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Introduction
Mass spectrometry-based quantitative proteomics has proven to be a 
powerful approach to distinguish specific from non-specific protein 
interactions and determine biological process relevant changes in 
protein expression and posttranslational modifications. To quantify the 
MS data based on stable isotope labeling, the processing software 
needs to have the capability of generating quantitative information at 
both peptide and protein levels automatically. It also needs to have the 
flexibility of analyzing data from different instruments and different 
labeling methods.  Towards this goal, we have developed several new 
features in the Search Compare program within Protein Prospector.  In 
order to minimize the need for manual validation of ratios, we also 
improved the accuracy of the measurements with the option of 
averaging ratios across a given elution profile.  

The new developments in PP for quantitative proteomics are illustrated 
in a study seeking to understand the changes of posttranslational 
modifications in proteasome complexes after oxidative stress using 
SILAC-based approach.  The ability to acquire and quantify iTRAQ data 
using the LTQ-Orbitrap is also demonstrated. 
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Experimental

1. SILAC experiment: The 26S proteasome complex was purified from cells 
expressing Rpn11-TAP. The cells grown in heavy media containing 13C,15N 
arg/lys were used as a control and the cells grown in light media containing 
12C,14N-arg/lys were treated with hydrogen peroxide. The cells were lysed and 
mixed in a 1:1 ratio prior to affinity purification. The purified proteasome
complexes were then digested by trypsin and analyzed by 2-dimensional liquid 
chromatography and LTQ-Orbitrap XL MS. A cycle of one full FT scan mass 
spectrum (350-2000 m/z, resolution of 60,000 at m/z 400) followed by ten data-
dependent MS/MS acquired in the linear ion trap with normalized collision 
energy (for details see Poster ThPVV 557).

2. iTRAQ experiment: The sample was part of study investigating differential 
protein composition in post-synaptic density preparations from different parts of 
the mouse brain (for more details attend presentation TOA 3:50pm).

3. Data processing: More than 100,000 spectra were acquired from LTQ-Orbitrap
XL MS and searched using Batch-Tag within Protein Prospector.  Search 
compare was used for results sorting, validation and quantification.

Output format can be 
HTML or tab delimited text

Report Columns

Raw data/quantitation 
options

Score filters

Search Compare Options in PPv5

Composition filters

If this option is selected 
all subsequent MSMS 
spectra will be displayed 
using all the peaks in the 
centroid file

Option that allows 
averaging of the 
precursor data
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Representation of Quantitative Protein Report 
Using Search Compare Program

Note: Q1 and Q3 are the limits of the interquartile range.

XW_1D_2D/acc

The distribution of mass errors from all 
the hit peptides shows a potential 
calibration problem in some of the 
fractions.

A calibration procedure shows the 
problem to be in mainly in fraction 1. 
It is possible to correct each fraction 
individually and research the data. 
The corrected error distribution is 
shown below.

Internal Calibration Using Peptide Hits
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Scatter Plots of SILAC Ratios of Identified 
Peptides from the Selected Proteins

1-YHR027C

2-YIL075C

3-YOR117W

4-YER021W

8.1-YDR394W

8.2-YGL048C

9-YDL007W

10-YKL145W

20-YML092C 28-YGR253C

19-YHR200W 27-YJL001W

0 s to +20 s

No Averaging

-10 s to +30 s

Improved Ratio Statistics Using MS Scan 
Averaging

32-YOL038W

Search Compare now has a feature whereby the scans within a specified RT 
range are averaged before the ratio is calculated. This significantly reduces the 
spread of the results.



5

Comparison of Ratio Distributions of Normal 
Peptides and Oxidized Peptides from 3-

YOR117W

All peptides

Non oxidized peptides

Oxidized peptides

•Variable levels of oxidation are responsible for the majority of peptide quantitation 
ratio outliers observed for measurements for this protein

210
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10
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51

185

-16

80
81

86

-1 1

-8 22

Unrestricted Mass Modification Search
An unrestricted mass modification 
search can highlight potential novel 
modifications. Many of the ones 
shown here are well known:

43 – Carbamyl
38 – Potassium adduct
22 – Sodium adduct
51 – Label:13C(6)15N(2)+Carbamyl
80 – Phosphorylation/O Sulfation
81 – Carbamyl + Potassium adduct
-2 – Internal disulfide bridge

Two more unusual modifications 
found were G(210) and W(15)

Mass modification histogram from Search Compare output

128 156-89 -42
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Protein N-Terminus Myristoylation

The G(210) modification 
turned out to be Protein N-
Terminus Myristoylation. 
Search Compare allows 
these peptides to be 
quantitated separately

W(15) Modification

A modification of 15 Da to tryptophan was found in around 10 different peptides from 4 
proteins in the sample. Some of these were labeled and some not. By searching one of 
the spectra again, adjusting the mass defect and considering the calibration offset for 
the relevant fraction the mass defect was found to by 14.978 (±0.006) Da. Two 
example spectra with the proposed tryptophan modification are shown above.
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1-YHR027C

1-YHR027C-W15

5-YDR427W

5-YDR427W-W15

7-YDL147W

7-YDL147W-W15

18-YGR232W

18-YGR232W-W15

Distributions of the quantitation ratios for all the peptides and for just the W(15) 
modified peptides for the 4 proteins are shown above.

W(15) Modification – Quantitation Ratios

iTRAQ using HCD

Red dots – Unique to this database entry
Blue dots – Occur in multiple entries in the database

•HCD fragmentation in the C-trap produces ‘quadrupole-like’ fragmentation with a 
full mass range, allowing observation of iTRAQ reporter ions.
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iTRAQ Results

•Uses raw data
•Can report peak areas or intensities

•Protein Prospector can calculate mean and standard deviations or results can be 
exported as a tab-delimited file into spreadsheet for other statistical analysis. 

•Single measurement
•Generally gives larger standard deviations than SILAC.

♦The version of the Search Compare program in Protein Prospector 
version 5.0 is able to effectively analyze and quantify isotope labeled 
peptides such as SILAC-labeled and iTRAQ-labeled peptides measured 
from multiple instruments including Orbitrap and QSTAR. Due to high 
mass resolution, high signal to noise and high dynamic range, orbitrap
data appears to work well for quantitation purposes.

♦Quantitation ratios can be obtained not only for peptides without 
modifications and with known modifications, but also for peptides with 
unknown modifications (i.e. mass modifications).  Comparison of ratio 
distributions can be selectively plotted for chosen modifications.

♦Scan averaging leads to less spread in the ratio distributions and better 
statistics.

♦ A mass modification histogram can be generated which facilitates 
searching for potentially new modifications. These new modifications can 
later be quantitated.

Conclusions
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A version of the Protein Prospector software used in this poster is freely available 
for use on the web at:

http://prospector2.ucsf.edu

This version does not by default allow the quantitation analysis, but if you would 
like to try it for quantitation it can be arranged by contacting ppadmin@cgl.ucsf.edu. 
Also, a version can be acquired for in-house use that has all the functionality 
demonstrated on this poster (again, contact ppadmin@cgl.ucsf.edu.)


