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OVERVIEW

This project aims to develop and apply protein interaction 
reporters (PIRs)1 and a two-stage approach using 2D/LC/MS/MS 
and multiplexed LC/FT-ICR-MS technologies for global protein-
protein interaction profiling.

High mass measurement accuracy (MMA) and unique features of 
PIR cross-linker are the enabling factors for identification of 
protein interactions on whole proteome scale.

This presentation highlights our initial attempt and results of 
profiling protein-protein interactions on proteome of Shewanella
oneidensis MR-1.
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1 SO0229 translation elongation factor Tu (tufA) 44 13 4347

2 SO0217 translation elongation factor Tu (tufB) 44 13 4100

3 SO4747 ATP synthase F1, beta subunit (atpD) 50 14 3162

4 SO0842 translation elongation factor G (fusA-2) 77 18 2266

5 SO3099 long-chain fatty acid transport protein 47 11 2119

6 SO4749 ATP synthase F1, alpha subunit (atpA) 55 11 1747

7 SO0225 DNA-directed RNA polymerase, beta 
subunit (rpoC)

156 27 1546

8 SO1926 citrate synthase (gltA) 48 6 1449

9 SO2638 leucine dehydrogenase (ldh) 37 5 971

10 SO2402 ribosomal protein S1 (rpsA) 61 12 649

11 SO0314 ornithine decarboxylase, inducible 
(speF)

82 12 613

12 SO1779 decaheme cytochrome c (omcA) 80 9 562

… … … … … …

139 SO3940 ribosomal protein L13 (rplM) 16 2 23

140 SO2760 phosphoribosylformylglycinamidine
cyclo-ligase (purM)

38 2 22

Mapping protein-protein interaction networks at systems level is 
essential for understanding molecular function in biological 
organisms.  Cross-linking strategies for studying protein 
interactions are simple in principle; however, present tremendous 
challenges in reality due to inherent complexity from the reactions 
and the mass spectra.  We aim to develop a novel strategy using 
special cross-linkers and a two-stage mass spectrometry approach 
for profiling protein-protein interactions on a global scale.  We have 
reported previously a novel type of cross-linker, called Protein 
Interaction Reporter (PIR)1, that includes cleavable bonds with high 
specificities at low-energy MS/MS to allow release of a reporter tag 
and intact peptide chains.  The second-generation PIR further 
incorporates a biotin tag for enrichment of cross-linked products.  
The two-stage mass spectrometry approach has been developed to 
capitalize on the advanced features of PIR cross-linkers and high 
performance of FT-ICR-MS instruments.  Stage 1 focused on 
capturing cross-linked products at protein level and construction of 
a restricted database to be used for searching interacting proteins.  
Stage 2 involved enrichment of cross-linked peptides to be analyzed 
by multiplexed LC/FT-ICR-MS with  low-energy CID activation on and 
off at alternating scans.  To allow use of reporter ions as lock mass 
for internal calibration and PIR fragmentation pattern recognition 
that allows distinguishing inter-, intra-, or dead-end cross-linked 
peptides, ICR-2LS software and newly developed Excel-based 
algorithms (XLinks) were applied to analyze and search the data 
generated from stage 2.  The cellular proteome of Shewanella
oneidensis MR-1 was explored and investigated with this novel 
strategy.

PIR was made in house based on F-moc solid phase peptide 
synthesis chemistry.

Shewanella oneidensis MR-1 cells were grown and harvested at 
mid-log phase.  Cells were labeled intact with PIR and then 
washed and lysed in PBS buffer.

A monomeric avidin column (Pierce) was used for both stage 1 
and stage 2 to enrich cross-linked proteins or peptides. 

Nano LC/MS/MS by ion trap MS (Esquire HCT, Bruker Daltonics) 
was used for stage 1 analysis and multiplexed LC/FT-ICR-MS (7T 
Apex-Q, Bruker Daltonics) was used at stage 2 analysis

ICR-2LS and novel algorithms (XLinks) were used for identification 
of PIR-labeled peptides and interacting proteins. 
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A novel strategy for global profiling protein-protein interactions has been developed and applied to cellular 
proteome of Shewanella oneidensis MR-1.

Initial studies resulted in identification of a number of protein-protein interactions as well as some cell surface 
proteins through dead-end labeling.

Further validation experiments are underway.

A reprint of this poster is available at: http://www.wsu.edu/proteomics
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Base peak chromatogram of multiplexed LC/FT-ICR-MS of PIR-labeled 
peptides with low-energy CID (-18 v) activation on and off at alternating 
scans. The inset is the extracted ion chromatograms of a PIR labeled 
parent ion (red trace) and its daughter ion (black trace).
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Identified 
Sequence

Accession 
Number

Protein ID

983.409 884.377 MPAFEYK
(N-terminal peptide)

SO0168 General secretion pathway 
protein F  (gspF)

1472.835 1373.800 HVVKVVNSDLHK SO0234 Ribosomal protein L2 (rp1B)


