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• Footprinting strategy  
 

• Protein preparation 
 

• Mass spectrometry detection and quantification of 
products 
 

• Data analysis 
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• Compare Rate of  
modification: Protein vs. 
Protein + Ligand/Protein 
• Data interpretation 
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• Protein concentration at 1-10 uM; 
 

• To determine protein-protein complex ratio (size 
exclusion chromatography); 
 
• To ensure that no protein aggregation (size  
exclusion chromatography);    

• To determine optimal radical dose (Alexa experiments) 
 
•To determine quenching effects of the protein/buffer 
(Alexa experiments); 



HOW TO DETERMINE COMPLEX RATIO ? 

Size-exclusion chromatography (SEC) 
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Exposure time (ms)

 eNOS k = 3.65 sec-1

 Calmodulin k = 30.6 sec-1

 Complex k = 3.3 sec-1

eNOS :   Xg= 135KDa  x 32.5 pmol 
 

CAM:     Xg= 16KDa x 32.5 pmol 
 

eNOS:CAM complex   6.5µM:6.5µM 
Free eNOS and CAM: 6.5µM each 

   Example:  in 5 µl 

Solution: 
• Normalize data for CAM 
by 8.4 times 
• Normalize beam conditions 
   
 



DIGESTION 

In-gel  In-solution  

• Pepsin 
 
 
 
 
 
 
• Trypsin 
 

• Asp-N 
 

• Glu-C 
 

• Pepsin 
     
   
 
 
 
 
• Trypsin 
 

• Asp-N 
 

• Glu-C 

• best single amino acid resolution 
• 3-6 h digestion at 37oC - best sequence coverage  

•5-15 amino acid peptide length  
• many peptides have partially overlapping sequence 

• pH 2-4; 1:10 (w/w) E:P ratio  

• best enzyme specificity 
• 12-18 h digestion at 37oC 

• 8-25 amino acid peptide length 
• pH 6-8; 1:40 (w/w) E:P ratio 



PEPSIN DIGEST CHROMATOGRAM OF SAMPLE 

Presenter
Presentation Notes
Carefully controlled pepsin digestions consistently yielded ten peptide fragments ranging in length from five to fourteen residues with overlapping coverage of the entire Aβ40 sequence 
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RT: 32.51 - 53.06
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EETLM*EYL*ENP*K 

RT: 27.00 - 55.00 SM: 7B
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PEPTIDE FRAGMENT ION DESIGNATIONS AS 
PROPOSED BY ROEPSTROFF AND FOHLMAN  
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DETERMINE RATES WITH •OH DOSING 

versus increasing times of x-ray exposure 

Takamoto, K. & M.R. Chance, Annu. Rev. Biophys. Biomol Struct. 2006. 35:251-76  

Fractional unmodified peptide determined from peak areas plotted  

Presenter
Presentation Notes
millisecond exposures generate *OH from water 
OH covalently modifies side chains
Sequence location identified by fragment shift in m/z





Change in Modification Rates = Change in the Solvent accessibility 
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Y = Y0 exp- kt  Y and Y0 – fraction of unmodified 
peptide at time t and 0  



•  Manually – to calculate constant rates and to verify sites 
of modification 
 

• MaxMatrix (http://www.massmatrix.net/mm-
cgi/search_form.py) - to determine sites of modification 
 

• Mascot (Matrix Science) – to determine sites of  
Modification 
 

• ProtMapMS – (in-house) – all of the above 





MASS MATRIX READOUT  
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