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Welcome to Vancouver, British Columbia, host city of the Fifth Annual General Meeting 
of the Canadian National Proteomics Network.

The Canadian National Proteomics Network (CNPN) symposium “Can Proteomics Fill the Gap Between Genomics 
and Phenotypes?” gathers leading Canadian and international scientists and trainees to present and discuss recent 
research advances in proteomics, modificomics, and bioinformatics and their applications in the Human Proteome 
Project and to diseases affecting millions of Canadians. The symposium comes at a critical time in deciding Canada’s 
role in the global Human Proteome Project. Proteins encoded by chromosomes 6 and 21 have already been identified 
for highly detailed proteomic analysis in a nation-wide effort. Now the disease focus for Canada must be identified 
to which new resources will be dedicated for the analysis, understanding, diagnosis and treatment. In addition, our 
meeting has been linked with the inaugural meeting of the Pan-American Human Proteome Organization (HUPO), 
which hope will catalyze new research. We trust that the the West Coast style for the symposium will encourage the 
development of contacts, foster new collaborations among participants, coordinate the Canadian contributions to the 
Human Proteome Project, and enable trainees to seek and meet mentors for their next phase of training, and to learn 
of career opportunities around Canada. The results and insights from this symposium will be made accessible to the 
general scientific community by a special dedicated issue of the Journal of Proteomics. All presenters, both from the 
podium and from the boards, are welcome to contact the organizer regarding inclusion of paper in the special issue. 
We are also most grateful to the company and organization sponsors of the symposium that have greatly aided the 
financial support of the meeting. 

The Human Genome Project, completed a decade ago, deciphered the human genome. The successor of the Human 
Genome Project, the Human Proteome Project, was launched in 2010 at the Annual HUPO Meeting in Sydney, 
Australia. The HUPO international consortium was formed to identify and understand the function of all proteins in 
the human body and to map the human proteome on a disease- and chromosome-centric basis. By knowing all the 
proteins and their interactions and roles in pathways, much will be learned about the fundamental ways cells and 
tissues function. Using the techniques of proteomics, modificomics, interactomics and bioinformatics the proteins coded 
by each of the genes on each chromosome will be methodically identified and their modifications and role in cells and 
tissues deciphered. The proteome and its dynamic changes in each major human disease will likewise be analyzed. 
Each country in this consortium will classify and characterize the proteins associated with one or more of these 
identified diseases and chromosomes. Canadian investigator teams have identified chromosomes 6 and 21 and a goal 
of this conference is to identify a disease for detailed analysis.

The more we learn the more we do not understand. Completing the Human Genome Project led to more questions.  
Thus, a critical question is that with only 20,104 genes and following the one gene one protein assumption, how 
sufficiently different need these links among proteins and functions for life be to generate the human life form? 
A City of London double decker bus has a greater number of different parts than humans have genes and many other 
organisms have similar genes or similar numbers of genes as humans. Other organisms, for instance cabbages, have 
twice the number of genes as humans. So where does the extra information come from that makes humans distinct 
from other organisms? Much of the answer to this big question lies in what has become one of the hottest areas of 
proteomics in the past few years, ‘modificomics’: the study of how different forms of the same protein are produced by 
splicing and how proteins are modified after synthesis by post-translational modifications including precise proteolytic 
truncations. These modifications can change the function of each protein, for example, changing a “go” signal to a 
“no-go” signal in a protein, moving proteins from one part of the cell to another where they may play different roles, 
or altering the half life of a protein. When these changes are misregulated diseases may result. Understanding the 
genetic sequence alone does not provide this information. We need to understand the protein. But how are these 
modifications coded? Understanding this will go a long way to filling the lack of understanding of the linkage between 
the genome 
and proteome; between the cells and whole organisms; and essential differences in health and disease. 
These important issues will be the focus of discussions at this Symposium.

I welcome you to the CNPN Annual Symposium and to Vancouver!

Chris Overall MDS PhD
Program Chair
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Saturday Apri l  20,  2013

Workshop: Trans Proteomic Pipeline 
8:00 Registration

8:30 - 12:30 Trans Proteomic Pipeline 1 - UBC Michael Smith Laboratories, Room 101 
Luis Mendoza, Institute for Systems Biology

12:30 Lunch

13:30 - 17:00 Trans Proteomic Pipeline 2 - UBC Michael Smith Laboratories, Room 101

Sunday, Apri l  21,  2013

Workshop: Trans Proteomic Pipeline 
8:30 - 12:30 Trans Proteomic Pipeline 3 - UBC Michael Smith Laboratories (Room 101)

Workshop: Multiple Reaction monitoring 
8:30 12:30 Multiple Reaction Monitoring - UBC Michael Smith Laboratories, 

Lecture Theatre (Room 102) 
Derek Smith, UVic - GBC Proteomics Centre

12:30 Lunch

13:30 - 17:00 Trans Proteomic Pipeline 4 - UBC Michael Smith Laboratories, Room 101

14:30 CNPN symposium registration and poster pin-up (Coast Coal Harbour Hotel)

BC Proteomics Network Symposium (Christoph Borchers, chair)

15:00 Opening Address

15:15 Systems-wide analysis reveals that low abundant disordered proteins are 
prone to ubiquitylation after misfolding stress 
Thibault Mayor, University of British Columbia

15:45 Proteomic Analysis of Mycobacterium Tuberculosis Infection 
of Human Macrophages  
Yossef Av-Gay, University of British Columbia

16:15 Detection and Quantitation of Mutated and Alternatively 
Processed Oncogenic Driver Proteins in Cancers  
Gregg Morin, University of British Columbia

16:45 Gaining Insight into Plasmalemma Mechanotransduction and Vascular 
Disease through Caveolae/Lipid Rafts Proteomic Screens  
Pascal Bernatchez, University of British Columbia

17:15 - 18:00 BCPN annual general meeting 17:15-18:00

18:30 - 20:30 AB/Sciex Welcome reception (Coastal Harbour hotel) Informal viewing of posters

Velos™ Pro Ion Trap
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Monday, Apri l  22,  2013

8:00 Registration

8:20 Opening of CNPN 2013 – Welcome address (Chris Overall, Program chair)

Post Translational Modifications and Terminomics in Disease 
(Chris Overall, chair)

8:30
Invited Speaker

Protein N-terminal Acylations at the Proteome Scale and their Impact 
on Cell Functions  
Thierry Meinnel, CNRS Centre de Recherche de Gif

9:00
Invited Speaker

Aminopeptidase Activities as Biomarkers for Cancer  
Paul Tempst, Memorial Sloan Kettering

9:30
Invited Speaker

Terminomics Identifies New Inflammatory Pathways Under Proteolytic 
Regulation in vivo 
Chris Overall, University of British Columbia

10:00 Characterizing the proteome of Cryptococcus neoformans in Response 
to cAMP/Protein Kinase A Signaling 
Jennifer Geddes, University of British Columbia

10:15 Coffee break and poster viewing (even numbers)

10:45
Invited Speaker

Splice Variant Proteins as a New Class of Cancer Biomarker Candidates  
Gilbert Omenn, University of Michigan

11:15 Mapping the Human Methyltransferasome Reveals the Existence 
of a PTM Code that Targets Molecular Chaperones to Regulate Function-
al Organisation of the Proteome  
Benoit Coulombe, Institut de recherches cliniques de Montréal

11:45
Invited Speaker

Emerging Roles of Protein SUMOylation Unveiled Using SUMO Remnant 
Affinity Enrichment and Quantitative Proteomics  
Pierre Thibault, Université de Montréal

12:15 New function of an oldie - Rsp5 is involved in Targeting Heat-induced 
Misfolded Proteins in Cytosol 
Nancy Fang, University of British Columbia

12:30 End of session

12:45 Lunch and Tech talk

Coal Harbour ballroom A  
Integrated biology: A Pathway-centric Approach to Multi-omics Research  
Leo Bonilla, Agilent Technologies

Grouse Room 4th floor
Beyond Database Search: Identifying Mutations, PTMs, 
and Novel Peptides 
Bioinformatics Solutions

Monday, Apri l  22,  2013

Discriminating Biomarkers and Modified Proteins 
by Bioinformatics (Paul Pavlidis, chair)

14:00
Invited Speaker

neXtProt in the Context of Human Proteomics Initiatives  
Pascale Gaudet, Swiss Institute of Bioinformatics

14:30
Invited Speaker

Gene Multifunctionality and the Interpretation of Protein Networks  
Paul Pavlidis, University of British Columbia

15:00
Invited Speaker

Towards Extensive Characterization of All Variation 
in the Human Proteome  
Nuno Bandeira, University of California, San Diego

15:30 Coffee break and poster viewing (even numbers)

16:30 Can Genomics Help to Fill the Gap Between Proteomics and Phenotypes 
Gabriela Cohen-Freue, University of British Columbia

17:00 Bioinformatic Analysis of the Human Protease Web Reveals 
a Highly Robust Pervasive Interaction Network 
Nikolaus Fortelny, University of British Columbia

17:15 CNPN Annual general meeting (AGM)

18:00 - 20:00  Poster viewing and mixer (cash bar)
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Tuesday, Apri l  23,  2013

Structural and Chemical Proteomics Analysis of Modified Proteins 
in Disease (Liang Li, chair)

8:30
Invited Speaker

Shotgun Protein Sequencing by Mass Spectrometry  
Liang Li, University of Alberta

9:00
Invited Speaker

Whole Proteome Resources for SRM Assay Development  
Rob Moritz, Institute for Systems Biology

9:30
Invited Speaker

O-GlcNAc Post-translational Modification: From Alzheimer Disease 
to Development of Proteomics Probes  
David Vocadlo, Simon Fraser University

10:00 Characterization of In Vivo Tumor Cell Death Upon Successful Treatment 
with Chemotherapy 
Richard Fahlman, University of Alberta

10:15 Coffee break and poster viewing (odd numbers)

10:45
Invited Speaker

Structure-based Analysis of Protein Transport Across 
Bacterial Membranes 
Natalie Strynadka, University of British Columbia

11:15
Invited Speaker

Novel Approaches for Structural Proteomics, Application to Proteins 
Involved in Neurodegenerative Diseases  
Christoph Borchers, University of Victoria

11:45 The monitoring of protein complex dynamics in response on apoptosis 
using PCP-SILAC 
Nichollas Scott, Postdoctoral Fellow, University of British Columbia, 
CHIBI (Foster Lab)

12:00 Novel Techniques for the Study of Protein Palmitoylation 
Bernd Keller, Child & Family Research Institute, University of British Columbia

12:30 End of session

12:45 Lunch and Tech talk (Thermo Fisher) Coal Harbour ballroom A  

Protein Quantitation Using Stable Isotope Labeling in Mammals (SILAM) 
to Understand Human Disease and Injury  
John Yates, Scripps Research Institute

13:45 End of Tech Talk

Emergent Properties of Systems Analyzed from Interactomics 
and Pathways (Anne-Claude Gingras, Chair)

14:00 A method for protein methylome and methyl interactome mapping 
reveals dynamics of lysine methylation and novel functions of HP1 
Huadong Liu, University of Western Ontario

14:30
Invited Speaker

When Kinases and Phosphatases Run Wild: 
Cancer-associated Signaling Interactomes  
Anne-Claude Gingras, Mount Sinai Hospital

Tuesday, Apri l  23,  2013

15:00 Mapping the Networks of Mitochondrial Protein Complexes 
in Neurodegenerative Diseases 
Mohan Babu, University of Regina

15:30 Coffee break and poster viewing (odd numbers)

16:30 A systematic approach for the genetic dissection of protein complexes 
in living cell 
Guillaume Diss, Université Laval

16:45 Temporal regulation of EGF signaling networks by the scaffold 
protein Shc1 
Yong Zheng, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital

17:00 Network Deconvolution Identifies a Grb2-Ptpn11 Interaction Sufficient 
for Embryonic Stem Cell Differentiation 
Greg Findlay, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital

17:30 CNPN Distinguished Scientist Award Presentation 
and Invited Lecture 

18:30 Informal Fluidic Discussion – Preston’s (2nd floor)

19:30 Symposium Dinner and student/PDF awards presentation 
(Coal Harbor ballroom A)
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Wednesday, Apri l  24,  2013

Progress on the Human Proteome Project (Gill Omenn, Chair)

8:30
Invited Speaker

Overview of the Strategy, Organization, and Progress of the HUPO 
Global Human Proteome Project 
Gilbert Omenn, University of Michigan

9:00
Invited Speaker

The Canadian Chromosome 6 Consortium: Integrating 
chromosome-centric and biology/disease driven strategies  
Paul Keown, University of British Columbia

9:30
Invited Speaker

Genome-wide proteomics: The Specification of the Parts Lists of Chromo-
some 17 as part of the Chromosome-centric Human Proteome Project 
Bill Hancock, Northeastern University

10:00 Maternal Plasma Markers of Endothelial Activation in Late Pregnancy 
can be Reflective of Pregnancy Outcome 
Prem Kumarathasan, Research Scientist, Health Canada

10:15 Coffee break

10:45
Invited Speaker

Lipid Droplets at the Crossroad of Non-Alcoholic Fatty Liver Disease 
Tommy Nilsson, McGill University

11:15
Invited Speaker

Highly Multiplexed Quantitative Analyses of Clinical Samples 
Using High-Resolution / Accurate Mass Spectrometry 
Bruno Domon, Luxembourg Clinical Proteomics Center

11:45 Round-Table Forum: Identifying a Disease Focus for Canada in the HPP 
Paul Keown, University of British Columbia & Michael Siu, University of Windsor

12:30 End of session

12:45 Lunch and Tech talk 

Coal Harbour ballroom A (Bruker) 
Analytical advances for on-tissue MALDI analysis 
Shannon Cornett, Christoph Borchers, Pierre Chaurand

Grouse Room 4th floor (UVic/BCPN)
Proteomics resources at the UVic Genome BC Proteomics Centre 
and the BC Proteomics Network 
Thibault Mayor, Connie Sobsey 

13:45 End of TechTalk

Pan-American HUPO (Christoph Borchers, chair)
14:00 Importance of Pan American HUPO 

Bill Hancock, Northeastern University

14:15 Establishing Standard Baseline Metrics for the HUPO 
Human Proteome Project 
Gilbert Omenn, University of Michigan

Wednesday, Apri l  24,  2013

14:45 Discovery Driven Venomics: The Venom of Brazilian Rattle 
and Coral Snakes 
Gilberto Domont, Universidade Federal do Rio de Janeiro, Brazil

15:15 Coffee break

15:30 Quantifying the Impact of Dengue Virus Infection on Monocyte Cell Line 
Proteins by Mass Spectrometry-based Proteomics 
Victoria Pando-Robles, National Public Health Institute, Mexico

16:00 Proteomics of Viral Respiratory Diseases  
Luis Teran, Instituto Nacional de Enfermedades Alergicas, Mexico

16:30 Panel Discussion: What is Pan-American HUPO and how is it integrated 
with HUPO 
Bill Hancock & Gilbert Omenn, Chairs

17:15 Closing remarks - End of symposium, Chris Overall, program chair

ǁǁǁ͘ŵƐĬƌ͘ ŽƌŐ���ͮ���ŝŶĨŽΛŵƐĬƌ͘ ŽƌŐ���ͮ���dǁŝƩĞƌ͗�ΛŵƐĬƌ���ͮ���zŽƵdƵďĞ͗�ƚŚĞŵƐĬƌ��ͮ��ϲϬϰ�ϳϯϬ�ϴϯϮϮ���

ENGAGE
Bring people together for health research planning and action
Æ

CONNECT
Coordinate sharing of health research resources across BC
Æ

DISCOVER
Build British Columbia’s capacity for world-class research by funding the best scientists
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Travel award recipients:
Graduate students Young investigators

Nebiyu Abshiru, Université de Montréal Karl Makepeace, University of Victoria

Guillaume Diss, Université Laval Zhibin Ning, University of Ottawa

Nikolaus Fortelny, University of British Columbia Nichollas Scott, University of British Columbia

Chris Go, University of Toronto Yong Zheng, University of Toronto

Dennis Orton, Dalhousie University 

Yiwang Zhou, University of Toronto

Sponsored by:

 Dr. Tony Pawson, 
 Recipient of CNPN’s Award for Outstanding Contribution 
 and Leadership to the Canadian Proteomics Community

We are pleased to announce the 2013 recipient 
the CNPN Distinguished Researcher Award 

Dr. Tony  Pawson of the Samuel Lunenfeld Research Institute. This 
prize recognizes the remarkable achievement on the fundamental 
understanding and/or practice of proteomics in biological 
sciences. Dr. Pawson is an international leader in proteomics 
recognized for his pioneering work on the mechanisms that 
underlie intracellular signal transduction. Through his original 
identification of the archetypal protein interaction module, the 
SH2 domain, and his subsequent embracement of technologies 
for mapping protein interactions, Tony Pawson has played an 
essential role in powering the successful wave of proteomics 
research and in nurturing the many outstanding proteomics 
scientists in Canada.

Award lecture:
Protein interaction domains in the control of tyrosine kinase signaling
Polypeptides involved in signal transduction typically have a modular organization in the sense that they 
possess multiple domains, many of which mediate protein-protein interactions, often in a fashion that is 
regulated by post-translational modifications such as phosphorylation. The ability of interaction domains 
to acquire new functions, and to become linked to other domains in new combinations, has facilitated the 
evolution of metazoan animals. For example, the emergence of SH2 domains with phosphotyrosine-binding 
activity and their joining to distinct interaction and enzymatic domains created new signaling pathways and 
biological networks. I will discuss the means by which multi-domain proteins mediate complex functions 
such as the timing of cell fate decisions, the dynamics of signaling downstream of growth factor recep-
tors, and the regulation of protein kinase activity, as well as the use of synthetic biology to define signaling 
pathways.

CNPN distinguish award presentation & invited lecture 
 Coal Harbour Ballroom A

15:15   Systems-wide analysis reveals that low abundant disordered proteins 
are prone to ubiquitylation after misfolding stress
Thibault Mayor, Assistant Professor, University of British Columbia

Contributing Authors:  Alex H. Ng , Nancy N. Fang, Sophie A. Comyn, Joerg Gsponer 
and Thibault Mayor

ABSTRACT: Aggregation of misfolded proteins is a 
hallmark of many neurodegenerative diseases and 
the ubiquitin proteasome system plays a major role 
in targeting misfolded proteins for degradation.  
Here we combined proteomics and computational 
biology to understand features underlying targeting 
of misfolded proteins by the ubiquitin proteasome 
system.  Using quantitative mass spectrometry analy-
sis, we analyzed which misfolded proteins are specif-
ically ubiquitylated after heat-shock to identify sev-
eral common structural features.  We employed two 
independent approaches to enrich for ubiquitylated 
proteins and we discovered that distinct populations 
of structured, and surprisingly, intrinsically disor-
dered proteins are prone to ubiquitylation.  Pro-
teomic analysis revealed that abundant and highly 
structured proteins constitute the bulk of proteins 
in the low solubility fraction after heat-shock, but 

only a portion is found ubiquitylated. In contrast, 
intrinsically disordered proteins ubiquitylated after 
heat-shock are typically less abundant in the cell, less 
likely to be encoded by essential genes and contain 
more binding motifs.  We experimentally confirmed 
that several intrinsically disordered proteins are fur-
ther ubiquitylated after heat-shock and show that 
disordered regions of two proteins are important for 
ubiquitylation.  We propose these regions facilitate 
the ubiquitylation of intrinsically disordered pro-
teins after heat-shock induced misfolding and may 
be recognized by the protein quality control machin-
ery, while other aggregating hydrophobic domains 
may be shielded by chaperone proteins. Our data 
provide a common framework to better understand 
the targeting of misfolded polypeptides by protein 
quality control pathways that maintain protein ho-
meostasis.

15:45   Proteomic analysis of Mycobacterium tuberculosis infection of Human 
macrophages
Valerie Poirier, Dennis Wong and Yossef Av-Gay, University of British Columbia.  
Immunity and Infection Research Centre.  2660 Oak Street, Vancouver, BC, Canada V6H 3Z6

The etiological agent of Tuberculosis (TB), Mycobac-
terium tuberculosis (Mtb), is one of the most dev-
astating infectious agents known today, responsible 
for nearly 3 million deaths annually and an estimat-
ed 1 billion new infections by 2020. Mtb primarily 
infects alveolar macrophages that provide the first 
line of defense against microbial invasion. Normally, 
macrophages’ engulfment of foreign bodies results 
in the formation

of phagosome, which matures in a process that in-
volves acidification and fusion with the endosomal 
network. 

Mtb pathogenicity depends on the microbe ability 
to inhibit phagosome acidification and maturation 
processes after entry into human macrophages. We 
have previously shown that the secreted Mtb pro-

tein tyrosine phosphatase (PtpA) is essential for Mtb 
growth within human macrophages and that it in-
terferes with both host phagosome acidification and 
fusion with lysosome. 

To further identify host cellular processes disrupted 
by Mtb infection and, more specifically, PtpA, we 
analyzed human proteome response to Mtb using 
iTRAQ, which enabled us to quantify >2500 human 
macrophages proteins affected by infection. We fol-
lowed Mtb infection over 18 hours and observed 
modulation of host protein expression over time. 
The difference between the �ptpA mutant and the 
parental wild type strain was more pronounced at 
early stages of infection where we observed an in-
crease in up-regulated proteins. Phospho-proteome 
analysis further defined the role of Mtb PtpA in 
modifying host signaling pathways during infection.

BC Proteomic Network Symposium
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16:15    Detection and quantitation of mutated and alternatively processed 
oncogenic driver proteins in cancers
Gregg B. Morin, Vincent C Chen, Annie Moradian, Grace SW Cheng, Michael McLean, 
Suganthi Chittaranjan, Damian B Yap, Samuel Aparicio, Marco A. Marra, David G. Hunts-
man. Genome Sciences Centre, Department of Medical Oncology, British Columbia Cancer 
Agency, Vancouver BC Canada

Next generation sequencing of tumour material 
has revealed widespread somatic mutation or alter-
native processing of genes in many cancers. These 
mutations can be highly recurrent and focal indicat-
ing their translation products could have aberrant 
functions driving oncogenesis. In many cases the 
mutations are heterozygous, thus the relative con-
tribution of the wildtype and mutant versions of 
the proteins in cellular functions may be critical for 
driving oncogenic programs. In other cases, the tran-
scription products are aberrantly spliced thus the 
levels of normal and aberrant versions of the pro-
teins may be critical. We will describe our efforts in 

using multiple reaction monitoring (MRM) to detect 
and measure the expression and structural organiza-
tion of mutated and aberrantly processed proteins. 
In particular, the primary structure of the CIC protein 
mutated in oligodendrogliomas, the focal mutated 
version of FOXL2 in adult granulosa cell tumours, 
and the focal mutated version of EZH2 in follicular 
and diffuse large B cell lymphomas will be described. 
Our work demonstrates that MRM analyses can pro-
vide critical information towards understanding the 
molecular mechanisms of mutant proteins in pro-
moting oncogenic processes.  

16:45   Gaining insight into plasmalemma mechanotransduction and vascular 
disease through caveolae/lipid rafts proteomic screens
Pascal Bernatchez, Anesthesiology, Pharmacology & Therapeutics, University of British 
Columbia

Caveolae and lipid rafts are cholesterol-rich plasma 
membrane microdomains rich in signaling mole-
cules. Due to their capacity to facilitate the three-di-
mensional assembly of protein signaling complexes, 
these microdomains have received considerable at-
tention over the past decade especially since grow-
ing evidence suggest that they play essential roles 
in the pathogenesis of diseases. More recently, cho-
lesterol-rich microdomains were shown to regulate 
mechanotransduction, thereby allowing extracellu-

lar forces to signal through the plasmalemma. By 
performing protemic screens of vascular endothelial 
cells caveloae/lipid rafts, we found novel regulators 
of vascular functions, plasma membrane remodeling 
and cancer growth with potential therapeutic appli-
cations. Our work provides evidence of the impor-
tance of membrane microdomain-specific proteomic 
screens for the discovery of unexpected regulators 
of key cell functions.

8:30   Protein N-terminal acylations at the proteome scale and their impact 
on cell functions
Thierry Meinnel, José A. Traverso, Willy V. Bienvenut, Aude Martinez, Christelle Es-
pagne & Carmela Giglione; CNRS, Centre de Recherche de Gif, ISV, Bâtiment 23A, 1 avenue 
de la Terrasse, F-91198 Gif-sur-Yvette cedex, France.

N-terminal modifications play a major role for the 
fate of proteins in terms of activity, stability, or sub-
cellular compartmentalization. Among them major 
N-alpha-acylation events such as N-alpha-acetylation 
(NAA) or N-Myristoylation (MYR) occur co-transla-
tionally. We used a targeted proteomic approach to 
unravel the extent and nature of such N-terminal 
modifications in both humans and Arabidopsis thali-
ana. We characterizaed more than 1000 N-acylated 
proteins. Our data show strong convergence of the 
characterised modifications and very similar sub-
strate NAA profiles but only very few MYR events1. 
MYR consists in the irreversible addition of the fatty 
acid myristate to an N-terminal Glycine, catalyzed 
by an N-myristoyl transferase (NMT). MYR often acts 
together with another lipidation located on Cys res-
idues in the close vicinity, S-palmytoylation (PAL). 
Such lipidations prove most difficult to evidence even 
with state-of-the-art proteomics approaches and in-
struments. Although less than 8 residues are enough 
to define the selectivity of the modification, the 
sequence space diversity of MYR is huge (>109). So 
far, even fine bioinformatics approaches prove lim-
iting to predict the modification of a given protein. 
This is due to the too small number of characterized 
MYR sequences2. In this context, we have started a 
comprehensive analysis of this N-terminal acylation 
in A. thaliana. With a new high-throughput in vitro 

assay2 and the systematic measurement of catalytic 
efficiencies, >1200 synthetic octapeptides encoding 
the N-terminal part of verified open-reading frames 
could be assayed out of the ~2500 possible candi-
dates of the A. thaliana proteome. With this new 
information, it is now possible to better cover the 
extent of the Myristoylated proteome from A. thali-
ana using computer modeling and to translate this 
knowledge to other proteomes including humans. 
Unexpected new families including thioredoxins 
(TRXs) for instance could be evidenced. We conclude 
that MYR is a more frequent modification than ini-
tially expected and that its specific recognition mo-
tif is extremely complex. A second important issue is 
how and when MYR together or without PAL govern 
membrane compartmentalization of proteins. Using 
TRX as starting model protein family, we explored 
the effect of MYR alone or MYR and PAL in the same 
family of proteins. Various TRX-GFP fusion proteins 
were expressed in plant cells to challenge the impact 
of MYR only or both MYR and PAL on protein tar-
geting to the membrane. The data indicate cotrans-
lational targeting of MYR-proteins to the endocyto-
plasmic reticulum3.

1. Bienvenut et al. (2012) Mol Cell Proteomics 11, 
M111 015131. 
2.Traverso et al. (2013) Proteomics 13, 25-36. 
3. Traverso et al. (2013) Plant Cell in press.

9:00  Aminopeptidase activities as biomarkers for cancer.
Paul Tempst, Memorial Sloan-Kettering Cancer Center, New York, NY 10065, USA

Abstract: Human cells produce 550 proteases with 
widely different functions.  Proteases are also impli-
cated in disease, notably in cancer where they pro-
mote both tumor progression and suppression.  Ex-
amples of proteolytic activities have been observed 
in onco-peptidomic studies whereby subsets of the 
serum peptidome, uniquely shaped by exopeptidase 
activities, provided class discrimination between pa-
tients with different types of solid tumors.  In addi-
tion, proteomic and biochemical analyses of cultured 
cancer cells indicated distinct panels of secreted pro-
teases between invasive and non-invasive cancer. 
Owing to their low levels in plasma, exopeptidases 
have not often been detected in classical proteomic 
screens and therefore never evaluated as potential 
biomarkers. Using mouse models for prostate can-

cer (PCa), we discovered an inhibitory activity of a 
particular class of enzymes, dipeptidyl aminopepti-
dases (DPPs), in animals with aggressive disease. The 
affected enzyme was identified and subsequently 
found to be also inhibited in sera of PCa patients 
with metastatic tumors. When used in combination 
with PSA, the newly developed DPP activity-based 
assay improves disease stratification over PSA alone. 
We have since developed quantitative assays to selec-
tively measure activities of 11 individual aminopep-
tidases (APs) in blood serum or plasma without the 
need for any sample pre-fractionation or pre-treat-
ment. The tests are uniquely suited to probe altered 
AP activities in cancer patients and can be applied 
in parallel to analyze large numbers of samples, fol-
lowed by multivariate statistical analysis. 

Session: 1. Post Translational Modifications and Terminomics in DiseaseBC Proteomic Network Symposium
PO

ST TR
A

N
SLA

TIO
N

A
L M

O
D

IFIC
A

TIO
N

S A
N

D
 TE

R
M

IN
O

M
IC

S IN
 D

ISE
A

SE



16 17Fifth Annual General Meeting of the Canadian National Proteomics Network. “Can Proteomics Fill the Gap Between Genomics and Phenotypes?”

9:30    Terminomics Identifies New Inflammatory Pathways Under Proteolytic 
Regulation in vivo.
Christopher M. Overall. UBC Centre for Blood Research, University of British 
Columbia, 2350 Health Sciences Mall, Vancouver, B.C. V6T 1Z3 Canada. 

Among the most fundamental characteristics of 
a protein are the termini defining the start (ami-
no (N) terminus) and end (carboxy (C) terminus) of 
the polypeptide chain. While genetically encoded, 
protein termini isoforms are also often generat-
ed during translation, following which, termini are 
highly dynamic, being frequently trimmed at their 
ends by a large array of exopeptidases. Neo-termini 
can also be generated by endopeptidases after pre-
cise and limited proteolysis, termed processing. Nec-
essary for the maturation of many proteins, process-
ing can also occur after synthesis and maturation, 
often resulting in dramatic functional consequences. 
For example chemokine signaling networks can be 
completely switched by inflammatory cell proteases. 
Hence, global approaches for the identification and 
analysis of protein terminal peptides provides key 
information on the stability and function of most 
proteins and hence, the functional state of the pro-
teome. New proteomics methods will be presented 
that enrich and annotate terminomes—Terminal 
Amino Isotopic Labelling of Substrates (TAILS, Kleif-
eld et al Nature Biotech 28, 281-288; Prudova et al 
2010 Mol Cell Proteomics; a.d. Keller et al Science 
Signaling ) and C-TAILS for the C-terminome (Schil-
ling et al Nature Methods 2010). Our knowledge-
base TopFIND (http://clipserve.clip.ubc.ca/topfind) 

integrates information on N and C-termini, prote-
ase cleavage sites and N-terminal modifications and 
reveals surprisingly widespread modification and 
truncation of N and C-termini in 5 model species. 
Notably, we find that one third of the stable chains 
in a proteome start distal to the expected protein 
maturation sites such as initiator methionine, signal 
peptide and pro-peptide removal points. Since the 
function of a protein can be entirely switched by 
proteolysis the implications of this are profound for 
understanding the functional state of a protein, its 
place in a network and hence the functional state of 
the proteome. We quantified global proteome and 
protein termini changes in mouse skin inflammation 
and their perturbation by loss of the immune-mod-
ulatory matrix metalloproteinase (MMP)-2 identify-
ing quantitative increases and qualitative changes in 
the proteolytic signature upon inflammation. Loss of 
MMP2 leads to reduced complement activation and 
blood vessel permeability leading to reduced acute 
phase response proteins accumulating in inflamed 
tissues in the Mmp2-/- mouse. Thus, knowledge of 
an organism from genomic data alone is far from 
complete—the proteome, as well as the termini of 
the constituent proteins must be recognized and the 
functional implications understood.

10:00    Characterizing the proteome of Cryptococcus neoformans in response 
to cAMP/Protein Kinase A signaling
Ms. Jennifer Geddes, University of British Columbia

Contributing Authors: Jaehyuk Choi, Nikolay Stoynov, Koshi Imami, Leonard Foster, 
James Kronstad, University of British Columbia

ABSTRACT: Cryptococcus neoformans is an op-
portunistic fungal pathogen, capable of infect-
ing immunocompromised individuals and causing 
life-threatening meningitis. The ability to cause dis-
ease depends on: production of the polysaccharide 
capsule, melanin, and growth at 37oC. Capsule and 
melanin production are regulated by the cAMP/Pro-
tein Kinase A signaling pathway, and this regulation 
partly occurs via control of expression of secretory 
pathway components. Our current work utilizes ga-
lactose-regulated expression strains for the regula-
tory (Pkr1) and catalytic (Pka1) subunits of PKA to 
study the effects on secretion, and to identify phos-
phorylation targets of Pka1. We hypothesize that 

Pka1 phosphorylates proteins associated with the se-
cretory pathway to regulate capsule production, the 
extracellular proteome, and cryptococcal virulence. 
Quantitative proteomic and phosphoproteomic 
studies of supernatant and cellular samples provided 
insight into the effects of Pka1, identified novel se-
creted proteases, and possible targets and substrates 
of Pka1 phosphorylation. Secretome analysis iden-
tified a subset of proteins with predicted virulence 
roles, including: glyoxal oxidase, carboxypeptidase 
D, laccase (melanin production), and a cytokine-in-
ducing glycoprotein (roles in iron acquisition from 
heme and virulence). Cellular proteome analysis 
identified proteins associated with transport, signal 

transduction, and virulence. Further analysis focuses 
on a Ran-specific GTPase-activating protein 1 (role in 
secretory pathway regulation), and a 1,4-alpha-glu-
can-branching enzyme (role in capsule synthesis). 
Additionally, an investigation into the targets and 
substrates of Pka1 phosphorylation identified a mas-

ter regulator of iron homeostasis. Overall, this work 
will lead to a deeper mechanistic understanding of 
the role of Pka1 in virulence and in the regulation of 
the C. neoformans proteome.

(Abstract #3381;  Symp ID# 403)

10:45  Splice Variant Proteins as a New Class of Cancer Biomarker Candidates
Gilbert S. Omenn, MD, PhD, and Rajasree Menon, PhD, University of Michigan, Ann 
Arbor, MI, 48109-2218, USA

The evolutionary development of alternative splice 
transcripts from protein-coding genes in multicellu-
lar organisms has greatly increased the complexity 
of gene expression and protein function.  The splic-
ing phenomenon and the evidence for differential 
expression of splice isoforms make descriptions of 
up-regulation and down-regulation of gene and 
protein expression quite simplistic.  This presen-
tation will include findings from mouse models of 
Kras-activated/Ink4a/arf deleted human pancreatic 
cancer and ERBB2-amplified breast cancers and from 
cultured human cancer cell lines, showing differen-

tial expression of splice variants of cancer-relevant 
genes and the mechanisms producing the splice vari-
ants.  Our method and modified ECgene database 
could be used for many other studies.

We have utilized the I-TASSER conformation predict-
ing algorithms of Yang Zhang to characterize the 
structural differences and likely functional conse-
quences for pairs of cogent splice variants.  We have 
also contributed to the Chromosome 17 project of 
the Chromosome-centric Human Proteome Project, 
focusing on ERBB2-amplified breast cancers.

11:15   Mapping the human methyltransferasome reveals the existence of a 
PTM code that targets molecular chaperones to regulate functional 
organisation of the proteome
Philippe Cloutier, Anaïs Aulas, Mathieu Lavallée-Adam, Mathieu Blanchette, Christine 
Vande Velde, Benoit Coulombe. Institut de recherches cliniques de Montréal et Centre 
de recherche du CHUM, Université de Montréal; and McGill Centre for Bioinformatics, Mc-
Gill University, Montréal.

In efforts aimed at identifying and characterizing 
protein substrates and regulators of all known and 
putative human methyltransferases (the ‘‘methyl-
transferasome’’) using multiple cell compartment 
affinity purification coupled with mass spectrometry 
(MCC-AP-MS), our laboratory has discovered a nov-
el family of lysine methyltransferases that prefer-
entially target and regulate molecular chaperones. 
Our results indicate that methylation of molecular 
chaperones VCP by METTL21D and Hsp70 by MET-
TL21A regulates the activity of both chaperones. 
In the case of VCP, trimethylation of lysine 315 by 
METTL21D is stimulated by the addition of the UBX 
cofactor ASPSCR1, which we show directly interacts 
with the methyltransferase. This stimulatory effect 
was lost when we used VCP mutants (R155H, R159G 
and R191Q) known to cause Inclusion Body Myopa-
thy with Paget’s disease of bone and Fronto-tempo-
ral Dementia (IBMPFD) and/or some familial forms 
of Amyotrophic Lateral Sclerosis (ALS or Lou Gehrig’s 
disease). Lysine 315 falls in proximity to the Walker 

B motif of VCP’s first ATPase/D1 domain. Our results 
indicate that methylation of this site negatively im-
pacts the ATPase activity of this molecular chaper-
one. In the case of Hsp70, methylation of lysine 561 
by METTL21A was shown to decrease formation of 
stress granules in response to arsenite treatment, 
a model that is widely used to study improper pro-
tein folding in degenerative disorders. In addition 
to having implications for the development of ther-
apeutics for degenerative neuromuscular disorders 
such as ALS and IBMPFD, the discovery of a family 
of chaperone-targeting methyltransferases led us to 
propose the existence of a chaperone posttransla-
tional modification (PTM) code, that we termed the 
‘‘chaperone code’’, which is at play to orchestrate the 
proper folding and assembly of protein complexes 
that make up the human proteome. We will report 
on our most recent results relating to decryption of 
the chaperone code and its role in degenerative dis-
eases and cancer.

Session: 1. Post Translational Modifications and Terminomics in DiseaseSession: 1. Post Translational Modifications and Terminomics in Disease
PO

ST TR
A

N
SLA

TIO
N

A
L M

O
D

IFIC
A

TIO
N

S A
N

D
 TE

R
M

IN
O

M
IC

S IN
 D

ISE
A

SE



18 19Fifth Annual General Meeting of the Canadian National Proteomics Network. “Can Proteomics Fill the Gap Between Genomics and Phenotypes?”

11:45    Emerging roles of protein SUMOylation unveiled using SUMO 
remnant affinity enrichment and quantitative proteomics
Frédéric Lamoliatte1,2, Chantal Durette1, Danielle Caron1, Olivier Caron-Lizotte1, 
Eric Bonneil1, Mohamed Maroui4, Mounira Chelbi-Alix4, and Pierre Thibault1,2,3

1 IRIC, Institut de recherche en immunologie et en cancérologie, Université de Montréal, 
Montréal, Canada; 2 Department of Chemistry, Université de Montréal, Montréal, Canada; 
3 Department of Biochemistry, Université de Montréal, Montréal, Canada; 4 Université Paris-
Descartes, Paris, France

The small ubiquitin-like modifier (SUMO) is a 
post-translational modification that regulates nu-
merous cellular functions including nuclear-cytosolic 
transport, transcriptional regulation, apoptosis, and 
protein stability. The identification of SUMO sub-
strates and their modification sites of modification 
have been notoriously difficult due in part to the low 
abundance of this modification and the difficulty of 
isolating and identifying SUMO peptides from com-
plex cell extracts. We recently produced HEK293 cells 
stably expressing functional SUMO mutants where 
each paralog comprise a C-terminus Arg residue that 
leave a distinct five amino acid remnant on modified 
substrates upon tryptic digestion thereby facilitating 
their identification by mass spectrometry (Mol Cell. 
Proteomics, 10, M110.004796, 2011). By combining 
SUMO remnant immunoaffinity purification mass 
spectrometry, we successfully identified more than 
750 distinct SUMO3 sites on 432 SUMOylated pro-
teins, most of which were not reported previously. 

Bioinformatic analyses of SUMOylated proteins and 
SUMO-modified lysines revealed that substrates 
were enriched in biological processes such as cell 
cycle control of chromosomal replication, and tran-
scriptional repression.  Out of the 782 SUMO3-con-
jugated lysines identified, 52 % were located within 
the consensus motif �KxE/D (where x represents any 
amino acid), 18 % were situated in inverted con-
sensus site (E/DxKx) and 30 % displayed other mo-
tifs including RxxxxxKP mostly found in zinc finger 
proteins. We used metabolic labeling (SILAC) and 
quantitative proteomics to identify low abundance 
SUMOylated proteins in response to As2O3 treat-
ment, used as a therapeutic agent in the treatment 
of acute promyelocytic leukemia. These analyses not 
only confirmed the identification of promyelocytic 
leukemia (PML) protein, a known substrate regulat-
ed by As2O3, but also revealed new substrates such 
Bcl-2-associated transcription factor 1 and Transcrip-
tion intermediary factor 1-beta.

12:15    New function of an oldie - Rsp5 is involved in targeting heat-induced 
misfolded proteins in cytosol
Nancy (Neng) Fang, University of British Columbia, CHIBI, Biochemistry 
and Molecular Biology

Contributing Authors:  Nancy N Fang, Mang Zhu, Joerg Gsponer, Thibault Mayor

ABSTRACT: A large portion of misfolded are degrad-
ed by the ubiquitin proteasome system upon their 
triage by protein quality control pathways. The dys-
function of these surveillance pathways has been 
associated to protein aggregation and related dis-
eases. We previously showed by quantitative mass 
spectrometry analysis that heat-shock mainly induc-
es ubiquitination of cytosolic misfolded proteins in 
yeast[Fang NN et al, 2011 Nat. Cell Biol]. Here, we 
present a novel pathway in which the HECT ligase 
Rsp5 targets heat-induced misfolded proteins. The 
well-characterized Rsp5 regulates many cellular pro-
cesses, like endocytosis, transcription and RNA ex-
port. We found that inactivation of Rsp5 dramatically 
reduces the heat-shock ubiquitination response. We 
confirmed that Rsp5 directly ubiquitinates heat-in-
duced misfolded proteins using an in vitro ubiquiti-

nation assay. Rsp5 substrate recognition is mediated 
by its WW domains that either directly recognize 
PY-motif containing proteins or via PY-containing 
substrate adaptors. By combining SILAC and immu-
noprecipitation of di-glycine containing peptides, 
we showed that a large portion of Rsp5-candidate 
substrates is cytosolic. Moreover, among these pro-
teins a large fraction contained PY motifs. Interest-
ingly, while known Rsp5-interacting proteins have 
PY-motives located in disordered regions, the novel 
heat-induced Rsp5 substrates that we identified by 
mass spectrometry typically possess PY-motives in 
structured regions, suggesting that these domains 
might only become available for Rsp5 interaction 
upon misfolding. Together, these data indicate that 
Rsp5 plays a novel role in protein quality control to 
target cytosolic misfolded proteins.

14:00  neXtProt in the context of human proteomics initiatives
Pascale Gaudet, SIB Swiss Institute of Bioinformatics

neXtProt (www.nextprot.org/) is a web-based 
knowledge platform dedicated to human proteins 
developed within the SIB - Swiss Institute of Bioin-
formatics. neXtProt is built upon the corpus of data 
from Swiss-Prot, to which are added high quality 
data originating from a variety of high-throughput 
approaches such as microarray, antibodies screens, 
proteomics, and interactomics.

As the knowledgebase of the HUPO Human Pro-
teome Project (HPP) (www.thehpp.org), one main 
focus in neXtProt is the integration of datasets of 
interest to that community. In addition to mass-spec-
trometry-based protein and post-translational mod-
ification sites (PTMs) identifications, those data-
sets include coding polymorphisms, splice variants, 
as well as information about protein interactions, 
structure, localization and function. 

We have established a pipeline to integrate all the 
human peptide identifications from the PeptideAt-
las repository (http://peptideatlas.org/). Other large-

scale proteomics datasets are integrated from care-
fully selected direct submissions and original papers. 
Each annotated peptide and PTM site identification 
is accompanied by metadata that provides details on 
the experimental setup using controlled vocabular-
ies, and by a description of their confidence (Gold 
meaning <1% error rate, Silver meaning <5% er-
ror rate). In the past two years, we have integrated 
nearly 20,000 PTM sites (N-glycosylation, phosphor-
ylation, S-nitrosylation, ubiquitination and sumoyla-
tion), which corresponds to close to 8,000 new PTM 
annotations. We have also mapped 261,000 identi-
fied peptides to 13,375 proteins.  

The neXtProt data is available in XML and PEFF for-
mats (“PSI extended FASTA format”, developed in 
the frame of HUPO PSI initiative), as well as through 
an API (www.nextprot.org/rest/) that allows users to 
retrieve the complete set of PTMs or variants for all 
isoforms of a protein, along with their experimen-
tal evidence and Gold/Silver data confidence assess-
ment. 

14:30  Gene Multifunctionality and the Interpretation of Protein Networks
Paul Pavlidis, University of British Columbia

Networks constructed from proteomics data, such as 
protein interaction networks, are an important part 
of the modern bioinformatics toolkit. Such networks 
are used to derive properties of proteins or discov-
ered sets of proteins, including “enrichment” and 
prediction of function using “guilt by association”. 
I will report on efforts to understand the impact of 
factors such as “multifunctionality” on the analysis 
and use of protein and other networks. We identi-
fied biases which can partly explain why network 

analyses can give generic or otherwise disappointing 
or misleading results. These include confounds and 
mismatches between existing annotations and the 
data and under-appreciated correlations between 
topological features of networks and other protein 
properties. I will discuss partial solutions to some of 
the challenges, from simple increases in awareness 
of biases up to algorithmic adjustments to reduce 
their impact.

15:00   Towards Extensive Characterization of All Variation in the Human 
Proteome
June Snedecor1,4,5, Mingxun Wang2,4,5, Nuno Bandeira1-5 ; 1Bioinformatics Graduate Pro-
gram; 2Dept. Computer Science and Engineering; 3Skaggs School of Pharmacy and Pharma-
ceutical Sciences; 4Center for Computational Mass Spectrometry; 5University of California, 
San Diego, USA

The dominant database search paradigm for 
high-throughput protein identification has enabled 
nearly all large-scale proteomics studies to date but 
its `ignorance’ of all the knowledge derived from 

billions of tandem mass spectra acquired to date 
remains a key liming factor. In fact, the limitations 
when searching for post-translational modifications 
(PTMs) are so dire that most labs still only allow for 
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4-8 PTMs per search (about half or which due to sam-
ple handling procedures) even though hundreds of 
PTMs are currently known.

We propose a new computational framework de-
signed for identification, discovery and cataloguing 
of all variation in human samples, including both 
post-translational modifications and sequence poly-
morphisms. First, we discuss how spectral libraries 
can be used to obviate rediscovery and enable PTM 
localization. Second, we present new spectral align-

ment methods for discovery of highly-modified pep-
tides and unexpected modifications by propagating 
identifications from reference spectra to newly-ob-
served experimental spectra. We show how these 
methods obtain over 30% more IDs than current 
state-of-the-art search tools, even without imposing 
any restrictions on the number or type of possible 
PTMs. Finally we propose an approach to systemat-
ically “close the loop” from initial discovery to the 
creation of reference collections reusable for identi-
fication in newly acquired samples.

16:30   Can Genomics Help to Fill the Gap Between Proteomics 
and Phenotypes
Dr. Gabriela Cohen-Freue, Assistant Professor, University of British Columbia

Contributing Authors:  Bruce McManus and Ruben Zamar

ABSTRACT: Recent advances in genomics and pro-
teomics open new venues for biomedical investi-
gations focused on the identification of molecular 
biomarkers, which can yield to the development 
of minimally-invasive and time-effective diagnostic 
tools improving patients’ care and decreasing costs 
in the Canadian health system. To date, the number 
and the quality of the technical resources available 
for biomarker studies and the rapid expansion of ge-
nomic and proteomic datasets are well recognized. 
However, the development of tailored statistical 
methods to address the challenges that have arisen 
in the field has lagged behind, dramatically reducing 
the pace, quality and precision of biomarker studies.

This talk will outline the key steps required to an-
alyze the rich proteomic data generated by these 

technologies. Using a case study of cardiac trans-
plantation we describe some of the challenges that 
the statistical proteomics community is facing today. 
Particular attention will be given to the problem of 
measurement errors in mass spectrometry proteomic 
quantitation, which may affect the identification of 
protein biomarkers in a discovery study. As protein 
levels are regulated in part by gene expression, re-
lated genomic data can be integrated to address this 
problem through the implementation of instrumen-
tal variables estimators. The proposed methodology 
exploits, in an intuitive way, the plausible mecha-
nisms from existing biological knowledge that relate 
genes, proteins, and diseases and takes advantage 
of this knowledge to increase the signal strength of 
sometimes weak, but real and biologically relevant 
proteomics signatures.

17:00    Bioinformatic analysis of the human protease web reveals a highly 
robust pervasive interaction network
Mr. Nikolaus Fortelny, University of British Columbia

Contributing Authors:  Nikolaus Fortelny, UBC; Philipp Lange, UBC; Reinhild Kappelhoff, 
UBC; Paul Pavlidis,UBC; Christopher M Overall,UBC

ABSTRACT: In my presentation, I will make an argu-
ment for the existence of a largely connected func-
tional network of proteases and their inhibitors, the 
protease web. Proteolytic cleavage, the hydrolysis 
reaction catalyzed by proteases, is widely appreci-
ated as the means of cellular protein degradation. 
Less recognized is proteolytic processing, whereby 
limited proteolytic cleavage creates stable protein 
fragments with altered activity in vivo. Proteolyt-
ic processing is thought to occur in isolation or as 

part of signaling cascades, e.g. the complement sys-
tem or apoptosis. Contrariwise, we hypothesize that 
proteases operate jointly to generate a net proteo-
lytic potential for a cell or tissue. In this protease 
web concept, proteases cleave other proteases or 
their inhibitors to a large extent in addition to their 
non-protease substrates. We address this hypothesis 
by assembling existing biochemical annotation on 
proteolytic cleavage and inhibition of proteases in 
an in silico model, representing the first systemat-

ic study of the protease web. This network model 
exhibits very high connectivity. To test robustness 
of this observation, we probed the network exten-
sively by systematically and randomly removing up 
to 50% of proteins and interactions and found that 
connectivity in the model resists most perturbations. 
This suggests the existence of a pervasive robust pro-

tease web in cells and tissues, which spans proteas-
es and protease inhibitor classes as well as known 
proteolytic signaling cascades. In view of the impor-
tance of protease activity in- and outside the cell, 
analysis of this protease web will be crucial for the 
understanding of normal and aberrant cell biology. 
(Abstract #3380;  Symp ID# 397)

8:30  Shotgun Protein Sequencing by Mass Spectrometry
Liang Li, Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada

Abstract: One of the major challenges in protein 
characterization by MS is to generate the whole pro-
tein sequence information and study protein mod-
ifications. In this presentation, a shotgun protein 
sequencing method will be described that allows 
comprehensive characterization of protein sequenc-
es and modifications.  This method is based on the 

use of microwave-assisted acid or base hydrolysis to 
degrade a protein into peptides, followed by mass 
spectrometric analysis of the peptides.  Different 
strategies of using this method for analyzing pro-
teins will be discussed.  Several applications will be 
illustrated to highlight the performance and attri-
butes of this method.

9:00  Whole Proteome Resources for SRM Assay Development
Robert L. Moritz, PhD., Institute for Systems Biology, Seattle, WA, U.S.A.

A major goal of the human proteome project is to 
advance the characterization of the complete hu-
man proteome through application and dissemina-
tion of proteomic technology that will support the 
comprehensive identification and quantitation of all 
the proteins contained within the human proteome. 
Here we will present the experimental and com-
putational challenges related to the generation of 
complete compendiums of proteomic information 
capable of providing proteome maps for targeted 
proteomic experiments. This development of new 
technology for multiplexed quantitative protein 
measurements, with a throughput consistent with 
the needs of iterative measurements of perturbed 
systems, has enabled the building of tools that are 
generally applicable to all proteomic-based stud-
ies.  I will discuss the mechanics of building a fully 

populated PeptideAtlas’ (www.peptideatlas.org), 
a compendium of highly curated (>99%) SRMAtlas 
(www.srmatlas.org) as well as a complete peptide 
fragment mass spectral databases (SpectraST) based 
on identified proteotypic peptides for a series of or-
ganisms. In the context of this discussion, fully popu-
lated means that minimally one, but on average six, 
proteotypic polypeptide derived from almost all of 
the known ORF’s of a given organisms genome. For 
example, although not all conceivable sequence vari-
ants of the human proteome, such as splice variants, 
PTM variants and SNP variants will be included, our 
work represents a large proportion of these variants. 
These tools are capable of generating complete, re-
producible and quantitatively accurate datasets on 
perturbed systems of proteomes such as human cells 
at different states.

9:30   O-GlcNAc post-translational modification: from Alzheimer disease 
to development of proteomics probes
David J. Vocadlo, Departments of Chemistry and Molecular Biology and Biochemistry, 
Simon Fraser University, 8888 University Drive, Burnaby, British Columbia, Canada, 

N-acetylglucosamine O-linked to serine and thre-
onine residues (O-GlcNAc) is the only form of pro-
tein glycosylation within the nucleus and cytoplasm 
of multicellular eukaryotes. This post-translational 
modification is reversible and its levels within cells 

can be tuned in response to various stimuli including 
nutrient availability and cellular stress. O-GlcNAc can 
compete with protein phosphorylation in some cas-
es, consistent with it being implicated in diverse cel-
lular processes ranging from epigenetic regulation 
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of gene expression through to cellular signaling. 
Dysregulation of O-GlcNAc has also been proposed 
to play a role in the etiology of various diseases in-
cluding type II diabetes, cancer, and Alzheimer dis-
ease. 

The molecular mechanisms by which O-GlcNAc acts 
in these varied processes remains largely unclear. To 
address these mechanistic questions various methods 
are being developed to identify O-GlcNAc modified 
proteins as well as to map modification sites. How-

ever, because O-GlcNAc is a labile modification, a 
relatively limited set of modification sites have been 
mapped and no consensus sequence has emerged 
from these data to enable site prediction. Here we 
briefly discuss our recent findings on the effects of 
modulating O-GlcNAc levels in cellular and animal 
models, mapping O-GlcNAc modification sites on 
proteins of interest, and how these studies have 
stimulated our efforts to advance metabolic feeding 
studies in conjunction with chemoselective ligation 
chemistry to advance O-GlcNAc proteomics. 

10:00   Characterization of In Vivo Tumor Cell Death Upon Successful 
Treatment with Chemotherapy.
Dr. Richard Fahlman, Assistant Professor, University of Alberta

Contributing Authors: David A. Kramer, Leslie D. Shewchuk, Roshani Payoe, John Mercer 
and Richard P. Fahlman

ABSTRACT: Chemotherapy is the generalized term 
for the utilization of chemical agents in the treat-
ment of cancer. The ultimate goal of chemothera-
py is tumor selective death, but inhibitions of tu-
mor growth or tumour shrinkage are also positive 
outcomes of treatment. Unfortunately successful 
treatment is not guaranteed so every year many pa-
tients undergo chemotherapy and suffer its side-ef-
fects while experiencing little or no clinical bene-
fit by a particular treatment. The goal of much of 
our research is to characterize positive responses to 
chemotherapy with the ultimate aim of identifying 
markers of positive chemotherapy response. 

Here we will report on our initial work with a mouse 
model system for investigating tumor response 
to chemotherapy. We have characterized the pro-
teomes of mouse EL4 lymphoma derived tumors 
with and without chemotherapy treatment using la-
bel-free Gel-LC-MS/MS analysis. Data analysis has re-
vealed large changes to the tumor proteome within 
48 hours of chemotherapy treatment. We have also 
analysed the EL4 cells in vitro with regards to their 
treatment with the same chemotherapeutic cocktail 
to compare and contrast the differences between in 
vivo and in vitro model systems of cell death.

10:45   Structure-based analysis of protein transport across bacterial 
membranes
Natalie C.J. Strynadka, Dept. of Biochemistry and Molecular Biology, University of 
British Columbia

Bacteria have evolved several dedicated and sophis-
ticated assemblies to transport proteins across their 
biological membranes. Recent advances in our un-
derstanding of the molecular details governing the 
specific actions of these protein secretion systems has 
come from an integrated approach of x-ray crystal-
lography, NMR, mass spectroscopy, electron micros-
copy and in vitro reconstitution/ in vivo phenotypic 
analysis.  Highlights of recent advances will be pre-
sented with an emphasis on that of the Type III Se-
cretion system, the so-called bacterial “injectisome” 
encoded exclusively by pathogenic Gram negative 
strains including Salmonella typhimurium, Yersinia 
pestis, Pseudomonas aeruginosa and enteropatho-
genic Escherichia coli. A structure-based and genetic 

piecing together of the Type III Secretion System in-
dicates that more than two dozen proteins assemble 
into a large needle shaped complex spanning the in-
ner and outer bacterial membranes as well as that of 
the infected host cell, providing a direct conduit for 
the transport of essential bacterial virulence effec-
tors from bacterial to host cytosol.  A molecular un-
derstanding of the Type III systems being garnered 
from these studies provides the foundation for the 
development of new classes of vaccines and antimi-
crobials to combat these pathogens in the clinic and 
community.

11:15   Novel Approaches for Structural Proteomics, Application to Proteins 
Involved in Neurodegenerative Diseases
Christoph Borchers, UVic Genome BC Proteomics Centre

Protein mis-folding and aggregation play central 
role in the pathogenesis neurodegenerative diseas-
es.  The molecular mechanisms behind conforma-
tional changes leading to mis-folding and aggrega-
tion, and the final structure of the aggregates, are 
still unknown.  The oligomeric form of proteins of 
interest for neurodegenerative diseases is believed 
to be toxic protein aggregate form. Determining the 
arrangements of subunits within the aggregates as 
well as the possible conformational changes leading 
to aggregation may shed light on the mechanism of 
protein aggregates toxicity, and may assist in the de-
sign of therapeutics to prevent this aggregation.

We have been characterizing conformational chang-
es and the structure of the aggregates using a combi-
nation of protein chemistry and mass spectrometry. 
Structural proteomics approaches are valuable tools 
where the exact molecular mechanisms of protein 
conformational changes and the structures of the 
proteins and protein complexes cannot be elucidat-
ed by traditional X-ray crystallography or NMR meth-

ods.  Each structural proteomics method can provide 
orthogonal structural data, which can be used as 
structural constraints in the protein modeling.   We 
are developing and applying novel techniques and 
approaches in limited proteolysis, surface modifica-
tion, chemical crosslinking and hydrogen/deuterium 
exchange in combination with mass spectrometry 
for the characterization of the protein complexes in-
volved in neurodegenerative diseases.

Here, we present surface modification with isoto-
pically-coded H2O2 for quantitative determination 
of differential surface exposure of methionine and 
tryptophan residues between different conforma-
tional states of proteins, use of zero-length cross-
linking in combination with 14N/15N metabolically 
labeled proteins for determination of intra- and in-
ter- protein inter-peptide crosslinks in homo-oligo-
meric protein aggregates and novel isotopically-cod-
ed short-range hetero-bifunctional non-specific 
photo-reactive crosslinkers for studying protein ag-
gregates structure.

11:45  The monitoring of protein complex dynamics in response 
on apoptosis using PCP-SILAC
Nichollas Scott, Postdoctoral Fellow, University of British Columbia, 
CHIBI (Foster Lab)

Contributing Authors Anders R. Kristensen and Leonard J. Foster

ABSTRACT: Apoptosis is an essential, irreversible 
process within multicellular organisms. Although 
observed as a discrete phenomenon the molecular 
mechanism responsible for this ordered decommis-
sioning of cell involves numerous proteins acting to 
initiate and inhibit apoptotic activity continuously 
within the cell. This balancing of factors ultimate-
ly governs the sensitivity of cells to apoptosis and 
is mediated largely by protein-protein interactions. 
Due to the multitude of the numerous pro and anti- 
apoptotic systems within a cell previous studies aimed 
at understanding apoptosis have typically monitor 
apoptosis by studying a limited set of proteins at a 
time. By monitoring the global changes in protein 
interactions that result in response to apoptosis a 
greater understanding of the how these systems 
coordinate their pro and anti- apoptotic properties 

could be gained. Thus to both understand and mon-
itor the interactions that govern apoptosis we have 
sort to undertake a global analysis of the initiation 
of apoptosis using size exclusion chromatography 
coupled to protein correlation profiling SILAC (SEC-
PCP-SILAC). This technique allows the assessment of 
both protein complexes composition and dynamic 
allowing changes associated with a given stimuli to 
be monitoring in a high-throughput manner. Using 
this technology we have examined the initiation of 
apoptosis of Jurkat cells in response to stimulation 
of the CD95 signaling pathways. By examining this 
pathway we have been able to monitor the assembly 
and remodeling of protein complexes in response to 
CD95 activation preceding the activation the exec-
utive caspases demonstrating the potential of SEC-
PCP-SILAC in the study of protein complex dynamics.
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12:00  Novel Techniques for the Study of Protein Palmitoylation 
Dr. Bernd Keller, Assistant Professor, Department of Pathology and Laboratory Medi-
cine, University of British Columbia, Child & Family Research Institute, Nutrition & Metabo-
lism

Contributing Authors: Luc G. Berthiaume

ABSTRACT: Palmitoylation or S-acylation of proteins 
is a reversible and versatile post-translational pro-
tein modification (PTM), which involves a covalent 
binding of a fatty acid (mostly palmitic acid) to free 
thiols of cysteine residues.  This PTM plays important 
functional roles in cellular processes, such as mem-
brane anchoring of protein (complexes), signaling, 
trafficking and protein-protein interactions and 
diabetes etiology. Measurement of palmitoylation 
is challenging due to a lack commercially available 
standards, poor long-term stability of the palmitic 
bond and lack of adequate enrichment- or sensitive 
enough methods for detection. Traditional methods 
to detect protein palmitoylation or S-acylation are 

laborious, involve radioactive and/or other labeling 
methods and are potentially not sensitive enough 
for the detection of novel protein palmitoylation 
sites. This talk focuses on recently developed novel 
approaches for the study of protein palmitoylation. 
These include the employment of functional fatty 
acid analogues, subsequent chemical modifications, 
such as click-chemistry followed by various detection 
strategies, including advanced mass spectrometric 
techniques. An example is presented, where our ap-
proach led to the discovery of a novel transacylation 
mechanism in 3-hydroxy-3-methylglutaryl-CoA syn-
thase (HMGCS2), the rate-limiting enzyme in keto-
genesis. (Abstract #3443;  Symp ID# 526)

Lunch and Tech talk

12:45   Protein Quantification Using Stable Isotopes Labeling in Mammals 
(SILAM) to Understand Human Disease and Injury 
John Yates, Scripps Research Institute

Session: 3. Structural and Chemical Proteomics Analysis of Modified Proteins in Desease Session: 4. Emergent Properties of System Analysed from Interactomics and Pathways

14:00   A method for protein methylome and methyl interactome mapping 
reveals dynamics of lysine methylation and novel functions of HP1beta
Dr. Huadong Liu, University of Western Ontario

Contributing Authors:  Huadong Liu1, Marek Galka1, Eiichiro Mori2,  Xuguang Liu1, Ran 
Wei1, Yu-fen Lin2, Paula Pittock1, Courtney Voss1, Gurpreet Dhami1, Xing Li1, Masaaki 
Miyaji3, Gilles Lajoie1, Benjamin Chen2, Shawn S.-C. Li1; 1Department of Biochemistry and 
the Siebens-Drake Medical Research Institute, Schulich School of Medicine and Dentistry, 
University of Western Ontario, London, Ontario N6A 5C1, Canada; 2Division of Molecular 
Radiation Biology, Department of Radiation Oncology, University of Texas Southwestern 
Medical Center, Dallas, TX 75390, USA.; 3JSR Micro, Inc., 1280 N. Mathilda Ave., Sunnyvale, 
CA 96089, USA.

ABSTRACT: Methylation of Lys and Arg residues oc-
curs on both histone and non-histone proteins. How-
ever, our knowledge on the prevalence and function 
of non-histone protein methylation is poor. We de-
scribe here a strategy that combines peptide array, 
bioinformatics and mass spectrometry to system-
atically identify lysine methylation sites in proteins 
and methyllysine-mediated protein-protein interac-
tions. We demonstrate the utility of this approach 
by identifying a methyllysine-driven interactome of 
heterochromatin protein (HP) 1Î! and uncovering 
numerous methylated non-histone proteins and the 
corresponding methyllysine sites. The HP1Î! methyl 
interactome is enriched with proteins in DNA dam-
age repair and RNA splicing. We showed, by heavy 

methyl SILAC and MRM-MS, that lysine methylation 
is a highly dynamic modification that undergoes 
widespread and large changes under cellular stress. 
Furthermore, we provide evidence that lysine meth-
ylation plays a pivotal role in the function of DNA-de-
pendent protein kinase catalytic subunit (DNA-PKcs) 
and its interaction with HP1Î! during DNA damage 
response.  Our work indicates that lysine methyla-
tion is a highly dynamic post-translational modifica-
tion occurring widely on non-histone proteins and 
that the approach presented here may be used to 
uncover the protein methylome and the methyl 
interactome when it is extended systematically to 
methyllysine- and methylarginine-binding modules. 
(Abstract #3414;  Symp ID# 475)

14:30   When Kinases and Phosphatases Run Wild: Cancer-associated 
Signaling Interactome
Anne-Claude Gingras, Samuel Lunenfeld Research Institute, Department of Molecular 
Genetics, University of Toronto

Kinases and phosphatases coordinate critical cel-
lular decisions, including whether to grow and di-
vide, to differentiate into a specific cell type, or to 
die.  Deregulation of the phosphorylation balance 
is implicated in multiple diseases, including cancer.  
This deregulation can involve mutations directly in 
the kinase or phosphatase proteins, changes in their 
splicing patterns, or may involve expression modu-
lation; all these events can lead to network rewir-
ing. As disease sequencing projects are progressing, 
there is a growing disconnect between the speed 
of genomic data acquisition and that of function-
al understanding of the mutations. As kinases and 
phosphatases frequently associate with regulators, 
scaffolding molecules and substrates, a possible 
outcome of mutation of splicing alteration (besides 
modulation of intrinsic catalytic activity) is a change 
in these physical interactions.  A strategy to rapidly 
identify regulated interactions in an unbiased fash-
ion within the context of a human cell would have 
multiple benefits, including in the development of 

pharmacologically active compounds.  Here we build 
on a well-developed experimental pipeline to ex-
press at equivalent levels allelic variants of signaling 
proteins.  We demonstrate how this method can be 
used to derive static interaction networks, which re-
veals new protein complexes implicated in disease, 
including cancers and vascular malformations.  We 
also explore the limits of data dependent acquisi-
tion for quantification of interaction dynamics, and 
propose the use of data independent acquisition 
to overcome these limitations. Notably, we have 
coupled affinity purification to data-independent 
mass spectrometric acquisition (SWATH-MS™) for 
quantification of the changes imparted by mela-
noma-associated mutations in the kinase CDK4 and 
the splice variants of the GRK6 kinases. We further 
demonstrate that the approach is flexible, and en-
ables monitoring of interactome changes imparted 
by drug treatments, making it an important systems 
biology tool that should be scalable to match ge-
nomics sequencing efforts.
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15:00   Mapping the Networks of Mitochondrial Protein Complexes 
in Neurodegenerative Diseases
Mohan Babu, University of Regina

Contributing Authors:  Sandy Kassir,Department of Biochemistry, Research and Innovation 
Centre, University of Regina, SK, Canada; Ke Jin, Terrence Donnelly Centre for Cellular 
and Biomolecular Research, University of Toronto, ON, Canada; Sadhna Phanse, Terrence 
Donnelly Centre for Cellular and Biomolecular Research, University of Toronto, ON, Canada; 
Gabriela Ridlova, Terrence Donnelly Centre for Cellular and Biomolecular Research, 
University of Toronto, ON, Canada; Zhaolei Zhang, Terrence Donnelly Centre for Cellular 
and Biomolecular Research, University of Toronto, ON, Canada; Mohan Babu, Department 
of Biochemistry, Research and Innovation Centre, University of Regina, SK, Canada

ABSTRACT: Mitochondria are essential to a myriad 
of diverse cellular processes, and defects in their 
function have emerged as causative or contribut-
ing factors for a growing number of diverse human 
disorders and are particularly highly associated with 
neurodegenerative (ND) diseases. Ad hoc proteomic 
studies have uncovered a small number of candidate 
mitochondrial proteins (MPs) involved in ND disease, 
but given the diversity of processes affected by MP 
function, many more likely remain unknown. Fur-
thermore, it is also difficult to pinpoint the role of 
mitochondrial dysfunction in human disease because 
the interactions of MPs, both within and outside the 
mitochondria, are extensive and can be difficult to 
detect. We begin to address this deficit by targeting 
103 putative neurological disease-causing MPs, of 
which we have affinity purified 30 lentiviral tagged 

proteins in the mammalian HEK293 cell line. Inter-
actors of the purified proteins were then identified 
with the high performance Orbitrap Velos Pro mass 
spectrometer. Our assay captured both the previous-
ly known interacting proteins as well as several new 
interactions that have not been reported previously. 
Strikingly, we were able to identify a sub-network 
connecting less than a dozen proteins with the mito-
chondrial oxidative phosphorylation machinery that 
tends to be associated with Leigh Syndrome, and we 
are actively working to understand the mechanistic 
details on how defects in these associations might 
lead to this disease. Thus the data we have gener-
ated so far provides new insight for understanding 
the complex etiologies of ND disease, and opens 
avenues for identifying therapeutic drug targets. 
(Abstract #3410;  Symp ID# 467

16:30   A systematic approach for the genetic dissection of protein complexes 
in living cells
Guillaume Diss, Université Laval

Contributing Authors: Guillaume Diss, Alexandre K Dubé, Joel Boutin, Isabelle Gagnon-
Arsenault, Christian R Landry: Département de Biologie, PROTEO and Institut de Biologie 
Intégrative et des Systèmes, Université Laval, Québec, Québec, G1V 0A6, Canada.

ABSTRACT: A cell is a collection of protein complex-
es involved in regulating and performing structural, 
metabolic and signaling functions. One major chal-
lenge is to elucidate their structural organization 
and their robustness in vivo. We developed a sys-
tematic approach to study structural dependencies 
within complexes in living cells by systematically de-
leting subunits and measuring pairwise interactions 
among the other subunits. We used our methodolo-
gy to perturb two conserved eukaryotic complexes, 
the Retromer and the Nuclear Pore Complex. 

Our results identify subunits that are critical for the 
assembly of these complexes, reveal their structural 
architecture and uncover mechanisms by which pro-
tein interactions are modulated. Finally, our results 
show that paralogous proteins play a key role in the 
robustness of protein complexes and shape their as-
sembly landscape.  Our approach paves the way to 
the study of the response of protein interactomes 
to mutations and illuminates our understanding of 
genotype-phenotype maps.

16:45   Temporal regulation of EGF signaling networks by the scaffold protein 
Shc1
Dr. Yong Zheng, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital

Contributing Authors:  Cunjie Zhang, David R. Croucher, Mohamed A.; Soliman, Nicole St-
Denis, Adrian Pasculescu, Lorne Taylor, Stephen A.; Tate, Rod W. Hardy, Karen Colwill, Yue 
Dai, Rick Bagshaw, James W. ; Dennis, Anne-Claude Gingras, Roger J. Daly, Tony Pawson

ABSTRACT: Many classes of cell-surface receptors em-
ploy associated scaffold proteins to recruit cytoplas-
mic targets. Activated receptor tyrosine kinases, for 
example, frequently engage scaffolds such as Shc1 
with phosphotyrosine (pTyr) binding (PTB) domains. 
However, the biological rationale for the prevalence 
of such scaffolds remains uncertain. Using quantita-
tive mass spectrometry, we find that Shc1 responds 
to epidermal growth factor (EGF) stimulation in a 
remarkably dynamic manner, involving multiple 
waves of distinct phosphorylation events and pro-
tein interactions. Shc1 successively interacts with an 
inhibitory protein, a rapidly-binding group of pro-
teins that activate pro-mitogenic/survival pathways 

dependent on recruitment of the Grb2 adaptor to 
Shc1 pTyr sites, the Ptpn12 tyrosine phosphatase 
recruited following Akt-mediated phosphorylation 
of Ser29, and a sub-network of proteins involved in 
cytoskeletal re-organization, protein trafficking and 
signal inhibition that is recruited to Shc1 with de-
layed kinetics largely through the Sgk269 pseusoki-
nase/adaptor protein. Ptpn12 apparently acts as a 
switch to convert Shc1 from pTyr/Grb2-based signal-
ing to Sgk269-mediated pathways that promote cell 
invasion. Shc1 is therefore not a simple scaffold, but 
rather directs the temporal flow of signaling infor-
mation following EGF stimulation.

17:00   Network Deconvolution Identifies a Grb2-Ptpn11 Interaction Sufficient 
for Embryonic Stem Cell Differentiation
Dr. Greg Findlay, Postdoctoral Fellow, Samuel Lunenfeld Research Institute, Mt. Sinai  
Hospital, University of Toronto

Contributing Authors:  Norihisa Yasui1†, Greg M. Findlay2†, Gerald Gish2, Jin Huang1, 
Marilyn Hsiung2, Monika Tucholska2, Lorne Taylor2, Louis Smith1, Akiko Koide1, Tony 
Pawson2* and Shohei Koide1* ;   1-Department of Biochemistry and Molecular Biology, 
University of Chicago, IL 60637, U.S.A. ;   2-Samuel Lunenfeld Research Institute, Mount 
Sinai Hospital, Toronto, ON M5G 1X5, Canada ; *Corresponce to: skoide@uchicago and 
pawson@lunenfeld.ca ; †First authors contributed equally.

ABSTRACT: Protein interaction domains within sig-
naling networks frequently bind multiple targets, 
making it challenging to define which precise in-
teraction drives a biological process. To address this 
issue, we have used “affinity clamping” technology 
to generate synthetic variants of the Grb2 SH2 do-
main, termed phosphotyrosine (pY)-clamps, each 
constrained to recognize a single pY motif, unlike 
the wild type domain that binds numerous proteins 
with pYXNX sites. Further analysis reveals how these 

pY clamps achieve selectivity, and shows that their 
exquisite specificity is retained in cells. Surprisingly, 
in mouse embryonic stem cells only a Grb2 molecule 
containing a pY-clamp specific for the pY580 site of 
the tyrosine phosphatase Ptpn11 was sufficient to 
induce differentiation. We propose that this “net-
work deconvolution” approach will be broadly ap-
plicable to the functional annotation of individual 
interactions within biological systems.
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8:30   Overview of the Strategy, Organization, and Progress of the HUPO 
Global Human Proteome Project
Gilbert S. Omenn, MD, PhD, University of Michigan, Ann Arbor, MI, 48109-2218, USA

After several years of discussion and formal plan-
ning, the Human Proteome Organization (HUPO) 
announced the global Human Proteome Project 
(HPP) at the Sydney World Congress of Proteomics 
in September 2010.  The Project was launched at 
the 2011 Geneva World Congress.  In 2012 at Boston 
tremendous progress was reported by the Chromo-
some-centric HPP, led by Young-Ki Paik (Korea), Bill 
Hancock (USA), and Gyorgy Marko-Varga (Sweden), 
and the Biology and Disease-driven HPP, led by Rue-
di Aebersold (Switzerland) and Alec Edwards (Can-
ada).  There are now 24 chromosome-centric teams 
and 16 B/D teams (including pre-existing HUPO or-
gan and biofluid-based initiatives). Resource pillars 

cover the mass spectrometry, protein capture, and 
knowledge-base domains.  The January 2013 Jour-
nal of Proteome Research special issue featured 33 
C-HPP and C-HPP-related articles.  Current informa-
tion about the publications and other activities of 
the HPP is available at www.thehpp.org and addi-
tional information about the C-HPP is available at 
www.c-hpp.org.  All experimental datasets are ex-
pected to be submitted to PRIDE/EBI (MS/MS) or PAS-
SEL/ISB (SRM) to be made available to biomedical 
investigators globally and linked to additional da-
tabases (including neXtProt, PeptideAtlas, and GP-
Mdb) through ProteomeXchange.

9:00   The Canadian Chromosome 6 Consortium: 
Integrating chromosome-centric and biology/disease driven strategies
Keown P, Borchers C, Kast J, Foster L, Siu M, Overall CM, for the HuPO Chromosome 6 
Consortium

Chromosome 6 (Ch6), contains approximately 6% of 
the human genome. Current sequence data identi-
fy a total complement of over 2344 genes, of which 
1002-1034 code for known, novel or putative pro-
teins  expressed in extracellular, intracellular or 
membrane compartments. Many are involved in im-
munity, inflammation, neuronal activities and other 
critical cellular activities. Chromosome 6 is associated 
with more than 120 major human diseases, includ-
ing cancer, heart disease, infectious, immune and 
inflammatory disorders and mental illnesses. Many 
have a high population prevalence, devastating 

clinical impact and profound societal and econom-
ic consequences, with no definitive treatment.  
 The Ch6 Consortium integrates the goals of 
both the C-HPP and B/D-HPP to complete the pro-
teomic mapping and to discern the biological role 
of the relevant proteins in human disease. It has de-
veloped an international collaboration combining 
clinomics, genomics, metabolomics and proteomics 
platforms, focusing on diseases closely linked to this 
chromosome. Coordinated projects will explore the 
immunopeptidome, histone-binding proteins, the 
N and C-terminomes of the Ch6 proteins and oth-

Session: 5. Progress on Human Proteome ProjectSession: 5. Progress on Human Proteome Project

er relevant targets of primary clinical and biological 
importance. Strategic approaches combine 3D-com-
puterized modeling of proteins and bound peptides, 
large-scale in-vitro expression using bioreactor tech-
nology, localization and quantitative monitoring of 
target tissues in normal subjects and precisely phe-
notyped primary disease populations using MRM/MS 
and other advanced proteomic methods, and defi-
nition of the N and C-termini and their post-trans-
lational modifications using both the N and C-TAILS 
variants.

The benefits of the HPP will be far-reaching, pro-
viding the basis for personalized care, strategies for 
comprehensive disease management, and the op-
portunity to reduce the societal burden of human 
disease.  The unique combination of genomic, pro-
teomic, metabolomic, phenomic and health services 
data now being drawn together within this program 
has enormous potential as we move towards person-
alized and evidence-based medicine and as the need 
for robust biomarkers, subunit vaccines and new 
drug targets grows increasingly acute.

9:30   Genome-wide proteomics: The Specification of the Parts Lists of 
chromosome 17 as part of the chromosome-centric Human Proteome 
Project (C-HPP) 
W. Hancock, Northeastern University, Boston, G. Omenn, University of Michigan, M.Sny-
der, Stanford University, R.Beavis, University of British Columbia, Canada, Y-K. Paik, Yonsei 
University, Seoul.

We report progress assembling the parts list for chro-
mosome 17 and illustrate the various processes that 
we have developed to integrate available data from 
diverse genomic and proteomic knowledge bases.  
As primary resources we have used GPMDB, neXt-
Prot, PeptideAtlas, Human Protein Atlas (HPA), and 
GeneCards.  All sites share the common resource of 
Ensembl for the genome modeling information.  We 
have defined the chromosome 17 parts list with the 
following information: 1169 protein-coding genes, 
the numbers of proteins confidently identified by var-
ious experimental approaches as documented in GP-
MDB, neXtProt, PeptideAtlas, and HPA, examples of 
typical data sets obtained by RNASeq and proteom-
ic studies of epithelial derived tumor cell lines (dis-
ease proteome) and a normal proteome (peripheral 
mononuclear cells), reported evidence of post-trans-
lational modifications, and examples of alternative 
splice variants (ASVs).  We have constructed a list of 
the 59 ‘missing’ proteins as well as 201 proteins that 
have inconclusive mass spectrometric (MS) identifi-
cations.   In this report we have defined a process 
to establish a baseline for the incorporation of new 
evidence on protein identification and characteriza-

tion as well as related information from transcrip-
tome analyses.  This initial list of ‘missing’ proteins 
that will guide the selection of appropriate samples 
for discovery studies as well as antibody reagents.   
Also we have illustrated the significant diversity of 
protein variants (including post-translational mod-
ifications, PTMs) using regions on chromosome 17 
that contain important oncogenes.  We emphasize 
the need for mandated deposition of proteomics 
data in public databases, the further development 
of improved PTM, ASV and single nucleotide variant 
(SNV) databases and the construction of websites 
that can integrate and regularly update such infor-
mation.   In addition, we describe the distribution of 
both clustered and scattered sets of protein families 
on the chromosome.   Since chromosome 17 is rich 
in cancer associated genes we have focused the clus-
tering of cancer associated genes in such genomic 
regions and have used the ERBB2 amplicon as an ex-
ample of the value of a proteogenomic approach in 
which one integrates transcriptomic with proteomic 
information and captures evidence of co-expression 
through coordinated regulation.

10:00   Maternal Plasma Markers of Endothelial Activation in Late Pregnancy 
can be Reflective of Pregnancy Outcome
Dr. Prem Kumarathasan, Research Scientist, Health Canada

Contributing Authors:  P. Kumarathasan, R. Vincent, K. Blank, E. Blais, A. Bielecki, D. Das, S. 
Mohottalage, K. Subramanian, N. Vuong, M. Fisher, S. Cakmak, WD. Fraser 
and TE. Arbuckle

ABSTRACT: Maternal factors such as nutritional sta-
tus, smoking and exposure to certain environmental 

chemicals are implicated in adverse pregnancy out-
comes. Validity of these associations and how these 
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maternal factors influence specific birth outcomes 
in terms of mechanistic pathways are yet to be es-
tablished. We have employed a biomarker strategy 
to explore mechanism(s) underlying maternal phys-
iological changes that may play a role in influenc-
ing pregnancy outcome(s). Third trimester maternal 
plasma samples (N=800) from the Maternal-Infant 
Research on Environmental Chemicals (MIREC) study 
were analyzed for an array of protein markers of 
inflammation (e.g. cytokines, CRP) and endothelial 
activation (e.g. endothelins, MMP-2) as well as for 
global proteomic changes using HPLC-, MS- and af-
finity-based protein array methods. One of the aims 
of MIREC study is to identify key  biological path-
way(s) that can influence birth outcomes, notably 
oxidative stress and endothelial dysfunction. Our 

preliminary results indicate that maternal plasma 
profiles of specific cytokines, chemokines, vasoreg-
ulators and oxidative stress markers exhibited clear 
associations with infant birth weights. For instance, 
birth weight (1660-4100g) to gestational age was 
inversely related to maternal plasma levels of isoP-
GF2-Î±, MMP-2, MMP10, GMCSF and VEGF (p<0.05).  
Interestingly, MMP-2 is known to play a major role 
in degradation of extracellular matrix confirming 
its essential function in both survival and death of 
endothelial cells. It is also known to modulate vaso-
active and pro-inflammatory molecules such as en-
dothelin-1 and MCP-1. These findings suggest that 
maternal factors such as endothelial dysfunction and 
oxidative stress in late pregnancy can serve as poten-
tial mechanistic predictors of pregnancy outcomes.

10:45  Lipid Droplets at the Crossroad of Non-Alcoholic Fatty Liver Disease
Tommy Nilsson, McGill University

Abstract: Recent studies indicate that 2.7% of the 
lean population and 18.5% of the markedly obese 
have non-alcoholic steatohepatitis (NASH). This 
chronic disease is often preceded by non-alcoholic 
fatty liver (NAFL) and can deteriorate into non-re-
versible liver fibrosis, cirrhosis and hepatocellular 
cancer (HCC). Consequently,  NASH is associated with 

an increased mortality rate (comparable to that of 
type 2 diabetes mellitus). Current research is focused 
on the composition of patient and donor-derived he-
patic lipid droplets along with associated organelles. 
Highlights presented will include lipids and proteins 
that change with respect to disease.

11:15   Highly Multiplexed Quantitative Analyses of Clinical Samples Using 
High-Resolution / Accurate Mass Spectrometry
Bruno Domon, Luxembourg Clinical Proteomics Center, CRP-Sante, Strassen, 
Luxembourg

The development of hybrid mass spectrometers with 
high resolution and accurate mass (HR/AM) capabil-
ities has opened new avenues in quantitative pro-
teomics.  Targeted analyses, routinely performed on 
triple quadrupole mass spectrometers in selected 
reaction monitoring (SRM) mode, were replicated 
on a quadrupole-orbitrap instrument (Q-Exactive), 
leveraging the gain in selectivity due to the high re-
solving power.  This instrument combines the narrow 
mass filtering window of the precursor ions and the 
HR/AM measurements of the orbitrap mass analyzer. 
Quantification of targeted peptides was performed 
either on the precursor ions (SIM mode) or on frag-
ment ions (PRM mode, parallel reaction monitoring) 
using an SRM-like method by extracting ion traces 

post-acquisition. The increased resolving power is 
critical for the analysis of samples with a complex 
background (e.g. bodily fluids). In a systematic study 
the performance of the platform was benchmarked 
against the reference SRM approach. The critical pa-
rameters used in quantification experiments were 
investigated; in particular the trapping capability 
allowed isolating effectively peptide ions in tiny 
amounts (sub-amol level) in presence of interferences.  
 
The technique applied to analyses of biomarkers in 
clinical samples (urine and blood) illustrates the ben-
efits of the gain in selectivity and the identification 
of the fragments through accurate mass, to increase 
confidence in the measurements.

14:15   Establishing Standard Baseline Metrics for the HUPO Human Proteome 
Project
Gilbert S. Omenn, MD, PhD, University of Michigan, Ann Arbor, MI, 48109-2218, USA

The HUPO Human Proteome Project (HPP) aims to 
identify and characterize structures, functions, and 
interactions of at least one protein product of each 
of the 20,300 protein-coding genes.  It is essential 
to have agreed-upon metrics for the tracking prog-
ress toward that goal.  The HPP Executive Committee 
and investigators have chosen neXtProt at the Swiss 
Institute of Bioinformatics (Geneva), PeptideAtlas 
at the Institute for Systems Biology (Seattle), and 
GPMdb (Canada) as the repositories of mass spec-
trometry-based data, the Human Protein Atlas at 
the Karolinska Institute (Stockholm) as the data re-
source on antibody/protein capture and immunohis-
tochemistry for tissue and intracellular expression, 
and Ensembl (v69) as the source of the denominator 

of numbers of protein-coding genes. In the January 
2013 C-HPP special issue of the Journal of Proteome 
Research, the baseline numbers of highly-confident 
identifications of proteins were presented in a mas-
ter table by chromosome.  Approximately 12,000 – 
13,000 protein have been identified by mass spec-
trometry and a similar number by antibody protein 
capture and immunohistochemistry as of Decem-
ber 2012.  The four protein databases have 13664, 
12509, 14300, and 10,794 high confidence proteins, 
respectively; thus, approximately 65-70% of the ex-
pected proteins have been confidently identified. 
The special features of each data resource and the 
notable differences among them will be the basis of 
this presentation.

14:45   Discovery-driven venomics: the venom of Brazilian rattle and coral 
snakes
Rafael D. Melani1, Gabriel D.T. Araujo1, Fábio C.S. Nogueira1, Magno R. Junqueira2, 
Gilberto B. Domont1; 1Unidade Proteômica, Departamento de Bioquímica, Instituto 
de Química, Universidade Federal do Rio de Janeiro (UFRJ); 2 Laboratório de Bioquímica 
e Química Proteínas, Departamento de Biologia Celular, Instituto de Ciências Biológicas, 
Universidade de Brasília (UnB).;

Many drugs used today derive from animal toxins. 
Thus, snake venom from Crotalus or Micrurus gen-
era are interesting because of their neurotoxin rich-
ness. Crotalus durissus terrificus (Cdt) and Micrurus 
lemniscatus (Ml) venoms were reduced, alkylated, 
and tryptic hydrolysed. Cdt venom was also incubat-
ed with Proteominer at pH 3.0, pH 7.0 and pH 11.0. 
Each supernatant was collected and the proteins 
were reduced, alkylated and digested with trypsin in 
bead. Peptide hydrolyzates from both venoms were 
quantified by a fluorimetric assay. Samples were 
analyzed in triplicates in a nanoLC-MS/MS (Easy II) 
coupled to an LTQ Orbitrap Velos. CID data was an-
alyzed by peptide spectrum match using SEQUEST 
algorithm (Proteome Discoverer 1.3) against UniProt 
database, query Vertebrata. In another strategy, de 
novo sequencing used PepNovo+, followed by MS-

BLAST against the full UniProt database. The com-
bination of distinct searches strategies was able to 
identify 14 protein families in MI venom. Sequence 
similarity allowed the identification of a new class of 
neurotoxin, ohanin-like, never described for this spe-
cies. In Cdt venome three toxin families were iden-
tified by PSM, another only by de novo and eleven 
by both. Proteominer allowed the identification of 
a Kunitz-type protease inhibitor and additionally a 
new class of neurotoxins, CRISP, which had not been 
reported for this species. Data analysis based on 
PSM and de novo techniques aligned with similarity 
search increased the number of identified toxins and 
non-toxins of both venoms, including new neurotox-
in classes. Acknowledgements: CNPq, Faperj, Capes, 
Petrobras, UFRJ. 
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15:30   Quantifying the impact of dengue virus infection on monocyte cell 
line proteins by mass spectrometry based proteomics
Victoria Pando1, Juan Oses-Prieto2, Antonio Angel1, Myriam Rodríguez3, Isabel Sala-
zar4, Rosa María del Angel5, Cesar F Batista3, Alma Burlingame2. ; 1Centro de Investigación 
sobre Enfermedades Infecciosas, Instituto Nacional de Salud Pública, México. 2University 
of California, USA. 3Instituto de Biotecnología, Universidad Nacional Autónoma de Mexico. 
4Instituto Politécnico Nacional, Mexico. 5Centro de Investigación y de Estudios Avanzados. 
Mexico.

Dengue infection is the most prevalent arthro-
pod-borne viral disease in subtropical and tropical 
regions. The WHO reports an average of 50 million 
cases of dengue fever, 500,000 hospitalizations and 
30,000 deaths annually. Currently, there are no ef-
fective vaccines or antiviral therapy for prevention 
or treatment of the disease.    
Monocytes/macrophages are the principal target 
cells for dengue virus infection in humans, and are 
responsible for disseminating the virus in the organ-
ism after transmission. Here, we have analyzed the 
kinetic responses of the monocytic cell line THP-1 to 
dengue virus 2 (DENV-2) infection. We have used a 
proteomic strategy based on isobaric tag for the rel-
ative and absolute quantitation (iTRAQ) methodol-
ogy. In total, we were able to identify and quantify 
relative levels of approximately 1000 unique pro-
teins, where 12 (24 hours post-infection (hpi)) and 
8 (48hpi) proteins were differentially expressed in 
THP-1 cells following DENV-2 infection as compared 
to time-matched mock-infected samples. Phosphory-
lation/dephosphorylation events following infection 
were also analyzed using iTRAQ plus titanium diox-

ide enrichment on phosphopeptides; 1380 unique 
phosphorylated peptides from 500 proteins were 
identified and quantified. These unique sites were 
employed to investigate the site-specific phosphor-
ylation dynamics. 196 proteins showed altered pho-
phorylation levels in at least 1 phosphorylation site 
at 24 hpi. At 48 hpi, we found differences with the 
mock-infected samples in 79 proteins. Thus, the ma-
jority of changes in phosphoprotein abundance oc-
curred at an early stage of infection well before the 
second viral replication cycle. Preliminary functional 
analysis revealed proteins that changed in response 
to infection could be assigned to defined biological 
pathways, such as protein synthesis, RNA processing, 
inflammatory response, p38 MAPK signaling and se-
cretion.       
This study represents the first quantitative analysis 
of the monocyte proteome after dengue virus infec-
tion; our ultimate goal is building a systems biolo-
gy view of the mechanisms dengue virus utilizes to 
modulate host cell response.    
 Supported by NIH NIGMS 8P41GM103481 
and UC MEXUS-CONACYT 2010.

16:00  Proteomics in Viral Respiratory Disease
Luis M. Teran, Jose .S. Cruz, Xingpig. Li, Thomas. Franz. Instituto Nacional de 
Enfermedades Alergicas, Mexico

A wide range of respiratory viruses, including respi-
ratory syncytial virus (RSV), influenza A and B viruses, 
parainfluenza viruses (PIVs), among others; are cause 
of respiratory disease worldwide. To date however, 
the mechanisms by which these viruses cause illness 
are not fully understood. We have investigated the 
proteomic profile in the nasal aspirates (NA) derived 
from children (aged 7-12 years) infected with either 
Influenza A or RSV.  Analysis of NA from virus infect-
ed-children revealed more a variety of differentially 

expressed proteins which include those involved in 
innate and acquired immunity, cytoskeletal, func-
tional, and signal transduction.  In contrast, protein 
detection was barely observed when children were 
symptom free.  We conclude that proteome-wide 
profiling of NA derived from infected children can 
provide insights into the complex nature of naturally 
occurring viral infection and may accelerate antiviral 
research.

Session: 6. Pan American HUPO

#1   Site-specific quantitation of acetylation stoichiometry in isomeric 
peptides of histones H3 & H4
Nebiyu Abshiru, PhD student, University of Montreal
Co-Authors:  Nebiyu Abshiru, Department of Chemistry & Institute for research in 
immunology and cancer, University of Montreal; Roshan Elizabeth, Institute for research 
in immunology and cancer, University of Montreal; Alain Verreault, Institute for research 
in immunology and cancer and Department of Pathology and Cell Biology, University of 
Montreal; Pierre Thibault, Department of Chemistry & Institute for research in immunology 
and cancer, University of Montreal.

ABSTRACT: In this study we present a new method 
that can be used to determine acetylation stoichi-
ometry of lysine residues in isomeric peptides from 
histones H3 and H4. Recent approaches used in bot-
tom-up histone analysis employ chemical derivatiza-
tion to prevent the cleavage of free lysine residues 
by trypsin. This generates tryptic peptides bearing 
more than one lysine residues. The peptides could 
be acetylated at a single or multiple sites. Often the 
same peptide can be acetylated on the side chain of 
different lysine residues thereby forming position-
al isomers. One important example is histone H4 
peptide R.GKGGKGLGKGGAKR.H; the four lysines 
are acetylated in various combinations resulting in 
four mono-acetylated, six di-acetylated and four 
tri-acetylated isomers. These isomers cannot be re-
solved efficiently using regular RP-LC/MS, and ap-

pear as a single chromatographic peak. Thus, deter-
mining site specific acetylation stoichiometry based 
on precursor chromatographic peak intensity or 
peak area could potentially be misleading. Here we 
determined acetylation stoichiometries based on the 
abundance of diagnostic fragment ions comprising 
a specific modification site. We discovered a linear 
correlation between the abundance of isomers pre-
cursor and their corresponding fragment ions. For 
isomers that cannot be distinguished based on the 
1st generation product ions, we quantified acetyla-
tion stoichiometry using the abundance of 2nd gen-
eration product ions. We initially tested the method 
on synthetic histone peptides and then adapted it to 
histones extracts from human cells. This method will 
greatly facilitate the study of dynamic changes in 
histone acetylation and its role in chromatin biology.

#2    The contribution of horizontally acquired regulators HilA and SsrB 
to the Salmonella proteome.
Nat Brown, Research Associate, University of British Columbia
Co-Authors:  Lindsay D. Rogers, The University of British Columbia; Kristy L. Sanderson, 
The University of Melbourne; Joost Gouw, The University of British Columbia; Elizabeth 
L. Hartland, The University of Melbourne; Leonard J. Foster, The University of British 
Columbia

ABSTRACT:Salmonella virulence hinges on two 
horizontally acquired genomic loci that encode two 
separate type III secretion systems (T3SSs), which 
function to inject bacterial effector proteins into 
infected host cells in order to colonise host organ-
isms. These loci are termed Salmonella pathogenici-
ty islands 1 and 2 (SPI1 and SPI2). The SPI1 encoded 
transcription factor, HilA, and the SPI2 equivalent, 
SsrB, each control expression of the respective T3SS 
and the cognate effectors. Our aim was to identify 
additional targets at the protein level using SILAC. 
Following growth in the respective inducing culture 
media, whole cell lysates were prepared and then 
fractionated according to pI using a biorad microro-
tofor apparatus prior to being run on an Orbitrap XL 
for LC-MS/MS. Data was analysed using MaxQuant. 

Collectively, over 2000 proteins were quantified with 
at least two peptides in at least one condition. As a 
proof of principle, all known targets of HilA or SsrB 
that were detected showed a significant reduction 
of abundance in the respective mutant. Addition-
ally numerous novel targets were found, including 
numerous proteins belonging to biological process-
es that are distinct from known SPI1 and SPI2 func-
tions. These include resistance to extracellular reac-
tive oxygen species, which previously been linked to 
Salmonella virulence. Also, it was found that SsrB 
represses flagellar based motility through reduction 
of flagellar expression. Coordination of virulence 
functions unrelated to type III secretion by HilA and 
SsrB will provide significant insight into Salmonella 
infections.

Session: 1. Post Translational Modifications and Terminomics in Disease

P
O
S
T
E
R

1

2



34 35Fifth Annual General Meeting of the Canadian National Proteomics Network. “Can Proteomics Fill the Gap Between Genomics and Phenotypes?”

#3   Another way to do ECD: Atmospheric Pressure Electron Capture 
Dissociation
Davin Carter, University of British Columbia, Biomedical Research Centre
Contributing Authors:  Davin Carter, UBC Biomedical Research Centre; Jason Rogalski, UBC 
Biomedical Research Centre; Damon Robb, UBC Dept of Chemistry; Michael Blades, UBC 
Dept of Chemistry; Juergen Kast, UBC Biomedical Research Centre & UBC Dept of Chemistry

ABSTRACT: We are developing a novel in-source at-
mospheric pressure electron capture dissociation 
(AP-ECD) method as an alternative to conventional 
ECD or ETD capable of providing ECD functionality 
to all types of electrospray mass spectrometers. We 
have previously shown that AP-ECD is applicable 
at the fmol level, is effective on chromatographic 
time scales for mixtures and can localize modifica-
tions of phospho peptides. We have expanded our 
analysis to now include localization of sulfo and 
glyco modifications of peptides and have explored 
AP-ECD parameters for optimal ion transmission. 
 
During AP-ECD, electrons are generated by in-
teractions between photons, generated by a 
photoionization lamp, and a dopant, acetone. 
Peptides are exposed to the photo generated 
electrons in a custom designed source resulting 

in ECD prior to entry into the mass spectrometer.  
Adding the ability to analyze sulfomodifications may 
offer some insights to various ailments. Sulfation has 
also been found to be involved with leukocytes ad-
hering to and transmigrating between endothelial 
cells on blood vessel walls and sulfomodifications 
have been linked to entry of HIV-1 of target cells. Us-
ing caerulein, QQD(sulfo)YTGWMDF, we compared 
our AP-ECD results to previously published FT-ICR re-
sults, where the molecular ion and all applicable c 
and z ions displayed characteristic losses of SO3. In 
contrast, AP-ECD spectra show that the sulfo group 
is retained on many c and z ions and on the molecu-
lar ion, allowing for localization. Another sulfo pep-
tide, hirudin (DFEEIPEE(sulfo)YLQ), was successfully 
analyzed and the modification localized as the sulfo 
modification was retained on fragment ions.

#4    Proteomic and Degradomic Analysis of the Tumor Microenvironment 
of Breast Cancer
Antoine Dufour, University of British Columbia
Contributing Authors:  Philipp Lange, University of British Columbia; Reinhild 
Kappelhoff,University of British Columbia; Paul MacDonald, BC Cancer Agency; Yuanmei 
Lou,BC Cancer Agency; Shoukat Sedhar, BC Cancer Agency and Chris Overall, University of 
British Columbia

ABSTRACT: Mortality in cancer is mainly due to fail-
ure to prevent metastasis. Much attention has been 
focused on targeting tumor growth; drug discovery 
targeting metastasis has lagged far behind. Cancer is 
an interactive multi-tissue lesion dynamically linked 
to the stroma by signaling networks that regulate 
gene/protein expression, and post-translational 
modifications within the tumor and microenviron-
ment. Little is known about the key genomic and 
proteomic differences between primary and meta-
static tumor cells and the reactive stroma promot-
ing these differences. Matrix metalloproteinase-12 
(MMP12) can remodel elastin, generate angiostatin, 
mediate macrophage migration and cleave numer-
ous substrates implicated in inflammation and an-
giogenesis. Non-metastatic and metastatic cancer 
cells were subcutaneously implanted in BALB/c wild 

type and MMP12 KO mice. Using our protease and 
inhibitor oligonucleotide microarray (CLIP-CHIP), 
the protease transcriptome of the metastatic versus 
primary breast cancer tumors was profiled. To vali-
date the breast cancer transcriptome modulated by 
MMP12, quantitative proteomics (TAILS) was used 
to compare cancer and stromal cells of breast cancer 
metastases with primary tumors in a mouse model. 
346 proteins were differentially quantified in breast 
tumors and 51 novel in vivo substrates of MMP12 
were identified such as Cystatin C, Osteopontin, 
SerpinA1 and IGFBP7. These novel substrates were 
validated in multiple cell culture migration and pro-
liferation assays and immunohistology of the tumors 
was performed. Overall, MMP12 plays an important 
role in dampening the proliferation of cancer cells in 
breast cancer. 

#5   Shedding light on placental infection and inflammation in preterm 
birth - A Proteomics & Transcriptomics Approach
Ulrich Eckhard, University of British Columbia
Contributing Authors:  Ulrich Eckhard, Pitter F Huesgen, Philipp F Lange, Karen Nguyen, 
Giada Marino, Theo Klein, Reinhild Kappelhoff, and Christopher M Overall.

ABSTRACT: Preterm birth affects approx. 12% of all 
deliveries; it is the leading cause of neonatal mor-
tality, and represents a major risk factor for im-
paired growth and development. Since prematu-
rity imparts huge emotional cost to the family and 
burdens the health care system, itâ!™s vital to 
understand and diagnose early the initiation and 
progression of infection and inflammation lead-
ing to premature labor. With subclinical infections 
being beyond the main causes, clinical criteria are 
poor predictors, leading to frequent misdiagnosis. 
 
The roles of inflammatory pathways and specif-
ic inflammatory mediators in vivo and the roles of 
proteases and their targets in preterm birthâ!”be 
they drivers of inflammation or bystander mark-
ers, detrimental or protectiveâ!”are currently 
unclear. Hence, thereâ!™s a pressing need for 
in-depth proteomic analysis of human placen-

ta and preterm placental inflammation.  
We want to improve the diagnosis and care of wom-
en at risk of preterm labor by: understanding the 
clinical significance of the molecular pathways in-
volved in the placental inflammatory response pre-
ceding labor at term and, differentiating these from 
responses leading to preterm. We propose to estab-
lish a system-wide understanding of infection-in-
duced inflammation in preterm labor.

Preliminary analysis of term placentas from elective 
caesarean sections identified >15,000 peptides and 
>4,000 proteins by shotgun proteomics and our ter-
minomics approach (TAILS). We identified >7,000 
N-terminal peptides from >3,500 proteins, including 
N-termini of a myriad of cytokines and other rare 
proteins that were not identifiable by the shotgun 
approach, highlighting the power of our combined 
strategy, and the feasibility of our study.

#6   Protein Stability Profiling in the Eubacterial N-end Rule Pathway
Angela Fung, niversity of Alberta
Co-Authors:  Devin K. Ulvestad; Aaron Madryga; Jack Moore, Institute for Biomolecular 
Design; Richard P. Fahlman, and Dept of Oncology

ABSTRACT: The N-end rule pathway is a regulated 
proteolytic pathway where the N-terminal amino 
acid identity determines the in vivo stability of a pro-
tein.  Variations of the N-end rule pathway are pres-
ent in prokaryotes, fungi, plants and mammals.  In 
eukaryotes these enzymes play critical roles in cardi-
ac development, apoptosis, and G-protein signalling, 
meanwhile the biological role in prokaryotes remains 
elusive.  The biological role of the eubacterial N-end 
rule has remained elusive, partly due to the lack of 
characterization of its in vivo substrates and the in-
complete understanding of the initiation of the path-
way.  If the pathway is found to be involved in infec-
tious processes it could be a novel antibacterial target. 
 
Here we aim to identify potential N-end rule sub-
strates by comparing proteomic changes between E. 

coli wild type and N-end rule deletion mutants (lack-
ing specific components of the pathway) under dif-
ferent growth phases.  We have utilized both meta-
bolic labelling with stable isotopes and Gel-LC-MS/
MS, where cultures are grown in defined minimal 
media with the substitution of heavy (13C) or light 
labelled lysines.  Raw mass spectrometry data are 
analyzed with SEQUEST for both protein identifica-
tion and quantification.  Proteins identified as more 
abundant or stabilized in N-end rule deletion mu-
tants compared to wild type are potential N-end rule 
substrates.  Here we will present our current data 
to date.  The identification of N-end rule dependent 
proteomic changes may provide novel insights into 
the biological role of the bacterial N-end rule path-
way.
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#7    Comparative large-scale characterization of protein N-termini: 
the case study of the anticancer drug fumagillin
Carmela Giglione, Group Leader, Le Centre national de la recherche scientifique 
(CNRS), France
Co-Authors:  Carmela Giglione, F. Frottin, Imene Dridi, Christelle Espagne, Willy V. 
Bienvenut, Thierry Meinnel, CNRS, ISV, UPR2355, Batiment 23A, 1 avenue de la Terrasse, 
F-91198 Gif-sur-Yvette cedex, France.

ABSTRACT: Fumagillin and its derivatives are ther-
apeutically-useful compounds for their capacity to 
reduce cancer progression mainly by blocking an-
giogenesis. Fumagillin exerts indeed a specific prolif-
eration inhibition on  angiogenic cell lines and also 
on several tumor lines. Beside the development of 
many fumagillin analogues none of them is ready 
to be used as novel class of anticancer agent. The 
specific molecular target of fumagillin is METAP2, 
one of the two METAP with METAP1 in the cytosol. 
METAPs are in charge of N-terminal Methionine Ex-
cision, an essential pathway of cotranslational pro-
tein maturation. So far, the primary molecular basis 
for the fumagillin specificity, i.e., why the inhibition 
of METAP2 causes cell arrest in endothelial cells and 
tumors, is yet unknown.

We have measured the levels of both METAP mRNAs 
in a number of cell lines and shown that cell sensitiv-
ity to fumagillin is correlated to METAP mRNA level, 
and particularly to that of METAP1. Indeed, when 
the METAP1 mRNA level is very low the cells are very 
sensitive to fumagillin. If the METAP1 mRNA level is 
higher the cells become insensitive to the drug. We 
propose that the METAP1 expression can be routine-
ly checked in several tumors and its level used as a 
prognosis marker to predict response to fumagillin 
and treatment including possible side effects. Finally, 
we took advantage of our recent proteomic work-
flow targeted on N-terminal peptides to investigate 
the outright impact of fumagillin treatment on the 
N-termini of several proteomes. The data will be pre-
sented here and discussed.

#8    Global Impact of Salmonella Pathogenicity Island 2-secreted Effectors 
on the Host Phosphoproteome
Koshi Imami, University of British Columbia, Centre for High-Throughput Biology
Co-Authors:  Koshi Imami, Amit P. Bhavsar , Hongbing Yu, Nat F. Brown, Lindsay D. Rogers, 
B. Brett Finlay, Leonard J. Foster

ABSTRACT: Pathogenic bacteria employ virulence 
proteins called â�œeffectorsâ�  to manipulate host 
signaling pathways as a common strategy for infec-
tion. During the late stages of infection, Salmonella 
secretes numerous effectors by a type III secretion 
system that is encoded within Salmonella pathoge-
nicity island 2 (SPI2). Despite the importance of SPI2 
as a major virulence factor leading to the systemic 
spread of the bacteria and diseases, a global view 
of its effects on host responses remains uncharac-
terized. Here, we measured global impacts of SPI2 
effectors on the host phosphorylation and protein 
expression levels in RAW264.7 and in HeLa cells, as 
macrophage and nonphagocytic models of infec-
tion. We observe that SPI2 effectors differentially 
modulate host phosphoproteome and cellular pro-

cesses (e.g. protein trafficking, cytoskeletal regula-
tion, and immune signaling) in a host cell-dependent 
manner. Our unbiased approach reveals the involve-
ment of many previously unrecognized proteins, in-
cluding E3 ligases, kinases and histones, in late stag-
es of Salmonella infection. Furthermore, from this 
phosphoproteome analysis and other quantitative 
screens, we identified HSP27 as a direct in vitro and 
in vivo molecular target of the only type III secreted 
kinase SteC. Using biochemical and cell biological as-
says, we demonstrate that SteC phosphorylates mul-
tiple sites in HSP27 and induces actin rearrangement 
through this protein. Together, these results provide 
a broader landscape of host players contributing to 
specific processes/pathways mediated by SPI2 effec-
tors than was previously appreciated.

#9    Investigating Proteolytic Events during Salmonella Invasion using TAILS
Theo Klein, University of British Columbia, Centre for Blood Research - Overall Lab
Co-Authors:  Natalie C. Marshall, University of British Columbia; B. Brett Finlay, University 
of British Columbia; Chris M. Overall, University of British Columbia

ABSTRACT: Background. Salmonella infection is a 
major cause of foodborne gastroenteritis, with over 
one billion estimated cases annually worldwide. Sal-
monella species possess a potent arsenal of secreted 
virulence factors that enable the bacteria to invade 
mammalian epithelial cells, modify the intracellu-
lar environment and enable intracellular replica-
tion.   
The aim of this study is to generate a timeline of pro-
teolytic events during different stages of Salmonella 
infection of human epithelial cells. To selectively an-
alyze neo-N-termini resulting from proteolytic cleav-
age of substrates a N-terminomics method named 
TAILS (Terminal Amine Isotopic Labeling of Substrates) 
was developed in our lab which enriches for protein 
N-terminal peptides. Differential labeling with isoto-
pic tags provides a powerful means of quantitating 
proteolysis under different experimental conditions. 
Methods: HeLa cells were exposed to Salmonella 

Typhimurium (strain SL1344 WT) at multiplicity of 
infection 1:100. Proteomes of infected and control 
uninfected cells were collected and subsequently la-
beled differentially with heavy and light formalde-
hyde. Samples were mixed, N-termini were enriched 
using TAILS and analyzed on a nanoLC-Orbitrap XL 
platform. Data was analyzed and quantitated using 
MaxQuant.
Results: Using the TAILS technique we identified up 
to 1,000 unique N-terminal peptides in a single ex-
periment at FDR 1%. Preliminary data shows that 
proteolytic events during early invasion time points 
(â‰¤ 1h) are rare, but we find increased processing 
of proteins involved in cellular adhesion (e.g. Cad-
herin-11 and CDHR1) and endocytosis (e.g. GAP-
VD1). We further saw an increase in abundance of 
the mature N-terminal peptide of the pro-inflamma-
tory cytokine MIF.

#10    A High Resolution/Accurate Mass Targeted Approach for N-Linked 
Glycopeptides Screening and Quantitation using a Hybrid Quadrupole 
Orbitrap Mass Spectrometer
Bryan Krastins, Research Scientist, Thermo Fisher Scientific
Co-Authors:  Julian Saba (Thermo), Amol Prakash (Thermo), David Sarracino (Thermo), 
Scott Peterman (Thermo), Mary Lopez (Thermo)

BSTRACT: N-linked glycans on glycoproteins play an 
important role in disease state stratification based 
on the glycan type and composition.  Recent devel-
opments in sample preparation, LC, and MSn data 
strategies and processing software have  increased 
glycoprotein studies.  However, the number of dif-
ferent glycans present on the peptide backbone still 
presents challenges for identification and quantita-
tion. Increasing the number of glycan composition 
per amino acid residue dilutes resulting MS signal 
and reduces the probability of triggering an MSn 
event. The location of the N-linked glycan relative to 
the preferred site of enzymatic cleavage may reduce 
the digestion efficiency.   
In order to alleviate the issues with glycan heteroge-
neity, we have incorporated the use of immunoaffin-
ity capture of target glycoproteins and interaction 
partners and utilized HR/AM  LC/MS and MS/MS anal-

ysis data acquisition.  IP capture significantly reduces 
the background matrix facilitating increased protein 
sequence coverage as well as detection, characteri-
zation, and quantitation of modified and unmodi-
fied peptides using post-acquisition data processing.  
Byonics software was used to identify the peptide 
sequence and glycan composition per glycopeptides.  
The resulting glycopeptides list was imported into 
the Pinpoint software Screening Tool to identify ad-
ditional glycoforms based on HR/AM MS matching 
of isotopes, charge states, and retention times. The 
list of glycopeptides identified in the Screening Tool 
was imported into Pinpoint for quantitation across 
different biological states.  The quantitative analysis 
was performed on the distribution of specific glycan 
structures obtained from targeted apolipoproteins 
and interaction partners from serum.
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#11    Comprehensive study of redox proteomics in THP-1 cells using 
a modified Biotin-Switch Assay

Ru Li, University of British Columbia
Co-Authors:  Prof. Juergen Kast, UBC

ABSTRACT: Platelet-monocyte aggregates (PMA) 
circulating in blood are established early markers 
of atherosclerosis. It is known that oxidative stress, 
caused by increased levels of reactive oxygen species 
(ROS), effects signal transduction in blood vessels, 
such as monocyte adhesion to endothelium, and 
platelet aggregation. ROS can participate directly 
in these processes or via oxidized low-density lipo-
proteins such as lysophosphatidic acid (LPA). We hy-
pothesise that hydrogen peroxide (H2O2) can induce 
oxidative stress in monocytes and facilitate PMA for-
mation. 
To measure the redox status of cells in this process, 
flow cytometry was employed to measure the ROS 
and glutathione content in H2O2 stimulated THP-1 
cells.
We observed a significant increase of intracellular 
hydrogen peroxide (H2O2) and free glutathione in 
THP-1 cells upon 6hrs’ treatment with 100ÂµM or 

1mM H2O2, while there was no change during a 1hr 
incubation. Based on this result, we investigated the 
effect of 100ÂµM H2O2 treatment on redox protein 
changes using a modified biotin-switch assay. Com-
bined this assay with stable isotope labeling of ami-
no acids in cell culture (SILAC) allowed us to quanti-
tatively determine thiol/disulfide changes in THP-1 
cells. 
Approximately 400 cysteine-containing peptides 
were quantified in each experiment. In 32 of these 
peptides, corresponding to 29 proteins, it was consis-
tently observed that over 50% of the free cysteines 
formed disulfide bonds in response to H2O2. These 
included proteins from the redox system, membrane 
channel proteins, kinases and mitochondrial pro-
teins. Our next step will be to investigate the role 
of LPA in induction of oxidative stress and PMA for-
mation.

#12    Family-wide characterization of plant and human matrix metallopro-
teases specificities by proteomic identification of cleavage sites (PICS)
Giada Marino, University of British Columbia
Contributing Authors:  Giada Marino, Centre for Blood Research, Department of Oral 
Biological and Medical Sciences and Department of Biochemistry and Molecular Biology, 
University of British Columbia, 2350 Health Sciences Mall, Vancouver, BC, Canada V6T 1Z3 

Pitter F. Huesgen, Centre for Blood Research, Department of Oral Biological and Medical 
Sciences and Department of Biochemistry and Molecular Biology, University of British 
Columbia, 2350 Health Sciences Mall, Vancouver, BC, Canada V6T 1Z

Oliver Schilling, Institute of Molecular Medicine and Cell Research, Albert-Ludwigs 
University Freiburg, Stefan-Meier-Str. 17, 79104 Freiburg, Germany 

Christopher M. Overall, Centre for Blood Research, Department of Oral Biological and 
Medical Sciences and Department of Biochemistry and Molecular Biology, University of 
British Columbia, 2350 Health Sciences Mall, Vancouver, BC, Canada V6T 1Z3

ABSTRACT: Matrix metalloproteases (MMPs) are a 
family of zinc- and calcium-dependent endopep-
tidases belonging to the metzincin clan. The MMP 
family is widely distributed among all kingdoms of 
life. In human, extensive studies demonstrated that 
MMPs play important roles in physiological and 
pathological conditions. Their tremendous impor-
tance and versatility triggered increasing interest in 
their plant homologues. Over the past 10 years, six 
plant MMPs were cloned and partially characterized. 
 

We have previously introduced Proteomic Identifica-
tion of protease Cleavage Sites (PICS) as a reliable 
method for obtaining detailed protease specificity 
profiles using proteome-derived peptide libraries in 
a high-throughput manner, profiling both the prime 
and nonprime sides simultaneously.

In this study, we cloned, expressed and purified the 
catalytic domains of all five MMP members from 
Arabidopsis thaliana (At-MMPs). We compared At-
MMPs with human MMPs using PICS to highlight dif-

ferences and similarities in their cleavage site speci-
ficities. Noteworthy, MMPs lack a canonical cleavage 
site motif and each subsite of the active cleft can ac-
commodate several aminoacids. Their cleavage site 
specificities appear primarily to be guided by the 
strong preference for long aliphatic aminoacids in 
P1’, predominantly Leucine and Isoleucine, and fre-
quently Proline at P3.

Overall, four of the five At-MMPs showed great sim-
ilarities in their aminoacid preferences with human 
MMPs, only At5-MMP exhibited striking differenc-
es. In summary, these PICS profiles provide new in-
sights into the evolutionary origin and divergence of 
MMPs. However, until we identify native substrates, 
the role of MMPs in plant physiology and growth 
will remain elusive.

#13    Alterations to the human N-terminal proteome during pathogenic 
Escherichia coli infection
Natalie Marshall, Microbiology/Immunology, University of British Columbia
Co-Authors:  [Theo Klein, University of British Columbia;] [Chris M. Overall, University 
of British Columbia;] [B. Brett Finlay, Michael Smith Laboratories, University of British 
Columbia]

ABSTRACT: The foodborne pathogens enterohe-
morrhagic and enteropathogenic Escherichia coli 
(EHEC, EPEC) cause severe diarrheal disease world-
wide. Their virulence requires a syringe-like type III 
secretion system (T3SS) that injects toxic bacterial 
effector proteins into human intestinal epithelial 
cells. Effectors manipulate cellular processes and 
cause characteristic features of disease, including 
bacterial-human cell attachment, actin rearrange-
ments, and intestinal cell death. The molecular 
mechanisms of T3SS-mediated disease are unclear. 
Examining global cellular changes during infection 
can provide new insight into the function of human 
and T3SS effector proteins in T3SS-mediated disease. 
 
Proteases are extensively involved in cellular process-
es relevant to infection, including cell death, inflam-
mation, and immunity. T3SS effector proteins may 
alter global proteolysis in human intestinal cells. 
Furthermore, examining how the human N-terminal 

proteome is altered during infection may reveal novel 
mechanisms by which these pathogens cause disease.  
 
Cultured human epithelial cells were infected with 
a wild type or T3SS-deficient mutant strain of EPEC, 
or EHEC. First, the N-terminal proteomes of wild 
type and T3SS-deficient EPEC-infected human cells 
were quantitatively compared using a technique 
called terminal amine isotopic labeling of substrates 
(TAILS) to identify T3SS-mediated changes in the 
human N-terminal proteome, such as proteolysis. 
Preliminary data during EPEC infection indicate 
T3SS-dependent alterations, affecting the abun-
dance of actin polymerization mediators and the 
proteolytic processing of a cell adhesion protein.  
 
This study pursues the molecular events involved in 
T3SS-mediated disease, with the objective of identi-
fying relevant protease substrates and highlighting 
cellular pathways for future research.

#14    PROTEOME PROFILING AND IDENTIFICATION OF IN VIVO SUBSTRATES 
OF CYSTEINE CATHEPSINS IN A MURINE MODEL OF PANCREATIC 
CANCER

Anna Prudova, University of British Columbia
Contributing Authors:  Anna Prudova*1, Vasilena Gocheva*2, Ulrich auf dem Keller*1, 
Oakley Olson2, Johanna Joyce2#, Christopher Overall1#. 1University of British Columbia, 
2350 Health Sciences Mall, Vancouver, Canada; 2Memorial Sloan Kettering Cancer Center, 
415 East 68th Street, New York, USA

* These authors contributed equally, # joint senior authors.

ABSTRACT: Recent studies have suggested a new 
regulatory role for cysteine cathepsin proteases in 
tumor development and progression. While a few 

known in vitro substrates of these proteases provide 
a first link to tumor biology, they fail to complete-
ly explain marked differences in tumor phenotypes 
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observed in vivo when individual cysteine cathep-
sin family members are knocked out in the context 
of the RIP1-Tag2 (RT2) murine model of pancreatic 
neuroendocrine tumorigenesis. Therefore, we used 
proteomics to identify cathepsin substrates and 
to profile proteome differences between cysteine 
cathepsin knockouts in this cancer model. 

To do so we employed TAILS (Terminal Amine Isoto-
pic Labeling of Substrates) a proteomic technology 
for protease substrate discovery and proteome char-
acterization where an N-terminal enrichment strate-
gy allows the identification of protein N-termini and 
protease-generated neo-N-termini (Kleifeld et al 10 
Nature Biotech; Kleifeld et al 11 Nature Protocols). 
Labeling with iTRAQ reagents enables the quantita-

tion of proteins present in different samples. 8-plex 
iTRAQ facilitated a multiplex approach, whereby tu-
mors from 6 different cathepsin knockouts (null for 
cathepsins B, L, S, H or X and BS double knockouts) 
and 2 wild type RT2 mice were analyzed in a single 
experiment. 

Among >1700 total proteins analyzed in 3 biolog-
ical replicates we identified potential substrates, 
with some overlap between different cathepsins. In 
addition, we detected changes in cathepsins and in 
protein expression levels in general. Biological con-
sequences of select substrate cleavages will be dis-
cussed in relation to the observed differences in tu-
mor phenotypes. 

#15    Terminomics analyses of primary cell culture supernatants identify 
a role for Adam17 in extracellular cathepsin activity

Lindsay Rogers, University of British Columbia
Co-Authors:  [Carl P. Blobel, Weill Medical College of Cornell University]; [Christopher M. 
Overall, University of British Columbia]

ABSTRACT: Ectodomain shedding involves proteolysis 
of integral membrane proteins causing their release 
into the extracellular space and has emerged as a 
novel method of regulating biological processes. For 
example, shedding of several ligands is required for 
receptor engagement, and shedding of many recep-
tors results in their inactivation and desensitization. 
One class of proteases implicated in shedding is the 
ADAM (a disintegrin and metalloproteinase) family, 
of which Adam17 is one of the best characterized. 
Adam17 is the main sheddase for epidermal growth 
factor receptor ligands. It also sheds tumor necrosis 
factor-alpha and several other cell surface proteins. 
As a result, Adam17 has become as a potential drug 
target for cancer and immune disorders. However, to 
fully comprehend its cellular functions, as well as the 
full impact of targeting Adam17 to treat a disease, all 

of the proteins processed by this enzyme, as well as 
their functions must be understood. To this end, we 
have collected cell culture supernatants from both 
wild type (WT) and Adam17-/- primary mouse em-
bryonic fibroblasts and used stable-isotope dimethyl 
labeling to quantitatively compare these conditions. 
At 1% FDR, 1051 proteins (5762 peptides) were iden-
tified and quantified with 15% exhibiting greater 
than 2-fold change. Interestingly, several lysosomal 
proteins such as cathepsins were found to be more 
abundant in the WT condition. Extracellular cathep-
sins have recently been implicated in cancer suggest-
ing a role for Adam17 in this process. Terminal amine 
isotope labeling of substrates has also been used to 
identify specific cleavage sites within several of these 
proteins.

#16    Comprehensive Targeted Quantitative Proteomics - Taking 
Multiplexed Assays to a New Level with SWATH™ Acquisition
Brigitte Simons, Applications Scientist, AB SCIEX
Contributing Authors:  Brigitte Simons, Trairak Pisitkun, Mark Knepper

ABSTRACT: The goal of quantitative proteomics is to 
both identify and quantify a broad range of proteins 
and peptides. The extreme complexity and dynamic 
range of proteins in typical proteomic samples chal-
lenges traditional data dependent workflows by 

requiring very high speed MS/MS acquisition to re-
producibly and deeply interrogate the sample. The 
application of data independent acquisition strate-
gies to increase the reproducibility and comprehen-
siveness of data collection has been limited by the 

speed of current mass spectrometers. Recent QqTOF 
innovations providing high speed acquisition of high 
resolution MS/MS spectra have enabled a new data 
independent acquisition strategy, called MS/MSALL 
with SWATH™ Acquisition. In this workflow, the Q1 
quadrupole is stepped at 25 amu increments across 
the mass range of interest, passing a 25 amu window 
through into the collision cell. The transmitted ions 
are fragmented and the resulting fragments are ana-
lyzed in the TOF MS Analyzer at high resolution. This 
is done in a looped fashion with an LC compatible 

cycle time, such that high quality XICs can be gener-
ated post-acquisition to produce the MRM-like data. 
Here we describe the application of SWATH to a ki-
nase in-vitro assay in kidney IMCD cells where 3800 
phospho-specific MRM transitions are quantified in 
less than 2 hours of data processing. This technique 
has provided phosphopeptide quantitation for 3 ki-
nase treatments for kinase substrate identifications 
of over 780 phosphopeptide from 687 proteins, a re-
markable accelerated outcome compared to a exper-
iments attempted on triple quadrupole instruments.

#17    MRM-based biomarkers of social immunity in honey bees; their 
successful application in a marker-assisted selective breeding program
Marta Guarna, Scientific Director, Next Generation Bee IPM, 
University of British Columbia, Centre for High Throughput Biology
Contributing Authors:  Kyung-Mee Moon, University of British Columbia; Rick White, 
University of British Columbia; Derek Smith, University of Victoria Genome BC Proteomics 
Centre; Elizabeth Huxter, Kettle Valley Queens; Heather Higo, University of British 
Columbia; Shelley Hoover, Agriculture & Agri-Food Canada; Abdullah Ibrahim, Agriculture 
& Agri-Food Canada; Robert Currie, University of Manitoba; Stephen F Pernal, Agriculture 
& Agri-Food Canada; Christopher Borchers, University of Victoria Genome BC Proteomics 
Centre; Leonard J Foster, University of British Columbia

ABSTRACT: We have successfully identified protein 
biomarkers of social immunity in honey bees and 
applied them in a selective breeding program to 
improve bee stocks. Honey bees play a crucial role 
as pollinators for the agricultural industry and the 
environment, but worryingly, colony losses attribut-
ed to bee-specific infectious diseases have increased 
dramatically in the last few years. Although honey 
bees have evolved defensive innate and social immu-
nity mechanisms against pathogens, the degree of 
immunity and therefore the ability to fight disease 
differ among honey bee lines. In a multidisciplinary 
and multi-center project, we are developing pro-
teomics-based diagnostic tests for social immunity 
to select stocks with natural disease resistance, and 
therefore reduce the need for chemical treatments 
in beekeeper operations. In the initial phase of the 

project, we used shotgun quantitative proteomics to 
identify biomarkers by correlating social immunity 
traits with the levels of proteins in antennal sam-
ples collected over a period of 3 years. We are now 
validating these biomarkers using multiple reaction 
monitoring (MRM) and applying them to identify 
and breed selected stocks in a marker-assisted selec-
tion breeding program. MRM method development, 
data acquisition, review and analysis, and the results 
of sensitivity and specificity ROC (receiver operator 
characteristic) curves will be presented. Our results 
confirmed the diagnostic value of the protein bio-
markers, and their application in marker-assisted se-
lection. To our knowledge, this is the first time that 
protein based biomarkers were used to guide a se-
lective breeding program in agriculture.

#18    Proteomic analysis of rat proximal tubule cells following 
stretch-induced apoptosis as an in vitro model of kidney obstruction

Dennis Orton, Dalhousie University
Contributing Authors:  [Dennis J Orton, Department of Pathology, Dalhousie University; 
Dawn L MacLellan, Departments of Pathology and Urology, Dalhousie University; Alan A 
Doucette, Department of Chemistry, Dalhousie University]

ABSTRACT: Urinary tract obstruction (UTO) is a com-
monly noted disorder on prenatal ultrasound that 

has the potential to lead to permanent loss of renal 
function. In an effort to study the molecular process-
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es occurring as a result of UTO, an in vitro model has 
been developed which physically stretches the proxi-
mal tubule cells to mimic the physiological conditions 
during UTO. This study employs a semi-quantitative 
GeLC-MS/MS approach using the label-free strat-
egy spectral counting to determine global chang-
es in protein expression in the rat proximal tubule 
cell line NRK-52E experiencing stretch. Quantitative 
analysis shows 402 of the 1379 identified proteins 
express altered abundance, with 165 proteins in-
creased and 237 decreased in abundance as a result 
of stretch. Gene ontology (GO) and KEGG annota-
tions were used to provide functional information of 
the subcellular processes affected. These results sug-
gest proximal tubule cells experience endoplasmic 

reticulum (ER) stress, hypoxia, and a shift in normal 
metabolic activity away from oxidative phosphory-
lation and glycolysis to anaerobic gluconeogenesis. 
In addition, cholesterol biosynthesis and fatty acid 
metabolism appear to be affected, potentially due 
to mitochondrial dysfunction. Interestingly, the poly-
ol pathway, a previously uncharacterized player in 
UTO, is increased. This pathway may therefore play a 
central role in both the metabolic shift and induction 
of a â�˜pseudohypoxicâ�™ state of these cells. This 
study provides a more complete characterization of 
changes in protein abundance as a result of stretch 
than previous studies while identifying a number of 
previously undescribed effector proteins in proximal 
tubule cells and UTO.

#19    Proteomic analysis of human obesity reveals differential expression 
of the epigenetic factor HDAC4 and role of physical exercise 
in correcting its expression

Mohamed Abu-Farha, Senior Research Associate, Dasman Diabetes Institute, 
Kuwait
Co-Authors:  Ali Tiss1, Jehad Abubaker1, Fahad Al-Ghimlas2, Irina Al-Khairi1, Preethi 
Cherian1, Naser Elkum3, Jeena John1, Sina Kavalakatt1, Abdelkrim Khadir1, Samia 
Warsame1, Kazem Behbehani1-3, Said Dermime1 and Mohammed Dehbi1

1Biomedical Research Department; 2Fitness and Rehabilitation Centre; 3Biostatistics and 
Epidemiology Department, Dasman Diabetes Institute, Kuwait

ABSTRACT: The modern increase in sedentary life-
styles and excessive food intake are considered 
as key contributing factors to a group of obesi-
ty-associated disorders such as insulin resistance, 
diabetes, and cardiovascular complications. Pro-
teomic profiling strategy was used to identify pro-
teins that are differentially expressed and might 
play a role in obesity and the potential modu-
lation of their expression by physical exercise.  
 
PBMCs and subcutaneous adipose tissue biopsies 
from 48 male non-diabetic subjects were collected 
before and after exercise. Proteins were extract-
ed from PBMCs, and digested SCX beads and ana-
lyzed by LC-Orbitrap Velos. Label-free method was 
then used to quantify identified proteins. Data 
were validated by Q-PCR and immunohistochem-
istry. Circulating cytokine and metabolic mark-
ers were investigated by multiplexing technology.  
 

A total of 47 proteins were found to be differential-
ly expressed (more than 1.5-fold changes) between 
normal-weight and obese volunteers. Proteins that 
were upregulated in obese volunteers included 
thrombospondin 1 (TSP1), nuclear receptor co-reg-
ulator (NCoR) whereas; the histone deacetylase 4 
(HDAC4) protein was reduced in obese subjects. 
After exercise, expression of these proteins was re-
stored to the level observed in control group. Our 
initial analysis on HDAC4 indicated that it negatively 
correlated with leptin (P=0.008; r2=-0.59) and PAI1 
(P=0.04; r2=-0.46) as well as IP-10 (P=0.02; r2=-0.5) 
and MIP-1a (P=0.03; r2=-0.53).     
The downergulation of HDAC4 in obese subjects, its 
restoration with physical exercise and its correlation 
with inflammatory and metabolic markers may sug-
gest a protective role of HDAC4 against obesity and 
could therefore represent a potential therapeutic 
target for management of obesity and insulin resis-
tance. 

Session: 3. Structural and Chemical Proteomics

#20    Zero-Length Crosslinking of Protein Heterodimers Using 
15N- Metabolically Labeled Monomers

Karl Makepeace, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Evgeniy Petrotchenko, University of Victoria-Genome BC Proteomics Centre, 
Victoria, CANADA; James Bardwell, Dept of Mol., Cell., and Dev. Biology, University of 
Michigan, Ann Arbor, MI; Shu Quan, Dept of Mol., Cell., and Dev. Biology, University of 
Michigan, Ann Arbor, MI; Christoph Borchers, University of Victoria-Genome BC Proteomics 
Centre, Victoria, CANADA, and Dept of Biochemistry and Microbiology, University of 
Victoria, Victoria, CANADA

ABSTRACT: Zero-length crosslinking reagents form 
immediate bonds between neighboring chemical 
groups without themselves being incorporated into 
the resulting conjugate. The advantage of this mode 
of crosslinking is that identified crosslinks yield tight-
er distance constraints than other commonly used 
crosslinkers which introduce a spacer arm between 
the crosslinked groups. This, however, poses a chal-
lenge in subsequent analysis because crosslinker-de-
rived isotopic signatures cannot be used.   
Here we have performed zero-length crosslinking 
using PICUP (photo-induced cross-linking of unmod-
ified proteins) and EDC reagents on the molecular 
chaperone Spy and 15N-metabolocally labeled Im7 
to provide a peptide-based isotopic signature that 
can be used to distinguish inter-protein crosslinks. 
Spy-Im7 crosslinked peptides appear with pep-
tide-specific doublet signatures in the MS spectra 
due to the 15N-metabolic labeling of Im7. 

These doublets were selected for MS/MS fragmen-
tation using Xcalibur’s Mass Tags option, with mass 
differences calculated from the nitrogen content of 
each Im7 tryptic peptide. Unequivocal assignment of 
the crosslinks was facilitated by specific MS/MS dou-
blet signatures, which originate from fragmentation 
of the 14N and 1:1 14N/15N-labeled peptides which 
form each Spy-Im7 inter-protein crosslink.  
Using our approach, we have identified a PICUP 
crosslink between Spy-Y104 and Im7-Y10 and an 
EDC crosslink between Spy-K39 and Im7-E12. We 
modeled the Im7 peptide onto a crystal structure of 
Spy using these crosslinks as distance constraints and 
found the corresponding residues to be appropriate-
ly positioned to fit a model which indicates an in-
teraction interface between Spy and the N-terminal 
portion of Im7 that is located on the concave surface 
of the Spy homodimer.

#21   Selective Structural Characterization of Post-Translationally Modified 
Proteins by Top-Down Mass Spectrometry and H/D Exchange
Jingxi Pan, Research Associate, University of Victoria - Genome BC Proteomics 
Centre
Co-Authors:  Dr. Christoph H. Borchers, University of Victoria

ABSTRACT: Post-translational modification (PTM) 
plays crucial roles in the regulation of protein struc-
ture, function, localization, and interactions. Howev-
er, structural characterization of post-translationally 
modified proteins remains challenging. In the cur-
rent work, top-down H/D exchange mass spectrome-
try (HDX-MS) has been extended for the study of PTM 
effect on protein structures. Methionine oxidation in 
calmodulin (CaM) has been found to interfere with 
both the binding and activation of a number of sig-
naling partners. In the HDX experiments, the global 
deuterium uptake of native CaM and oxidized CaM 
(CaMox) was apparently different (78 Da). This dra-
matic difference suggests that methionine oxida-
tion has induced a dramatic conformational change 
in CaM. To further determine which portion of the 
protein underwent this change, isoform-specific top-

down ECD of intact isotope-labeled CaM and CaMox 
was conducted on our FTICR mass spectrometer, with 
precursor ion selection. Complete sequence coverage 
was achieved for both proteins, with an average res-
olution of 2.5 residues. The amide deuteration status 
of native CaM determined by this method correlates 
well with crystallographic and NMR data. In contrast, 
methionine oxidation caused almost complete deu-
teration of all residues in the protein. Interestingly, 
we found that the oxidative-modification-induced 
secondary and tertiary structure loss can be largely 
recovered upon calcium ligation. However, the struc-
ture of Î±-helix VI is not fully restored by cofactor 
binding. These results will be discussed in terms of 
different target binding and activation capabilities 
displayed by CaM and CaMox.
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#22    CC-CLASS software for Automated Data Analysis of LC-MS MS/MS 
Crosslinking Data
Evgeniy Petrotchenko, University of Victoria  
Genome BC Proteomics Centre
Co-Authors: Evgeniy V. Petrotchenko, University of Victoria-Genome BC Proteomics Centre, 
Victoria, Canada; Christoph H. Borchers University of Victoria-Genome BC Proteomics 
Centre, Victoria, Canada

ABSTRACT: The successful application of crosslink-
ing combined with mass spectrometry for the study 
of proteins and protein complexes is aided by the 
use of isotopically-coded cleavable crosslinking re-
agents. The isotopic coding of the crosslinker enables 
confident detection of the crosslink signals, while 
cleavage of the crosslinker facilitates unambiguous 
assignment of the peptides that form the crosslink. 
A typical mass spectrometric crosslinking experi-
ment produces enormous amount of data, requiring 
specialized software for data processing. Here, we 
present the further development of our ICC-CLASS 
software suite (BMC Bioinformatics, 2010), with new 
features specifically designed for automatic analysis 
of mass spectrometric data from entire LC-MS MS/
MS runs, obtained with proteins crosslinked with iso-
topically-coded CID-cleavable crosslinkers. 
Program DXMSMS Match automatically matches the 
spectra to the theoretical fragments and provides 

scoring and visualization of the MS/MS spectra of the 
isotopically-coded CID-cleavable crosslinks.  With the 
addition of auxiliary programs, this software allows 
the streamlined processing of the LC-MALDI and LC-
ESI crosslinking data from AB Sciex 4800 and Thermo 
Orbitrap instruments.
The DXMSMS Match program uses the mass doublets 
from the isotopically-coded crosslinks, the .MGF file 
containing MS/MS spectra lists and the protein se-
quences as input files. The list of doublet masses is 
screened for all possible assignments based on the-
oretical crosslink masses. The corresponding MS/MS 
spectra are then matched against the theoretical 
b- and y- fragment ions and the crosslink’s cleavage 
products. 
The program is a practical tool for fast and confi-
dent assignment and verification of isotopically-cod-
ed CID-cleavable crosslinks from LC-MS and MS/MS 
experiments.

#23    Using Isotopically-Coded Hydrogen Peroxide as a Surface Modification 
Reagent for the Structural Characterization of Prion-Protein 
Aggregates

Jason Serpa, Graduate Student, University of Victoria - Genome BC Proteomics 
Centre
Co-Authors:  Evgeniy Petrotchenko1; David Wishart2; Christoph Borchers1

ABSTRACT: The central element in the development 
of the prion diseases is the conversion of the native 
cellular prion protein (PrPC) into an aggregated 
pathological Î!-oligomeric (PrPÎ!) and a fibril-forming 
isoform (PrPSc). The molecular mechanisms behind 
this conformational change, and the final structure 
of the aggregates, are still unknown. We have been 
characterizing PrPC conformational changes using 
a combination of protein chemistry and mass spec-
trometry (MS). Here we report the first use of isotopi-
cally-coded hydrogen peroxide surface modification 
combined with MS for the differential characteriza-
tion of PrPC and PrPÎ!. 16O and 18O hydrogen perox-
ide was used to oxidize methionine and tryptophan 
residues of PrPC and PrPÎ! allowing for the determi-
nation of regions of the proteins which are differen-
tially exposed to solvent. PrPC and PrPÎ! were modi-

fied with 10mM of either light(L) or heavy(H) forms 
of hydrogen peroxide (H216O2 and H218O2). The 
oxidation reaction was quenched with methionine, 
and the modified PrPC and PrPÎ! samples were com-
bined and digested with trypsin. The 18O/16O signal 
intensity ratios were used to compare the relative 
contribution of an amino acid’s oxidation in the PrPC 
or PrPÎ! form. We have detected several differential-
ly-oxidized residues between the native and Î!-oligo-
meric prion forms. Modification of these residues in 
the Î!-oligomeric form is compatible with a flip of 
the Î!1-H1-Î!2 loop away from the amphipathic heli-
ces 2 and 3, possibly making them more accessible to 
interaction with another monomer and/or to rear-
rangements. This differential surface accessibility in-
formation indicates possible regions of PrP involved 
in the formation of PrPÎ! aggregates.

#24    Topology of the Anaphase Promoting Complex/Cyclosome 
studied by CBDPS Crosslinking

Nicole Sessler, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  [Taka-Aki Ichu, University of Victoria, Victoria, Canada;]; [Evgeniy V. 
Petrotchenko,  UVic Genome BC Proteomics Centre, Victoria, Canada;]; [Christoph H. 
Borchers,  UVic Genome BC Proteomics Centre, Victoria, Canada; Dept of Biochemistry and 
Microbiology, University of Victoria, Victoria, Canada]

ABSTRACT: Protein complexes are involved in crucial 
biochemical pathways and detailed knowledge is es-
sential to understanding their function. This study 
focuses on a large protein assembly, the Anaphase 
Promoting Complex/Cyclosome (APC/C). This E3 
ubiquitin ligase has essential functions in mitosis and 
interphase of the cell cycle, and consists of at least 13 
subunits with a combined mass greater than 1 MDa. 
However, its topology is not completely known. 
Here, we have performed chemical crosslinking 
combined with mass spectrometry to investigate 
the quaternary structure of the multi-subunit pro-
tein complex APC/C. For this approach, intact APC/C 
was purified from S. cerevisiae and the protein com-
plex was crosslinked using the isotopically-coded, 
CID-cleavable, and biotinylated crosslinker CBDPS 
(cyanurbiotindipropionylsuccinimide), which cova-
lently links primary amino groups in proximity with-
in and between subunits. Following enzymatic di-

gestion, crosslinked peptides were affinity-enriched 
and analyzed on an LTQ-Orbitrap Velos. During MS/
MS fragmentation, the CID-cleavage sites within the 
crosslinker results in a specific signature for individ-
ual constituting inter-peptide crosslinks. The high 
mass accuracy of fragment ions, combined with the 
isotopic signatures of CBDPS assured the confident 
identification of crosslinks in large multi-subunit 
protein complexes.

Preliminary results have revealed several crosslinks 
within and between subunits of APC/C. The identi-
fication of crosslinked peptides between subunits 
indicates the proximity of these subunits within the 
protein complex. The crosslinks found are in agree-
ment with current knowledge about the function of 
the subunits. Thus, CDC16 and CDC27 are scaffolding 
proteins of the complex and support protein-protein 
interactions, while APC4 and Mnd2 may influence 
the substrate specificity.

#25    Identifying Formaldehyde Cross-Linked Peptides in Model Proteins 
using Mass Spectrometry
Savita Srinivasa, University of British Columbia
Co-Authors:  Prof. Juergen Kast, UBC

ABSTRACT: Formaldehyde cross-linking combined 
with mass spectrometry can potentially character-
ize the conformations and mechanisms of protein 
interactions governing cellular processes. Formal-
dehyde rapidly permeates the cellular membrane 
and freezes geometries of even intermediate in-
teractions via stabilizing cross-links. By identifying 
cross-linking sites, the protein interaction sites can 
be deduced. However, locating cross-linked peptides 
in the enzymatic digestion of cross-linked proteins 
remains a challenge. Due to formaldehyde’s ability 
to react with several amino acids, many species form 
single and multiple modifications and cross-links, 
which complicates the interpretation of mass spec-
tra. Therefore, we studied model protein systems 
to improve the understanding of the mass spectro-
metric properties and reaction chemistry of form-
aldehyde cross-linked peptides. This will eventually 

provide information to enable the development of 
software for analyzing formaldehyde cross-linked 
species. Using the RibonucleaseS model protein sys-
tem, we demonstrate formaldehyde’s intrinsic abil-
ity to potentially behave as a semi-cleavable cross-
linker under specific collision-induced dissociation 
(CID) conditions during tandem mass spectrometry 
(MS/MS). Preliminary data show that during low CID 
energy MS/MS, exclusive fragmentation of the cross-
link generates whole component peptide fragments 
allowing for their easy identification. Furthermore, 
during high CID energy MS/MS, fragmentation at 
both the cross-link and peptide backbone was ob-
served, which can provide information about both 
the sequence and modification sites of each com-
ponent peptide. This suggests that varying the CID 
energy can produce different types of fragment ions 
that can aid in the interpretation of mass spectra 

P
O
S
T
E
R

22

23

24

25



46 47Fifth Annual General Meeting of the Canadian National Proteomics Network. “Can Proteomics Fill the Gap Between Genomics and Phenotypes?”

of formaldehyde-cross-linked peptides. Using this 
method, we  successfully characterized two cross-

linked species in our model system.

#26    Proteomic profiling of membrane-associated protein 
complexes in wheat aleurone tissue using Blue Native gels 
and label-free semi-quantitative LC-MS/MS approach
Natalia Bykova, Agriculture and Agri-Food Canada & Memorial University, New-
foundland
Co-Authors:  Natalia V. Bykova, Junjie Hu, Christof Rampitsch, Jo-Ann Stebbing, Tao Fan

ABSTRACT: The cereal aleurone tissue consists of liv-
ing cells layer that plays a central role in seed germi-
nation and has also been implicated in the control of 
dormancy. It is emerging as a model plant system for 
studying phytohormone-induced inter-tissue signal-
ling and communication through protein secretion. 
Here we show dynamic changes in composition and 
abundance of membrane-associated protein com-
plexes isolated from aleurone tissue of wheat seeds 
in relation to the germination potential. Using a 
combination of Blue Native gel electrophoresis and 
label-free semi-quantitative LC-MS/MS analysis in 
conjunction with wheat EST sequence libraries, we 
characterized the membrane-associated stable pro-
tein complexes and identified their transiently inter-
acting protein components. Membrane-associated 
protein complexes in the MW range of 2000 - 200 
kDa were isolated with preserved native-state inter-
actions. The Blue Native bands containing protein 

complexes were directly analysed by long run time 
nano-LC-MS/MS analysis using reversed-phase chro-
matography and LTQ XL linear ion trap instrument. 
The abundance and association of the component 
proteins in the complexes was quantitatively mea-
sured by spectral counting and the biological rele-
vance was verified using functional gene ontology 
annotation. The most abundant identified novel 
multiprotein complexes of about 2000 kDa present 
in both dormant and non-dormant seeds contained 
oil bodies-associated proteins, enzymes engaged in 
starch metabolism, protein synthesis and degrada-
tion, stress- and pathogen-protective proteins. Oth-
er protein complexes represented the components 
of mitochondrial respiratory chain. Profiling of pro-
tein complexes reveals features of the aleurone layer 
system that contributes to our understanding of pro-
tein-protein interactions that regulate developmen-
tal programmes.

#27   Profiling the prion-like protein Pin3 co-aggreome using quantitative 
mass spectroscopy
Hau Wing Patrick Chan, University of British Columbia
Co-Authors:  Joerg Gsponer, UBC; Thibault Mayor, UBC

ABSTRACT: Prions proteins can adopt a second con-
formation that induces the formation of amyloid ag-
gregates that are responsible for the transmissible 
(i.e., infectious) spongiform encephalopathies. It is 
becoming apparent that other aggregation-prone 
proteins linked to human neurodegenerative dis-
eases, such as Huntingtin, can also be infectious. 
In addition to symptomatic aggregation-prone 
proteins, other polypeptides have been identified 
in amyloid-like aggregates; we speculate that the 
population of co-aggregating proteins (termed 
here co-aggreome) are different for each aggre-
gation-prone protein. Profiling the co-aggreome 
from the prion-like proteins will potentially provide 
more insights into understanding the mechanisms 
and pathways of these neurodegenerative diseas-

es. Here, Pin3, a short-lived and stress-induced pri-
on-like protein, was first selected as a prey to fish 
its co-aggreome in yeast, and establish the experi-
mental framework. Pin3 becomes insoluble when 
overexpressed and promotes the conversion of the 
translation termination factor Sup35, into its prion 
form. Using SILAC method combined to LC-MS, we 
specifically identified which proteins were present in 
the insoluble fraction upon expression of Pin3. Our 
preliminary data confirmed some of the previous-
ly identified Pin3 binding partners and discovered 
a few new ones. With these promising results, our 
next goal is to investigate the newly discovered Pin3 
partners and expand our analysis to other aggrega-
tion-prone proteins.

Session: 4. Interactomics

#28   The CRAPome: a Contaminant Repository for Affinity Purification Mass 
Spectrometry Data
Anne-Claude Gingras, Senior Investigator & Associate Professor, Department of 
Molecular Genetics, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital, Uni-
versity of Toronto
Co-Authors: Jean-Philippe Lambert, Samuel Lunenfeld Research Institute; Nicole St-
Denis, Samuel Lunenfeld Research Institute; Tuo Li, Princeton University; Yana V. Miteva, 
Princeton University; Simon Hauri, ETH Zurich; Mihaela E. Sardiu, Stowers Institure for 
Medical Research; Teck Yew Low, Netherlands Proteomics Center; Vincentius A. Halim, 
Netherlands Proteomics Center; Richard D. Bagshaw, Samuel Lunenfeld Research Institute; 
Nina C. Hubner, Netherlands Cancer Institute; Abdallah al-Hakim, Samuel Lunenfeld 
Research Institute; Annie Bouchard, Institut de recherches cliniques de Montreal; Denis 
Faubert, Institut de recherches cliniques de Montreal; Damian Fermin, U Michigan; Wade 
H. Dunham, Samuel Lunenfeld Research Institute; Marilyn Goudreault, Samuel Lunenfeld 
Research Institute; Zhen-Yuan Lin, Samuel Lunenfeld Research Institute; Beatriz Gonzalez 
Badillo, Samuel Lunenfeld Research Institute; Tony Pawson, Samuel Lunenfeld Research 
Institute and U of Toronto; Daniel Durocher, Samuel Lunenfeld Research Institute and U of 
Toronto; Benoit Coulombe, Institut de recherches cliniques de Montreal; Ruedi Aebersold, 
ETH Zurich; Giulio Superti-Furga, CeMM Research Center for Molecular Medicine of the 
Austrian Academy of Sciences; Jacques Colinge, CeMM Research Center for Molecular 
Medicine of the Austrian Academy of Sciences; Albert J. R. Heck, Netherlands Proteomics 
Center; Hyungwon Choi, National University of Singapore; Matthias Gstaiger, ETH 
Zurich; Shabaz Mohammed, Netherlands Proteomics Center; Ileana M. Cristea, Princeton 
University; Keiryn L. Bennett, CeMM Research Center for Molecular Medicine of the 
Austrian Academy of Sciences; Mike P. Washburn, Stowers Institite and University of Kansas 
Medical Center; Brian Raught, Ontario Cancer Institute, U of Toronto; Rob M. Ewing, Case 
Western Reserve University School of Medicine and Alexey I. Nesvizhskii; U Michigan.

ABSTRACT: Affinity purification coupled with mass 
spectrometry (AP-MS) is now a widely used approach 
for the identification of protein-protein interac-
tions. However, for any given protein of interest, 
determining which of the identified polypeptides 
represent true interactors versus those that are con-
taminants (e.g. proteins that interact with the sol-
id-phase support, affinity reagent or epitope tag) is 
challenging. While the standard approach is to iden-
tify nonspecific interactions using one or more neg-
ative controls, most small-scale AP-MS studies do not 
capture a complete, accurate background protein 
set. Fortunately, since negative controls are largely 
bait-independent, the negative controls generated 
by the proteomics research community can serve as 
a resource for scoring AP-MS data.  Here we present 
the Contaminant Repository for Affinity Purification 
(CRAPome), currently containing AP-MS data from 

350 control purifications conducted by 12 research 
groups (www.crapome.org). Users employ an intui-
tive graphical user interface to explore the database 
by either querying one protein at a time, download-
ing background contaminant lists for selected exper-
imental conditions, or uploading their own data and 
performing data analysis. The CRAPome scores con-
taminants vs. true interactors based on semi-quan-
titative mass spectrometry data. The Significance 
Analysis of INTeractome (SAINT) scoring scheme, in 
addition to a simpler Fold Change calculation are 
used to score user-supplied data and return a ranked 
list of putative interactors. We also describe data-
base structure and composition, provide examples of 
the use of this resource to filter contaminants with 
properly chosen controls, and demonstrate the util-
ity of the scoring scheme for identifying bona fide 
interaction partners.
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#29   Proximity biotinylation coupled to mass spectrometry 
for mapping the architecture of a human cell
Christopher Go, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital
Co-Authors:  Wade H Dunham, Centre for Systems Biology, Samuel Lunenfeld Research 
Institute, Mount Sinai Hospital; Ã‰tienne Coyaud, Ontario Cancer Institute, Department 
of Medical Biophysics, University of Toronto; Brian Raught,Ontario Cancer Institute, 
Department of Medical Biophysics, University of Toronto;  and Anne-Claude Gingras, 
Centre for Systems Biology, Samuel Lunenfeld Research Institute, Mount Sinai Hospital, 
Toronto, ON, Canada and Department of Molecular Genetics, University of Toronto, 
Toronto, ON, Canada

ABSTRACT: A characteristic of eukaryotic life is the 
division of labour, or compartmentalization, which 
occurs not only via classical membrane-bound or-
ganelles, but also through other subcellular struc-
tures or large macromolecular complexes. Classical-
ly, the composition of many of these structures has 
been determined through physical separation of 
these organelles, followed by identification of the 
components (e.g. by mass spectrometry). In turn, 
well-characterized components of compartments 
are employed as “markers” in immunofluorescence 
studies: co-localization of an unknown protein with 
these markers identifies which organelle the protein 
associates with. While powerful, there are many lim-
itations to this combination of techniques. Notably, 
the composition of compartments not easily amena-
ble to fractionation studies is poorly defined, and 
microscopy techniques tend to not be very quantita-

tive. Our project aims at using in vivo biotinylation 
coupled with mass spectrometry to help providing 
a high resolution and quantitative view of a human 
cell. To this end, we have fused classical compart-
ment markers to a recently described promiscuous 
biotin ligase sequence (BirA) and stably expressed 
these recombinant proteins in human cells. BirA bi-
otinylates lysine residues that come in the vicinity 
of the bait; biotinylated proteins are then purified 
on streptavidin and identified by mass spectrometry.  
Phase one of my project employs 10 baits targeting 
different cellular locations: all proteins tested pro-
vided a clear signature that was consistent with their 
known localization. Importantly, I was able to readily 
distinguish between different cytoskeletal structures 
(actin and tubulin produced very distinct patterns) 
and between adjacent compartments (e.g. nuclear 
lamina and nuclear pore).

#30   Proteomic Analysis of Monocyte Activation by Platelet Releasate 
Using Different Stimuli
Jiqing Huang, Graduate Student, University of British Columbia
Co-Authors:  Jiqing Huang; Juergen Kast

ABSTRACT: Monocyte activation triggered by plate-
let releasate (PR) plays an important role in athero-
sclerosis, a key contributor to cardiovascular disease. 
We have demonstrated that platelets stimulated by 
lysophosphatidic acid (LPA), a circulating phospho-
lipid accumulated in atherosclerotic lesions, release 
a different subset of proteins from those stimulated 
by hemostatic stimuli, e.g. thrombin. In this study 
we used a monocytic cellular model, THP-1, to ex-
amine the distinct effects of PR produced by dif-
ferential platelet stimulation. THP-1 cells were iso-
topically labelled using SILAC in order to quantify 
protein amount changes. Heavy-labelled THP-1 cells 
were incubated with PR from LPA- or thrombin-stim-
ulated platelets for 6 or 24 hours. In addition to 
global proteomic analysis, a sucrose gradient ultra-
centrifugation membrane extraction method and 
two glycoprotein enrichment methods (lectin affin-

ity chromatography and hydrazide chemistry) were 
employed to extend the coverage of membrane pro-
teins. Over 3,000 proteins were quantified; inclusion 
of the membrane and glycoprotein enrichment steps 
increased the identification of membrane proteins 
(over 25% of the total). Among these, 49 proteins 
were upregulated in PR-activated THP-1 compared 
with non-activated THP-1. In addition, 7 proteins 
after 6 hours and 14 proteins after 24 hours were 
upregulated in cells activated by PR originating 
from LPA but not from thrombin. In conclusion, we 
observed in an in vitro system that THP-1 respond 
differentially to PR from LPA-stimulated or throm-
bin-stimulated platelets and we identified several 
membrane protein markers specific to LPA response. 
Further investigation of these proteins is needed to 
determine their role in monocyte activation in the 
context of atherosclerosis.

#31   Quantitative proteomics reveals change in protein synthesis rates 
is the predominant regulator of protein expression 
during cellular differentiation
Anders Kristensen, University of British Columbia
Co-Authors: Joerg Gsponer, Leonard J. Foster, Centre for High-Throughput Biology 
University of British Columbia

ABSTRACT: External perturbations, by forcing cells to 
adapt to a new environment, often elicit large-scale 
changes in gene expression resulting in an altered 
proteome that improves the cell’s fitness in the new 
conditions. Steady-state levels of a proteome depend 
on transcription, the levels of transcripts, translation 
and protein degradation but systems-level contribu-
tion that each of these processes makes to the final 
protein expression change has not been explored. 
We therefore applied a systems biology approach 
to characterize the regulation of protein expression 

during cellular differentiation using quantitative 
proteomics. As a general rule it seems that protein 
expression is largely controlled by changes in the rel-
ative synthesis rate, whereas the relative degrada-
tion rate of the majority of proteins stay constant. 
In these data we also observe that the proteins in 
defined sub-structures of larger protein complexes 
tend to have highly correlated synthesis and degra-
dation rates but that this does not necessarily extend 
to the holo-complex.

#32   Comparative proteome analysis of porcine placenta 
between high and low litter size group
Dr. Dong-Gi Lee, Korea Basic Science Institute, South Korea
Co-Authors:  Juhyun Nam, Division of Life Science, Korea Basic Science Institute, Daejeon, 
305-806, Republic of Korea; Sam Woong Kim, Swin Science & Technology Center, 
Gyeongnam National University of Science and Technology, Jinju, 660-758, Republic 
of Korea; Hwa Chun Park, Dasan Genetics, Namwon, 590-831, Republic of Korea; Chul 
Wook Kim (Co-correspondence), Swin Science & Technology Center, Gyeongnam National 
University of Science and Technology, Jinju, 660-758, Republic of Korea; Jong-Soon Choi 
(Co-correspondence), Division of Life Science, Korea Basic Science Institute, Daejeon, 305-
806, Republic of Korea

ABSTRACT: The litter size in porcine is one of the 
most important trait in industrial field. The objective 
was to quantitatively compare porcine placenta pro-
teins in high and low litter size groups to determine 
response litter size and discover biochemical protein 
markers for litter size evaluation. To high-through-
put quantitative proteome analysis of porcine pla-
centa proteins, a gel-free mass spectrometry ap-
proach was carried out. Relative quantitation was 
performed by spectral counting along triple biologi-
cal and technical replicates. The analysis identified a 
total of 345 and 393 proteins in high and low litter 
size groups, respectively. The both groups have 330 
proteins in common. During relative quantitation, 

10 proteins for high litter size group and 48 proteins 
for low litter size group showed expression levels 
50% higher than technical variation observed for 
bovine serum albumin as internal standard (23%), 
assuming expression differences among the litter 
size groups. Fifteen proteins belonged to the high 
litter size group and 63 to the low litter size group. 
This is the first quantitative estimation of porcine 
placenta proteins. Thus, these results will be provide 
better understanding of the molecular basis of por-
cine reproduction.

[This study was supported by Korea Basic Science In-
stitute Grant (D33403) to J.S. Choi]
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#33  Keeping track of interactomes using the ProHits LIMS
Guomin Liu, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital
Co-Authors:  Guomin Liu, Jianping Zhang, Hyungwon Choi, Brett Larsen, Brian Raught, 
Alexey I. Nesvizhskii, Mike Tyers, Anne-Claude Gingras

ABSTRACT: Affinity purification coupled with mass 
spectrometry (AP-MS) is a robust technique used to 
identify protein-protein interactions. With recent 
improvements in sample preparation, and dramat-
ic advances in MS instrumentation speed and sensi-
tivity, this technique is becoming more widely used 
throughout the scientific community. We have de-
veloped ProHits, a Laboratory Information Manage-
ment System designed specifically for AP-MS inter-
action proteomics that we distribute freely to the 
scientific community at ProHitsMS.com. The com-
plete ProHits solution (1) performs scheduled back-
up of mass spectrometry data and initiates database 
searches (Mascot, X!Tandem, Comet, SEQUEST and 
the output from the TransProteomics Pipeline are 
now supported). It stores search results and enables 
linking the mass spectrometry data to entries in the 
relational database module called “Analyst”, which 

is also available as a stand-alone application (includ-
ing as an easy-to-install virtual machine implementa-
tion(2). ProHits Analyst is organized in a hierarchical 
manner by project, bait, experiment and sample and 
also serves as an electronic notebook. When a sam-
ple is created, mass spectrometry search results can 
be uploaded. Search results can be explored using a 
series of viewers, filtered based on mass spectrom-
etry quality, frequency of detection or background 
lists, viewed in Cytoscape-Web or exported to text 
or as a PSI XML format for deposition in interaction 
databases. Importantly, however, search results can 
be further analyzed using the SAINT statistical tool 
which is seamlessly integrated within ProHits to de-
rive interaction confidence scores(3-5).With the in-
tegration with a number of open source tools and 
public repositories, ProHits facilitates transparent 
analysis and reporting of AP-MS data.

#34  Comparative proteomics of post-mortem human heart
JuHyun Nam, Researcher, Korea Basic Science Institute, South Korea
Co-Authors:  Dong-Gi Lee, Division of Life Science, Korea Basic Science Institute, Daejeon, 
305-806, Republic of Korea ; Jong Tae Park, Department of Forensic Medicine and the 
Research Institute of Forensic Science, Chonnam National University Medical School, 
Gwangju, Republic of Korea; Jong-Soon Choi (Correspondence), Division of Life Science, 
Korea Basic Science Institute, Daejeon, 305-806, Republic of Korea

ABSTRACT: Post-mortem provide useful informa-
tion about how, when and why some died, and 
they enable pathologists to obtain a better un-
derstanding of how Post-mortem intervals (PMI).  
 
Proteomic analysis was performed to investigate com-
prehensive insights into the early stage of post-mor-
tem human heart. Human heart tissues were exper-
imentally performed with 17 to 73 post-mortem 
interval obtained from Chonnam National Universi-
ty of Medical School. In this study, one-dimensional 
liquid chromatography separation scheme coupled 
to tandem mass spectrometry (1-D LC-MS/MS) was 
utilized to proteome profile of post-mortem human 

heart tissue by relative quantitation using spectral 
counting. Average spectral counts showed gradual-
ly decreased during post-mortem. Fifty-two proteins 
predominantly expressed in 17 hour post-mortem, 
and 12 proteins showed gradually decreased includ-
ing ras homology A, glutathione peroxidase 4, gly-
congen synthase, and apolipoprotein A. This is the 
first quantitative assessment of human heart during 
post-mortem interval. Thus these results of an em-
pirical estimate provide new insight understanding 
into post-mortem biochemistry and provide bio-
chemical PMI marker discovery especially early state 
post-mortem.  

#35   The role of multiple mutated proteins in progression of breast cancer 
to a metastatic phenotype
Jane O’Hara, Postdoctoral Fellow, University of British Columbia
Co-Authors:  Dr Juergen Kast, UBC

ABSTRACT: In collaboration with other BCPN inves-
tigators, we investigated the effects of several mu-
tations on breast cancer invasion (from a genomic 
study published in 2009). Among these was a novel 
mutation in the tyrosine kinase domain of the onco-
gene ErbB2. Other mutations in this domain stimu-
lated transformation, growth and invasion in breast 
cancer cells. An N-terminal mutation was observed 
in Cdc6, a regulator of DNA replication. We hypothe-
sized that accumulation of mutations in the primary 
tumor allowed an invasive clone to emerge. There-
fore, we investigated the effects of ErbB2 and Cdc6 
(alone and in combination) on cellular signalling and 
invasion, in conjunction with proteomic analyses 
to show their effects on global protein expression. 
 
Mutant gene cDNA was cloned into tagged expres-
sion vectors and transfected into breast cancer cells 

(T47D or MCF7). Stable protein expression was in-
duced by antibiotic selection, and confirmed by im-
munoblotting with antibodies against ErbB2 or Cdc6. 
ErbB2 was functionally analysed by immunoblotting 
for phospho-ERK and phospho-Akt, using protein ly-
sate from cells treated with growth factors EGF or 
heregulin. Cdc6 function was determined by assess-
ment of cell cycle alteration (proportion of cells in 
S phase) and proliferation. Cells were also assessed 
for expression of E-cadherin, a marker of epitheli-
al-to-mesenchymal transition. Mutant ErbB2 alone 
showed no loss of E-cadherin compared to WT. We 
established a link between Cdc6 and mutant ErbB2 
through identification of DNA replication licensing 
factors using global proteomic analysis and triple SI-
LAC. Next, mutants will be co-expressed in cells to 
evaluate synergistic phenotypic effects. 

#36    Systems analysis of proteolytic processes in breast cancer progression 
and metastasis
Dr. Philipp Lange, University of British Columbia
Contributing Authors:  Lange Philipp F, UBC Centre for Blood Research; Lou Yuan Mei, 
BC Cancer Research Centre; auf dem Keller Ulrich, ETH Zurich; Kappelhoff Reinhild, UBC 
Centre for Blood Research; Dufour Antoine, UBC Centre for Blood Research; McDonald PC, 
BC Cancer Research Centre; Dedhar S, BC Cancer Research Centre; Overall CM, UBC Centre 
for Blood Research

ABSTRACT: The functional state of a proteome is 
defined by the structures, interactions and post-
translational modifications of the proteins present 
at any given time. Among the most fundamental 
characteristics of a protein are its termini. Protein 
termini are highly variable as proteins are trimmed 
at their ends or undergo precise internal proteo-
lytic processing generating stable fragments often 
showing altered or new functions. Additionally, 
protein termini are frequently altered by chemi-
cal modification, such as acetylation, with pro-
found effects on protein stability and function. 
 
We developed a unique set of techniques to identify 
protein termini including their modifications and to 
derive the functional competence of the proteins from 
these identifications. Protein termini are di-methylat-
ed or isotope labeled, enriched and analyzed by our 
mass spectrometry based N- and C-TAILS approaches. 

We now present the quantitative profiling of ter-
mini and their modifications in a mouse model for 
breast cancer metastasis. Comparative analysis re-
veals distinct proteolytic post-translational modi-
fication processes to be prevalent in murine breast 
tumors of increasing metastatic potential. We then 
correlate the terminome data with gene expression 
and proteolytic cleavage site specificities and inte-
grate it with curated protein annotation using our 
newly developed public knowledge base termed 
Terminome-oriented-protein-Function-Inferred-Da-
tabase. Using position weight matrices built from 
data obtained by Proteomic Identification of Pro-
tease Substrate specificities (PICS) and TopFIND 
we assign expressed proteases to post-translation-
ally formed protein termini. Thereby we identi-
fy the underlying protease web and show mod-
ulation of major cancer pathways by proteolysis.  
(Abstract #3388;  Symp ID# 404).
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#37   Targeted cross-linking: A method to identify direct protein-protein 
interactions within your favorite macromolecular complexes
Christian Trahan, University of Montreal, IRCM
Co-Authors:  Marlene Oeffinger, Institut de Recherches Cliniques de Montreal

ABSTRACT:Proteins are key players in all cellular 
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ĐƌŽƐƐͲůŝŶŬĞƌ�ƚŽ�Ă�ŬŶŽǁŶ�ƐŝƚĞ͕�ǁĞ�ĂƌĞ�ĂďůĞ�ŶŽƚ�ŽŶůǇ�
ƚŽ�ŝĚĞŶƟĨǇ�ĚŝƌĞĐƚůǇ�ŝŶƚĞƌĂĐƟŶŐ�ƉƌŽƚĞŝŶƐ�ĂŶĚ�ŐĂŝŶ�
ŝŶĨŽƌŵĂƟŽŶ�ŽŶ�ƐƉĂƟĂů�ĚŝƐƚĂŶĐĞ�ďĞƚǁĞĞŶ�ĚŝīĞƌĞŶƚ�
ŝŶƚĞƌĂĐƟŶŐ�ƉĂƌƚŶĞƌƐ͕�ďƵƚ�ĂůƐŽ�ƚŽ�ĨŽĐƵƐ�ŽŶ�ĐƌŽƐƐͲůŝŶŬĞĚ�
ƉĞƉƟĚĞ�ĨƌŽŵ�ƐƉĞĐŝĮĐ�ŶĞŝŐŚďŽƌƐ�ŽĨ�ĐŚŽƐĞŶ�ĐŽŵƉůĞǆĞƐ͘�
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ƐĐŝĞŶƟĮĐ�ĐŽŵŵƵŶŝƚǇ͘

#38  Rapid mapping of PPP2R1A interactomes by AP-SWATH
Yiwang Zhou, Samuel Lunenfeld Research Institute, Mt. Sinai Hospital
Co-Authors:  Jean-Philippe Lambert, Samuel Lunenfeld Research institute; Amber L. 
Couzens, Samuel Lunenfeld Research institute; Zhen-Yuan Lin, Samuel Lunenfeld Research 
institute; Anne-Claude Gingras, Samuel Lunenfeld Research institute, Department of 
Molecular Genetics, University of Toronto

ABSTRACT: Identification of changes in protein-pro-
tein interactions associated with sequence variants 
such as cancer-associated mutations is critical to 
understanding the consequence of such variations. 
Technologically speaking, the development of a ro-
bust, sensitive and accurate quantification method 
by which large-scale studies of protein-protein inter-
action changes caused by sequence variants can be 
achieved is critical. Recently, our lab has successfully 
coupled affinity purification with data-independent 
mass spectrometry acquisition (AP-SWATH) to ana-
lyze the interactome changes imparted by sequence 
variants of kinases CDK4 and GRK6. Hence, I propose 
to further develop an integrated computational and 
experimental AP-SWATH pipeline that will be scal-
able for the characterization of such protein-pro-
tein interaction changes. My first goal is to study 
the interactome of eight cancer-derived mutants of 
PPP2R1A, the Î±-isoform of the scaffolding A subunit 

of the phosphatase PP2A. PP2A normally functions 
by linking the PP2A catalytic subunit to one of 15 
substrate-targeting (or regulatory) subunits. My pre-
liminary data suggest global interactome changes 
imparted by the PPP2R1A mutations. While some in-
teractions (including with the catalytic subunit) ap-
pear relatively unchanged with any of the mutants, 
other interactions are decreased or abrogated, in-
cluding between the R183W and P179R mutants and 
the B family of regulatory proteins and with PP2A 
inhibitors (ENSA and ARPP19). Yet, other interac-
tions (e.g. R183W and P179R with the methylester-
ase PPME1) are increased. Such interactome changes 
may help explain the physiological consequences of 
PPP2R1A mutations in gynecological neoplasias. My 
results so far also confirm that AP-SWATH is pow-
erful in characterizing protein-protein interaction 
changes imparted by sequence variants.

#39   Development of a 2-D LC-MRM/MS Approach for the Multiplexed 
and Sensitive Quantitation of Disease-linked Plasma Proteins
Christoph Taeumer, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Andrew J. Percy, UVic-Genome BC Proteomics Centre; Andrew Chambers, 
UVic-Genome BC Proteomics Centre; Christoph Borchers, UVic-Genome BC Proteomics 
Centre

ABSTRACT: Non-communicable diseases are becom-
ing increasingly prevalent worldwide and are pro-
jected to escalate exponentially in the coming de-
cades. Toward improved prognostic and diagnostic 
measures, there lies a need to verify and validate the 
plethora of candidate disease biomarkers in human 
biofluids. Blood plasma is the preferred sample in 
biomedical research and clinical laboratories, but is 
the most complex, with a dynamic range spanning 10 
orders of magnitude in concentration. It is this broad 
range that makes comprehensive protein quantita-
tion an exceptional challenge, particularly for con-
ventional MRM/MS-based methods. To this end, we 
are currently developing an approach that partners 
2-D LC fractionation with MRM/MS detection for the 
targeted quantitation of upwards of 200 putative 
disease markers. Here, synthetic isotopically labeled 

internal standards are employed for endogenous 
peak verification and normalization. The novelty 
with this approach is the two dimensions of chro-
matographic separation (operated under alkaline 
and acidic conditions) that enables altered peptide 
selectivity. Preliminary findings demonstrate a dra-
matic improvement in the multiplexing ability and 
detection sensitivity over a conventional 1-D assay, 
but are limited in throughput. Alternative strategies 
are currently being explored for improved through-
put and the detection of lower abundance proteins. 
Nonetheless, using this technique, we can current-
ly quantitate proteins in the low ng/mL range with 
high precision. A summary of our advancements to-
ward the quantitation of 300 proteins in undepleted 
and non-enriched human plasma will be presented.

#40    Antibody Colocalization Microarray (ACM): a Scalable, 
Cross-Reaction-Free Nano-ELISA Platform for Proteomic Studies
Sebastien Bergeron, McGill University
Co-Authors:  Veronique Laforte, Pik Sham Lo, Huiyan Li, David Juncker

ABSTRACT: Quantification of proteins with high 
specificity in blood can be performed using sand-
wich immunossays (e. g. ELISA). Multiplex sandwich 
immunoassays (MSI) were developed to measure 
multiple proteins at once, but cross-reactivity among 
reagents is known to limit accuracy and reproducibil-
ity. Here, we explain the origin of the cross-reactivity 
in MSI, experimentally show the consequences, and 
introduce a novel assay format, called the antibody 
Colocalization Microarray (ACM) that eliminates it. 

In MSI, a slide is patterned with an array of capture 
antibody, incubated with a sample, followed by a 
mixture of detection antibodies. In ACM, all detec-
tion antibodies are individually spotted with high 
accuracy onto their corresponding capture antibody 
spot. Each nanoliter spot on the ACM replicates an 
ELISA.

ACM was validated against the gold-standard ELISA 
and its performance compared to that of MSI. We 
found that ACM has a better specificity than MSI due 
to absence of cross-reactivity, and a similar sensitivi-
ty. ACM has been used in several studies to measure 
proteins in complex samples such as blood and ce-
rebrospinal fluid. We have shown that ACM can be 
reliably used with mouse xenograft models as well 
as in clinical studies for identification and validation 
of potential biomarkers.

ACM can directly measure over 50 proteins in low-vol-
ume, complex samples with sensitivity similar to that 
of commercial MSI, but with the great specificity of 
ELISA. The number of targets on the ACM can be 
readily increased, and will become a powerful tool 
for biomarker discovery and validation.

Session: 5. Human Proteome Project Session: 7. Technology Development
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#41   Combining Quantitative and Qualitative Approaches 
Using a Quadrupole-Orbitrap Mass Spectrometer
Adele Bourmaud, Luxembourg Clinical Proteomics Center
Co-Authors:  Sebastien Gallien, Luxembourg Clinical Proteomics Center; Bruno Domon, 
Luxembourg Clinical Proteomics Center

ABSTRACT: The development of hybrid mass spec-
trometers (Q-TOF and Q-Orbitrap) with high reso-
lution and accurate mass (HR/AM) capabilities has 
advanced proteomics. For instance, in shotgun pro-
teomics, their ability to perform fast and sensitive ac-
quisition in MS/MS mode has improved the proteome 
coverage routinely achievable. In addition, recent 
studies demonstrated that the quadrupole-orbitrap 
instrument constitutes a reliable alternative to se-
lected reaction monitoring for targeted quantitative 
experiments, more specifically, when high selectivity 
is required. Despite these progresses in both discov-
ery-based identification and targeted quantification, 
there is a need for the implementation of methods 
optimized for experiments between these two main 
streams, i.e., screening or quantitative/qualitative ex-

periments. This type of approach ensures proper de-
tection and determination of changes in the amount 
of a very large number of peptides of interest in 
biological samples. We have applied and evaluated 
the performances of the quadrupole-orbitrap instru-
ment with the current most promising strategies in-
cluding data dependent analysis, directed analysis, 
and data independent analysis. The evaluation fo-
cused on the number of peptides detected and also 
on the quantification of proteins. The analyses were 
performed on dilution series of thousands of endog-
enous peptides and hundreds of synthetic peptides 
spiked in yeast digest. For targeted analysis, the cor-
roboration of the identity of detected peptides was 
established either by regular database search strate-
gy or by spectral matching methods.

#42   Novel isotopically-coded photo-reactive hetero-bifunctional 
short-range crosslinkers for studying protein structure.
Nick Brodie, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Karl Makepeace, UVic Genome BC Proteomics Centre; Evgeniy Petrotchenko, 
UVic Genome BC Proteomics Centre; Christoph Borchers UVic Genome BC Proteomics 
Centre, Department of Biochemistry University of Victoria

ABSTRACT: Traditional crosslinking analysis of pro-
teins uses amine-reactive homobifunctional reagents 
to form covalent bonds between amine groups. For 
short distance crosslinking the availability of amine 
functional groups is becoming a limiting factor. 
Non-selective photoreactive reagents can address 
this problem by widening potential functional group 
targets for the crosslinking reaction. Here we present 
three such short-range, heterobifunctional, non-spe-
cific photoreactive crosslinkers: Succinimidyl-dia-
zirine (SDA), carboxy-benzophenone-succinimide 
(CBS) and azido-benzoic-acid-succinimide (ABAS). 
These crosslinkers utilize photoreactive groups and 
NHS-esters to form crosslinks between amino acid 
residues. Multiple crosslinks were detected for each 
crosslinker on a number of proteins and peptides. 
Following crosslinking and digestion with trypsin or 
proteinase K, samples were analyzed using HPLC-ESI 
in an Orbitrap Velos. Crosslinked peptides were se-
lected for MS/MS fragmentation using the C12/C13 

isotopic coding incorporated into the crosslinkers, 
and resulting MS and MS/MS data was analyzed us-
ing ICC-CLASS software.   

With the ABAS crosslinker, 14 crosslinks were iden-
tified in Spy+Im7 complex. The photoreactive group 
targeted alanine, lysine, glycine, glutamic acid and 
histidine. Dead ends were also detected with the 
same targets. Using CBS crosslinker, 56 putative 
crosslinks were detected in RNase S. These matched 
known crystal structures. The benzophenone photo-
reactive group targeted methionine, arginine, phe-
nylalanine, arginine and aspartic acid in crosslinks 
and dead ends. SDA intrapeptide crosslinks were de-
tected on lysines in Spy+Im7, and interpeptide cross-
links with SDA were also detected on a short test 
peptide. These crosslinkers allow a greater range of 
targets for crosslinking than with NHS-ester alone, 
and can provide more constraints for structural pre-
diction.

#43   Development of an immuno-MALDI MS Assay for the Determination 
of Plasma Renin Activity in the Clinic
Alex Camenzind, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Alex Camenzind, UVic Genome BC Proteomics Centre, Victoria, BC; J Grace 
van der Gugten,  St. Paul’s Hospital, UBC, Vancouver Canada; Daniel T Holmes, St. Paul’s 
Hospital, UBC, Vancouver Canada; Christoph Borchers, UVic Genome BC Proteomics Centre, 
Victoria, BC

ABSTRACT: The renin-angiotensin-aldosterone sys-
tem plays an essential role in maintaining plasma 
volume and arterial blood pressure.  Measurement 
of plasma renin activity is essential in the screen-
ing and diagnosis of primary aldosteronism, and is 
routinely diagnosed radioimmunoassay (RIA).  RIA 
has limitations regarding the use of radioisotopes 
and the lack of specificity from cross-reactive an-
tibodies which our method aims to overcome.  
 
We have developed a mass spectrometric based 
immuno-MALDI assay (iMALDI) capable of mea-
suring angiotensin I for the determination of PRA.   
Plasma samples are split into two fractions with 
one being placed at 37oC and one on ice for one 
hour.  These are then spiked with internal stan-
dard peptides for angiotensin I and captured by 

antibodies coupled to magnetic beads.  The mag-
netic beads are spotted directly onto a MALDI tar-
get and the peptide is eluted by addition of CHCA 
matrix.  Comparison of the two fractions allows us 
to determine the rate of angiotensin I formation, 
which is expressed as the plasma renin activity. 
 
In comparison with existing RIA methods as well as 
the new LC-MS/MS method, both performed at St. 
Paul’s Hospital in Vancouver, we have shown strong 
correlation of our iMALDI method to both the RIA 
(R2=0.9412) and LC-MS/MS (R2=0.9471) over 64 clini-
cal samples.  Our method is quantitative through the 
use of internal standards, and the mass spectrometer 
provides the specificity to negate the effects of anti-
body cross-reactivity.  

#44   Analysis of Proteins in Dried Blood Spots, Dried Serum Spots 
and Dried Plasma Spots by Orbitrap Mass Spectrometry
Andrew Chambers, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Andrew G. Chambers, Andrew J. Percy, Darryl B. Hardie and Christoph H. 
Borchers

ABSTRACT: Dried blood spot (DBS) samples have 
proven advantages making them the preferred sam-
ple format for quantifying small molecules in new-
born screening programs.  In an effort to extend 
these MRM assays to include protein biomarkers, we 
recently developed the first multiplexed DBS-MRM 
method for the quantification of endogenous pro-
teins. [Chambers et al, Mol. Cell. Proteomics, 2013, 
12, 781.]  We now describe an untargeted approach 
to compare proteins accessible in whole blood, se-
rum, and plasma with their dried fluid spot equiv-
alents by HPLC-MS/MS.  The variability in the mea-
surements was accessed by preparing and analyzing 
three replicates for each sample type.  The total 
number of proteins identified was highly repeatable 
with CV values <4% within each sample type and 
format.  The average number of proteins identified 

was similar for plasma and dried plasma spot (DPS) 
samples (181 and 186 proteins, respectively) as well 
as serum and dried serum spot (DSS) samples (201 
and 196 proteins).  Interestingly, the number of pro-
teins observed in whole blood was slightly less than 
that for DBS samples (223 and 253 proteins).  Protein 
identification repeatability was between 77-92% 
within replicates and the majority of proteins (67-
88%) were identified in both sample formats.  Pro-
teins exclusively identified in the liquid or dried fluid 
spot format were largely unbiased based on their 
molecular weight, isoelectric point, aliphatic index, 
and grand average hydrophobicity.  This supports 
the hypothesis that proteins can be simultaneous-
ly recovered from dried fluid spot samples without 
bias.
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#45   Comprehensive pathway-specific metabolite analysis of central carbon 
metabolism using three complementary LC/ESI-MS methods
Jun Han, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Adrien Nyakas; Tobias Eckle; Christoph Borchers

ABSTRACT: Central carbon metabolism (CCM) is a 
complex enzyme-mediated network of energy me-
tabolism and consists of glycolysis, gluconeogenesis, 
the pentose phosphate pathway and the tri-car-
boxylic acid (TCA) cycle. Systematic measurements 
of the CCM metabolites like sugar phosphates, nu-
cleotides, co-factors, carboxylates and phosphocar-
boxylates are necessary for many metabolic and cell 
engineering studies. However, this has been chal-
lenging in mass spectrometry-based metabolomics.  
 
Three complementary UPLC/MS methods, i.e., 
ion-pairing UPLC-MS using tributylamine (TBA) as 
the positively-charged pairing reagent for the analy-
sis of forty phosphate-containing metabolites; chem-
ical derivatization with 3-amino-9-ethylcarbazole in 
combination of a polar reversed-phase column for 
UPLC-MS of ten free and phosphorylated aldoses 
and chemical derivatization with 3-nitrophenylhy-
drazine (3-NPH) for UPLC-MS of ten CCM carboxyl-
ates, were developed. Under optimized ion-pairing 

UPLC conditions, chromatographic separation of 
multiple stereoisomers of sugar phosphates (e.g., 
glucose-1,6-bisP vs. fructose-1,6-bisP ;glycerate-2P 
vs. glycerate-3P) was achieved.  Quantitative analysis 
was performed using UPLC/multiple-reaction moni-
toring (MRM)-MS on a triple-quadrupole instrument. 
The detection sensitivity of these MRM methods 
ranged from high femtomoles to picomoles.  Meth-
od validation for biological analysis of these CCM 
metabolites in mouse hearts showed accuracies of 
85-115% (CVs < 1512%) for both AEC derivatization 
combined with UPLC/MRM-MS and for 3-NPH deri-
vatization combined with UPLC/MRM-MS methods.  
Isotope-resolved metabolic profiling of all the CCM 
metabolites in U-13C-glucose-labeling wild-type and 
knock-out mice was successfully determined by UP-
LC-high-resolution MS on a QTOF instrument. Com-
bined, these methods provide a comprehensive and 
systematic metabolite analysis of the CCM pathway 
and show promise for metabolic flux analysis.

#46  Ulilysin as novel digestive enzyme for proteomics
Pitter Huesgen, University of British Columbia
Co-Authors:  Philipp F Lange, University of British Columbia; Lindsay D Rogers, University of 
British Columbia; F Xavier Gomis-Ruth, Molecular Biology Research Institute of Barcelona; 
Christopher M Overall, University of British Columbia

ABSTRACT: Mass spectrometry-based identification 
of proteins typically requires prior digestion into pep-
tides. Highly specific proteases such as trypsin and GluC 
are generally used to generate predictable peptides. 
However, every protease also produces peptides with 
properties that preclude their ionization, detection 
and/or identification, thus limiting protein coverage. 
Complementary proteases could overcome this lim-
itation. However, few specific proteases are current-
ly available and additional tools are highly desired.  
 
Here we established ulilysin, an unusual archaeal 
metalloprotease of the pappalysin family, as a di-
gestive enzyme for use in proteomics workflows. We 
tested and optimized different digest conditions for 
ulilysin using E.coli and human proteomes. Ulilysin 
was found to mirror the sequence specificity by cleav-
ing specifically N-terminal of Arg and Lys residues, 
albeit with lower fidelity at Lys. Ulilysin-generated 

peptides thus carries a basic residue at their N termi-
ni, which lead to a higher proportion of b-series ions 
observed in LC-ESI-MS/MS and MALDI-MS/MS spectra 
to corresponding tryptic peptide fragment spectra. 
Particularly MALDI-MS/MS spectra were dominated 
by clear b-ion series, which may facilitate de-novo 
sequencing of peptides. Ulilysin sequence specificity 
was further investigated by proteomic identification 
of cleavage sites (PICS), which showed a strong pref-
erence for Arg at P1’ directly C-terminal of the cleaved 
bond, but also unexpected tolerance for dimethylat-
ed Lys at the same position. Experiments with syn-
thetic peptide substrates confirmed this specificity. 
 
These properties suggest ulilysin as a valuable novel 
tool for proteomic experiments, especially such that 
require peptides to carry predictable charges for spe-
cific enrichment.

#47   THE CLIP-CHIP Microarray: Profiling all Proteases, Inhibitors 
and their homologues in Man
Reinhild Kappelhoff, Overall Laboratory, University of British Columbia
Co-Authors:  Xose S. Puente, University of Oviedo, Oviedo, Spain; Claire H. Wilson, Flinders 
University, Adelaide, Australia; Arun Seth, Sunnybrook Research Institute, Toronto, Canada; 
Carlos Lopez-Otin, University of Oviedo, Oviedo, Spain; Christopher M. Overall, University 
of British Columbia, Vancouver, Canada

ABSTRACT: The CLIP-CHIP is a focused microarray 
with its specific target for the analysis of all proteases, 
inhibitor and non-proteolytic homolog transcript in 
Human and Mouse covering the whole degradome. 
Its been designed based on a 70mer oligonucleotide 
platform (Operon) giving one specific oligonucleotide 
per transcript on the chip (565 protease and 156 in-
hibitor oligonucleotides for the human, 641 and 205 
inhibitor oligonucleotides for the murine CLIP-CHIP). 
 
Here the human CLIP-CHIP is been used as a tool 
to analyze the expression profile of proteases and 
their inhibitors transcripts in 23 different tissues and 
organs. 23 human RNAs (Ambion, BioChain, Strata-
gene) were purchased. The mRNA in vitro amplified, 
using the MessageAmp II amplification kit (Ambion), 
labeled with Cy3 and Cy5-ULS (Kreatech) and hy-
bridized to the CLIP-CHIP microarrays. The analysis 
showes ubiquitously and tissue specific expressed 

proteases in inhibitors.

Hierarchical cluster analysis of the human ex-
pression profiles showed that tissue samples clus-
ter closely together according to their anatom-
ic locations, cellular composition, physiologic 
functions or its germ layer they developed from.  
 
Therefore thymus and spleen (lymphoid tissue), heart 
and skeletal muscle (muscular tissues), secretory tis-
sues (thyroid, prostate), gastrointestinal tissues (liver, 
pancreas, colon, small intestine), female/male geni-
tourinary tissues (ovary, testes, placenta) and brain 
and skin (ectodermal germ layer) cluster together. 
 
Beside tissue profiling studies, the CLIP-CHIP has also 
been used to study differentially expressed proteases 
and inhibitors in breast cancer tumor tissues; tumor 
cell lines; human gingival fibroblast for titan surface 
studies and cell culture models in human and mice.

#48   From cells to peptides: One-stop integrated proteomic processing 
using Aphipols
Zhibin Ning, University of Ottawa
Co-Authors:  Zhibin Ning, Deeptee Seebun, Brett Hawley, Cheng-Kang Chiang, 
Daniel Figeys

ABSTRACT: In proteomics, detergents and chaotropes 
are indispensable for proteome analysis, not only for 
protein extraction, but also for protein digestion. In 
order to increase the protein extraction efficiency, 
detergents are usually added in the lysis buffer to 
extract membrane proteins out of membrane struc-
ture and to maintain protein in solutions. In general, 
these detergents need to be removed prior to pro-
tein digestion, usually by precipitation or ultrafiltra-
tion. Digestion often takes place in the presence of 
chaotropic reagents, such as urea, which often need 
to be removed prior to mass spectrometry. The ad-
dition and removal of detergents and chaotropes 
require multiple steps that are time consuming and 
can cause sample losses. Amphipols (APols) are a 

different class of detergents that have physical and 
solubilization properties that are distinct from con-
ventional detergents. They have primarily been used 
in protein structure analysis for membrane protein 
trapping and stabilization. Here we demonstrate a 
simple and rapid protocol for total and membrane 
proteome preparation using APols. We demonstrate 
that APols added for cell lysis help maintain the pro-
teome in solution, is compatible with protein diges-
tion using trypsin, and can readily be removed prior 
to mass spectrometry by a one-step acidification and 
centrifugation. This protocol is much faster, can be 
performed in a single tube, and readily replace the 
conventional detergent/chaotrope approaches for 
total and membrane proteome analysis.
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#49   Highly Multiplexed Quantitation of Candidate Disease Protein 
Biomarkers in Human Plasma by LC-MRM/MS
Andrew Percy, University of Victoria Genome BC Proteomics Centre
Co-Authors:  Andrew G. Chambers, UVic-Genome BC Proteomics Centre; Juncong Yang, 
UVic-Genome BC Proteomics Centre; Darryl Hardie, UVic-Genome BC Proteomics Centre; 
Christoph H. Borchers, UVic-Genome BC Proteomics Centre

ABSTRACT: Accurate and rapid protein quantita-
tion is essential for screening biomarkers for dis-
ease stratification and monitoring, and to validate 
the hundreds of putative markers in human bioflu-
ids, including blood plasma. An analytical method 
that utilizes stable isotope-labeled standard (SIS) 
peptides and MRM/MS has emerged as a promising 
technique for determining protein concentrations. 
This targeted approach has analytical merit, as we 
have demonstrated previously, but its true poten-
tial (in terms of sensitivity and multiplexing) has yet 
to be fully realized.  To evaluate the multiplexing 
capability of a MRM assay, we analysed a complex 
plasma digest that had been spiked with a complex 
mixture of 716 SIS peptides (corresponds to 300 plas-
ma proteins) by LC-MRM/MS.  To enable the facile 

application to patient samples, a revised data anal-
ysis strategy based on linear regression analysis was 
employed.  Performance metrics were determined 
through reproducibility and quantitation experi-
ments.  Our findings revealed a dramatic improve-
ment in the multiplexing ability of the LC-MRM/MS 
assay, with 142 disease-linked plasma proteins (cor-
responding to 312 interference-free peptides) now 
quantifiable in a single, 43-min analysis.  The excep-
tional robustness in quantitation and retention time 
(average CVs of <10% and <1%, respectively) and 
its high throughput makes the method amenable to 
the routine analysis of patient samples.  This method 
should prove useful to the proteomics community 
for expediting the verification of panels of candi-
date disease markers in undepleted human plasma.

#50   Mass Spectrometry-based Metabolomics for Characterizing 
Systemic Changes Associated with HPA Axis Dysregulation 
Due to Early Life Stressors
Constance Sobsey, University of Victoria - Genome BC Proteomics Centre
Co-Authors:  Constance A. Sobsey, University of Victoria, Department of Biochemistry 
and Microbiology, Victoria, BC, Canada; Dr. Jun Han, University of Victoria, Department 
of Biochemistry and Microbiology, Victoria, BC, Canada; Dr. Thomas Elbert, UniversitÃ¤t 
Konstanz, Clinical Psychology & Neuropsychology, Konstanz, Germany; Dr. Clemens 
Kirschbaum, Dresden University of Technology, Psychology Department, Dresden, Saxony, 
Germany; Dr. Christoph Borchers, University of Victoria, Department of Biochemistry and 
Microbiology, Victoria, BC, Canada

ABSTRACT: Acute psychosocial stress is frequent-
ly associated with activation of the hypothalam-
ic-pituitary adrenal (HPA) axis resulting in peaks in 
cortisol, adrenocorticotropic hormone (ACTH) and 
glucocorticoid levels.  However, the HPA axis is also 
involved in long-term processes such as the regula-
tion of growth, reproduction, and metabolism.  In 
fact, dysregulation of the HPA axis can lead to sig-
nificant health risks.  Hypoactivity of the HPA axis, 
as caused by chronic stress or aversive social envi-
ronments, has been associated with increased ab-
dominal fat, loss of muscle mass, and mental health 
risks.  Early life stressors appear to have a special role 
in determining long-term HPA axis responsiveness:  
perinatal stress appears to influence methylation 
status at 10 CpG sites associated with transcription 
factor binding (nerve-growth-factor-inducible pro-

tein A) in the promoter region for the glucocorticoid 
receptor gene.  The result is a long-term decrease 
in glucocorticoid receptor expression.  To further 
elucidate the systemic changes associated with HPA 
dysregulation and its associated health risks, we are 
currently applying a combination of high-sensitivity 
mass spectrometry techniques, including DI-MS/MS 
and LC-MS, to perform comprehensive targeted and 
untargeted metabolomics analyses on serum from 
human participants in an early life stress-exposure 
cohort.  The metabolomics data will be analyzed in 
the context of methylation status, trends in HPA ac-
tivity (based on long-term measurements of cortisol, 
cortisone and testosterone levels in hair samples), 
and extensive clinical data (including pre-, peri- and 
post-natal stress exposure, and psychological mea-
sures of resiliency).

#51   Polyhydroxyflavonoids as a novel family of matrices 
for MALDI tissue imaging
Xiaodong Wang, Faculty of Medicine, University of Victoria - Genome BC Pro-
teomics Centre
Co-Authors:  Jun Han,University of Victoria, Albert Chou,University of Victoria, Juncong 
Yang,University of Victoria, Jingxi Pan,University of Victoria, Christoph Borchers,University 
of Victoria

ABSTRACT: The screening and discovery of novel 
MALDI matrices has been an important aspect of 
MS imaging for these compounds. Herein, we report 
a family of polyhydroxyflavonoids as novel MALDI 
matrices for tissue imaging of endogenous metab-
olites. Ten polyhydroxyflavonoids were screened as 
potential matrices for tissue imaging, and were eval-
uated for lipid profiling by MALDI-FTMS. Structural 
comparisons revealed that hydroxyl groups at C3 or 
C5 were the key positions for the good matrix prop-
erties of these compounds. 

Compared with commonly-used matrices,these new 
matrices showed several significant advantages, in-
cluding (1) low Î"m-level crystal size and uniform 
matrix coating,(2) low volatility in the high-vacuum 
source (~10-7 mbar), making it suitable for the im-
aging of large-size tissue samples; (3) low yield of 

matrix-related ions in low m/z region; (4) lower ma-
trix consumption,and (5) lower threshold of laser in-
tensity (25%-35%) for desorption/ionization of the 
analytes compared with 50%-70% laser power for 
CHCA, DHB, and 2-MBT.Most importantly, the use of 
these compounds resulted in many more lipid enti-
ties being able to be imaged than with the other 
matrices tested. For example, using quercetin result-
ed in the successful imaging of 169, 230, and 201 
lipid entities (glycerophospholipids, sphingolipids, 
glycerolipids, sterol lipids and fatty acyls) from rat 
liver, rat brain and porcine adrenal gland sections, 
respectively -- at least 80% more than when 2-MBT 
was used. In summary, our results demonstrated 
that these polyhydroxy-flavonoids can be a group of 
powerful MALDI matrices suitable for MS imaging of 
lipids on tissue.

#52   Activation Profile of Small GTPases in Agonist-Stimulated Platelets 
using a Targeted Proteomic Approach
Chengcheng Zhang, University of British Columbia
Co-Authors:  Dr. Juergen Kast, UBC

ABSTRACT: Small GTPases play important roles in 
regulating a diverse range of biological functions, 
including cell proliferation, cell cycle progression, 
movement and cytoskeletal organization. Abnormal 
regulation of small GTPases has been implicated in 
various diseases, including cancer. Therefore, assess-
ment of the activity levels of multiple small GTPases 
could provide insight into a key aspect of cell sig-
naling networks. Here, we employed an active small 
GTPase pull-down assay using four different binding 
domains simultaneously, i.e. GST-Raf1-RBD (for HRas, 
KRas and NRas), GST-PAK1-PBD (for Rac1, Rac2, Rac3 
and Cdc42), GST-RalGDS-RBD (for Rap1A, Rap1B and 
Rap2B) and GST-Rhotekin-RBD (for RhoA, RhoB, 
RhoC and Ran). This multiplexed pull-down method 
enables the binding of up to 14 active small GTPases 
in a single experiment. To identify the precipitated 

small GTPases, we used a targeted proteomic ap-
proach, i.e. multiple reaction monitoring (MRM). The 
best proteotypic peptide of each small GTPase was 
identified, and the top three transitions of the pro-
teotypic peptides were determined and optimized 
on a triple quadrupole mass spectrometer. In addi-
tion, these proteotypic peptides were synthesized in 
a heavy isotope-labeled form as internal standards. 
We then established a MRM method with 120 transi-
tions targeting the 14 small GTPases. Taken togeth-
er, we developed a fast, sensitive and quantitative 
MRM assay to evaluate the activity levels of 14 small 
GTPases using the multiplexed pull-down method. 
We are currently employing this assay to study the 
activation profile of multiple small GTPases in hu-
man platelet treated with different agonists, includ-
ing thrombin, ADP and collagen. 
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