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Abstract

Accurate protein identification and quantitation are critical when interpreting the biological
relevance of large-scale shotgun proteomics datasets. Although significant technical advances in
peptide and protein identification have been made, accurate quantitation of high throughput
datasets remains a key challenge in mass spectrometry data analysis and is a labor intensive
process for many proteomics laboratories. Here, we report a new SILAC-based proteomics
quantitation software tool, named IsoQuant, which is used to process high mass accuracy mass
spectrometry data. IsoQuant offers a convenient quantitation framework to calculate peptide/
protein relative abundance ratios. At the same time, it also includes a visualization platform that
permits users to validate the quality of SILAC peptide and protein ratios. The program is written
in the C# programming language under the Microsoft .NET framework version 4.0 and has been
tested to be compatible with both 32-bit and 64-bit Windows 7. It is freely available to non-
commercial users at http://www.proteomeumb.org/MZw.html.
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INTRODUCTION

Mass spectrometry-based proteomics approaches can provide valuable qualitative and
quantitative information regarding not only protein identification, but also protein-protein
interaction, and the dynamics of protein expression levels 1. Accurate protein quantitation is
required in order to make meaningful biological inferences from mass spectrometry data. In
proteomics experiments, qualitative data is obtained by identifying candidate proteins with
an acceptable false positive identification rate. Several commercially available database
search programs, such as SEQUEST 2 and Mascot 3, and open-source database search
programs including X!Tandem #, Protein Prospector °, ProblD 6, OMSSA 7, ProSight & and
InsPecT 2 are available for this purpose. Although many software programs have been
developed for quantitative proteomic analysis, certain challenges pertaining to reliable and
accurate quantitation still remain 10,
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Several methodologies are currently available for mass spectrometry-based protein
quantitation including stable isotope labeling (chemical, enzymatic, or metabolic) and label-
free strategies. SILAC (stable isotope labeling by amino acids in cell culture) 1112 js a
metabolic labeling method whereby stable isotope-labeled amino acids (typically Lys and
Arg) are incorporated into proteins as they are synthesized, thereby resulting in robust
peptide and protein quantitation ratios. SILAC has significant advantages as compared to
chemical labeling strategies, such as iTRAQ and TMT, since the labeling event occurs at the
beginning of the sample preparation procedure. Consequently, less confounding factors
influence the calculation of peptide and protein ratios. Additionally, SILAC yields more
robust quantitation ratios than label-free strategies since the lack of reproducibility in certain
label-free strategies can negatively impact the generation of consistent ratio reports. In
general, SILAC based proteomic analyses are limited to only those cells or animals that can
metabolically incorporate stable isotope labeled amino acids. Although it has not been
widely adopted by most clinical proteomic analyses, recently the SILAC method has been
modified and extended to the analysis of clinical biopsy samples that have not traditionally
been amenable to this type of approach 13 14,

Several methods have been developed for the mass spectrometry-based determination of
SILAC ratios. One method is based on peak area integration of Extracted lon
Chromatograms (XIC) using software programs such as Xpress 15, ASAPRatio 16 and
MSQuant 17, In general, XIC peak area is calculated by integrating peak intensity over
retention time for a specified m/z value. However, it is often difficult to objectively
determine the boundaries of a peak corresponding to a specific peptide, especially when the
XIC peak or elution profile of a peptide is not well defined. Another method for determining
SILAC-labeled peptide ratios is based on ratios generated from MS1 scans surrounding the
MS/MS spectrum of an identified peptide. The programs Census 18 and RelEx 12 use a
linear regression approach to calculate quantitation ratios. MaxQuant 2021 determines
SILAC pairs based on peptide features and subsequently uses the database search results
from Andromeda 22, a novel peptide search engine using a probabilistic scoring model, to
calculate ratios. A newly developed software program, UNiquant 23, provides a quantitation
method based on overall peak intensity ratio and has been shown to significantly increase
the number of quantified peptides in the analysis of quantitative proteomics data using stable
isotope labeling.

A critical issue commonly associated with the processing of quantitative SILAC-based
proteomic data is the validation of the accuracy of the large number of SILAC peptide ratios
generated from a shotgun proteomics experiment. Since every software program uses a
different algorithm and computational method to calculate SILAC peptide ratios, we and
others have observed a rather large discrepancy among the SILAC peptide ratios reported by
different programs for the same peptides, especially for low abundant peptides. Therefore,
the manual validation of SILAC peptide ratios at both the protein and peptide levels is often
required for each analysis. Currently, the Qurate 24 graphical tool can be used to manually
validate isotopically labeled peptide quantitation events. The Rover 2° tool can be used to
validate the quantitation reports from several different software packages such as MaxQuant
and Census.

In this paper we describe the framework and quantitation accuracy of IsoQuant, a software
tool we developed for SILAC-based mass spectrometry quantitation. IsoQuant uses unique
peak selection and absolute peak intensity integration algorithms combined with high mass
accuracy and dynamic chromatographic retention time filters in order to maximize the
accuracy of peptide and protein quantitation. To improve the efficiency of manual
validation, we have included a graphic user interface in IsoQuant, which allows end users to
visualize original MS1 spectra and examine how each individual SILAC peptide ratio was
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calculated in order to improve the confidence of protein quantitation. IsoQuant is freely
available to non-commercial users at http://www.proteomeumb.org/MZw.html.

MATERIALS AND METHODS

SILAC labeling and hippocampal slice culture

Hippocampal slice cultures were prepared and maintained as described previously 26,
Briefly, hippocampi were dissected from 5- to 7-day-old rat pups. Slices of 400 um
thickness were cut with a tissue chopper and attached to glass coverslips in a chicken plasma
clot. The coverslips and slices were placed in individual sealed test tubes containing semi-
synthetic medium and maintained on a roller drum in an incubator for 14 days. On day 15,
the cultures were transferred to DMEM-based SILAC medium (Pierce/Thermo Fisher
Scientific) supplemented with D, c-Lysine-HCI (100 pg/ml) (purity 96-98%, Cambridge
Isotope Laboratories), 13Cg .-Arginine-HCI (100 pg/ml) (purity 99%, Cambridge Isotope
Laboratories), 10% dialyzed fetal bovine serum (Invitrogen) and 1% penicillin/streptomycin.
Slices were harvested on the 14 day of being cultured in SILAC DMEM.

Preparation of cell lysates and protein digestion

SILAC-labeled cultured hippocampal slices were homogenized in a buffer containing 8 M
urea, 75 mM NaCl, 50 mM Tris-HCI, pH 8.2, protease inhibitor cocktail (Roche), 1 mM
NaF, 1 mM R-glycerophosphate, 1 mM sodium orthovanadate, 10 mM sodium
pyrophosphate, and 1 mM PMSF using a microtube pellet pestle rod and motor (Kontes).
Insoluble material was pelleted by centrifugation at 10,000 x g for 10 min at 4 °C. The
concentration of the soluble proteins was determined by the BCA protein assay (Pierce/
Thermo Fisher Scientific). Reducing Laemmli sample buffer was added to three aliquots of
25 pg protein prior to a 5 min incubation at 95 °C and protein separation via SDS-PAGE.
Gel bands were visualized by Coomassie blue staining. Each gel lane was divided into 15
regions and the corresponding gel regions from each lane were combined and subjected to
in-gel tryptic digestion as described previously 27,

The complex cell lysate sample used to prepare standard mixtures and evaluate the
reproducibility of peptide quantitation by IsoQuant was derived from SKBR3 cells cultured
in SILAC DMEM supplemented with 10% dialyzed fetal bovine serum (Invitrogen) and 1%
penicillin/streptomycin. Five 15-cm dishes of SKBR3 cells were cultured in supplemented
SILAC DMEM to which 12C¢ .-Lysine-HCI (100 pg/ml) (Cambridge Isotope Laboratories)
and 12Cg -Arginine-HCI (100 pg/ml) (Cambridge Isotope Laboratories) were added; this
medium is referred to as SILAC “light”: Lys0, Arg0. Five 15-cm dishes of SKBR3 cells
were cultured in supplemented SILAC DMEM to which 13Cg .-Lysine-HCI (100 pg/ml)
(purity 99%, Cambridge Isotope Laboratories) and 13Cg -Arginine-HCI (100 pg/ml) (purity
99%, Cambridge Isotope Laboratories) were added; this medium is referred to as SILAC
“heavy”: Lys6, Arg6. Cells were lysed by sonication in the same buffer as described for the
hippocampal slices. The concentration of the soluble proteins was determined by the BCA
protein assay and 1 mg of total proteins from the SILAC “light” and “heavy” labeled
proteins were combined at the following ratios: 1:1, 1:2, 1:5, 1:10, 1:25, 1:50 and 1:100. The
standard mixtures in triplicates were then fractionated by SDS-PAGE. Following SDS-
PAGE, protein bands were excised and subjected to in-gel trypsin digestion and LC-MS/MS
analysis as described below.

Liquid chromatography-tandem mass spectrometry

Peptides were separated by nanoscale reverse-phase liquid chromatography using an Xtreme
Simple nanoL.C system (CVC/Micro-Tech). The analytical column was prepared by packing
1.7um 200A C18 resin (Prospereon Life Sciences) into a laser-pulled fused silica capillary
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(75 um inner diameter, 10.5 cm length, 10um tip; Sutter Instruments) using a pressure
injection cell (Next Advance). Peptides were injected into the sample loop using an
Endurance autosampler (Spark Holland, Brick, NJ) and were loaded onto the column with
95% solvent A (0.5% acetic acid in water). A 120 min LC gradient method from 5 — 35% B
(80% acetonitrile, 0.5% acetic acid) with a post-split flow rate of 0.3 pl/min was used to
elute the peptides into the mass spectrometer. The LTQ-Orbitrap mass spectrometer
(Thermo Electron) was equipped with a nanospray ionization source. The spray voltage was
1.5 kV and the heated capillary temperature was 180 °C. MS1 data were acquired in the
profile mode in the Orbitrap with a resolution of 60,000 at 400 m/z and the top ten most
intense ions in each MS1 scan were selected for collision induced dissociation in the linear
ion trap. Dynamic exclusion was enabled with repeat count 1, repeat duration 30 sec, and
exclusion duration 180 sec. Other mass spectrometry data generation parameters were as
follows: collision energy 35%, ion selection threshold for MS/MS 500 counts, isolation
width 3 m/z, default charge state 3, and charge state screening enabled.

Database searching and data processing

MS/MS spectra were searched against a UniProtKB human protein database (version Oct 5,
2010; 20,259 reviewed sequences; 75,498 nonreviewed sequences) using Bioworks 3.3.1
SP1 with the SEQUEST algorithm. Search parameters included 20 ppm peptide mass
tolerance, 1.0 Da fragment tolerance, static Cys + 57.02510 (carbamidomethylation)
modification and the following differential modifications: Met + 15.99492 (oxidation), Lys
+6.02013 (13Cg) and Arg + 6.02013 (13Cg). Fully tryptic peptides with up to two missed
cleavages and charge-state-dependent cross-correlation scores = 2.5, 3.0, and 3.5 for 2+, 3+,
and 4+ peptides, respectively, were considered as positive identifications for further
quantitative analyses. The same raw data were processed by Proteome Discoverer (version
1.2, Thermo Scientific) using SEQUEST. The protein database, database search parameters
and peptide filters were the same as indicated for the workflow using Bioworks.

RESULTS and DISCUSSION

1) Overview of IsoQuant SILAC-based quantitation

In this report, we have developed a new SILAC-based proteomics quantitation method,
named IsoQuant. Figure 1 illustrates the framework of IsoQuant for calculating SILAC
peptide quantitation ratios. Briefly, IsoQuant consists of three major components: .raw file
extraction, Peptide/Protein Quantitation, and Data Validation and Visualization. Figure 2A
is a screen shot of the three major IsoQuant user modules. To automate and streamline the
data processing, IsoQuant takes original .raw files generated from an Orbitrap mass
spectrometer as input and extracts MS1 spectra using the Xcalibur Developer’s Kit (XDK,
Thermo Electron, San Jose CA). This .raw file conversion program selects all of the MS1
scans in the .raw binary file and exports them to a single ASCII format text file. The built-in
IsoQuant .raw file conversion program is convenient for users since it does not require any
third party software tools for mass spectrometry data conversion. Next, a summary report of
peptide quantitation ratios is generated. Since IsoQuant performs its peptide quantitation
after the database search, the filtering and selection of peptides based on their false
discovery rates can be readily defined by the user. The third step is protein identification
whereby IsoQuant checks the database search results and groups proteins with homologous
peptides into protein clusters. Lastly, IsoQuant calculates protein quantitation ratios and
compiles protein quantitation reports based on the peptide quantitation ratios in each protein
cluster. The graphical user interface of IsoQuant’s peptide and protein quantitation module
is presented in Figure 2B.
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2) IsoQuant minimizes under-sampling problem when a data-dependent method is used to
acquire MS2 spectra

Mass spectrometer data acquisition methods with dynamic exclusion enabled are commonly
used in most proteomic experiments. Mass spectrometers operated in a data-dependent data
acquisition mode have a bias toward selecting the most abundant peaks for MSn
fragmentation. As a result, the use of a dynamic exclusion method often reduces the number
of times a given peptide is selected for MSn fragmentation, thereby increasing the likelihood
that lesser abundant peaks will be selected for fragmentation.

In this study, we found that data-dependent data acquisition methods often result in the lack
of fragmentation of both the heavy- and light-labeled versions of each SILAC peptide pair in
cases where the intensity of one of the peptides is below the threshold used to trigger MS/
MS fragmentation. To compensate for the loss of potentially valuable quantitation data in
cases such as these, many current software packages, such as RelEx 1° and ProRata 28, only
require either the heavy or light peptide to be selected for MS/MS fragmentation and
identified by database search in order for a SILAC peptide ratio to be calculated. Once the
peptide is correctly identified, corresponding SILAC-labeled heavy and light peptide MS1
isotopic envelopes will be extracted. IsoQuant has adopted this important feature and can
automatically extract the XICs of heavy and light peptides when one of these variants is
identified. We found this feature has significantly increased the number of peptide pairs that
can be quantified by IsoQuant.

Figure 3 illustrates one of the limitations of data-dependent acquisition instrument methods
and indicates that MS1 peaks selected for MS/MS fragmentation do not always have clear
isotope distributions for accurate SILAC-pair quantitation. As shown in Figure 3A, an MS1
peak corresponding to 572.77 m/z at retention time (RT) 32.70 min and RT 32.75 min
(indicated by *) was selected for MS/MS fragmentation. The MS1 scan of RT 32.70 min has
a distinct isotopic peak envelope at 572.77 m/z (heavy SILAC peptide), whereas 569.76 m/z
(light SILAC peptide) has an incomplete isotopic peak envelope (Figure 3B). The use of
dynamic exclusion in this instrument method precluded the selection of the 572.77 m/z
(heavy SILAC peptide) and 569.76 m/z (light SILAC peptide) peaks for MS/MS
fragmentation after RT 32.75 min, as indicated in Figure 3A. On the other hand, at RT 32.84
min, which coincides with the apex of the peak in the extracted ion chromatogram of 572.77
m/z, complete isotopic peak envelopes were obtained for both the light and heavy SILAC
peptides (Figure 3C). However, these two peaks at RT 32.84 min were never selected for
MS/MS fragmentation since they had already been added to the dynamic exclusion list. To
overcome this issue, IsoQuant uses both high mass accuracy and retention time filters to
determine candidate SILAC peptide pairs for quantitation if either the heavy or light peptide
was identified by the database search engine. Therefore, IsoQuant can overcome the
limitations of dynamic exclusion-based data-dependent acquisition methods that affect the
accuracy of other quantitation programs.

3) Summary of IsoQuant Peak Selection Algorithm

Two common challenges associated with the accuracy of peptide quantification in a shotgun
proteomic analysis are the co-elution of contaminant isobaric peptides and the lack of a clear
distinction between low abundant peptides and background noise. As a result, these two
issues often affect the clear identification of the XIC derived from the target peptide because
the boundaries, or the starting and ending points, of the XIC can be difficult to discern. To
overcome these issues, both Census 18 and RelEx 19 use a least-squares regression method
to quantify peptides with poor S/N ratios. Recently another program, Vista 22, also
demonstrated that the quantitation accuracy of low abundant SILAC peptide pairs can be
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significantly improved when both high mass accuracy and signal/noise ratio were included
as part of the algorithm.

IsoQuant uses the following three filters to identify XIC boundaries: retention time (default
setting: 50 MS1 scans preceding and following the MS2 scan of the identified peptide), high
mass accuracy (default setting: 5ppm), and detection of complete isotopic envelopes
corresponding to both the identified and theoretical SILAC peptides. Figure 4 is a
representative example of a SILAC peptide pair quantified by IsoQuant. In this case, the
MS2 spectrum of the heavy-labeled SILAC peptide was identified by the SEQUEST search
engine at scan #7605. IsoQuant then searches for the MS1 isotopic envelopes corresponding
to the parent mass of identified peptides using its high mass accuracy filter (5ppm) and
retention time filter. Because of the detection limits of mass spectrometers and the wide
dynamic range of most proteomes, it is often difficult to detect the complete isotopic
envelopes of low abundant peptides. Therefore, for low abundant peptides or peptides with
poor S/N ratios, only monoisotopic peaks are used for XIC construction. In order to
discriminate between the true signals derived from low abundant peptides and the signals
generated from the background noise, the current version of IsoQuant requires at least two
monoisotopic peaks to be identified for each peptide during XIC reconstruction.

As indicated in Figure 4B, IsoQuant’s MS1 extraction module will only extract MS1 scans
containing at least two monoisotopic peaks from both the heavy and light peptides. XICs
corresponding to heavy and light labeled peptides are reconstructed and areas under the
curves are then calculated. Since the light labeled peptide was not identified by SEQUEST
database search in this case, IsoQuant used the final SEQUEST search result and
automatically identified the corresponding MS1 peaks of the light labeled peptide. Using the
same high mass accuracy and retention time filters described earlier, the boundaries of XIC
corresponding to isotopic envelopes of the light labeled peptide were then defined. We
found that an advantage of using isotopic envelopes (or at least two monoisotopic peaks) to
define the boundaries of XIC for low abundant peptides is the simultaneous exclusion of
contaminant background peaks since most of these background ions do not have a complete
isotopic envelope. In addition, we have also found that requiring a complete set of isotopic
envelopes to reconstruct the XIC of target peptides automatically allows IsoQuant to
eliminate co-eluting low abundant isobaric peptides, which significantly improves the
accuracy of SILAC pair quantification.

4) Quantitative accuracy of IsoQuant using sPRG2009 SILAC peptide standards and
complex biological sample

In order to evaluate the performance and accuracy of IsoQuant, we used the SILAC-labeled
peptide standards provided by the Association of Biomolecular Resource Facility’s (ABRF)
Proteomics Standards Research Group (sPRG) 0. The natural and synthetic ([13Cg, 15N,]-
lysine and [13Cg, 1°N,]-arginine) peptides from five recombinant human proteins (serum
albumin, histidyl-tRNA synthetase, ribosyldihydronicotinamide dehydrogenase,
peroxiredoxin-1, and ubiquitin) were combined in three defined ratios and quantities. Two
technical LC-MS/MS replicates were performed and IsoQuant was used to determine the
peptide and protein ratios. The accuracy of the calculated quantitation ratios was assessed
using the following criteria. First, the ratios for all occurrences of the same peptide
identified in the same run should be consistent. Second, the ratios for all occurrences of the
same peptide identified in both runs should be consistent. Lastly, the ratios for all unique
peptides identified from the same protein should be consistent.

Table 1 lists the SILAC ratios calculated by IsoQuant as compared to the published
consensus ratios from other laboratories who participated anonymously in the ABRF
SPRGO09 study. Using IsoQuant, we successfully quantified all 15 peptides and five proteins
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present in the sample. The average absolute deviation for all protein ratios was 4.99%.
Therefore, this study suggests that IsoQuant is an accurate method that can be used to
reliably determine peptide and protein ratios.

To further demonstrate the accuracy of IsoQuant in quantifying the relative abundance of
proteins in a complex sample, heavy 13C-Lys/Arg-labeled cell lysates were mixed with
light 12C- Lys/Arg-labeled cell lysates at the following H/L ratios = 1:1, 1:2, 1:5, 1:10, 1:25,
1:50 and 1:100. These standard mixtures were then separated by SDS-PAGE in triplicate
and analyzed by trypsin in-gel digestion and LC-MS/MS. After the SEQUEST database
search, the accuracy of SILAC peptide ratios was compared between IsoQuant and
Proteome Discoverer (Figure 5, see Supplemental Tables 1-4 for the details of peptide and
protein quantification). IsoQuant was able to quantify more peptides and proteins in the
samples with expected SILAC H/L ratios of 1:25, 1:50 and 1:100 (Figures 5A and B,
Supplemental Tables 5 and 6). The accuracy of IsoQuant at the H/L ratios = 1:1, 1:2, 1.5,
1:10 and 1:25 is very comparable to Proteome Discoverer (Figure 5C). However, the ratios
of the H/L = 1:50 standard mixture as calculated by IsoQuant and Proteome Discoverer were
53.19 +3.20 and 40.00 +0.39, respectively. Because of the less than 100% labeling
efficiency of the heavy-labeled cell lysate (99%) and the failure to identify low abundant
isotopic envelopes of light labeled peptides, the ratios of the H/L = 1:100 standard mixture
as calculated by IsoQuant and Proteome Discoverer were 82.53 + 4.53 and 58.09 + 3.57,
respectively.

IsoQuant uses a weighted average method to calculate the final protein ratio. The following

WX
formula is used to calculate protein ratios: "0 S w,; » Wiis the XIC area of heavy and
light peptide, is the ratio of heavy and light pair.

An example of the final assembly of peptide ratios into protein ratios is illustrated in Table
2. It is clear that the weighted average method improves the quantitation of IsoQuant. If
many peptides belong to a group of proteins, IsoQuant will group these proteins into a
common protein group and use a weighted average method to obtain an average protein
group ratio. However, if there is a unique peptide from a specific isoform that can be
identified within a protein group, IsoQuant will calculate and record the protein ratio of that
specific isoform based on the ratio of the quantified unique peptide pair. Therefore, no
outlier removal is used during the process of protein ratio calculation in order to maintain
the ratios of the unique peptides for each specific protein isoform. Figure 5D summarizes the
accuracy of IsoQuant protein quantitation. The accuracy of IsoQuant protein quantitation at
the H/L ratios = 1:1, 1:2, 1:5, 1:10, 1:25 and 1:50 is very close to the ratios of the known
standard mixtures. Due to the limitations of the mass spectrometer on the extraction of
peptides with low signal/noise ratios, the calculated protein ratio of IsoQuant for the H/L =
100 standard mixture is 68.97 = 3.77 (Figure 5D, Supplemental Table 6).

5) Validation of IsoQuant quantitation accuracy using SILAC-labeled rat hippocampal

slices

We used IsoQuant to conduct a quantitative analysis of a sample derived from SILAC-
labeled rat brain hippocampal slices. A representative table of peptide quantitation results
and the overall peptide ratio distribution from this sample are illustrated in Figure 6A. If the
quantitation of a specific SILAC peptide pair requires further visual validation, the IsoQuant
peptide quantitation viewer/visualization module will display all corresponding SILAC MS1
m/z pairs from the original mass spectrometer .raw file that were used to calculate that
specific peptide ratio. For instance, the highlighted SILAC peptide MATDPENIIK (Figure
6A, indicated by MS2 scan# 2473) from synaptophysin was quantified with a SILAC ratio
of 5.8 + 0.85. Figure 6B is a representative spectrum of a MATDPENIIK SILAC peptide
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pair generated from IsoQuant’s visual validation module. The “light” MATDPENIIK
peptide has an isotope envelope at 574.28 m/z (relative intensity 5%) and the “heavy”
MATDPENIIK peptide has an isotope envelope at 576.30 m/z (relative intensity 30%);
heavy/light = 5.88 + 0.85. Therefore, this visual validation module allows users to quickly
confirm the accuracy of SILAC ratios generated by IsoQuant.

CONCLUSIONS

In summary, we have developed a new SILAC-based mass spectrometry quantitation
software tool, named IsoQuant, which provides accurate quantitation ratios and avoids some
of the common quantitation limitations related to data-dependent mass spectrometry data
acquisition methods. The results using SILAC-labeled hippocampal slice cultures and cell
lysate datasets prove that IsoQuant can be used for accurate peptide and protein SILAC-
based quantitation of complex samples. Most importantly, IsoQuant offers an easy to use
graphic interface peptide/protein quantitation report, and it also includes a visualization
platform, which permits users to validate the quality of SILAC peptide and protein ratios.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A) Three components of IsoQuant
MIw 1.4.0.0
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e
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B) Interface of peptide and protein quantitation module
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Figure 2. User interface of 1 soQuant

A) IsoQuant consists of three major components: Raw file conversion, Peptide/ Protein
Quantitation and Visual Validation. B) Interface of the peptide and protein quantitation
module. Currently, IsoQuant supports the following quantitation features: 1. double and
triple label SILAC experiments; 2. Single or multiple .raw files; and 3. SEQUEST and
Mascot peptide identification results (only SEQUEST search result is shown here).

Anal Chem. Author manuscript; available in PMC 2013 May 15.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

Liao et

Relative Abundance

Relative Abundance

al. Page 12
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32.84
100]
. \35203
] 32
80 T
i 32.80
60 ] %
’ 32.15
40 -
i 3B.17
20 - *
: jﬂ) ‘ ‘ H ‘
0— T - . T . ‘ . _| ’ llllll Il'llllll'llll
31.0 320 33.0 34. 35.0
Time (min)
B) MS1 scan at RT 32.70 C) MS1 scan at RT 32.84
100 572.77 100 572.77
] | RrT:3284
80 | L 80
] S V]
: S ]
60 ] S 60
4 2 4
] 40] 573.27
40 56976 57327 2 ] 569.76
571.76 ks 207
20 ' 57377 2 ] 570.26 57377
01 7076 57326 |574.27
1 ; . 1

568.0 569.0 570.0 571.}) 572.0 573.0 574.0
m/z

568.0 569.0 570.0 571.0 572.0 573.0 574.0

m/z

Figure 3. IsoQuant overcomesthe limitation of under-sampling in data-dependent instrument
methods, thereby increasing the accuracy of SILAC-based quantitation
A) Extracted ion chromatogram (XIC) of 572.77 m/z (SILAC heavy-labeled peptide).

572.77 m/z was selected for MS2 fragmentation and was identified by SEQUEST in the first

two scans (indicated by *; retention time (RT) 32.70 min and 32.75 min). B) MS1 scan at
RT 32.70 min (568.0 — 575.0 m/z) demonstrating an incomplete isotope envelope of 569.76
m/z (SILAC light-labeled peptide). C) MS1 spectrum from the most intense peak in A) at

RT 32.84 min. Although 572.77 m/z was not selected for MS2 fragmentation due to

dynamic exclusion, its complete isotopic envelope permitted quantitation by IsoQuant.
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Figure 4. Representative extracted ion chromatograms (X1C) of model peptidefrom a SILAC H/

L =2 mixture

(A) Nuclear migration protein nudC (NUDC) peptide, LVSSDPEINTK, was identified at
scan # 7605, as indicated by the long arrow. The peak intensities of isotopic envelopes
corresponding to the heavy and light peptides were then extracted by an IsoQuant MS1
peaks extraction module. Two XICs corresponding to individual heavy (square) and light
(diamond) peptides were then reconstructed. The H/L ratio calculated by 1soQuant was 2.05
and close to the expected H/L ratio of 2.0. The beginning (scan # 7601) and ending (scan #
7634) points of the XICs are indicated by the two short arrows. (B) MS1 spectra of peptide
LVSSDPEINTK used for ratio calculation.
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Figure 5. Quantitation accuracy of 1soQuant using standard SILAC mixtures

SILAC standard mixtures at H/L = 1:1, 1:2, 1:5, 1:10, 1:25, 1:50 and 1:100 were prepared in
triplicate by mixing 13Cg-lysine and 13Cg-arginine labeled SKBR3 cells with 12Cg-lysine
and 12Cg-arginine labeled SKBR3 cells. The same raw data were analyzed by IsoQuant
(white) and Proteome Discoverer (gray). The percentage of quantified peptides (A) and
proteins (B) from the quantitation results of IsoQuant (white) and Proteome Discoverer
(gray) are shown. Error bars represent standard deviations from three technical replicates.
Expected ratios and experimental ratios of peptides (C) and proteins (D) are shown. Error
bars represent standard deviations from three technical replicates.
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Figure 6. Interface of | soQuant visualization module permits usersto validate quantitation ratios
A) Screenshot of quantitative SILAC peptide summary report and overall peptide
quantitation ratio distribution from a representative double (Lys4, Arg6) SILAC label
experiment. B) Screenshot of a representative spectrum from which the peptide ratios were
calculated. Users can move a slider at the top of the “MS1 spectrum” view in the “Validate”
window to allow the visualization of neighboring MS1 scans used for peptide quantitation.
C) Screenshot of protein ratio report
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