
Bioinformatics for  

Proteomic Research 

 

 
Daehee Hwang 

 

 

I-Bio & Dept. of Chemical Eng. 

Pohang University of Science & Technology 

 



Overview 

What is Proteomics? 

Mass Spectrometry-based Proteomics 

LC-MS/MS Data 

Quantification: ICAT; MS Scan  

Identification: Sequest; MS/MS Scan 



What is Proteomics? 

Proteomics is the large-scale study of proteins, particularly 

their structures and functions. Proteins are vital in living 

organisms, as they are the main components of the 

physiological pathways of cells. The term "proteomics" was 

coined to make an analogy with genomics, the study of the 

genes. The proteome of an organism is the set of proteins 

produced by it during its life, and its genome is its set of 

geneséé 

Protein  + ome  + ics = Proteomics ( ) 

http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Biological_cell
http://en.wikipedia.org/wiki/Genomics
http://en.wikipedia.org/wiki/Gene
http://en.wikipedia.org/wiki/Proteome


Representative eukaryotic cell 

Nature Genetics  33, 311 - 323 (2003)  
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Proteomic Research 

Nature Genetics  33, 311 - 323 (2003)  



Two common quantitative  

proteome analyses  

Nature Genetics  33, 311 - 323 (2003)  
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Schematic illustration of  

ñbottom upò method 



Why peptides, not protein? 

Proteins can be difficult to handle and might not all be 

soluble under the same conditions (many detergents 

interfere with MS). 

 

The sensitivity of the mass spectrometer for proteins is 

much lower than for peptides.  

 

If the purpose is to identify the protein, sequence 

information is needed and the mass spectrometer is most 

efficient at obtaining sequence information from peptides 

that are up to ~20 residues long, rather than from whole 

proteins. 



General scheme 



Quantitative proteomics  

using ICAT reagents  

Nature Genetics  33, 311 - 323 (2003)  



General scheme 



Peptide separation I 

Multi-Dimensional LC separation  

ICAT labeled 

Proteins 

Tryptic Digestion 

RP-µLC  

Protein 

Identification & 

Quantitation 



Peptide separation II 

On-line, Off-line LC MS/MS systems  

nano LC 
(Flow rate 200~300 nL/min) 

MALDI spotter MALDI-TOF/TOF 

NSI Ion trap MS 

Capillary 

C18 Column 
(L15cm, ID75~150 mm) 

Off-line 

On-line 



General scheme 



Peptide ionization I 

Nano Spray Ionization (NSI) 

Hand made C18 column (15 cm, 75 mm) 

Protein mixture 

Enzymatic digestion 

Å doubly and triply charged peptides 

Å high ionization efficiency 

Å good sensitivity 

Å peptides and polar compounds 

Å perfect march for LC 

Å sensitive to salt, detergents 



Peptide ionization I 

Nano Spray Ionization (NSI) 



Peptide ionization II 

Matrix Assisted Laser Desorption Ionization 

Å solid phase samples 

Å tolerant to contamination 

Å pulsed ion source 

Å mostly singly charged ions 

Å mechanism will favor different 

ions than ESI 



General scheme 



Mass analyzer 

Time Of Flight (TOF)  Quadrupole (Q)  

Linear ion trap (LIT)  Quadrupole ion trap (IT)  



3D Data 



3D Data 



Monoisotopic & Average Masses 



Resolving Power 



General scheme 



MS & MS/MS 



From proteins to peptides 

S D E L K A K 
2) Digest with Trypsin 
(Separate the peptides in LC) 

1) Start with Intact Protein 

= K or R 

3) Peptide fragmentation 

      during CID 



Fragmentation 



Peptide fragmentation 



Sequence vs. tandem mass spectrum 



Peptide ionization &  

mass analyzer 

Aebersold, R., Mann, M., 2003 Nature, 422,13  



MS & MS/MS 



3D Data: Pep3d 





Standard mzXML 




