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Abstract: Recently, several research groups have published methods for the determination of proteomic expression profiling
by mass spectrometry without the use of exogenously added stable isotopes or stable isotope dilution theory. These so-called
label-free, methods have the advantage of allowing data on each sample to be acquired independently from all other samples
to which they can later be compared in silico for the purpose of measuring changes in protein expression between various
biological states. We developed label free software based on direct measurement of peptide ion current area (PICA) and
compared it to two other methods, a simpler label free method known as spectral counting and the isotope coded affinity
tag (ICAT) method. Data analysis by these methods of a standard mixture containing proteins of known, but varying, con-
centrations showed that they performed similarly with a mean squared error of 0.09. Additionally, complex bacterial protein
mixtures spiked with known concentrations of standard proteins were analyzed using the PICA label-free method. These
results indicated that the PICA method detected all levels of standard spiked proteins at the 90% confidence level in this
complex biological sample. This finding confirms that label-free methods, based on direct measurement of the area under
a single ion current trace, performed as well as the standard ICAT method. Given the fact that the label-free methods provide
ease in experimental design well beyond pair-wise comparison, label-free methods such as our PICA method are well suited
for proteomic expression profiling of large numbers of samples as is needed in clinical analysis.
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Introduction

Genetic or environmental perturbations of an organism can lead to changes in protein expression. The
traditional stable isotope dilution theory (De Leenheer, 1992) was first utilized in the proteomic field
in 1998 to determine quantitative changes in protein expression by mass spectrometry (Chait et al. 1980;
Gygi et al. 1999). Since then, many variations on the stable isotope-labeling theme have been developed
to measure relative protein abundance in complex samples (Patterson and Aebersold, 2003). Quantitative
proteomic profiling using isotope-coded affinity tags (ICAT) (Gygi et al. 1999) and the many variants
developed since are widely used to reveal altered protein expression levels between two different samples
(Patterson and Aebersold, 2003). Subsequently, automated statistical algorithms, such as ASAPRatio
(Liet al. 2003) and RelEx (MacCoss et al. 2003), have also been developed to interpret data and enhance
analysis of these complex data sets.

Recently, several labeling methods were developed to overcome the disadvantage of labeling methods
like ICAT. One notable disadvantage of ICAT is that it fails to quantify proteins with no cysteine residues.
Several publications have suggested alternative chemical modification strategies to overcome these prob-
lems: e.g. the amino-reactive labeling strategy ICPL (isotope-coded protein label; (Schmidt et al. 2005))
and the successor to ICAT, iTRAQ (Hardt et al. 2005). Another disadvantage of methods like ICAT is that
only two samples may be compared for a given analysis. To overcome such limitations, an improved
approach called iTRAQ was developed (Hardt et al. 2005) which allows four or eight samples to be profiled
in one experiment. Unlike the limitation of ICAT for cysteine-only containing peptides, the iTRAQ
chemistry can be applied to samples with a high degree of complexity independent of their amino acid

Correspondence: David R. Goodlett, Ph.D., Associate Professor, Medicinal Chemistry University
of Washington, 1959 NE Pacific Street, Health Sciences Bldg. Box 357610, Seattle, WA 98195-7610.
Tel: 206.616.4586; Email: goodlett@u.washington.edu

Copyright in this article, its metadata, and any supplementary data is held by its author or authors. It is published under the
v Creative Commons Attribution By licence. For further information go to: http://creativecommons.org/licenses/by/3.0/.

Cancer Informatics 2008:6 243-255 243


http://creativecommons.org/licenses/by/3.0/.
http://creativecommons.org/licenses/by/3.0/.

Ryu et al

compositions (Hardt et al. 2005). However, the
iTRAQ method is still limited by the number of
samples that can be compared in a single experi-
ment. In addition, the combination of many samples
into one for mass spectrometric analysis will logi-
cally reduce the measurable dynamic range because
each mass spectrometry experiment used to read out
the proteins and their abundance levels in the
sample is limited to a given amount of sample that
may be analyzed. Further, because the marker ions
(i.e. readout) utilized in iTRAQ method reside at
low m/z values, the method is not well suited for
analysis on ion trap instrumentation, a common
platform for proteomic analysis. While the popular
in vivo labeling strategy, SILAC (Ong et al. 2002),
circumvents some of the initial problems with ICAT,
it too suffers from reagent cost and difficulty in
conducting higher-order comparisons. Primarily for
these reasons, researchers became interested in
label-free methods which made experimental design
well beyond pair-wise comparisons possible.
Additionally, label-free approaches also require no
reagents and hence greatly simplify sample
preparation and reduce experimental cost.

To date several papers have reported the use of
label-free quantification to profile protein expres-
sion in complex protein mixtures. These methods
consist of two basic types which use either MS1
precursor ion (i.e. MS survey scan) data or MS2
tandem mass spectrometry data (i.e. MS/MS) to
estimate changes in relative abundance or proteins
between samples. The MS1 based methods associ-
ate changes in relative protein abundance from
direct measurement of peptide ion current areas
(Radulovic et al. 2004; Silva et al. 2005; Wang
et al. 2003; Wiener et al. 2004; Guina et al. 2007).
The MS2 based methods estimate differences in
relative protein expression by either accounting
for the extent of protein sequence coverage or the
number of tandem mass spectra generated, also
known as spectral counting (Colinge et al. 2005;
Liu et al. 2004; Tang et al. 2006; Old et al. 2005;
Zybailov et al. 2006; Cox et al. 2007). All these
studies demonstrate the feasibility of label-free
methods to reflect relative changes in protein abun-
dance between samples. However, most of these
studies lacked rigorous validation, error calcula-
tion, and report of false positive rates. To confirm
that results from label-free methods were as accu-
rate as stable isotope based methods, we conducted
a comparative analysis between the I[CAT method
and our in-house developed label-free method.

In this study, we report the design and use of
peptide ion current area (PICA) software for label-
free quantification. The algorithm is automated and
based on peptide-specific extraction of MS1 data to
calculate changes in relative protein abundance
between samples of interest. Specifically, the PICA
algorithm calculates area under the curve generated
by plotting a single ion current trace for each peptide
of interest and compiles measurements for indi-
vidual peptides into corresponding protein values.
We examined the performance of the PICA algo-
rithm by three different experimental approaches:
1) analysis of standard protein mixtures containing
known concentrations of protein, 2) comparison to
ICAT results to determine the relative known con-
centrations of standard proteins, and; 3) analysis of
bacterial lysates containing known concentrations
of three standard proteins. In addition, we compared
the MS1 based PICA method to the MS2 based
spectral counting method (Colinge et al. 2005; Liu
et al. 2004) accuracy in quantification.

Materials and Methods

Preparation of seven-protein standard

mixtures

Seven individual protein stock solutions were pre-
pared at 100 UM in phosphate buffered saline (PBS).
The proteins used were purchased from Sigma (St.
Louis, MO) and included bovine catalase (BC), chick
ovalbumin (CO), bovine -lactoglobulin (BL), horse
myoglobin (HM), Aspergillus oryzae a-amylase
(AA), bovine apo-transferrin (BAT), and bovine
serum albumin (BSA). These stock solutions were
mixed to form three different protein samples each
containing all of these proteins but where some vary
in concentrations according to the following scheme
where X = 100 uM: Sample 1 =5 proteins equimo-
lar + BAT at 0.25X + BSA at 1X; Sample 2 =5
proteins equimolar + BAT at 0.5X + BSA at 0.5X;
and Sample 3 = 5 proteins equimolar + BAT at 1X
+ BSA at 0.25X. We refer to these samples later on
in the textas Samples 1, 2, and 3. These three samples
were used for both I[CAT and label free analyses.

Proteolysis of protein standards

Protein mixtures were denatured by titrating in
urea until the concentration reached 6M and
the pH was adjusted to 8.3. They were then
reduced by bringing the solution to 5 mM TCEP
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(Tris(2-carboxyethyl)phosphine HCIl) and
incubated for 1 hr at 37 °C after which proteins
were alkylated by addition of iodoacetamide to a
concentration of 20 mM and again incubated for
1 hr at RT in the dark. The reaction was quenched
by addition of dithiothreitol to 20 mM and incu-
bated for 1 hr at RT. The protein mixture was then
diluted 10-fold in 25 mM ammonium bicarbonate
and digested with Promega (Madison, WI)
sequencing grade trypsin at an enzyme:substrate
ratio of 1:100 (w/w) followed by incubation over-
night at RT. The mixture of peptides was taken to
dryness in a speedvac, dissolved in 5% acetoni-
trile/0.1% trifluroacetic acid, and de-salted on a
Macrospin Vydac silica C18 column (The Nest
Group, Southborough, MA). Each sample was
analyzed six times by liquid chromatography mass
spectrometry (LC-MS).

Preparation of an isotope-coded

affinity tag (ICAT) labeled peptides

Aliquots of 500 ug total protein were labeled as
described using a Cleavable ICAT™ Reagent Kit
(Applied Biosystems, Foster City, CA). Briefly, each
of the three seven-protein standard mixtures
described above were denatured and reduced in
0.05% SDS, 5 mM EDTA, 200 mM Tris-HCI (pH
8.3), 6 M urea, and 5 mM TCEP-HCI for 30 min at
RT. Isotopically heavy or light ICAT reagent was
added to the reduced protein solution at a final con-
centration of 1.75 mM and incubated for 2 hrs at
37 °C. The ICAT labeling reaction was quenched by
DTT at a concentration of 12 mM for 5 min at RT.
Heavy or light isotope labeled samples were com-
bined, and the urea concentration was reduced to
1 M by dilution with water. Trypsin (sequencing
grade modified, Promega, Madison, WI) was added
at a ratio of enzyme:substrate of 1:50 (w/w) and the
sample was incubated overnight at 37 °C. The pep-
tide mixture was diluted with an equal volume of
Buffer A (5 mM KH,PO,, 25% CH,CN), adjusted
to pH 3 with 10% H;PO,, and desalted on a strong
cation-exchange cartridge supplied with the cleav-
able ICAT kit (Applied Biosystems). Peptides
labeled with the ICAT reagent were purified from
non-labeled peptides using a monomeric avidin
cartridge (Applied Biosystems). The ICAT-labeled
peptides were eluted with 0.4% trifluoroacetic acid
in 30% acetonitrile, and taken to dryness in a speed-
vac. Finally, the biotin tag was cleaved from the
peptides in 95% reagent A and 5% reagent B (both

supplied as part of proprietary ICAT kit from Applied
Biosystems) prior to mass spectrometric analysis.
Normal protocol would be to further purify the I[CAT-
labeled peptides by strong cation exchange. In order
to simplify the LCMS comparison this was not done
and the ICAT-labeled peptides were analyzed as a
single mixture three times by LC-MS/MS.

Preparation of spiked whole

cell lysate

Francisella tularensis subspecies novicida (Ellis
et al. 2002) was grown in culture to mid-log phase
at either 21 °C or 37 °C to mimic growth in insects
and mammals, respectively. Cultures were centri-
fuged, the pellet containing bacteria washed twice
in ice-cold PBS, and sonicated in PBS 5X (10 sec).
Cell lysates were centrifuged at 5,000X g for 10 min
at4 °C and the supernatant used as a whole cell lysate.
Chick ovalbumin (CO), bovine catalase (BC), and
bovine serum albumin (BSA) were added (i.e.
spiked) to the whole cell lysate in varying ratios to
create six unique samples. Each of the six samples
had the same amount of Francisella novicida protein,
but varying amounts of the three standard proteins.
Furthermore, the three standard proteins were spiked
into the whole cell lysates from growth at either
21 °C or 37 °C. For the whole cell lysates from bac-
teria grown at 21 °C, three samples were prepared
using X =0.24 uM where 1a) CO 1.05X+BC 1.05X
+ BSA 4.20X, 1b) CO 1.05X + BC 3.15X + BSA
2.10X, and 1c) CO 1.00X + BC 6.00X + BSA 1X.
For the whole cell lysates from bacteria grown at
37 °C, three samples were prepared where: 2a) CO
1.00X + BC 1.00X + BSA 6.00X, 2b) CO 1.05X +
BC 2.10X + BSA 3.15X, and 2¢) CO 1.05X + BC
4.20X + BSA 1.05X. To avoid addition of too much
of the standard proteins relative to the whole cell
lysate, protein range-finding experiments were per-
formed after which the standard proteins were spiked
in to the lysate at a level = the most intense F. novi-
cida peptide ion current intensities. The sample was
then prepared for LC-MS analysis as described above
for the protein standard mixtures. All six of the
samples, la-c and 2 a-c, were analyzed by LC-MS/
MS in triplicate.

Reversed-phase HPLC and tandem

mass spectrometry
Here LC-MS refers to a generic reversed phase
HPLC-tandem mass spectrometry experiment
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conducted on a hybrid linear ion trap-Fourier
transform-ion cyclotron resonance (LIT-FT-ICR)
mass spectrometer (LTQ-FT; Thermo Electron
Corp., San Jose, CA) where precursor ion scans
(MS1) occur in the FT-ICR simultaneous and in
parallel to tandem MS scans (MS2) in the linear
ion trap (LIT). For clarity we designate data
derived from precursor ion scans as MS1 and from
peptide tandem MS scans as MS2. All peptide
mixtures were analyzed by HPLC-electrospray
ionization (ESI) MS operating in the positive ion
mode. Nanoflow HPLC was performed using a
Paradigm MS4B MDLC (Michrom Bioresources,
Auburn, CA) coupled to a Paradigm Endurance
autosampler (Michrom Bioresources). A home-
made precolumn was employed consisting of a
100 um i.d. fused silica capillary packed with
~2 c¢m of 200 A (5 um CI18 particles (C18AQ;
Michrom) and held in place by a sintered glass frit
(Lichrosorb 60 A (5 um) Si; Varian, Palo Alto,
CA). Peptides were separated on a home-made
analytical column consisting of a 75 um i.d. fused
silica capillary with a gravity-pulled tapered tip
packed with ~11 cm of 100 A (5 wm C18 particles
(C18AQ; Michrom)). With an injection volume of
10 uL, peptides were loaded on the precolumn at
~10 uL/min in water/acetonitrile (95/05) with 0.1%
(v/v) formic acid. Peptides were eluted using an
acetonitrile gradient flowing at ~220 nL/min using
mobile phase consisting of H,O, acetonitrile, both
containing 1% (v/v) formic acid. The ESI voltage
was applied via a liquid junction using a gold wire
inserted into a micro-tee union (Upchurch Scien-
tific, Oak Harbor, WA) located between the pre-
and analytical columns. Precursor ion m/z was
measured in the FT-ICR where resolution was set
to 100,000 (m/z 400) and ion populations held at
10° via automatic gain control (AGC). Tandem
mass spectra were acquired in the linear ion trap
where ion population was set to 10*. Data were
acquired using an MS1 or “survey” scan in the
FT-ICR followed by data-dependent tandem MS
(MS2) in the linear ion trap of the three most abun-
dant precursor ions from the prior MS1 scan. For
the standard protein digests, an exclusion mass list
was used to limit MS2 data redundancy. For the
spiked whole cell lysate, singularly-charged ions
were excluded from data-dependent ion selection.
In either case data redundancy was minimized
further by excluding previously selected precursor
ions (0.1 Da/+1.1 Da) for 60—120 seconds fol-
lowing their selection for MS2. Data were acquired

using Xcalibur, version 1.4 (Thermo Electron
Corp.).

Peptide and protein identification

All tandem mass spectra acquired in the LTQ were
subjected to database search using SEQUEST
(Eng. J. K.; McCormack, 1994). Confidence in
matches was generated using Peptide-Prophet
scores (Keller et al. 2002) of correct identification
probability > 0.8 as well as Protein-Prophet scores
(Nesvizhskii et al. 2003) of correct identification
probability > 0.8. Peptide sequences with a con-
tribution of peptide i to corresponding protein n,
W' <0.99 (Nesvizhskii et al. 2003) were culled
from the data set because peptide sequences cor-
responding to multiple proteins were not appropri-
ate for protein expression estimation. In other
words, the peptide sequences that map to more than
one protein accession due to protein sequence
homology were not used for quantification. Only
tandem mass spectra that matched to peptide
sequences with the above stated confidence were
used for the further analysis.

Data Normalization

Quality and reproducibility of LC-MS1 data were
monitored by overlaying ion maps (m/z vs. reten-
tion time) for multiple data sets using The Dragon™
visualization tool (Radulovic et al. 2004). The data
were then normalized by two different approaches.
The first approach employed m/z peak ion intensity
(Foss et al. 2007). The data normalization was
processed as follows: for each m/z region (grouped
in 10 m/z increments, e.g. 400410 m/z), the inten-
sity value / was calculated by combining the
median and trimmed mean (average after discard-
ing the top 2%) of all ion intensities in the region.
Then, the intensity value / was smoothed by fitting
the robust linear regression (/ =a + b - m/z). Then,
the individual m/z ion intensity values were nor-
malized by using /.

Secondly, the data were normalized via chro-
matographic retention time. The following informa-
tion was gathered for each identified peptide:
1) peptide sequence, ii) corresponding parent pro-
tein, iii) peptide molecular weight, iv) theoretical
m/z (for the first 3 isotopes), v) charge-state, and
vi) elution time(s). All peptides in the beginning
(<10 minutes) and end (> 65 minutes) of the chro-
matographic run were filtered out. In cases where
a single unique peptide appeared to elute at multiple

246

Cancer Informatics 2008:6



Label-free protein quantification

discrete retention times, only the major chromato-
graphic peaks were used to estimate the peptide
expression level. The chromatographic peak was
considered as major, if it had the average intensity
larger than 1,000 times the other chromatographic
peaks with the same peptide identification by data-
base search and charge state. Retention time was
normalized between experiments using peptides
with higher confidence (Peptide Prophet probabil-
ity > 0.9) by employing the linear regression model
(predictor variables: retention time and m/z,
response variable: retention time shift). Once the
retention time was normalized, individual peptide
expression levels were obtained by measuring the
area under the curve generated by plotting single
ion current traces.

Protein relative expression
determined from peptide ion

current area (PICA)

Protein expression levels were determined by the
summation of peptide chromatographic peak areas
using in-house developed software described herein.
The peptide ion current area (PICA) method utilizes
measured areas under a curve determined from re-
constructed ion chromatograms (RIC) of MS1 data
for select peptides identified by tandem mass spec-
trometry. To draw these RIC curves the theoretical
m/z of first three isotope peaks were used. Initially
chromatographic peaks within +/— 1.5 minutes and
+/—0.0015 m/z were extracted along with the back-
ground area. The chromatographic peaks were
smoothed by a Savitzky-Golay filter (Press, 1992)
with a second-order polynomial smoothing and a
moving window of width 7. In other words, the
intensity at scan i was replaced by a new value which
was obtained from polynomial fit (i.e. parabola) to
7 neighboring points. These 7 neighboring points
were intensity values at scan 1, at 3 scans before
scan 1, and at 3 scans after scan i. By this smoothing
process, the level of noise was reduced without
much biasing of intensity values. After this smooth-
ing process, the scan h was determine as the starting
point of scan where 47 =min(S), S={i:i =d, d =
observed/predicted scan of peptide, intensity at scan
t = x for V¢t where i = t = d}. In our analysis, we
use x = 0 and in a similar way, the last scan number
of a peak was determined. Peptide expression level
was then determined by measuring the chromato-
graphic peak area of the corresponding peptide. The
S/N is estimated by dividing the chromatography

area of the peptide by the sum of all other peaks
within the initial retention time (RT) window (+/—
1.5 minutes) and m/z window defined above. This
measure reflects not only noise but also co-eluting
peptides. The plots shown in Figures 1 and 2 were
used to determine the following filtering thresholds:
1) a minimum signal to noise ratio of 0.5 and 2) a
minimum number of scans at which a peptide elutes
was set at five for simple mixture and three for
complex. The peptide expression levels that passed
the previously specified thresholds were then
summed (for all charge states of a given peptide and
for all peptides for a given protein) to obtain indi-
vidual protein abundance values which were sub-
sequently log-transformed. A two sided two sample
t-test with unequal variance was performed and
multiple testing errors were corrected by using a
false discovery rate (Benjamini and Hochberg,
1995). By this procedure, the protein ratios along
with the adjusted p-values are obtained to help
researcher to determine which proteins are differ-
entially expressed.

Protein relative expression
determined by spectral counting
and ICAT analysis

Tandem mass spectra that passed filtering criteria
described in the previous section (peptide and
protein identification) were counted for the purpose
of comparing the spectral counting (Colinge et al.
2005; Liu et al. 2004) approach to our label-free
method. Proteins with an average spectral count
> 2 were included for quantification.

Quantitative information encoded in ICAT data
was retrieved by analysis using ASAPRatio (Li
et al. 2003) and XPRESS (Han et al. 2001). Briefly,
XPRESS reconstructs the heavy- and light-isotope
elution profiles of the MS1 precursor ions to
estimate the relative abundance of proteins.
ASAPRatio is similar to XPRESS, but statistical
methods such as Savitzky-Golay smoothing filters
(Press, 1992), and Dixon’s test for outliers are also
employed (Dixon, 1953).

Results and Discussion

Compromise between accuracy

and number of quantifiable proteins
Even after cautious sample preparation and mass
spectrometry analysis, random (experimental)
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variation will be present in any data set. A standard
way to reduce these errors is by applying high
filtering thresholds, but this will decrease the
number of proteins that are quantified. In order
to determine exactly what thresholds to use for
our validation experiments we examined how
changes in minimum signal to noise (S/N) ratios
and raw MS1 scan numbers (a function of chro-
matographic elution time) affected our results.
From the plots shown in Figures 1 and 2 we
determined that the following filtering thresholds
of 0.5 for a minimum S/N as well as five and
three scans utilized as the minimum raw MS1
scans for simple and complex mixtures, respec-
tively, should be used. As can be seen in Figure
1A and 1B the peptide quantification levels with
a higher S/N have smaller error than ones with
a low S/N. This is intuitively correct because it
is expected that data quality will degenerate as
the signal becomes less distinguishable from the

background noise. Additionally, we expect that
a peptide that elutes over a longer time chro-
matographically, but not longer than the average
peptide chromatographic peak width which may
indicate chromatographic problems, will have
smaller errors in quantification (Fig. 2A and 2B)
than one present in very few scans which might
indicate that there is not enough peptide present
to accurately quantify. Each of these parameters,
S/N and peptide chromatographic peak width, is
a function of the amount of peptide in the sam-
ple and the ability of mass spectrometer to mea-
sure it. Furthermore, we note that when higher
stringent threshold values are applied as shown
in Figures 1C and 2C, then the number of pep-
tides that can be quantified will decrease. Addi-
tionally, as Figures 1D and 2D show this also
results in a decrease in the number of proteins
that may be quantified. This compromise
between errors in quantification and number of
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Figure 1. Signal to background noise (S/N) threshold. Scatter-plots used to calculate signal to background noise (S/N) threshold com-
parisons to (A) the logarithm of peptide ratio error for each peptide; (B) their corresponding standard deviations (SD) from (A); (C) number

of peptides; and (D) number of proteins.
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proteins that may be quantified, is a trade-off
that the experimentalist must consider when
analyzing their data. Logically, filtering thresh-
olds must be determined in the context of a “fit-
ness of purpose” for the study. In our examples
we chose modest values (S/N threshold = 0.5
and a minimum of 5 MS1 scans for simple mix-
ture) because we simply intended to validate our
PICA method against the standard ICAT and a
common spectral counting method.

Comparison of ICAT and label-free

methods on a seven-protein mixture

For a proof of concept test of our label-free PICA
method versus the stable isotope based ICAT
method, both of which use MS1 data, three unique
seven-protein standard mixtures were prepared.
These three mixtures were compared in a pair-wise
fashion using both ICAT and PICA software. Spe-
cifically, PICA was used to compare Sample 1 vs.
Sample 2, Sample 1 vs. Sample 3 and Sample 2

vs. Sample 3 whereas ICAT analysis was done on
only two pairs: Sample 1 vs. Sample 2 and
Sample 1 vs. Sample 3. We then compared how
well each of the two methods measured the known
protein concentrations. A protein ratio for the
ICAT-labeled 7-protein mixture was obtained using
both XPRESS (Han et al. 2001) and ASAPRatio
(Li et al. 2003). Mean squared errors (MSE) were
calculated for the XPRESS and ASAPRatio results
and compared to MSE’s calculated from the spec-
tral count and the PICA methods. Calculated MSE
values represent error between the observed and
actual ratios. In this case MSE values were calcu-
lated for each two-sample comparison by subtract-
ing the log of the actual ratio of the protein from
the log of observed ratio of the protein. Note that
a lower MSE value is achieved when the observed
ratio is closest to the actual ratio.

Figure 3 displays the MSE’s obtained from
the four different quantification methods: spectral
counting, PICA, and ICAT using both XPRESS
and ASAPRatio software. No protein ratio was
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Figure 3. Comparison between label-free and ICAT methods. The three different concentrations of the seven-protein mixtures were
pair-wise compared and the differential expression gauged by four different quantification methods (spectral counting, PICA, XPRESS, and
ASAPREatio). Bars with asterisks represent MSE for sample 1 vs. 3 after removing 2 proteins at 4 fold-differences.

derived from the ICAT-labeled horse myoglobin
protein because it did not contain any cysteine
residues. For sample 1 vs. 2, there were two
proteins at 2-fold actual difference and four pro-
teins at the same concentration. The low MSE
scores for each of the four methods suggest both
the label-free and ICAT methods performed well
in detecting a 2-fold differences. For the com-
parison of sample 1 vs. 3, there were two proteins
present at a 4-fold difference in concentration
and four proteins at the same concentration. Here
large errors were found when these two samples
were compared using XPRESS and ASAPratio
to analyze the ICAT data. Notably, we observed
protein ratios by XPRESS that were 1.14 and
1.06 when the actual ratios were 0.25 and 4.00.
The observed protein ratios by ASAPRatio were
0.95 and 0.88 when again the actual ratios were
for 0.25 and 4.00. As shown by the bars with
asterisks in Figure 3 both ICAT software methods
performed well in detecting the four proteins at
the same concentration. We cannot fully explain
the poor performance by the ICAT software and
method to detect the known 4-fold change, but
it may be due to various reasons such as ineffi-
cient ICAT labeling and/or, unexpected suppres-
sion of ion current during the electrospray
process. This result suggests label-free methods
have outperformed the ICAT-labeled quantifica-
tion for detecting 4-fold changes in this study.
Finally, no ICAT data was generated for the

comparison between samples 2 vs. 3 because it
was not needed to validate the comparison
to PICA.

Label-free analysis of a seven

protein mixture

Three different standard mixtures consisting of
seven proteins were analyzed by two different
label-free methods, our PICA method and a
previously published spectral counting method.
As shown in Table 1 and discussed below the
accuracy of the measured difference in protein
ratios determined by the two methods was very
close. From the known concentrations of proteins
in each standard mixture, actual ratios of proteins
between samples were obtained and then
compared to observed ratios. The MSE calculated
from PICA results was 0.12, 0.014, and 0.07 for
the comparison of sample 1 vs. 2, sample 1 vs. 3,
and sample 2 vs. 3, respectively. The MSE
calculated from the spectral counting method was
very similar at 0.12, 0.20, and 0.04, for the same
samples, respectively. Based on these calculated
MSE values for the three comparisons, the PICA
method performed slightly better than spectral
counting. This is to be expected because the PICA
method, based on direct measurement of area
under a curve from MS1 data, should do a
better job of accurately measuring the “amount”
of a peptide present whereas the spectral
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Table 1. Label-free analysis of relative protein levels in seven-protein mixtures.

Protein Expected PICA Spectrum count
ratio
Ratio 95% CI* Ratio 95% CI

Comparison between sample 1 and sample 2

Catalase 1.00 0.80 (0.54,1.17) 0.96 (0.77,1.18)
Lactoglobulin 1.00 0.81 (0.71,0.94) 0.89 (0.68,1.16)
Transferrin 2.00 1.63 (1.55,1.72) 1.56 (1.15,2.08)
Albumin 0.50 0.63 (0.52,0.79) 0.84 (0.62,1.12)
Ovalbumin 1.00 0.70 (0.46,1.04) 0.90 (0.61,1.36)
Myoglobin 1.00 1.10 (0.82,1.45) 1.16 (0.94,1.43)
Amylase 1.00 0.74 (0.48,1.09) 0.86 (0.64,1.15)
Comparison between sample 1 and sample 3

Catalase 1.00 0.76 (0.52,1.10) 1.02 (0.82,1.25)
Lactoglobulin 1.00 1.02 (0.91,1.15) 0.99 (0.75,1.28)
Transferrin 4.00 4.39 (3.87,5.00) 2.80 (2.06,3.74)
Albumin 0.25 0.29 (0.27,0.32) 0.53 (0.39,0.70)
Ovalbumin 1.00 0.91 (0.59,1.33) 0.99 (0.70,1.36)
Myoglobin 1.00 1.13 (0.80,1.60) 1.04 (0.77,1.43)
Amylase 1.00 0.88 (0.57,1.29) 1.06 (0.80,1.39)
Comparison between sample 2 and sample 3

Catalase 1.00 0.95 (0.72,1.25) 1.06 (0.95,1.19)
Lactoglobulin 1.00 1.26 (1.09,1.46) 1.1 (0.96,1.27)
Transferrin 2.00 2.69 (2.38,3.05) 1.80 (1.51,2.14)
Albumin 0.50 0.46 (0.37,0.57) 0.62 (0.52,0.76)
Ovalbumin 1.00 1.29 (0.97,1.70) 1.09 (0.75,1.55)
Myoglobin 1.00 1.03 (0.75,1.45) 0.90 (0.66,1.23)
Amylase 1.00 1.19 (1.03,1.36) 1.24 (0.96,1.58)

*Cl = Confidence Interval.

counting approach is simply an estimate based on
approximately randomly generated MS2 data (Liu
et al. 2004; Colinge et al. 2005).

Label-free analysis of Francisella
novicida lysates spiked

with standard proteins

Finally, we chose to carry out a more realistic
experiment on a complex sample. For this we
used whole cell lysates of Francisella novicida
into which three proteins were added at known
concentrations. For reasons related to the com-
plexity of ICAT sample preparation and a desire
to keep the number of samples low, we compared
how well a previously published spectral count-
ing method performed against PICA rather than
ICAT analysis. All samples were analyzed by
LC-MS/MS and the ability of both the PICA and
spectral counting methods to detect the known

difference in abundance for the 3-protein standard
(Fig. 4). The actual protein abundance is indi-
cated in Figure 4 by blue lines and the observed
protein abundance determined by PICA and
spectral counting shown as red and yellow lines,
respectively. The three data sets on the left half
of each of Figure 4A, 4B and 4C represent data
obtained from bacterial lysates grown at 21 °C
and on the right at 37 °C. The MSE’s for the three
spiked in standard proteins were 0.13 and 0.27
for the PICA and spectral counting, respectively.
Thus, overall the PICA performed slightly better
than spectral counting in detecting the “actual”
differential expression for the spiked protein
standards.

Next, the three samples from 21 °C F. novicida
were used to test how effectively the label-free
methods could detect the differentially expressed
proteins in pair-wise comparisons: i.e. a vs. b; a
vs. ¢; b vs., ¢ (see Method: Preparation of a
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A. Bovine serum albumin

9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

0.00
Sample a b c
*Actual Ratio

(1.06 : 315 = 6.00)

(100 : 210 = 4.20)

B. Bovine catalase

0
Sample a b c : a b o}
*Actual Ratio :
I
(420 210 1.00) + (600 = 315 = 1.058)
I
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C. Chick ovalbumin

—— zctual

—— PICA
spec count

0 I
Sample a b c : a b c
*Actual Ratio :
(1.05 1.05 1.00) : (1.00 1.05 1.05)
I

Figure 4. Comparison of label-free analysis of 3-protein standards spiked into a Francisella novicida lysate. Bovine serum albumin
(a), Bovine Catalase (b) and chicken ovalbumin (c) were spiked into a Francisella novicida lysate. Each data point represents either the
actual (blue) spiked in value for the standard proteins or a value calculated four times from single technical LCMS analysis using either PICA

(red) or spectral counting (yellow).
Note: *The expected “actual” ratio from the 3 samples, a, b, and c.

spiked whole cell lystate). Among these three
pair-wise comparisons it is expected that we
should be able to observe differences in
expression for two of the spiked in proteins,
bovine catalase and bovine serum albumin,
among the hundreds of Francisella proteins
identified, but not for chick ovalbumin which
was held constant. From PICA analysis, a total
of 505 Francisella proteins were detected above
the predetermined thresholds and quantified
(data not shown). Among those 505 proteins, we
expected to observe the two spiked proteins as
differentially expressed in the three pair-wise
comparisons. At a 95% confidence level (i.e. 5%
false discovery rate) we detected five of the six
comparisons as different, but at a 90% confidence
level all six comparisons were detected as
differentially expressed. When an identical
analysis was done using the spectral counting
method, a total of Francisella 345 proteins were

detected above the threshold and quantified (data
not shown). In this analysis at the 95% confidence
level we detected four of the six changes and at
90% five making spectral counting slightly less
capable than PICA in detecting known differences
in protein expression. The false discovery rate
of differentially expressed proteins, bovine
catalase and bovine serum albumin, in pair-wise
comparisons is shown in Table 2. Note that both
the PICA and spectral count methods were able
to detect almost all changes in protein abundance
in FN sample at the lower false discovery rate
(5-10%). This result suggests that these two
methods may detect the differentially expressed
proteins in complex biological samples at almost
equal confidence. Future investigations will be
directed to verify whether low abundance
proteins can be detected and if proteins with
different physicochemical characteristics may
give different results.
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Table 2. False discovery rate for detection of proteins spiked in F. novicida lysate.

Sample 1 vs. Sample 3 Sample 2 vs. Sample 3

Protein Sample 1 vs. Sample 2
PICA (no. protein tested = 505)*

Bovine Catalase p=0.10
Bovine serum albumin p=0.04

Spectral Count (no. protein tested = 345)*
Bovine Catalase p=0.08
Bovine serum albumin p =0.02

p=0.05 p =0.01
p=0.05 p =0.01
p=0.01 p=0.05
p=0.01 p=0.24

*Total number of proteins identified and quantified by each method.

Protein sequence homology

In a real biological experiment, especially in mam-
malian systems, protein sequence homology can
be problematic. Even after use of parsimony group-
ing algorithms, such as ProteinProphet, many
peptides may be present in several confidently
identified proteins; e.g. when the same peptide
sequence maps to more than one protein accession
in the final list of confidently identified proteins.
In our analysis, we focus on quantifying the stan-
dard proteins which do not have this homology
problem. To do so we used the peptides matched
to only one protein by filtering by the relative
weight w' (calculated by ProteinProphet
(Nesvizhskii et al. 2003)). In brief, the relative
weight w!' is calculated as follows: For each pep-
tide i and each protein n, w' =P, —IEN P is
obtained where N, is the number of profeins that
peptide 1 is mapped to, and P, is the probability of
protein n. So, if one peptide is present in several
confidently identified proteins, then this peptide
will have small relative weight, 1,7, and will be
removed from consideration for quantitative
analysis. For an organism where there is a signifi-
cant protein sequence homology problem, we
suggest use of lower relative weight w' (< 0.99).
Future studies will be directed to find the optimum
relative weight w/' threshold and how to allow
peptides with higher w;' contribute more in protein
quantification.

Conclusion

We developed MS1 based label free software
referred to as PICA that quantifies the relative
protein expression levels among samples using ion
intensity from derived from the LC-MS
chromatographic peak areas of peptides. In order
to provide guidelines for researchers to understand

the affects of various filtering thresholds, we
showed how the number of proteins one can identify
and quantify is a function of both MS1 S/N and
chromatographic quality. We also note the obvious
trade-off between number of proteins quantified
and variation in peptide expression levels.
Additionally, in order to investigate the performance
of several proteomic quantification methods, the
PICA method was compared to another label free
method, spectral counting, and the standard ICAT
method for ability to accurately quantify the known
differences in protein concentrations between
samples with a relatively small false positive rate.
When tested on simple mixtures of known proteins
and known concentrations all three methods
performed adequately even though the PICA
method yielded the smallest MSE values. For a
complex bacterial lysate, the PICA approach
performed better than the spectral counting method
for ability to quantify a larger number of proteins
and detect known differences in the levels of
proteins. Considering that the PICA approach is
well suited to compare a large number of complex
samples simultaneously and requires relatively
simple sample preparation, our PICA method is
well suited for proteomic expression profiling of
real biological samples.
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Supplementary Table 1. The identified peptides from seven-protein standard mixtures. 


		Protein

		peptide sequence

		minimum XCorr

		minimum DeltaCn

		median PICA



		Albumin

		AADDKEACFAVEGPK

		3.49 

		0.57 

		1283 



		Albumin

		ADICTLPDTEK

		1.71 

		0.19 

		81699 



		Albumin

		AEFVEVTK

		1.81 

		0.39 

		4817 



		Albumin

		AIPENLPPLTADFAEDKDVCK

		1.99 

		0.45 

		43446 



		Albumin

		AKEYEATLEECCAK

		3.11 

		0.44 

		1747 



		Albumin

		ALTPDETYVPK

		1.28 

		0.35 

		146271 



		Albumin

		CAADDKEACFAVEGPK

		2.16 

		0.45 

		2653 



		Albumin

		CCAADDKEACFAVEGPK

		3.19 

		0.59 

		990774 



		Albumin

		CCTESLVNR

		1.83 

		0.57 

		1282 



		Albumin

		CFSALTPDETYVPK

		2.52 

		0.58 

		534346 



		Albumin

		CTEDYLSLIL

		2.07 

		0.61 

		19225 



		Albumin

		CTEDYLSLILN

		2.01 

		0.43 

		54873 



		Albumin

		CTEDYLSLILNR

		1.53 

		0.35 

		243063 



		Albumin

		DAFLGSFLY

		1.03 

		0.54 

		24282 



		Albumin

		DAFLGSFLYEY

		1.45 

		0.34 

		2869 



		Albumin

		DAFLGSFLYEYSR

		1.64 

		0.33 

		135756 



		Albumin

		DAIPENLPPLTADFAEDK

		2.75 

		0.69 

		6210 



		Albumin

		DCCEKQEPERNEC

		2.85 

		0.42 

		76780 



		Albumin

		DDPHACYSTVF

		1.15 

		0.31 

		89028 



		Albumin

		DDPHACYSTVFDK

		1.69 

		0.12 

		616661 



		Albumin

		DICTLPDTEK

		1.63 

		0.30 

		70211 



		Albumin

		DLGEEHFK

		1.26 

		0.31 

		580 



		Albumin

		EACFAVEGPK

		1.29 

		0.28 

		32201 



		Albumin

		ECCDKPLLEK

		1.78 

		0.19 

		12275 



		Albumin

		ECCHGDLLECADD

		1.68 

		0.21 

		8391 



		Albumin

		ECCHGDLLECADDR

		1.50 

		0.36 

		515082 



		Albumin

		ECCHGDLLECADDRADLA

		1.81 

		0.45 

		66959 



		Albumin

		ECCHGDLLECADDRADLAK

		2.39 

		0.47 

		107642 



		Albumin

		ETMREKVLTSSAR

		1.83 

		0.40 

		18991 



		Albumin

		ETYGDMADCCEK

		1.58 

		0.50 

		7765 



		Albumin

		EYEATLEECCAK

		1.93 

		0.46 

		884713 



		Albumin

		EYEATLEECCAKDD

		2.39 

		0.51 

		2359 



		Albumin

		EYEATLEECCAKDDPHACY

		2.78 

		0.64 

		36222 



		Albumin

		FGDELCK

		1.67 

		0.44 

		1157 



		Albumin

		FHADICTLPDTEK

		1.33 

		0.39 

		85846 



		Albumin

		FKDLGEEHFK

		2.53 

		0.54 

		5877 



		Albumin

		FKDLGEEHFKG

		3.01 

		0.46 

		1803 



		Albumin

		FLGSFLYEYSR

		2.68 

		0.59 

		21327 



		Albumin

		FLYEYSR

		1.41 

		0.21 

		5637 



		Albumin

		FSALTPDETYVPK

		2.73 

		0.47 

		74370 



		Albumin

		FSQYLQQCPFDEHVK

		3.40 

		0.64 

		271062 



		Albumin

		FTFHADICTLPDTEK

		2.42 

		0.34 

		9002 



		Albumin

		FVAFVDK

		1.93 

		0.09 

		8625 



		Albumin

		FYAPELL

		1.48 

		0.42 

		17679 



		Albumin

		FYAPELLYYANK

		2.13 

		0.62 

		9233 



		Albumin

		HADICTLPDTEK

		1.42 

		0.53 

		1692 



		Albumin

		HLVDEPQNLIK

		2.14 

		0.46 

		2437758 



		Albumin

		HLVDEPQNLIKQ

		3.26 

		0.52 

		10946 



		Albumin

		HPYFYAPELL

		1.77 

		0.38 

		117034 



		Albumin

		HPYFYAPELLYY

		1.30 

		0.43 

		3991 



		Albumin

		HPYFYAPELLYYA

		1.55 

		0.48 

		8087 



		Albumin

		KCCAADDKEACFA

		1.76 

		0.56 

		1497 



		Albumin

		KEYEATLEECCAK

		2.75 

		0.39 

		1532 



		Albumin

		KHLVDEPQNLIK

		1.88 

		0.48 

		10979 



		Albumin

		KQTALVELL

		1.51 

		0.28 

		137910 



		Albumin

		KQTALVELLK

		2.15 

		0.53 

		186139 



		Albumin

		KVPQVSTPTLVE

		1.63 

		0.30 

		3821 



		Albumin

		KVPQVSTPTLVEV

		1.90 

		0.31 

		81915 



		Albumin

		KVPQVSTPTLVEVS

		1.56 

		0.28 

		174251 



		Albumin

		KVPQVSTPTLVEVSR

		2.38 

		0.28 

		2171099 



		Albumin

		KYNGVFQECCQAEDK

		3.69 

		0.33 

		39661 



		Albumin

		LFTFHAD

		1.39 

		0.38 

		7721 



		Albumin

		LFTFHADIC

		2.19 

		0.60 

		211008 



		Albumin

		LFTFHADICTLPDTEK

		2.22 

		0.46 

		1580684 



		Albumin

		LGEYGFQN

		1.34 

		0.41 

		27128 



		Albumin

		LGEYGFQNA

		2.03 

		0.50 

		123063 



		Albumin

		LGEYGFQNAL

		1.35 

		0.35 

		72499 



		Albumin

		LGEYGFQNALIV

		1.75 

		0.30 

		6131 



		Albumin

		LGEYGFQNALIVR

		1.08 

		0.42 

		522717 



		Albumin

		LKECCDKPLLEK

		2.32 

		0.38 

		1556 



		Albumin

		LKPDPNTLCDE

		1.54 

		0.41 

		3182 



		Albumin

		LKPDPNTLCDEFK

		2.17 

		0.38 

		999544 



		Albumin

		LKPDPNTLCDEFKADEK

		1.75 

		0.33 

		744058 



		Albumin

		LKPDPNTLCDEFKADEKK

		1.77 

		0.38 

		40001 



		Albumin

		LLECADDRADLAK

		1.56 

		0.42 

		2040 



		Albumin

		LSLILNR

		1.81 

		0.18 

		2828 



		Albumin

		LTADFAEDKDVCK

		1.81 

		0.41 

		15519 



		Albumin

		LTPDETYVPK

		1.17 

		0.42 

		154701 



		Albumin

		LVDEPQNLIK

		1.61 

		0.48 

		4556 



		Albumin

		LVNELTEFAK

		2.35 

		0.57 

		3038687 



		Albumin

		LVVSTQTALA

		1.32 

		0.28 

		171141 



		Albumin

		MPCTEDYLSLILN

		2.41 

		0.26 

		21735 



		Albumin

		MPCTEDYLSLILNR

		2.63 

		0.52 

		3195 



		Albumin

		NECFLSHKDDSPDLPK

		2.87 

		0.23 

		270081 



		Albumin

		NELTEFAK

		1.70 

		0.47 

		7120 



		Albumin

		NFVAFVDK

		1.43 

		0.48 

		17056 



		Albumin

		PCFSALTPDETYVPK

		3.17 

		0.52 

		14531 



		Albumin

		PENLPPLTADFAEDKDVCK

		5.57 

		0.72 

		7469 



		Albumin

		PHACYSTVFDK

		1.82 

		0.42 

		20339 



		Albumin

		PLTADFAEDKDVCK

		3.50 

		0.64 

		9080 



		Albumin

		PNTLCDEFKADEK

		2.65 

		0.43 

		71561 



		Albumin

		PNTLCDEFKADEKK

		3.27 

		0.61 

		1077 



		Albumin

		PPLTADFAEDKDVCK

		1.65 

		0.42 

		10799 



		Albumin

		PQVSTPTLVEVSR

		1.83 

		0.58 

		6117 



		Albumin

		PTLVEVSR

		2.40 

		0.79 

		5786 



		Albumin

		QEPERNECFLS

		1.61 

		0.46 

		225289 



		Albumin

		QTALVELLK

		1.11 

		0.47 

		619705 



		Albumin

		QVSTPTLVEVSR

		1.69 

		0.51 

		164066 



		Albumin

		QYLQQCPFDEHVK

		2.12 

		0.27 

		26298 



		Albumin

		RHPEYAVSVL

		1.39 

		0.43 

		21544 



		Albumin

		RHPEYAVSVLL

		1.63 

		0.40 

		233507 



		Albumin

		RHPEYAVSVLLR

		3.50 

		0.57 

		38508 



		Albumin

		RHPYFYAPE

		1.45 

		0.32 

		24598 



		Albumin

		RHPYFYAPEL

		1.67 

		0.25 

		48911 



		Albumin

		RHPYFYAPELL

		1.29 

		0.39 

		328315 



		Albumin

		RHPYFYAPELLY

		1.50 

		0.39 

		18409 



		Albumin

		RHPYFYAPELLYY

		1.53 

		0.36 

		74225 



		Albumin

		RHPYFYAPELLYYA

		1.92 

		0.42 

		29592 



		Albumin

		RHPYFYAPELLYYAN

		2.56 

		0.44 

		33033 



		Albumin

		RKVPQVSTPTLVEVSR

		2.28 

		0.59 

		6286 



		Albumin

		RPCFSALTPDETYVPK

		2.25 

		0.30 

		91968 



		Albumin

		SALTPDETYVPK

		1.60 

		0.40 

		1578848 



		Albumin

		SLHTLFGDEL

		1.62 

		0.38 

		4881 



		Albumin

		SLHTLFGDELC

		2.67 

		0.65 

		18403 



		Albumin

		SLHTLFGDELCK

		1.93 

		0.35 

		1545054 



		Albumin

		SQYLQQCPFDEHV

		2.85 

		0.64 

		2687 



		Albumin

		SQYLQQCPFDEHVK

		2.88 

		0.62 

		853416 



		Albumin

		TALVELLK

		1.80 

		0.63 

		5272 



		Albumin

		TFHADICTLPDTEK

		2.03 

		0.28 

		94648 



		Albumin

		TLCDEFKADEK

		1.51 

		0.53 

		5850 



		Albumin

		TLFGDELCK

		1.20 

		0.43 

		15789 



		Albumin

		TVMENFVA

		1.09 

		0.48 

		78665 



		Albumin

		TVMENFVAF

		1.25 

		0.44 

		17567 



		Albumin

		TVMENFVAFVDK

		0.91 

		0.40 

		996118 



		Albumin

		VDEPQNLIK

		2.02 

		0.60 

		5726 



		Albumin

		VPQVSTPTLVEVSR

		2.05 

		0.45 

		121050 



		Albumin

		YFYAPELL

		1.88 

		0.52 

		10251 



		Albumin

		YFYAPELLY

		2.08 

		0.28 

		47303 



		Albumin

		YFYAPELLYY

		3.18 

		0.62 

		8240 



		Albumin

		YFYAPELLYYANK

		2.97 

		0.55 

		4720 



		Albumin

		YICDNQDTISSK

		3.31 

		0.64 

		10665 



		Albumin

		YICDNQDTISSKLK

		1.49 

		0.34 

		1129 



		Albumin

		YLQQCPFDEHVK

		2.13 

		0.36 

		13121 



		Albumin

		YLYEIAR

		1.89 

		0.32 

		889663 



		Albumin

		YNGVFQECCQAEDK

		1.72 

		0.13 

		1348048 



		Amylase

		AAGVYCIGEVLDGDPAYTCPY

		1.92 

		0.68 

		12096 



		Amylase

		ASYTNDIALAK

		1.67 

		0.53 

		30879 



		Amylase

		ATPADWR

		1.04 

		0.30 

		164 



		Amylase

		CIGEVLDGDPAYTCPY

		2.15 

		0.44 

		9906 



		Amylase

		DFWPGYNK

		1.17 

		0.25 

		126934 



		Amylase

		DNTVSLPDLDTTK

		1.67 

		0.38 

		331059 



		Amylase

		DTGFVTYK

		1.30 

		0.49 

		8872 



		Amylase

		EATWLSGYPTDSELYK

		3.44 

		0.62 

		392568 



		Amylase

		ENYGTADDLK

		1.41 

		0.34 

		1102 



		Amylase

		FASYTNDIALAK

		2.64 

		0.40 

		170368 



		Amylase

		FIILNDGLPIIY

		2.11 

		0.50 

		2512 



		Amylase

		GSTTATCNTADQK

		1.32 

		0.34 

		767 



		Amylase

		GTDGSQIVTIL

		1.26 

		0.33 

		46549 



		Amylase

		GTDGSQIVTILSNK

		1.79 

		0.37 

		31034 



		Amylase

		GVLNYPIYYPL

		1.66 

		0.53 

		6377 



		Amylase

		GYDGAGSSVDYSVFKPF

		1.66 

		0.47 

		18513 



		Amylase

		GYPTDSELYK

		1.11 

		0.51 

		103774 



		Amylase

		HMGYDGAGSSVDY

		1.42 

		0.54 

		8344 



		Amylase

		HMGYDGAGSSVDYS

		1.73 

		0.68 

		3293 



		Amylase

		IDTVKHVQK

		1.06 

		0.43 

		5747 



		Amylase

		IYSLNENYGTADDLK

		1.63 

		0.47 

		90764 



		Amylase

		KGTDGSQIVTIL

		1.40 

		0.42 

		276849 



		Amylase

		KGTDGSQIVTILS

		1.34 

		0.46 

		25455 



		Amylase

		KGTDGSQIVTILSNK

		1.78 

		0.27 

		17001 



		Amylase

		LNENYGTADDLK

		2.08 

		0.46 

		1726 



		Amylase

		NDGLPIIYAGQEQHYAGGND

		3.50 

		0.76 

		36747 



		Amylase

		NDGLPIIYAGQEQHYAGGNDPANR

		1.55 

		0.35 

		544113 



		Amylase

		NEWYDWVGSL

		1.59 

		0.45 

		3308 



		Amylase

		NVMDGVLNYPIYYPL

		1.54 

		0.50 

		26594 



		Amylase

		NVMDGVLNYPIYYPLL

		1.83 

		0.47 

		6181 



		Amylase

		PDSTLLGTFVENHDNPR

		2.74 

		0.57 

		11376 



		Amylase

		QNVMDGVLNYPIYYPL

		2.50 

		0.56 

		10887 



		Amylase

		QNVMDGVLNYPIYYPLL

		2.26 

		0.48 

		2456 



		Amylase

		SDCPDSTLLGTF

		1.35 

		0.46 

		7046 



		Amylase

		SDCPDSTLLGTFVENHDNPR

		1.73 

		0.36 

		680300 



		Amylase

		SDGNVPVPMAGGLPR

		1.14 

		0.35 

		102505 



		Amylase

		SGSMDDLYNMINTVK

		3.02 

		0.55 

		2781 



		Amylase

		SGYPTDSELYK

		1.15 

		0.41 

		8396 



		Amylase

		SLNENYGTADDLK

		1.65 

		0.32 

		76178 



		Amylase

		SSQDYFHPF

		2.07 

		0.42 

		380804 



		Amylase

		STSGSMDDLYNMIN

		1.41 

		0.30 

		40183 



		Amylase

		STSGSMDDLYNMINTVK

		4.42 

		0.61 

		525764 



		Amylase

		SYTNDIALAK

		2.55 

		0.59 

		111989 



		Amylase

		TTVTVGSDGNVPVPMAGGLPR

		3.33 

		0.67 

		17391 



		Amylase

		TVTVGSDGNVPVPMAGGLPR

		3.12 

		0.62 

		23718 



		Amylase

		VDVVANHMGYDGAGSSVD

		2.96 

		0.62 

		6269 



		Amylase

		VDVVANHMGYDGAGSSVDYS

		4.17 

		0.64 

		12051 



		Amylase

		VGSDGNVPVPMAGGLPR

		2.39 

		0.57 

		40178 



		Amylase

		VLYPTEK

		1.23 

		0.46 

		745 



		Amylase

		VLYPTEKLAGSK

		1.07 

		0.49 

		3849 



		Amylase

		VTVGSDGNVPVPMAGGLPR

		2.76 

		0.62 

		8919 



		Amylase

		YCGGTWQGIIDK

		2.10 

		0.50 

		166613 



		Amylase

		YCGGTWQGIIDKL

		2.69 

		0.52 

		74617 



		Amylase

		YCGGTWQGIIDKLD

		2.19 

		0.38 

		81892 



		Amylase

		YCGGTWQGIIDKLDYI

		3.27 

		0.50 

		13173 



		Amylase

		YCGGTWQGIIDKLDYIQGM

		3.16 

		0.53 

		10414 



		Catalase

		AAQKPDVLTTGGGNPVGDK

		2.15 

		0.51 

		122130 



		Catalase

		AAQKPDVLTTGGGNPVGDKLN

		3.44 

		0.61 

		107817 



		Catalase

		AAQKPDVLTTGGGNPVGDKLNSL

		2.50 

		0.52 

		35706 



		Catalase

		AEIFPFNPFDLTK

		1.61 

		0.38 

		12688 



		Catalase

		AFDPSNMPPGIEPSPDK

		2.79 

		0.60 

		129547 



		Catalase

		AIATGNYPSWTL

		1.95 

		0.46 

		8118 



		Catalase

		AIATGNYPSWTLY

		1.82 

		0.62 

		24004 



		Catalase

		AQKPDVLTTGGGNPVGDK

		2.85 

		0.52 

		5730 



		Catalase

		AQKPDVLTTGGGNPVGDKLN

		2.42 

		0.52 

		1437752 



		Catalase

		DALLFPSFIH

		1.50 

		0.51 

		5923 



		Catalase

		DALLFPSFIHSQK

		1.30 

		0.26 

		25707 



		Catalase

		DAQLFIQK

		1.90 

		0.35 

		30405 



		Catalase

		DLFNAIATGNYPSWTL

		1.65 

		0.51 

		18575 



		Catalase

		DLFNAIATGNYPSWTLY

		2.03 

		0.52 

		2132 



		Catalase

		DMVWDFWSLRPESLHQVS

		2.14 

		0.57 

		3708 



		Catalase

		DPDMVWDFW

		1.37 

		0.46 

		953 



		Catalase

		DPDMVWDFWSLRPESLH

		3.54 

		0.60 

		4171 



		Catalase

		DVLTTGGGNPVGDKLN

		2.11 

		0.60 

		10151 



		Catalase

		DVVFTDEMAHFDR

		1.89 

		0.30 

		127291 



		Catalase

		EAEIFPFNPFDLTK

		1.55 

		0.28 

		8337 



		Catalase

		FNSANDDNVTQVR

		1.32 

		0.12 

		19709 



		Catalase

		FSEAEIFPFNPFDLTK

		2.82 

		0.50 

		10572 



		Catalase

		FSTVAGESGSADTVR

		2.72 

		0.48 

		14188 



		Catalase

		FSTVAGESGSADTVRD

		2.36 

		0.59 

		7797 



		Catalase

		FSTVAGESGSADTVRDPR

		1.23 

		0.39 

		157722 



		Catalase

		FYTEDGNWDLVGNNTPIF

		2.90 

		0.67 

		29575 



		Catalase

		GAGAFGYFEVT

		1.36 

		0.39 

		29527 



		Catalase

		GAGAFGYFEVTH

		1.31 

		0.41 

		64507 



		Catalase

		GAGAFGYFEVTHDITR

		2.25 

		0.43 

		482385 



		Catalase

		GNWDLVGNNTPIFFIR

		2.37 

		0.50 

		6615 



		Catalase

		GPLLVQDVVFTDEMAHF

		3.87 

		0.72 

		4308 



		Catalase

		GPLLVQDVVFTDEMAHFD

		4.55 

		0.51 

		7948 



		Catalase

		GPLLVQDVVFTDEMAHFDR

		3.35 

		0.49 

		370088 



		Catalase

		GYFEVTHDITR

		1.54 

		0.30 

		83233 



		Catalase

		IQALLDKYNEEKPK

		1.99 

		0.32 

		180641 



		Catalase

		IQALLDKYNEEKPKN

		1.95 

		0.31 

		43245 



		Catalase

		KDPDMVWDFW

		1.92 

		0.60 

		3976 



		Catalase

		LAHEDPDYGLR

		2.38 

		0.60 

		778 



		Catalase

		LCENIAGHLK

		1.07 

		0.46 

		57167 



		Catalase

		LFAYPDTHR

		1.46 

		0.42 

		14842 



		Catalase

		LGPNYLQIPVN

		1.01 

		0.43 

		43802 



		Catalase

		LGPNYLQIPVNCPYR

		2.35 

		0.26 

		1006461 



		Catalase

		LGPNYLQIPVNCPYRA

		3.22 

		0.67 

		44984 



		Catalase

		LKDPDMVWDFW

		2.17 

		0.49 

		21699 



		Catalase

		LLDKYNEEKPKN

		2.50 

		0.40 

		9932 



		Catalase

		LLVQDVVFTDEMAHFDR

		3.13 

		0.54 

		41847 



		Catalase

		LQIPVNCPYR

		1.90 

		0.58 

		49123 



		Catalase

		LVNADGEAVYCK

		2.53 

		0.49 

		5873 



		Catalase

		MTFSEAEIFPFNPFDLTK

		3.07 

		0.44 

		35355 



		Catalase

		NFSDVHPEY

		1.54 

		0.33 

		5247 



		Catalase

		NFSDVHPEYGSR

		1.30 

		0.22 

		14893 



		Catalase

		NLSVEDAAR

		1.61 

		0.50 

		1916 



		Catalase

		NPVNYFAEVEQL

		1.88 

		0.24 

		57927 



		Catalase

		NPVNYFAEVEQLAFD

		1.54 

		0.47 

		18694 



		Catalase

		NPVNYFAEVEQLAFDPS

		1.89 

		0.58 

		2431 



		Catalase

		PDMVWDFWSLRPESLHQVS

		2.59 

		0.41 

		7841 



		Catalase

		PHGDYPLIPVGK

		1.59 

		0.44 

		86771 



		Catalase

		PNSFSAPEHQPSALEHR

		1.78 

		0.42 

		14136 



		Catalase

		PSNMPPGIEPSPDK

		1.75 

		0.44 

		44017 



		Catalase

		QDVVFTDEMAHFDR

		1.95 

		0.31 

		21611 



		Catalase

		QKPDVLTTGGGNPVGDK

		1.91 

		0.48 

		2526 



		Catalase

		QKPDVLTTGGGNPVGDKLN

		2.01 

		0.50 

		11125 



		Catalase

		QVSFLFSDR

		1.61 

		0.59 

		1134 



		Catalase

		RNPQTHLKDPDMVWDFW

		3.05 

		0.63 

		38748 



		Catalase

		SAPEHQPSALEHR

		2.52 

		0.73 

		747 



		Catalase

		SEAEIFPFNPFDLT

		1.74 

		0.52 

		2238 



		Catalase

		SEAEIFPFNPFDLTK

		1.93 

		0.51 

		150882 



		Catalase

		SFSAPEHQPSAL

		1.56 

		0.39 

		18564 



		Catalase

		SFSAPEHQPSALE

		1.62 

		0.48 

		6572 



		Catalase

		SFSAPEHQPSALEHR

		1.79 

		0.45 

		4624 



		Catalase

		SLRPESLHQVS

		1.63 

		0.47 

		229 



		Catalase

		SLRPESLHQVSF

		1.29 

		0.48 

		26139 



		Catalase

		TEDGNWDLVGNNTPIFFIR

		3.11 

		0.65 

		3352 



		Catalase

		TFSEAEIFPFNPF

		1.83 

		0.48 

		4134 



		Catalase

		TFSEAEIFPFNPFDLTK

		3.10 

		0.60 

		468660 



		Catalase

		VGNNTPIFFIR

		1.98 

		0.53 

		9538 



		Catalase

		VVFTDEMAHFDR

		2.13 

		0.55 

		411 



		Catalase

		VWPHGDYPLIPVGK

		2.05 

		0.46 

		1272823 



		Catalase

		YLQIPVNCPYR

		1.47 

		0.34 

		61142 



		Catalase

		YTEDGNWDLVGNNTPIFFIR

		3.73 

		0.65 

		2492 



		Lactoglobulin

		AASDISLLDAQSAPLR

		2.01 

		0.23 

		155103 



		Lactoglobulin

		AMAASDISLLDAQSAPL

		3.27 

		0.52 

		38621 



		Lactoglobulin

		AMAASDISLLDAQSAPLR

		1.59 

		0.35 

		1187961 



		Lactoglobulin

		ASDISLLDAQSAPLR

		1.99 

		0.48 

		823961 



		Lactoglobulin

		CMENSAEPEQSLVC

		1.58 

		0.44 

		34998 



		Lactoglobulin

		CMENSAEPEQSLVCQ

		2.78 

		0.45 

		179325 



		Lactoglobulin

		CMENSAEPEQSLVCQCL

		3.09 

		0.46 

		1237 



		Lactoglobulin

		DISLLDAQSAPLR

		1.79 

		0.18 

		44573 



		Lactoglobulin

		EELKPTPEGDLEILLQ

		3.04 

		0.41 

		16622 



		Lactoglobulin

		EELKPTPEGDLEILLQK

		2.78 

		0.49 

		12372 



		Lactoglobulin

		ELKPTPEGDLEIL

		1.77 

		0.36 

		156297 



		Lactoglobulin

		ELKPTPEGDLEILL

		2.25 

		0.38 

		93726 



		Lactoglobulin

		ELKPTPEGDLEILLQ

		2.39 

		0.38 

		106620 



		Lactoglobulin

		ELKPTPEGDLEILLQK

		2.52 

		0.24 

		39575 



		Lactoglobulin

		ENSAEPEQSLVCQ

		1.65 

		0.45 

		20886 



		Lactoglobulin

		EVDDEALEKFDK

		1.57 

		0.41 

		626997 



		Lactoglobulin

		FNPTQLEEQCHI

		2.80 

		0.58 

		3480273 



		Lactoglobulin

		IDALNENKVL

		2.10 

		0.37 

		38947 



		Lactoglobulin

		KPTPEGDLEILLQK

		1.61 

		0.23 

		15351 



		Lactoglobulin

		KVAGTWY

		1.84 

		0.59 

		5475 



		Lactoglobulin

		LIVTQTMK

		1.56 

		0.22 

		4131 



		Lactoglobulin

		LKPTPEGDLEIL

		1.74 

		0.38 

		12837 



		Lactoglobulin

		LSFNPTQLEEQCHI

		1.81 

		0.30 

		4852920 



		Lactoglobulin

		LVLDTDYK

		1.08 

		0.52 

		1762 



		Lactoglobulin

		LVLDTDYKK

		1.77 

		0.22 

		28252 



		Lactoglobulin

		MAASDISLLDAQSAPL

		2.85 

		0.58 

		190755 



		Lactoglobulin

		MAASDISLLDAQSAPLR

		1.80 

		0.34 

		3218162 



		Lactoglobulin

		NPTQLEEQCHI

		2.38 

		0.53 

		23105 



		Lactoglobulin

		PEVDDEALEKFDK

		1.70 

		0.41 

		23809 



		Lactoglobulin

		PTQLEEQCHI

		1.50 

		0.44 

		2115 



		Lactoglobulin

		QLEEQCHI

		1.24 

		0.45 

		973 



		Lactoglobulin

		SDISLLDAQSAPLR

		1.64 

		0.39 

		54077 



		Lactoglobulin

		SFNPTQLEEQCHI

		1.50 

		0.37 

		107454 



		Lactoglobulin

		SLAMAASDISLL

		1.27 

		0.55 

		10257 



		Lactoglobulin

		SLAMAASDISLLDAQSAPLR

		2.59 

		0.61 

		163244 



		Lactoglobulin

		TKIPAVFK

		1.69 

		0.37 

		253739 



		Lactoglobulin

		TKIPAVFKID

		2.11 

		0.54 

		8112 



		Lactoglobulin

		TPEVDDEALEK

		2.98 

		0.63 

		64192 



		Lactoglobulin

		TPEVDDEALEKF

		2.19 

		0.55 

		49006 



		Lactoglobulin

		TPEVDDEALEKFD

		2.47 

		0.58 

		82454 



		Lactoglobulin

		TPEVDDEALEKFDK

		2.64 

		0.53 

		4864823 



		Lactoglobulin

		TPEVDDEALEKFDKA

		2.96 

		0.52 

		60801 



		Lactoglobulin

		VEELKPTPEGDLEIL

		2.97 

		0.49 

		513091 



		Lactoglobulin

		VEELKPTPEGDLEILL

		2.88 

		0.27 

		397925 



		Lactoglobulin

		VEELKPTPEGDLEILLQ

		3.31 

		0.50 

		486103 



		Lactoglobulin

		VEELKPTPEGDLEILLQK

		4.07 

		0.46 

		16457 



		Lactoglobulin

		VLDTDYKK

		1.91 

		0.65 

		26667 



		Lactoglobulin

		VLVLDTDYK

		2.36 

		0.51 

		1489775 



		Lactoglobulin

		VLVLDTDYKK

		2.51 

		0.52 

		1303144 



		Lactoglobulin

		VRTPEVDDEALEK

		2.41 

		0.44 

		18008 



		Lactoglobulin

		VRTPEVDDEALEKFDK

		4.52 

		0.60 

		20385 



		Lactoglobulin

		VYVEELKPTPEGD

		1.57 

		0.51 

		25639 



		Lactoglobulin

		VYVEELKPTPEGDLEIL

		1.66 

		0.31 

		2559724 



		Lactoglobulin

		VYVEELKPTPEGDLEILL

		2.53 

		0.49 

		2403676 



		Lactoglobulin

		VYVEELKPTPEGDLEILLQ

		2.77 

		0.58 

		2675863 



		Lactoglobulin

		VYVEELKPTPEGDLEILLQK

		4.25 

		0.62 

		3560642 



		Myoglobin

		ADIAGHGQEVLIR

		1.57 

		0.32 

		111827 



		Myoglobin

		ALELFRNDIAAK

		1.49 

		0.43 

		402941 



		Myoglobin

		ALGGILKK

		2.19 

		0.64 

		190 



		Myoglobin

		ASEDLKKHGTVVLTALGGILK

		4.24 

		0.61 

		29586 



		Myoglobin

		DIAGHGQEVLIR

		1.52 

		0.35 

		18923 



		Myoglobin

		EADIAGHGQEVLIR

		1.87 

		0.43 

		60012 



		Myoglobin

		EFISDAIIH

		1.39 

		0.51 

		13352 



		Myoglobin

		EFISDAIIHVL

		1.77 

		0.44 

		26679 



		Myoglobin

		ELFRNDIAAK

		2.02 

		0.58 

		8610 



		Myoglobin

		FISDAIIH

		1.48 

		0.49 

		10132 



		Myoglobin

		FISDAIIHVL

		1.91 

		0.56 

		19292 



		Myoglobin

		FISDAIIHVLH

		2.38 

		0.45 

		6100 



		Myoglobin

		FTGHPETLEK

		2.17 

		0.59 

		15492 



		Myoglobin

		GEWQQVLNVWGK

		1.42 

		0.54 

		5121 



		Myoglobin

		GHPETLEKFDK

		1.52 

		0.44 

		5701 



		Myoglobin

		GKVEADIAGHGQEVLIR

		3.37 

		0.56 

		29925 



		Myoglobin

		GLSDGEWQQVL

		2.06 

		0.50 

		975113 



		Myoglobin

		GLSDGEWQQVLN

		1.64 

		0.39 

		171973 



		Myoglobin

		GLSDGEWQQVLNVW

		1.44 

		0.46 

		35731 



		Myoglobin

		GLSDGEWQQVLNVWGK

		3.33 

		0.61 

		1588911 



		Myoglobin

		GNFGADAQGAMTK

		1.35 

		0.41 

		431853 



		Myoglobin

		HGQEVLIR

		1.53 

		0.58 

		3976 



		Myoglobin

		HGTVVLTAL

		1.15 

		0.43 

		7395 



		Myoglobin

		HGTVVLTALGGILK

		2.97 

		0.52 

		498263 



		Myoglobin

		HGTVVLTALGGILKK

		3.44 

		0.47 

		252835 



		Myoglobin

		HKIPIKYLEFISDAIIHVL

		4.14 

		0.70 

		6247 



		Myoglobin

		HPGNFGADAQGAMT

		1.63 

		0.44 

		3856 



		Myoglobin

		HPGNFGADAQGAMTK

		1.51 

		0.35 

		43738 



		Myoglobin

		IAGHGQEVLIR

		1.91 

		0.55 

		2334 



		Myoglobin

		ISDAIIHVL

		3.05 

		0.72 

		17632 



		Myoglobin

		LEFISDAIIH

		1.54 

		0.57 

		761471 



		Myoglobin

		LEFISDAIIHV

		1.64 

		0.42 

		19701 



		Myoglobin

		LEFISDAIIHVL

		2.00 

		0.40 

		1282117 



		Myoglobin

		LEFISDAIIHVLH

		2.30 

		0.44 

		1176790 



		Myoglobin

		LEFISDAIIHVLHSK

		1.68 

		0.42 

		99546 



		Myoglobin

		LFTGHPETL

		1.54 

		0.40 

		73362 



		Myoglobin

		LFTGHPETLEK

		1.45 

		0.23 

		544072 



		Myoglobin

		LFTGHPETLEKFDK

		1.83 

		0.45 

		148015 



		Myoglobin

		RLFTGHPETLEK

		2.77 

		0.58 

		7190 



		Myoglobin

		SDGEWQQVLNVWGK

		1.89 

		0.20 

		337260 



		Myoglobin

		SKHPGNFGADAQGAMTK

		2.99 

		0.48 

		2038 



		Myoglobin

		TGHPETLEK

		1.75 

		0.45 

		9305 



		Myoglobin

		VEADIAGHGQEVLI

		1.67 

		0.33 

		487076 



		Myoglobin

		VEADIAGHGQEVLIR

		1.47 

		0.30 

		6013115 



		Myoglobin

		YKELGFQ

		1.64 

		0.44 

		8335 



		Myoglobin

		YKELGFQG

		2.01 

		0.50 

		878981 



		Myoglobin

		YLEFISDAIIH

		1.90 

		0.44 

		113655 



		Myoglobin

		YLEFISDAIIHV

		1.85 

		0.45 

		4529 



		Myoglobin

		YLEFISDAIIHVL

		1.56 

		0.49 

		426685 



		Myoglobin

		YLEFISDAIIHVLH

		2.30 

		0.52 

		311454 



		Myoglobin

		YLEFISDAIIHVLHSK

		1.82 

		0.35 

		246538 



		Ovalbumin

		ADHPFLF

		1.23 

		0.39 

		202195 



		Ovalbumin

		ADHPFLFCIK

		2.61 

		0.54 

		14197 



		Ovalbumin

		AEERYPILPEYLQCVK

		2.18 

		0.43 

		17163 



		Ovalbumin

		ALAMVYLGAK

		2.32 

		0.55 

		201528 



		Ovalbumin

		ALAMVYLGAKDSTR

		2.11 

		0.56 

		113883 



		Ovalbumin

		AMGITDVFSSSANLSGISSAESLK

		2.38 

		0.45 

		90123 



		Ovalbumin

		ANLSGISSAESLK

		1.98 

		0.55 

		6732 



		Ovalbumin

		AVLFFGR

		1.47 

		0.68 

		4785 



		Ovalbumin

		DEDTQAMPFR

		1.05 

		0.22 

		61740 



		Ovalbumin

		DEVSGLEQLESIINFEK

		2.56 

		0.43 

		1984 



		Ovalbumin

		DILNQITK

		1.70 

		0.40 

		46315 



		Ovalbumin

		DILNQITKPNDVY

		1.43 

		0.41 

		18888 



		Ovalbumin

		DILNQITKPNDVYS

		1.59 

		0.33 

		12257 



		Ovalbumin

		DILNQITKPNDVYSF

		2.60 

		0.60 

		441277 



		Ovalbumin

		DILNQITKPNDVYSFS

		1.71 

		0.52 

		25750 



		Ovalbumin

		DILNQITKPNDVYSFSL

		1.78 

		0.30 

		8189 



		Ovalbumin

		DILNQITKPNDVYSFSLA

		2.32 

		0.59 

		316407 



		Ovalbumin

		DVFSSSANLSGISSAESLK

		2.95 

		0.63 

		17237 



		Ovalbumin

		EKLTEWTSSNVMEER

		3.42 

		0.57 

		56123 



		Ovalbumin

		ELINSWVESQTNGIIR

		1.58 

		0.37 

		1513861 



		Ovalbumin

		ELPFASGTMSML

		1.60 

		0.51 

		23454 



		Ovalbumin

		ELYRGGLEPINFQTAADQAR

		4.27 

		0.56 

		24227 



		Ovalbumin

		ESIINFEK

		1.63 

		0.46 

		10814 



		Ovalbumin

		EVVGSAEAGVDAASVSEEFR

		4.32 

		0.75 

		60324 



		Ovalbumin

		GGLEPINFQTA

		1.21 

		0.28 

		48969 



		Ovalbumin

		GGLEPINFQTAADQAR

		4.13 

		0.68 

		736538 



		Ovalbumin

		GITDVFSSSANLSGISSAESLK

		3.82 

		0.70 

		42241 



		Ovalbumin

		HIATNAVLFFGR

		1.37 

		0.34 

		901750 



		Ovalbumin

		IKVYLPR

		1.46 

		0.33 

		14856 



		Ovalbumin

		ILELPFASGTM

		1.34 

		0.55 

		113164 



		Ovalbumin

		ILELPFASGTMS

		1.91 

		0.37 

		30723 



		Ovalbumin

		ILELPFASGTMSM

		1.60 

		0.37 

		9804 



		Ovalbumin

		ILELPFASGTMSML

		2.20 

		0.49 

		265242 



		Ovalbumin

		ILPEYLQ

		1.60 

		0.36 

		15435 



		Ovalbumin

		ILPEYLQCVK

		1.50 

		0.39 

		582598 



		Ovalbumin

		ISQAVHAAHAEINEAGR

		4.69 

		0.68 

		964 



		Ovalbumin

		LPDEVSGLEQLESIINFEK

		3.35 

		0.66 

		9561 



		Ovalbumin

		LTEWTSSNVM

		1.35 

		0.49 

		17588 



		Ovalbumin

		LTEWTSSNVMEER

		2.07 

		0.41 

		1036618 



		Ovalbumin

		LTEWTSSNVMEERK

		2.12 

		0.43 

		30481 



		Ovalbumin

		LVLLPDEVSGLEQLE

		1.87 

		0.42 

		1899 



		Ovalbumin

		LYAEERYPILPEYLQCVK

		2.82 

		0.51 

		574521 



		Ovalbumin

		MKILELPFASGTM

		2.02 

		0.50 

		1828 



		Ovalbumin

		MKILELPFASGTMSML

		3.83 

		0.69 

		16974 



		Ovalbumin

		MMYQIGLFR

		1.39 

		0.50 

		1869 



		Ovalbumin

		MVLVNAIVFK

		2.53 

		0.71 

		6497 



		Ovalbumin

		NVLQPSSVDSQTA

		1.33 

		0.38 

		44845 



		Ovalbumin

		NVLQPSSVDSQTAMVL

		1.41 

		0.45 

		226699 



		Ovalbumin

		NVLQPSSVDSQTAMVLV

		1.92 

		0.37 

		69463 



		Ovalbumin

		NVLQPSSVDSQTAMVLVN

		1.96 

		0.30 

		184974 



		Ovalbumin

		PSSVDSQTAMVLVNAIVFK

		1.90 

		0.49 

		71725 



		Ovalbumin

		QITKPNDVYSFSLA

		2.44 

		0.62 

		38288 



		Ovalbumin

		QITKPNDVYSFSLASR

		2.12 

		0.37 

		22583 



		Ovalbumin

		SALAMVYLGAK

		1.63 

		0.45 

		27891 



		Ovalbumin

		SANLSGISSAESLK

		1.46 

		0.33 

		8489 



		Ovalbumin

		SIINFEK

		1.14 

		0.35 

		15371 



		Ovalbumin

		SMEFCFDVFK

		1.34 

		0.49 

		8810 



		Ovalbumin

		SQTAMVLVNAIVFK

		1.87 

		0.36 

		2155 



		Ovalbumin

		SSSANLSGISSAESLK

		1.80 

		0.36 

		31803 



		Ovalbumin

		SVDSQTAMVLVNAIVFK

		2.12 

		0.51 

		1461 



		Ovalbumin

		SVSEEFRADHPFLFCIK

		3.35 

		0.62 

		33625 



		Ovalbumin

		SWVESQTNGIIR

		2.06 

		0.10 

		26112 



		Ovalbumin

		VHHANENIFY

		1.46 

		0.39 

		13393 



		Ovalbumin

		VHHANENIFYCPIAIM

		1.42 

		0.40 

		166174 



		Ovalbumin

		VHHANENIFYCPIAIMS

		2.40 

		0.51 

		41131 



		Ovalbumin

		VHHANENIFYCPIAIMSAL

		1.95 

		0.43 

		2570 



		Ovalbumin

		VLLPDEVSGLEQL

		2.37 

		0.48 

		8721 



		Ovalbumin

		VLLPDEVSGLEQLESIIN

		2.40 

		0.41 

		46945 



		Ovalbumin

		VLLPDEVSGLEQLESIINFEK

		2.43 

		0.51 

		461137 



		Ovalbumin

		VTEQESKPVQMM

		1.56 

		0.43 

		90297 



		Ovalbumin

		VTEQESKPVQMMY

		2.00 

		0.54 

		291018 



		Ovalbumin

		YPILPEYLQ

		1.00 

		0.37 

		9950 



		Ovalbumin

		YPILPEYLQCVK

		1.89 

		0.28 

		479803 



		Ovalbumin

		YQIGLFR

		1.94 

		0.77 

		293264 



		Transferrin

		AAANFFSASCVPCADQSSFPK

		2.26 

		0.39 

		186451 



		Transferrin

		ACAVLGLCLADPER

		1.34 

		0.45 

		36319 



		Transferrin

		ADAMSLDGGYLYIAGK

		1.53 

		0.39 

		9000 



		Transferrin

		AENCHLAR

		0.93 

		0.57 

		10155 



		Transferrin

		AIECETAENTEECIAK

		3.29 

		0.07 

		20558 



		Transferrin

		AISNNEADAVTLDGGLVY

		1.95 

		0.34 

		29225 



		Transferrin

		AISNNEADAVTLDGGLVYEA

		1.61 

		0.47 

		3797 



		Transferrin

		AISNNEADAVTLDGGLVYEAGLK

		1.59 

		0.33 

		2106 



		Transferrin

		AISNNEADAVTLDGGLVYEAGLKP

		2.00 

		0.38 

		60786 



		Transferrin

		ALCIGSEK

		2.44 

		0.59 

		512 



		Transferrin

		AMSLDGGYLYIAGK

		1.76 

		0.44 

		4866 



		Transferrin

		ANFFSASCVPCADQSSFPK

		4.16 

		0.66 

		37481 



		Transferrin

		ASCVPCADQSSFPK

		1.78 

		0.34 

		11412 



		Transferrin

		CACSNHEPYFGYS

		1.21 

		0.45 

		2875 



		Transferrin

		CACSNHEPYFGYSGAFK

		3.14 

		0.44 

		47289 



		Transferrin

		CAVLGLCLADP

		1.48 

		0.46 

		32074 



		Transferrin

		CGLVPVLAENYK

		0.97 

		0.33 

		1108309 



		Transferrin

		CKFDEFFSAGCAPGSPR

		2.68 

		0.37 

		18615 



		Transferrin

		CLMEGAGDVAFVK

		1.61 

		0.43 

		211082 



		Transferrin

		CLMEGAGDVAFVKH

		1.85 

		0.44 

		37566 



		Transferrin

		CLMEGAGDVAFVKHSTVF

		2.05 

		0.49 

		2851 



		Transferrin

		CSNHEPYFGY

		1.36 

		0.52 

		8058 



		Transferrin

		CSNHEPYFGYS

		1.77 

		0.53 

		12057 



		Transferrin

		CSNHEPYFGYSGAFK

		2.40 

		0.37 

		368640 



		Transferrin

		CVPCADQSSFPK

		2.23 

		0.48 

		339138 



		Transferrin

		CVPCADQSSFPKL

		2.75 

		0.52 

		67001 



		Transferrin

		DANINWNNLK

		1.75 

		0.48 

		7436 



		Transferrin

		DEFFSAGCAPGSPR

		2.04 

		0.02 

		15327 



		Transferrin

		DGGLVYEAGLKPNNLKPVVA

		2.79 

		0.59 

		864 



		Transferrin

		DKPDNFQLF

		2.08 

		0.27 

		1086168 



		Transferrin

		DKPDNFQLFQSPHGK

		2.44 

		0.48 

		5098 



		Transferrin

		DLLFRDDTK

		1.73 

		0.40 

		40728 



		Transferrin

		DNPQTHYY

		2.07 

		0.66 

		912 



		Transferrin

		DNPQTHYYAV

		1.91 

		0.45 

		27085 



		Transferrin

		DNPQTHYYAVA

		1.41 

		0.45 

		378586 



		Transferrin

		DNPQTHYYAVAVVK

		1.81 

		0.46 

		546967 



		Transferrin

		DQTVIQNTDGNNNEAWAK

		2.12 

		0.41 

		1872192 



		Transferrin

		DQTVIQNTDGNNNEAWAKNLK

		2.18 

		0.44 

		9460 



		Transferrin

		DSADGFLK

		1.39 

		0.27 

		9603 



		Transferrin

		EDVIWELL

		1.45 

		0.21 

		64373 



		Transferrin

		EDVIWELLNHAQ

		1.93 

		0.36 

		1216 



		Transferrin

		EDVIWELLNHAQEHFGK

		2.53 

		0.55 

		40672 



		Transferrin

		EFFSAGCAPGSPR

		1.76 

		0.30 

		3328 



		Transferrin

		ELLCGDNTRK

		2.18 

		0.49 

		4592 



		Transferrin

		ELPDPQESIQR

		1.59 

		0.57 

		2269778 



		Transferrin

		ENFEVLCK

		1.26 

		0.34 

		289202 



		Transferrin

		ESGPFVSCVK

		1.41 

		0.36 

		82638 



		Transferrin

		FDEFFSAGCAPG

		1.47 

		0.35 

		8116 



		Transferrin

		FDEFFSAGCAPGSPR

		1.50 

		0.25 

		3340319 



		Transferrin

		FFSAGCAPGSPR

		2.16 

		0.62 

		5467 



		Transferrin

		FGYSGAFK

		1.97 

		0.58 

		7630 



		Transferrin

		FKDSADGFLK

		1.97 

		0.47 

		3828 



		Transferrin

		FSAGCAPGSPR

		1.99 

		0.50 

		9078 



		Transferrin

		FSASCVPCADQSSFPK

		1.63 

		0.47 

		10326 



		Transferrin

		FSGGAIECETAENTEECIAK

		4.33 

		0.38 

		5823 



		Transferrin

		FVKDQTVIQNTDGNNNEAWAK

		3.74 

		0.54 

		89125 



		Transferrin

		GAIECETAENTEECIAK

		3.13 

		0.10 

		4859 



		Transferrin

		GDVAFVKDQTVIQ

		2.06 

		0.40 

		8656 



		Transferrin

		GEADAMSLDGGYLY

		1.69 

		0.30 

		95318 



		Transferrin

		GEADAMSLDGGYLYIA

		1.47 

		0.33 

		248835 



		Transferrin

		GEADAMSLDGGYLYIAGK

		2.70 

		0.38 

		215341 



		Transferrin

		GLKPNNLKPVVAEFHGTK

		1.91 

		0.37 

		6648 



		Transferrin

		GLVPVLAENYK

		1.30 

		0.44 

		10186 



		Transferrin

		GRSAGWNIPMAKLYK

		1.78 

		0.51 

		3491 



		Transferrin

		GYLAVAVVK

		2.02 

		0.41 

		40118 



		Transferrin

		HSTVFDNLPNPEDR

		2.25 

		0.46 

		1396683 



		Transferrin

		HSTVFDNLPNPEDRK

		2.49 

		0.47 

		936168 



		Transferrin

		ILESGPFVS

		1.29 

		0.36 

		17075 



		Transferrin

		ILESGPFVSCVK

		1.91 

		0.56 

		403408 



		Transferrin

		IMKGEADAMSLD

		1.86 

		0.43 

		57942 



		Transferrin

		IMKGEADAMSLDGGYLY

		3.76 

		0.60 

		128915 



		Transferrin

		IMKGEADAMSLDGGYLYIA

		2.43 

		0.48 

		110527 



		Transferrin

		KELPDPQESIQ

		2.09 

		0.53 

		63184 



		Transferrin

		KELPDPQESIQR

		2.48 

		0.52 

		15806 



		Transferrin

		KENFEVL

		1.33 

		0.35 

		78355 



		Transferrin

		KENFEVLCK

		2.05 

		0.53 

		3427 



		Transferrin

		KGEADAMSLDGGYLY

		2.20 

		0.59 

		69433 



		Transferrin

		KGEADAMSLDGGYLYIA

		2.67 

		0.59 

		280141 



		Transferrin

		KGEADAMSLDGGYLYIAGK

		3.53 

		0.63 

		26899 



		Transferrin

		KLLEACTFHKP

		2.91 

		0.41 

		4056 



		Transferrin

		KNYELLCGDNTR

		2.88 

		0.04 

		19515 



		Transferrin

		KSVDDYQECYL

		1.28 

		0.31 

		26750 



		Transferrin

		KSVDDYQECYLA

		2.14 

		0.50 

		511535 



		Transferrin

		KTYDSYLGDDYV

		1.41 

		0.40 

		9767 



		Transferrin

		KTYDSYLGDDYVR

		1.94 

		0.27 

		425264 



		Transferrin

		LGYEYVTALQ

		2.78 

		0.57 

		110726 



		Transferrin

		LLEACTFHKP

		1.19 

		0.34 

		423165 



		Transferrin

		LMEGAGDVAFVK

		2.51 

		0.65 

		19230 



		Transferrin

		LVPVLAENYK

		1.51 

		0.44 

		32112 



		Transferrin

		LYKELPDPQESIQR

		2.07 

		0.41 

		59147 



		Transferrin

		MDFELYLGYEYVT

		1.96 

		0.52 

		806 



		Transferrin

		MDFELYLGYEYVTA

		1.70 

		0.44 

		3103 



		Transferrin

		MDFELYLGYEYVTAL

		1.55 

		0.30 

		46881 



		Transferrin

		MDFELYLGYEYVTALQ

		1.32 

		0.36 

		113554 



		Transferrin

		MDFELYLGYEYVTALQNL

		3.18 

		0.50 

		610 



		Transferrin

		MEGAGDVAFVK

		1.32 

		0.29 

		613991 



		Transferrin

		MEGAGDVAFVKH

		2.07 

		0.54 

		121402 



		Transferrin

		MVPSHAVVA

		1.23 

		0.61 

		362 



		Transferrin

		NHEPYFGY

		1.59 

		0.73 

		5320 



		Transferrin

		NHEPYFGYSGA

		1.58 

		0.51 

		3111 



		Transferrin

		NHEPYFGYSGAFK

		2.62 

		0.55 

		220383 



		Transferrin

		NLKPVVAEFHGTK

		3.03 

		0.42 

		52047 



		Transferrin

		NNLKPVVAEFHGTK

		2.36 

		0.38 

		50194 



		Transferrin

		NTPEKGYLAVAVVK

		1.64 

		0.29 

		7460 



		Transferrin

		NYELLCGDNTR

		3.05 

		0.47 

		789750 



		Transferrin

		NYELLCGDNTRK

		1.86 

		0.33 

		31644 



		Transferrin

		PCADQSSFPK

		1.47 

		0.40 

		2654 



		Transferrin

		PDPQESIQR

		1.34 

		0.32 

		21245 



		Transferrin

		PVLAENYK

		2.26 

		0.73 

		4895 



		Transferrin

		QTHYYAVAVVKK

		1.22 

		0.25 

		2717 



		Transferrin

		QTVIQNTDGNNNEAWAK

		3.29 

		0.10 

		36331 



		Transferrin

		RGPNHAVVSRK

		1.54 

		0.46 

		1697 



		Transferrin

		RTVGGKEDVIWELL

		1.98 

		0.51 

		109932 



		Transferrin

		SAGWNIPM

		1.85 

		0.54 

		21810 



		Transferrin

		SASCVPCADQSSFPK

		2.25 

		0.48 

		78627 



		Transferrin

		SASCVPCADQSSFPKL

		2.60 

		0.48 

		6735 



		Transferrin

		SCVPCADQSSFPK

		2.98 

		0.54 

		616395 



		Transferrin

		SCVPCADQSSFPKL

		2.57 

		0.55 

		46402 



		Transferrin

		SGGAIECETAENTEECIAK

		4.03 

		0.67 

		96253 



		Transferrin

		SKDLLFR

		1.88 

		0.45 

		623 



		Transferrin

		SKMDFELY

		2.36 

		0.61 

		9411 



		Transferrin

		SKMDFELYLGYEYVTALQ

		2.56 

		0.62 

		17224 



		Transferrin

		SLDGGYLYIAGK

		2.72 

		0.58 

		22283 



		Transferrin

		SNHEPYFGYSGAFK

		2.73 

		0.56 

		24159 



		Transferrin

		STVFDNLPNPEDR

		1.73 

		0.45 

		770154 



		Transferrin

		STVFDNLPNPEDRK

		1.86 

		0.41 

		302765 



		Transferrin

		SVDDYQECY

		1.54 

		0.35 

		3928 



		Transferrin

		SVDDYQECYL

		1.78 

		0.44 

		26669 



		Transferrin

		SVDDYQECYLA

		1.63 

		0.31 

		295770 



		Transferrin

		SVDDYQECYLAMVPSHAVVA

		1.81 

		0.51 

		6717 



		Transferrin

		SVTDCTSNF

		1.45 

		0.41 

		16725 



		Transferrin

		SVTDCTSNFC

		1.47 

		0.44 

		12499 



		Transferrin

		SVTDCTSNFCL

		1.37 

		0.27 

		17690 



		Transferrin

		SVTDCTSNFCLF

		1.52 

		0.40 

		1004640 



		Transferrin

		SYLGDDYVR

		1.25 

		0.29 

		30484 



		Transferrin

		TAGWNIPM

		2.24 

		0.38 

		156861 



		Transferrin

		TAGWNIPMGLL

		1.27 

		0.39 

		154313 



		Transferrin

		TAGWNIPMGLLYSK

		2.00 

		0.51 

		32772 



		Transferrin

		TSDANINW

		1.15 

		0.44 

		36884 



		Transferrin

		TSDANINWNNLK

		3.04 

		0.44 

		616418 



		Transferrin

		TSDANINWNNLKDK

		1.59 

		0.38 

		31761 



		Transferrin

		TSDANINWNNLKDKK

		1.53 

		0.35 

		11040 



		Transferrin

		TVFDNLPNPEDR

		1.62 

		0.36 

		12739 



		Transferrin

		TVGGKEDVIWE

		1.79 

		0.41 

		5545 



		Transferrin

		TVGGKEDVIWELL

		2.22 

		0.47 

		1893697 



		Transferrin

		TVIQNTDGNNNEAWAK

		3.57 

		0.74 

		4452 



		Transferrin

		TYDSYLGDDYV

		1.83 

		0.59 

		13547 



		Transferrin

		TYDSYLGDDYVR

		2.94 

		0.66 

		2100033 



		Transferrin

		TYDSYLGDDYVRA

		1.84 

		0.50 

		4446 



		Transferrin

		VIWELLNHAQEH

		1.77 

		0.58 

		595 



		Transferrin

		VKTSDANINWNNLK

		1.94 

		0.44 

		63216 



		Transferrin

		VLRILESGPFVSCV

		2.41 

		0.64 

		23715 



		Transferrin

		VTDAENCHLA

		1.33 

		0.57 

		4124 



		Transferrin

		VTDAENCHLAR

		1.43 

		0.46 

		19282 



		Transferrin

		WCTISTHEANK

		1.36 

		0.30 

		248 



		Transferrin

		WELLNHAQEHFGK

		2.38 

		0.51 

		15565 



		Transferrin

		YELLCGDNTR

		1.29 

		0.50 

		7178 



		Transferrin

		YEYVTALQNLR

		1.91 

		0.46 

		9634 



		Transferrin

		YKELPDPQESIQ

		2.28 

		0.48 

		11522 



		Transferrin

		YKELPDPQESIQR

		2.19 

		0.46 

		19648 



		Transferrin

		YLGYEYVTALQNLR

		1.70 

		0.38 

		3158 



		Transferrin

		YVTALQNLR

		2.02 

		0.48 

		62340 



		Transferrin

		YYGYTGAFR

		1.19 

		0.33 

		277591 
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