followed by re-equilibration at 5% B for 13 minutes. Separation was achieved with a flow rate
of 200 μl/min. One-minute fractions were collected and up to 5 fractions combined according
to the 220 nm UV intensity (1357 AR fractions; 690 CRS fractions). All fractions were frozen,
dried on a SpeedVac, and stored at −20° C.

2.6 Tryptic Digestion
RP fractions were reconstituted with 5 μl TFE and 25 μl 40 mM NH4HCO3. Proteins were
reduced with 20 mM DTT and alkylated with 40 mM IA at room temperature for 1 hour. The
fractions were diluted with NH4HCO3 buffer prior to addition of trypsin (0.5μg) and incubated
overnight at 37° C. Digested fractions were dried and stored at −20° C until LC/MS/MS
analysis.

2.7 LC/MS/MS analysis of peptides
Automated LC-MS/MS analyses were performed on a linear ion trap mass spectrometer (LTQ;
ThermoFinnigan San Jose, CA ) interfaced to a Paradigm MS4 autosampler and liquid
chromatograph (Michrom BioResources Inc, Auburn,CA) using a 75μm × 10 cm ProteoPepII
C18 PicoFrit nanoflow column (New Objective Inc, Woburn, MA). The 2047 digested fractions
were reconstituted into 18 μl of sample buffer (98:2 H2O:ACN; 0.1% formic acid; 0.0005%
Z316) and 15 μl loaded onto a 250 nL OPTI-PAK trap (Optimize Technologies, Oregon City,
OR) custom packed with Michrom Magic C8 solid phase particles. (Michrom Bioresources,
Auburn, CA). Mobile phase A consisted of water/formic acid (99.9/0.1 by volume) and mobile
phase B of ACN/formic acid (99.9/0.1 by volume). The LC method employed a gradient of 5
to 60% B over 30 minutes, 60 to 80% B over 3 minutes, followed by re-eqilibrium at 5% B
for 10 minutes, with a column flow of 0.300 ul/min. The ion trap experiment was set for data
dependent triple play consisting of a full scan for ions in mass range of 400-1400 m/z, triggering
to 10 amu profile mode zoom scan then MS/MS mode on the full scan ions with intensities
exceeding a preset threshold of 2000 counts. The MS/MS spectra were aquired with a 2.5 mass
unit isolation width, target ion population of 2 ×104 ions, two microscans, maximum ionization
fill time of 200 ms, normalized collision energy of 35%, activation Q of 0.25, and activation
time of 30 ms. Once ions were selected for MS/MS, they were subsequently excluded for 120
seconds allowing 2 repeats. The exclusion window was 1.5 mass units below and above the
exclusion mass. The maximum scan time was ~0.9 seconds depending on the ion injection time
automatically determined by the instrument. The MS/MS spectra obtained from the 1357 AR
and 690 CRS fractions were combined into one AR and one CRS MS/MS data file and
converted to DTA files using Bioworks software (version 3.2; ThermoFinnigan).

2.8 Data analysis and protein identification
The Ar and CRS DTA files were analyzed using Mascot (Matrix Science, London, UK; version
2.1.03), Sequest (ThermoFinnigan, San Jose, CA; version 27, rev. 12v) and X!Tandem
(www.thegpm.org; version 2006.09.15.3). All three programs searched the
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Sprot_20070320_human_r.fasta.hdr database; variable modifications included methionine
oxidation and N-acetylation of terminus and cysteines. Tolerances of 2.0 Da (precursor) and
1.0 Da (fragment) were utilized while full tryptic cleavage was required and up to two missed
cleavages allowed. Scaffold (version Scaffold-01_05_14, Proteome Software Inc., Portland,
OR) was used to compile and assign probability scores. Peptide identifications were accepted
if they could be established at greater than 95.0% probability as specified by the Peptide Prophet
algorithm [20]. Protein identifications were accepted if they could be established at greater
than 99.0% probability and contained at least 2 identified peptides. Protein probabilities were
assigned by the Protein Prophet algorithm [21].

3 Results and discussion
The aim of this study was to obtain an extensive list of lower abundance proteins in NLF from
nonpolypoid AR and from asthmatic CRS patients (Table 1). Identifying the proteins specific
to NLF can be complicated by contaminating plasma proteins from lesions or capillary
breakthrough into the nasal passages. The plasma proteins increase the complexity of NLF and
make it difficult to detect lower abundance proteins. Our approach was to maximize the
separation of intact NLF proteins prior to digestion to increase the number of peptides per
protein detected and obtain more protein identifications. The individual techniques used in our
protocol have been standardized by the manufacturers and other groups. To this end, we used
a combination of affinity, AX, and RP chromatography prior to LC/MS/MS analysis of the
digested peptides to identify proteins found in NLF from patients diagnosed with AR or CRS
with coexisting asthma (Figure 1).

Because individual NLF samples had low protein concentrations compared to other biological
fluids and variable protein concentrations and volumes (52 to 407 μg/mL and 2.5 to 8.0 mL
among the 15 NLF samples), individual sample volumes providing 100 to 350 μg of protein
were pooled to obtain a 2 mg (14.3 mL AR) or 1.7 mg (10.7 mL CRS) total protein preparation.
Initial sample preparation included the use of iCON spin filters to reduce the volume and desalt
the pooled NLF samples. The manufacturer claims >90% recovery of proteins using their
suggested protocol. The iCON retentates were filtered through an Ultra-free spin column to
clarify and remove particulates before injection onto the MARS column. The removal of the
top six abundant plasma proteins (albumin, transferrin, IgG, IgA, anti-trypsin, haptoglobin;
85% total plasma protein; 99% efficiency) by the MARS column was important to offset the
variability in the concentration of contaminating plasma proteins found in each individual NFL
sample[22]. Figure 2A shows the elution profile of the AR NLF proteins off the MARS column.
Peak 1 area shows that the majority of the proteins in the AR NFL sample were not retained
on the column, whereas, Peak 2 area shows the contaminating plasma proteins that were
retained and then eluted off the column. The volume from the depleted protein fraction (Peak
1; 2.5 mL) was reduced and desalted using a smaller volume iCON filter (7 mL). The initial
large NLF volumes (14.3 and 10.7 ml) and the post MARS column volumes (2.5 ml) required
spin filters with large surface areas, and even with extensive washes of the filters, protein losses
were significant. Bradford analysis of the concentrated, desalted protein fractions prior to AX
fractionation showed substantial reduction of protein with only 73% and 78% protein recovered
for AR and CRS, respectively. Protease inhibitors were not used in order to minimize the
complexity of the NLF, however, the formation of truncated and degradation products could
have also contributed to a reduced recovery of intact proteins.

AX was chosen as the first chromatographic fractionation following MARS depletion due to
its efficient protein separation and the minimal sample handling needed to prepare the fractions
for the subsequent RP separation. The proteins were separated by charge using a salt gradient
as described. Figure 2B shows the AX chromatogram obtained of the AR NLF proteins present
in Peak 1 (Figure 2A) off the MARS column. Although some of the larger peaks eluted over
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several minutes, 1 minute fractions were collected in order to maintain maximum separation
of the low abundance proteins. The comparison of AX fractions AR20 and AR 31 fractions,
highlighted in Figure 2B, was used as an example to demonstrate the overlap of proteins
identified in distinct AX fractions.

The AX fractions were prepared for RP separation according to manufacturer protocol.
Typically, recovery of proteins on RP columns is low due to the irreversible absorption onto
the stationary phase (30-80% efficiency). The stationary phase of the mRP-C18 column was
designed to minimize absorption resulting in better peak resolution and protein recovery
(>98%) [23]. Figure 2C shows the differences in the UV absorbance profiles from the RP
separations of the AX AR20 and AX AR31 fractions from Figure 2B. The UV intensities from
each RP analysis determined whether adjacent fractions (up to five) were pooled together prior
to trypsin digestion. This resulted in 1357 fractions for the AR sample and 690 fractions for
the CRS sample. According to the UV absorbencies shown in Figure 2C, 10 and 17 RP fractions
were collected from the example AX AR20 and AX AR31 fractions, respectively. Since a
single protein may be found in adjacent RP fractions, the individual MS/MS spectra obtained
from each RP fraction (n=10 and 17) were combined prior to protein identification to increase
the number of peptide hits for each protein. The top 12 non-keratin identified proteins from
these two AX fractions are listed in Table 2. Lactotransferrin and lipocalin were the most
abundant proteins found in AX AR20 and AX AR31 fractions, respectively. The two AX
fractions contained common proteins, (e.g. desmoplakin and zinc-α-2-glycoprotein), although
the elution times differed by 11 minutes. The identified proteins also displayed a wide range
of pIs not consistent with AX separation properties. These discrepancies may be explained by
peak broadening effects from decreased resolution on the AX column or the presence of
truncated or modified protein products which differ in size and pI from the native state protein.
Covalent or noncovalent interactions between an AX bound protein and other proteins could
also contribute to the unexpected range of pIs. Due to the overlap of proteins observed in both
the AX and RP fractions, the MS/MS spectra obtained from the 1357 AR and 690 CRS fractions
were combined into one AR and one CRS data file prior to protein identification.

The AX and RP fractionation methods were fast and provided extensive separation of the NLF
proteins; however, the trypsin digestion of >2000 fractions was time consuming and proved
to be the major drawback of the workflow. Two digestion issues were recognized. First, to
maintain stability, the RP fractions were lyophilized and stored at −20° C, and while TFE was
used to enhance solubility prior to digestion, protein recoveries may have varied, especially in
tubes containing small amounts of protein. Second, the digestion protocol was manually
prepared in batches (~200 fractions/day), and although the protocol was consistently applied,
digestion efficiencies may have fluctuated.

LTQ-MS instrumentation was used for LC/MS/MS analysis because of its speed and
sensitivity. In order to detect the maximum number of peptides, especially those found at low
levels, a longer gradient was used. The automation of the instrument was advantageous in
handling the large number of digest fractions (25 samples/day); however, the weeks needed to
complete the analyses required the replacement of cartridges, columns, and silica tubing
introducing more variables into the study.

As observed in Table 2, peptides from the same proteins were found in several RP fractions.
As a result of protein overlap in both the AX and RP fractions, all of the individual MS/MS
spectra were combined prior to peptide identification in order to enhance the number of peptide
hits per protein and increase the confidence level of protein identifications. The implementation
of the three search engines Mascot, Seaquest, and X!Tandem, provided a more comprehensive
list; however, this required more time and computing power (~2.5 million MS/MS spectra).
The initial protein lists generated by Scaffold included 202 and 163 protein hits for AR and

Benson et al. Page 6

J Sep Sci. Author manuscript; available in PMC 2010 March 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CRS NLF, respectively. Proteins identified by the reverse database were removed. Upon
manual inspection of the remaining spectral data, it was noted that a number of the identified
peptides with higher charge states (3+ or 4+) and molecular mass (>2500 Da) had poor quality
or questionable MS/MS spectra and were also removed. The revised list included 156 and 129
proteins identified for AR and CRS NLF, respectively. Of the total proteins observed, 88
proteins were identified from both AR and CRS NLF. Figure 3 illustrates the number of unique
peptides (two required per protein) and the number of total spectra used to identify the AR and
CRS NLF proteins. The expectation from the extensive protein fractionation was an increase
in the number of peptides detected for each protein; however, Figure 3A shows that over 50%
of the AR and CRS proteins were identified from two to four unique peptides. The majority
of proteins identified from 20 or more unique peptides were keratins or plasma proteins. Figure
3B shows the distribution of total spectra collected per identified protein. Each unique peptide
could produce more than one spectrum due to peptide concentration and/or more than one
peptide charge state. A majority of the proteins were identified using nine or fewer spectra;
again, the keratins and plasma proteins constituted the higher numbers of total spectra.

Keratins are observed in proteomic studies, often as a result of sample preparation
contamination, but can be present at high levels in NLF due to the airway mucosa environment.
Table 3 lists the identified keratins. Of note is the large number of total spectra detected from
the keratins which reduced the detection of lower level peptides. A similar problem was
observed due to the presence of plasma proteins that were not depleted by the MARS column.
Table 4 illustrates the higher level of these proteins in CRS NLF compared to AR NLF. This
could be the result of a protocol problem, such as a poorly equilibrated MARS column, or more
likely, denaturation or degradation of the plasma proteins in one or more of the individual CRS
NLF samples. The increased levels of the MARS targeted proteins in the final depleted CRS
NLF sample may have contributed to a decrease in the number of proteins identified compared
to AR NLF.

Table 5 lists the remaining 138 AR and CRS NLF proteins identified in our study of which 41
have been identified in previous proteomic NLF studies. Of these 138 proteins, 52 were
detected in both CRS and AR NLF, 25 in only CRS NLF, and 61 in only AR NLF. The number
of unique peptides used for protein identification is also given in Table 5 for CRS and AR NLF,
respectively. The extensive fractionation was expected to enhance the number of unique
peptides detected per protein; however, 81 of the 138 proteins in CRS and/or AR NLF were
identified with only 2 or 3 unique peptides. Although the effectiveness of our workflow can
not be unequivocally determined, many of the peptides for these 81 proteins may have gone
undetected without the fractionation prior to digestion.

While the validity of directly comparing the two protein lists obtained from AR and CRS NLF
is suspect, there are some obvious differences. Five proteins, α-2-macroglobulin, actin, long
palate, lung and nasal epithelium carcinoma-associated protein, myosin 1, and myosin 4, were
identified from AR NLF with 16, 19, 13, 12, and 25 unique peptides, respectively, but were
not observed in the asthmatic CRS NLF. Similarly, lipocalin and lactotransferrin were
identified from AR NLF with 29 and 47 peptides, respectively, compared to the CRS NLF at
3 and 11 unique peptides, respectively. In contrast, semenogelin 1 and 2 were identified in
asthmatic CRS NLF with 15 and 6 unique peptides, respectively, but were not observed in AR
NLF. Future studies are needed to determine the significance of these differences and how
these newly identified proteins may be associated with rhinosinusitis diseases.

4 Concluding Remarks
In this study, we contribute lists of 197 NLF proteins identified from patients with nonpolypoid
AR or CRS with coexisting asthma. A portion of these proteins have been identified previously;
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however, the newly identified proteins can be further studied to determine their association
with rhinosinusitis disease and/or their potential as disease biomarkers. Although difficulties,
mainly protein loss and manual digestion of numerous fractions, may limit the practicality of
this exact work flow for future analyses of biological fluids, in general, extensive protein
prefractionation appears to have increased our detection of lower abundance NFL proteins.
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AR allergic rhinitis

CRS chronic rhinosinusitis

NLF nasal lavage fluid

AX anion exchange

TFE trifluoroethanol

HAc glacial acetic acid

IA iodoacetamide

MWCO molecular weight cut off

MARS multiple affinity removal column

mRP-C18 macroporous reverse-phase high recovery protein column

LTQ linear ion trap
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Figure 1. Workflow schematic
Pooled NLF sample proteins were concentrated, desalted, and extensively fractionated by
affinity (MARS Column), anion exchange (BioSuite Q-PEEK Column), and RP (Macroporous
RP High Recovery Protein Column) chromatography prior to LC/MS/MS analysis and protein
identification from the tryptic peptides.
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Figure 2. Chromatographic profiles of the pooled AR NLF sample
A.) Elution profile from the MARS column. Peak 1 is the fraction depleted of the six abundant
plasma proteins. Peak 2 contains the bound plasma proteins. B.) The UV profile of separated
Peak 1 proteins on the AX column using a salt gradient. One minute fractions were collected.
C.) The UV profiles of AX fractions 20 and 31 on the mRP-C18 column. One to 5 minute
fractions were collected for tryptic digestion.
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Figure 3. Distribution of the number of unique peptides and total spectra per protein for the CRS
and AR proteins identified
A.) Over 50% of the proteins were identified from 2 to 4 unique peptides. Most proteins
identified from 20 or more peptides were keratins or plasma proteins. B.) The distribution of
total spectra ranged from 2 to >2000; the majority of proteins were identified from 9 or less
spectra. Keratins and plasma proteins dominated the proteins with high spectral counts.
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Table 3
Keratins identified from CRA and AR NLF

The number of unique peptides and total spectra used to identify keratins are noted for CRS and AR, respectively.
The high numbers of total spectra from certain keratins interfere with the detection of lower abundance peptides.

Protein
accession
number

Protein name

Number
of

unique
peptides
CRS, AR

Number of
total

spectra
CRS, AR

1 K1C10_HUMAN Keratin, type I cytoskeletal 10 50, 57 3195, 5280

2 K1C12_HUMAN Keratin, type I cytoskeletal 12 0, 2 0, 2

3 K1C13_HUMAN Keratin, type I cytoskeletal 13 12, 11 47, 20

4 K1C14_HUMAN Keratin, type I cytoskeletal 14 23, 27 299, 330

5 K1C16_HUMAN Keratin, type I cytoskeletal 16 30, 33 618, 427

6 K1C17_HUMAN Keratin, type I cytoskeletal 17 18, 15 50, 64

7 K1C19_HUMAN Keratin, type I cytoskeletal 19 0, 4 0, 5

8 K1C9_HUMAN Keratin, type I cytoskeletal 9 59, 52 3130, 2271

9 K1H1_HUMAN Keratin, type I cuticular Ha1 15, 16 142, 95

10 K1H2_HUMAN Keratin, type I cuticular Ha2 4, 0 4, 0

11 K1H4_HUMAN Keratin, type I cuticular Ha4 26, 19 148, 72

12 K1H5_HUMAN Keratin, type I cuticular Ha5 11, 8 47, 22

13 K1H6_HUMAN Keratin, type I cuticular Ha6 10, 5 39, 14

14 K1H7_HUMAN Keratin, type I cuticular Ha7 3, 0 11, 0

15 K1H8_HUMAN Keratin, type I cuticular Ha8 2, 4 2, 6

16 K1HB_HUMAN Keratin, type I cuticular Ha3-II 0, 4 0, 16

17 K22E_HUMAN Keratin, type II cytoskeletal 2 epi 70, 70 2566, 3057

18 K22O_HUMAN Keratin, type II cytoskeletal 2 oral 3, 0 4, 0

19 K2C1_HUMAN Keratin, type II cytoskeletal 1 77, 59 7115, 5954

20 K2C1B_HUMAN Keratin, type II cytoskeletal 1b 2, 3 7, 10

21 K2C3_HUMAN Keratin, type II cytoskeletal 3 7, 0 9, 0

22 K2C4_HUMAN Keratin, type II cytoskeletal 4 6, 12 19, 19

23 K2C5_HUMAN Keratin, type II cytoskeletal 5 33, 22 350, 230

24 K2C6A_HUMAN Keratin, type II cytoskeletal 6A 44, 38 565, 504

25 K2C6B_HUMAN Keratin, type II cytoskeletal 6B 9, 6 64, 26

26 K2C6D_HUMAN Keratin, type II cytoskeletal 6D 2, 2 3, 4

27 K2C79_HUMAN Keratin, type II cytoskeletal 79 0, 3 0, 4

28 KPRP_HUMAN Keratinocyte proline-rich protein 15, 9 62, 21

29 KR101_HUMAN Keratin-associated protein 10-1 0, 2 0, 3

30 KR103_HUMAN Keratin-associated protein 10-3 2, 2 3, 4

31 KR132_HUMAN Keratin-associated protein 13-2 3, 0 4, 0

32 KRA24_HUMAN Keratin-associated protein 2-4 4, 3 30, 14

33 KRA43_HUMAN Keratin-associated protein 4-3 0, 2 0, 2

34 KRA47_HUMAN Keratin-associated protein 4-7 0, 2 0, 3

35 KRA49_HUMAN Keratin-associated protein 4-9 2, 0 2, 0

36 KRA98_HUMAN Keratin-associated protein 9-8 3, 0 4, 0
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Protein
accession
number

Protein name

Number
of

unique
peptides
CRS, AR

Number of
total

spectra
CRS, AR

37 KRT33A_HUMAN Keratin, Type I hair 3A 9, 8 26, 13

38 KRT33B_HUMAN Keratin, Type I hair 3B 6, 0 19, 0

39 KRT81_HUMAN Keratin type II cuticular Hb1 25, 24 154, 103

40 KRT82_HUMAN Keratin type II cuticular Hb2 10, 4 57, 15

41 KRT83_HUMAN Keratin type II cuticular Hb3 2, 4 9, 9

42 KRT84_HUMAN Keratin type II cuticular Hb4 24, 7 69, 11

43 KRT85_HUMAN Keratin type II cuticular Hb5 43, 25 229, 100

44 KRT86_HUMAN Keratin type II cuticular Hb6 4, 3 13, 13
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