Lecture 9




PROTEOMIC APPROACHES
GOALS

1. 
Define the term proteomics
3. 
Compare proteomic vs. genomic approaches
4. 
Understand the unique advantages/disadvantages of proteomics as a tool to study endothelial cell biology
5. 
Consider novel techniques to interrogate proteome in intact endothelium
READING

Required reading:

1. 
Arap et al. Steps toward mapping the human vasculature by phage display. Nature Med 2002;8:121-127


This study is the first to use phage display to map the vasculature in humans. 

2. 
Patterson SD, Aeborsold RH. Proteomics: the first decade and beyond. Nature Genetics 2003;33:311-323  

This is an excellent general review on proteomics. Try to apply the concepts to the endothelium as you read through it.

Suggested reading:
1. 
Trepel M, Arap W, Pasqualini R. In vivo phage display and vascular heterogeneity: implications for targeted medicine. Curr Opinion Chem Biol 2002;6:399-404


This is a nice review of the in vivo phage display strategy.

2. 
Rajotte D, et al. Molecular heterogeneity of the vascular endothelium revealed by in vivo phage display. J Clin Invest 1998;102:430-437


This paper demonstrates the power of in vivo phage display to map the surface of specific vascular beds in mice.

3. 
McIntosh DP, Tan X, Oh P, Schnitzer JE. Targeting endothelium and its dynamic caveolae for tissue-specific transcytosis in vivo: a pathway to overcome cell barriers to drug and gene delivery. Proc Natl Acad Sci USA 2002;99:1996-2001 


This paper demonstrates another potentially powerful approach to map the endothelium in vivo that takes advantage of heterogeneity at the level of caveolae. 

SUMMARY

Proteomics, a term that was coined in 1994, is the systematic investigation of proteins and involves a consideration of quantity, subcellular distribution, structure, activity, interactions (protein-protein, mRNA-protein, DNA-protein), and posttranslational modification (including phosphorylation, glycosylation, sulfation, hydroxylation, methylation, acylation, nitrosylation). Complexity does not scale with the number of genes (human 20,000 genes vs. fly 15,000 genes). Increased complexity is explained - at least in part - by increased alternative splicing, posttranslational modification, functional protein complexes, and highly complex protein networks. The transcriptome does not correlate well with protein levels, nor does it accurately predict for protein modification and/or function. The field of proteomics strives to fill this gap. Genomics and proteomics should be viewed as complimentary approaches.
QUESTIONS

1. Leaving aside technical issues (e.g. lack of PCR-equivalent for amplifying protein, small sample size, degradability of protein, the challenges of mass spectrometry and 2D electrophoresis), what are some of the advantages and disadvantages of using proteomic approaches to study the endothelium?
2. Describe – briefly (2-3 sentences) – two approaches that have been used to map the endothelium in vivo.
3. What are the advantages of mapping proteins expressed in vivo at the luminal endothelial cell surface – as distinct from the intracellular compartment?
4. Describe the term “vascular address” (the term is used in the last paragraph of the Introduction in the review by Trepel et al.)
5. What does mapping the endothelial proteome have to do with treating disease?

6. Some might argue that the proteome (and genome) can be studied in endothelial cells that are isolated quickly from tissues (e.g. using tissue digestion methods and antibody-mediated capture), while others argue that the endothelial cell may undergo phenotypic drift in that short time span. What is your opinion? Is there a window of time before significant drift occurs? 5 nanoseconds? 5 minutes? 5 hours? 5 days?
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