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1D or 2D 

      gel staining sensitivity  1D  2D 

   colloidal CB   30 ng/band   250 ng/mm2     

    fluorescence   1.5 ng/band  5-10 ng/mm2  
    or silver       

Image Analysis 
               pick-list 
  
Spot (or band) Cutter 
 robot or manual  2D gel   gel plug volume 
     2mm  x 1.5mm  4.7 µl  

    1D gel    
    1 mm x 5 mm  x 0.8mm 4 µl 
              

Proteome Analysis at UM 



Proteome Analysis at UM (cont.) 
Digestion/Extraction (in-gel) 
 Robot destain 
  reduction 
  alkylation (iodoacetamide) 
  wash/dehydration 
  digestion (modified trypsin) 
  extraction  
     15 µl     single extraction  (hydrophilic peptides) 
     20 µl     second extraction (hydrophobic peptides) 
  
Concentration (e.g. ziptip) or LC separation of peptides 
 Robot/manual 10-15 µl  (robot)   
       2-3 µl  (manual)  
  
Target Spotting (for maldi msms analysis) 
 Manual   0.5 µl (192 well target) 
 LC maldi  entire effluent (2-3 spots/minute) 
  
    



MassPrep digester/spotter 



Mass Analysis 
           mass accuracy  sensitivity 
             internal cal 

 Tof-tof (4700) ms / msms         <15 ppm      1 fmol 
 Tof-tof (4800) ms / msm          <15 ppm              sub fmol 
  
Data Post-acquisition 
 Peak smoothing 
 Calibration 
 Create peak list   
 Database search   

Report to investigator 
 Data in PRIME (user name and password) 
         or 
 Spectra in ASCII format 
 Peak lists 
 Database search results 

Proteome Analysis at UM (cont.) 



How much protein? 

1 fmol of a 50 kDa protein 
  
1 fmol      50 pg 
@ 20% recovery from gel  250 pg 
@ 25% spotted on target       1 ng 

  
How many cells? 
     what is the copy number in a cell? 
    e.g. 100 copies per cell for a regulatory protein 

6 x 1023 molecules/mol x  (1 x 10-15 mol)  /  100 molecules/cell  =   6 x 106 cells 
  
@ 10% yield              6 x 107 cells  

How much do I need? 



RuBPS (fluorescence) Silver 

2D gel of membrane proteins 



Mass Spectrometer 
Instrument which measures  

 abundance of   
 ions in the gas phase whose  
 separation is based on their m/z 

Three Components of Mass Spectrometer 

- Ionization 
- Separation 
- Detection  



Time of Flight Mass Spectrometer 



Transfer  a non-volatile peptide from a solid or liquid phase 
     into the gas phase with acquisition of a proton 

Maldi matrix assisted laser desorption/ionization 
 matrix in large excess to analytes 
 positive ions (positive ion mode) 
 predominantly +1 ions 

Electrospray  
 nebulize/aerosol, evaporate solvent 
 multiply charged ions   
 not currently supported at MPC UM site 

Ionization 



192 well MALDI plate 



Ionization Source 
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Laser Sample Plate 

Matrix molecules (M) 

Analyte molecules (A) 

20 kV 13.8 kV 0 kV 

MALDI Ionization Process 

1.  Sample is mixed with excess matrix 
and dried on a MALDI plate. 

2.  Laser irradiates the sample/matrix 
mixture and ionizes matrix 
molecules. 

3.  Matrix molecules are desorbed into 
the gas phase carrying sample 
molecules with them. 

4.  Sample molecules are ionized by 
proton transfer from matrix. 

to detector 

MH+ 
AH+ + 

+ 



Separate ions of different mass/charge, m/z 

TOF time of flight 
 kinetic energy = ½ mv2 

 m = (2eV/D2)t2 = kt2 

Peptides of identical amino acid composition 
     are not separated in a mass spectrometer 

Reflectron 
 magnetic “mirror” improves resolution 
 M = mv 

Tof Tof  msms (tandem ms) 

Mass analyzer 



m = kt2 

M = mv 

Mass Analyzer 



TOF TOF tandem mass spectrometer 



Count the number of ions that hit the detector 
     as a function of time 

Utilize a low mass gate 
     collect spectra between m/z 800-4000 
     (can go to 200,000+ for intact mass)  

Count ions in the gas phase, not in the sample 
     due to e.g. ion suppression effects 

Detection 



MS Spectrum 



 Element    % 
                          abundance                  

 C12 98.892 
 C13 1.108 
   
 N14 99.635 
 N15 0.365 
   
 O16 99.759 
 O17 0.03 
 O18 0.204 
   
 S32 95.006 
 S33 0.760 
 S34 4.220 
 S36 0.014  

                       C14, S35, P32 etc. NO*  

*No radiolabeled samples can be accepted by the MPC 

Isotopes relevant to mass spectrometry of peptides 



Isotope distribution of an eight amino acid 
residue peptide 



R = 500 R = 1000 

R = 2000 R = 5000 

Isotope distribution as a function of Resolution 



Isotope distribution vs. Mass 



2:1 1:1 1:2 

Peptide 1 (m/z 1000) : peptide 2 (m/z 1001) 

Peptide 1 (m/z 1000 : peptide 2 (m/z 1002) 

Two peptides of similar mass 



Phosphorylation  80 
Acetylation  42 
Methylation  14 
Hydroxy amino acids 16 
Acylation 
   Myristic acid  228 
   Palmitic acid  256 
Prenylation 
   Farnesol  204   
   Geranylgeranol  272 
Nitrosylation  39 or 45 
Oxidation  16 
Other oxidation  -32  loss of SH 
          Dityrosine formation 
   Isoaspartate  1    (+shift of peptide bond) 
Glycation  variable 
Glycoxidation  variable 
Lipid peroxide adduction variable 

Posttranslational Modifications (PTM) 



Glycosylation    
   Deoxypentose   116 
   Pentose   132 
   Deoxyhexose   146 
   Hexose    162 
   Hexosamine   161 
   NAc hexosamine   203 
   Hexuronic acid   176 
   KDO    220 
   NAc neuraminidase  291 
   N glycoylneuraminic acid  307  

Posttranslational Modifications (cont.) 



      mass increase 
Iodoacetic acid   58 
Iodoacetamide   57 
Acrylamidation   71 
Oxidation of methionine  16 
Many others, usually experiment specific  

Inorganic ion adduction 
  Na    22 
  Li      6 
  K    38 
  Cs  132 

Chemical Modification 

An extensive listing of PTMs and chemical modifications can be found at 
 http://www.abrf.org under References/DeltaMass 



Ms spectrum  
    pair of peaks 80 mass units apart 
               possible presence of phosphate in higher mass peak 

Msms spectrum  
    loss of -98 from parent 
 neutral loss of phosphoric acid from pSer and pThr 
    loss of -80 from parent 
                loss of phosphate from pTyr 

Phosphorylation site analysis 



Ser 25 
Or 
Ser 39 

Ser 25 
Ser 39 
Or  
Ser 25 
Ser 16 
Or  
Ser 39 
Ser 16 

Ser 25 
Ser39 
Ser16 
Or 
Other 

unphosphorylated 

+ - 

2D gel separation 



Interpretation of Results 

Report to investigator 
 Gel image and  
 Mapping of spots/bands to maldi target plate 
 Spectra in ASCII text format 
 Peak lists 
 Database search results 

Curation of search results 
 Evaluate confidence in protein identity 
 Redo the search with different parameters 
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MS Spectrum 



Publication Guidelines for Mass Spec Data 

Reporting Protein Identification 
Data:  
The next Generation of Guidelines 
Ralph A. Bradshaw, Alma L. 
Burlingame, Steven Carr, and Ruedi 
Aebersold 
Mol Cell Proteomics 2006 5: 787-788 

Guidelines are available on the home 
page 
http://www.mcponline.org/ 



The Michigan Proteome Consortium (MPC) is supported by state funding  and we 
must provide biannual reports on our progress in providing  support to Michigan 
investigators.  Acknowledgement of the MPC in any  publication resulting from 
data we have provided your lab will help us obtain continued funding and ensure 
that these services will be  available to you in the future.  

Please forward a reprint or .pdf file for our files when the paper appears.   Here is 
some suggested text to include in your acknowledgements: 

"Proteomics data were provided by the Michigan Proteome Consortium  
 (www.proteomeconsortium.org) which is supported in part by funds from  

 the Michigan Life Sciences Corridor (State of Michigan, MEDC Grant #GR239)." 

Acknowledgement of MPC in publications 


