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Introduction

The discovery of new biomarkers may be driven by proteomics, metabolomics, or
genomics experiments and can result in a list of proteins of interest for
subsequent targeted analysis. Preclinical validation of these putative biomarkers
requires assays that are both specific and quantitative for target proteins and
such assays are typically multiplexed, multiple reaction monitoring (MRM)
analyses to achieve the required high-throughput. New pathway analysis and
data visualization software facilitates the development of such targeted
proteomics experiments by allowing simultaneous, integrated, multi-omics
analysis and pathway visualization. A list of proteins of interest can then be
exported and analyzed. The quantitative results from this targeted analysis can
then be imported into the same software for statistical analysis and pathway
visualization thus facilitating both discovery and verification. This workflow will
be illustrated using a model sample set.

Samples: In order to model this workflow, treated and unstimulated Hela cell
lysates were purchased (Millipore). The unstimulated (US) cell lysate was used
as the control. The treated lysates had been exposed to 1) heat shock and
arsenite (HS-Ars), 2) interferon a (IFN), 3) tumor necrosis factor (TNF) and 4)
epidermal growth factor (EGF).

Sample preparation: For each sample, 100 or 200 ug of total protein was
reduced, alkylated (carbamidomethyl) and digested with trypsin using a modified
FASP protocol using 2,2,2-trifluoroethanol for solubilization and denaturation.
After overnight digestion, the trypsinized lysate was acidified with formic acid and
stored at -80°C until use.

LC/MS/MS Analysis: For each injection, 500 ng tryptic digest was loaded. Each
cell lysate was analyzed multiple times (minimum of n=4) on the HPLC-Chip/MS
system interfaced to a 6490 QQQ with iFunnel technology using a 90 minute
gradient method. The HPLC-Chip used was the new Polaris chip (G4240-6230)
which is comprised of a 360 nL enrichment column and a 150 mm x 75 pm
analytical column which were both packed with Polaris C18-A, 3 pym material

(Agilent). Data was in acquired with retention-time scheduling using dynamic
MRM mode.

Data processing: The QQQ data was first processed by MassHunter Quantitative
Analysis software to automatically extract the MRM chromatograms and
calculate areas. The Quantitative software also have very convenient data review
tools for assessing a large data set.

Area results for all targeted peptides were imported for into Mass Profiling Pro 12
(MPP), a data analysis and visualization package that includes an optional
Pathways Analysis package.
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Results and Discussion

Pathway Directed Target Analysis

Based on protein identification results from Spectrum Mill, differentially
expressed proteins were mapped onto pathways in MPP (see companion poster
232). Two of the pathways (shown below) were selected for further targeted
analysis by triple quadrupole mass spectrometry.
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Q-TOF based label-free differential analysis displayed on portions of the A) Apoptotic
execution phase WP1784 44958 pathway and B) Cytoplasmic Ribosomal Proteins
WP477 41118 pathway. The heat strips to the right of each detected protein indicate the
relative abundance in each sample treatment group.

Development of MBM-based Methods for Detected Targets

The SwissProt accession numbers for the detected differentially expressed
proteins (yellow nodes in figures A and B above) were copied and then pasted
into MRM Selector in Spectrum Mill software (below). MRM Selector
automatically creates MRM transition lists based discovery data with a number of
user-specified criteria. For this study, up to 5 transitions per peptide and 5
peptides per protein were exported from the data-dependent Q-TOF analyses.
Because the same LC analysis was applied to the targeted study, retention time
information could be exported for direct use in dynamic MRM methods.
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Development of MRM-based Methods for Non-Detected Targets

It is also possible to develop MRM assays for any or all proteins in an pathway
regardless of detection in the protein discovery phase. In this case, the GAS2
protein from the apoptotic pathway was selected to illustrate that in silico MRM
transitions can be predicted using either Skyline (A) or Peptide Selector in
Spectrum Mill (B). This same approach is used when the pathway-directed
experiment is based on genomics or metabolomic information

MRM transitions can be exported
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determine which peptides can be NS kBB
detected.

[ERN sp104390GA52_HUMAN
v @ R HEANLLPMK E [28, 26]
K EDLALWLTNLLGK E [37, 48]
K EITAETFMEK.L [50, 58]
K LDNGALLCQLAETMQEK F [80, 76]
K ESMDANKPTK.N [79, 28]
K TSAPSGSFFAR.D [99, 108]
A 5642776+
e J Py - 8684312+
. S7)-7713784-
I G [y6] - 684,344
e I S [y5]- 627.3248+
R.DNTANFLSWCR.D [110, 120]
R.DLGVDETCLFESEGLVLHK.Q [121, 139]

m..H..H..H..H.I
[<@<Q<Q<O<O

3903) is N0t present in SwissProt human Number of datsbase entres 20238

R.EVCLCLLELGR.I [143, 153]
R.YGVEPPGLIK.L [158, 167]

's Peptide N-terminal Gin 10 pyroGiu

b [ - - ]
Qe PP <Q<Q

Rk AN R Daskovad A CM K EIEQEETLSAPSPSPSPSSK.S [171, 150]
xchude it Neardy Cloavage Stes wenin 3 residues
hsarcd herad Massesare  Uniweness K.STGNLLDDAVK.R [196, 20€]
Niermnus  Cferminus Count by
Hydrogen () Free Acid (O ) MOMOSMPE sequence R.ISEDPPCK.C [208, 215]
- e RVGGGWETFAGYLLK H [251, 264]
Protein Name: Growth arrest-specific protein 2
acior, BORMAN K.DMNPDNYLVWSASYK A [252, 306]
SwissProf coession # 043903
S-Digest ndex # 681
fProtein
Protein MW. 34944
Ames Ackt Compostion: A18 C11 D14 E24 F9 G19 H6 111 K30 L38 M10 W12 P21 Q9 RIS 28 TH4 VA4 WA YS.
Yo
w e £08 Start End A
Protein Name AH Colrage W MM m2 ma ' un Score Prev. Sequence Meat by Coaide ofA
Growin st specitc rofen 2 043903 10 s seaars W 10 100 (o) Tsa o wsos tzeso s [ Tioe st e 0z W2 216 ST
Growth amest-specific proten 2 043903 2350 14858312 7434192 103 50 100 @AM (€M) 24500 [ESENNIERINR) 112560 105764 9446 7SE4E €459 54435 43030 31722 20443 1T

Growih ameat.speciic proten 2 043603 278 veTTre Tae0s 1o % 100 (VIR (0P} 16740 136871 1188 120ass 122764 toerse [N s1¢7 esd sy W A28 2020 1TH
() 2000 s0sse 5252 7530 [N «0% 28 2020 1T

k(550 2403 (SRR 1oc7 o7 [NERRAND 100 77 [NARAIEE NBRRE 12¢1 ¢ 11205 1oer <2 [SEGNED o <o [HNAR) coo >c SRR <os 2o (NN 52+

1954 10726037 5388088 1159 188 091 (WAR)
2136 20999579 10505026 1om oW em (KUK

Results and Discussion

QQQ Reproducibility

Dynamic MRM analysis was performed on the unstimulated and HS-Ars samples.
The figure below shows overlaid TIC MRM chromatograms for the replicate
analyses demonstrating excellent reproducibility.
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MassHunter quantitative results (below) were exported to MPP.
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These results were then subjected to statistical analysis (t-test) to determine the
differential features. Again, PCA and hierarchical clustering can be used to
visualize the quality of the data.
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Because the accession number was included in the MRM table as the
“Compound Group”, pathway analysis could be performed on the exported
results as well (below). Note that the QQQ results quite clearly show expression
level changes in these proteins with HS-Ars treatment.
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» Pathway analysis based on differential ‘omics experiments can facilitate the
development of targeted analyses for proteins of interested

» Targeted MRM-based assays can be easily developed based on proteomics
discovery results or in silica prediction in combination with “scouting”
analyses to confirm the best targets.

* Quantitative results from target analyses can be subjected to the same
statistical evaluation, visualization and pathway analysis using MPP software

* This approach in combination with ‘omics-based discovery facilitates
biologically-driven workflows



