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I. Overview

Mass spectrometry has become an indispensable tool in modern
aging and neurobiology research. The coupling of mass
spectrometry with pattern recognition algorithms and various
bioinformatic approaches has been applied in many diverse areas of
proteomic studies, including protein identification, protein

iation, protein pos : Lo tom PIOEH

and protein-protein interactions. Recently we have developed a high
throughput proteomic approach to examine the targets of oxidative
stress in brain tissue from a PS1/APP mouse model of Alzheimer s
disease (AD). The generation of very large numbers of MS/MS
spectra from such high throughput proteomic analyses creates a
tremendous challenge when correct peptide assignments must be
discriminated from false positive identifications among proteomic
database search results. In order to ensure an objective measurement
of the quality of proteomic data, we have recently implemented a
series of probability-based bioinformatic programs to allow us to
validate proteomic results generated from various database search
algorithms. We will demonstrate how we manage and validate our
proteomic datasets through the use of the Sequest algorithm and.
confirm our protein assignments by using the protein inference tool
ProteinProphet. Once the database search is properly validated, the
proteomic results are first annotated by the Gene Ontology (GO)
analysis and then visualized by several in-house MATLAB
programs. We hope the standardization of our workflow will allow
us to establish a benchmark for our analyses and contribute to the
development of an objective standard with which to interpret our
data, as well as data from other laboratories.
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Workflow and data acquisition for mass
spectrometry-based proteomic experiments

Generation of tandem MS spectra by multi-dimensional
protein identification technology (MudPIT)
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Protein identification by database searching using the SEQUEST algorithm
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12:node cluster computer dedicated to MSIMS
spectral processing and database searches using
the SEQUEST algorithm

Data Analysis —the Achilles heel of proteomics

Different scarch engines and score thresholds for data
filtering

Unknown and variable false positive rates

Inferring proteins from peptide identifications is not
straightforward

Fom large scale proteomics study, simple summary of
entification makes data interpretation extremely
diffieult
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Statistical Peptide Assignment Validation Model
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PeptideProphet: Expectation Maximization (EM) mixture
model algorithm learns the most likely distributions
among correct and incorrect pepnde assignments given

the observed
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NSP (number of sibling peptides):
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this a good tryptic peptide?

TOT: total number of incidence

Validation of Peptide Assignment by PeptideProphet
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“The distribution of the Xcorr scores indicates that PeptideProphet is
extremely powerful of discriminating between correctly and incorrectly
identified peptides. Therefore, our satistical model provides  robust and
tive way of validating peptide identification generated from database
search. For example, itis very difficult o determine whether a peptide is
comestly denifiod oo i has g Xeorand e expete o

is not n addition,
the result here also demonstrated that one can not positively \dcnmy a
on its Xeorr score. It in this

training dataset that there are significant numbers of incorrectly identified
pepides with Xcorr higher than conventional threshold values (+2 ions,
Xeorr >2.0; +3 ions, Xeorr > 2.5).

Probability-based peptide assig of oxidatively
modified proteins from PS1/APP mice

‘The computed probabilities
are true measurement of
confidence.

Only peptides with p>0.5 will
be subjected to further protein
assignment.

ProteinProphet was employed for prote

Error rates (percentage of total identifications which are false) and
sensitivity (percentage of curtent correct ideniifications out of total
correct idenifications) as a function of minimum protein
probability cutoff for selecting the data. For example, if we use 0.8
as the cutoff probability, then we will expect 92.6% sensitivity and
1% error ate
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V. Proteomics data visualization

Fora large scale protcomics study, a simple summary of proteomics
data, such as tabulating the lstof proteins denified. sometimes does
ot yield much sense of the data. Advanced visualization tools are
needed o make sense out of the data. The Gene Ontology (GO) ives
oty R pracomics a0 vl bt of

in the GO

system or

the proteinsaccording tothe GO system. The GO system has.a

controlled vocabulary that can be applied to al organisms, even as

knowledge of gene and protein roles in cells is accumulating and

hanging. GO provids three iuctured netvorks (iologicl process,
lecular function) of defined

cellular

‘gene product attributes.

Gene ontology (GO) analysis of the identified proteins

Molecular function categorization of
identified proteins. Categorization

identified proteins to LocusLink IDs
followed by GO analysis using
GoSurfer. Results shown represent
61% of all proteins identified. The
pie chart shows that 34% of
identified proteins have binding
activity, meaning that each protein
has atleast one other interacting

. Furthermore, 26% of
identified proteins have enzyme
activity while 11% have unknown
‘molecular function.

Visualization of protin by their GO
biological process hierarchy. The tree
(dotsand commoctng pth) sepreses
those categories (dots) in the GO
hierarchy for biological process which
matched one or more proteins identified
in the dataset. Some categories are
labeled and shown below: 1. behavior
(1 protein); 2. Cellular process (19
proteins); 3. Development (3 profeins);
4. Physiological process (26 proteins).
“The categories under physiological
process are further shown below. S, cell
‘growth andor maintenance (17
proteins): 6: metabolism (11 proteins):

ponse to external stimulus (2
proteins); 8. response to stress (1
protein); 9: secretion (3 proteins); 10:
circulation (1 protein).

Target identification and network analysis by MetaCor
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Functional network
analysis of the identified
proteins in PS1+APP
mice. Proteins identified
from PS1+APP mice
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