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Analytical Mass Spectrometry and Proteomics 

Analytical Realities 

MS & Proteomics is not  the PCR 

reaction. 

• Not template driven 

• No primers  

• No amplification 

Orders of Magnitude matter  

i.e. concentration 

Which of these is more abundant? 
• Ribosomes 

• Heat shock proteins 

• Tubulin 

• Albumin 

• Sox-2 pluripotent stem cell transcription factor  

MS analysis is not very biased 

What will ionize? 
• Proteins 

• Lipids 

• Carbohydrates 

• Small molecules 

• Salts 

MS analysis is very sensitive, 

accurate, and fast. 

What do these overcome? 
• complexity 

• isomers 

• isobars 

• Bad experimental design 

• Keratin and other contaminants  



aka – USE your Brain 

  & Your skills as a cellular 

biologist, molecular biologist, 

protein biochemist, etc…even as 

a clinical physician.  

 

Untargeted MS by blind faith 

is time consuming. 

• Generates a lot of data 

• Produces lots of 

possibilities 

• Produces even better 

pictures 

• Leaves you overwhelmed 

• Without true direction to 

move in 

• Unless you have an army 

 



Analytical Mass Spectrometry and Proteomics 

Analytical Realities 

Direct measurement of proteins 

and other molecules 

• Often closest to reality 

• Controls Still Matter! 

 

 

Orders of Magnitude matter  

i.e. concentration 

Enrichment Strategies 
• Again Separation  

       (tissue, cellular, molecular, protein class levels) 

• Antibody enrichment (assuming) 

• Affinity tags  

 

MS analysis is not very biased 
• Mass accuracy and chemical formulas do not lie 

• You can separate based on  

• Class of molecules 

• Location 

• Separation (chromatography) 

 

MS analysis is very sensitive, 

accurate, and fast. 

Targeting Strategies 
• Put the blinders on (focus) 

• Create unique tags between samples 

• Deplete abundant things 

• Apply what is already known 

• Ask specific questions  
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FT-ICR MS 

RP = 491.2594 / 0.0055 amu 

      = 89,319  

Mass Resulution = m / Δm 50% 
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LTQ MS 

RP = 491.45 / 0.69 amu 

      = 712  
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How is mass resolution calculated? 



Element Mass Abundance
H 1.0078

2.0141
99.985%
0.015

C 12.0000
13.0034

98.89
1.11

N 14.0031
15.0001

99.64
0.36

O 15.9949
16.9991
17.9992

99.76
0.04
0.20

Stable isotopes of most abundant elements of 

peptides 
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FT-ICR MS 

RP = 491.2594 / 0.0055 amu 

      = 89,319  

Mass Resolution = m / Δm 50% 
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Mass measurement accuracy depends on resolution 
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Resolution =18100  
15 ppm error 

24 ppm error 

55 ppm error 

High resolution means better mass accuracy 



Two peptides - same nominal mass - simulation 

Peptide mixture: [Val5]-Angiotensin II  Lys-des-Arg9-Bradykinin 

Sequence:  DRVYVHPF   KRPPGFSPF  

Formula:  C49H69N13O12   C50H73N13O11 

Exact mass:  [M+2H]2+ = 516.76671 [M+2H]2+ = 516.78490 

Dm (mmu):     18.2 mmu RP = 18,000 
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5 ppm 

   (23) 

2 ppm 

   (10) 

1 ppm 

    (4) 

  Theoretical  Delta  Delta RDB Composition 

    Mass  [ppm]  [mmu]     

     

  516.76671     0.0     0.0  21.0 C49  H71  O12  N13    

    516.76647     0.5     0.2  15.0 C49  H79  O11  N9  S2    

    516.76638     0.6     0.3  12.0 C41  H75  O14  N15  S1    

    516.76705    -0.7    -0.3  11.5 C43  H77  O15  N12  S1    

    516.76604     1.3     0.7  16.0 C48  H75  O16  N9    

    516.76738    -1.3    -0.7  20.5 C51  H73  O13  N10    

    516.76604     1.3     0.7  21.5 C47  H69  O11  N16    

    516.76580     1.8     0.9  15.5 C47  H77  O10  N12  S2    

    516.76772    -2.0    -1.0  16.5 C44  H73  O11  N16  S1    

    516.76773    -2.0    -1.0  11.0 C45  H79  O16  N9  S1    

    516.76805    -2.6    -1.3  25.5 C52  H69  O9  N14    

    516.76537     2.6     1.3  16.5 C46  H73  O15  N12    

    516.76807    -2.6    -1.4   7.0 C38  H79  O14  N15  S2    

    516.76513     3.0     1.6  10.5 C46  H81  O14  N8  S2    

    516.76513     3.1     1.6  16.0 C45  H75  O9  N15  S2    

    516.76839    -3.3    -1.7  16.0 C46  H75  O12  N13  S1    

    516.76479     3.7     1.9  20.0 C52  H75  O11  N9  S1    

    516.76872    -3.9    -2.0  25.0 C54  H71  O10  N11    

    516.76470     3.9     2.0  17.0 C44  H71  O14  N15    

    516.76874    -3.9    -2.0   6.5 C40  H81  O15  N12  S2    

    516.76446     4.3     2.2  11.0 C44  H79  O13  N11  S2    

    516.76897    -4.4    -2.3  12.5 C40  H73  O16  N16    

    516.76907    -4.6    -2.4  15.5 C48  H77  O13  N10  S1    

 

Is Mass Accuracy Important ? 
Results for error limit up to 5 ppm 



IgAN Pathogenesis: Multi-hit Hypothesis 

Suzuki JCI 2008, 2009, JASN 2011 

Lai AJP 2008,  

Novak Semin Immunopathol 2012 

Bertinetto NDT 2012; Gharavi JASN 2008, Feehally JASN 

2010, Gharavi Nat Genet 2011, Yu Nat Genet 2011, Kiryluk  

KI 2011; Kiryluk PLoS Genet 2012, Wyatt & Julian NEJM 

2013 

Autoimmune features 
• Autoantigen (Gal-deficient IgA1) 

• Autoantibody (binds the autoantigen) 
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IgA1 O-glycosylation 

IgA1 O-glycoforms 

O-glycans 

IgA1 

Renfrow JBC 2005  

Takahashi  MCP 2010 

Takahashi JPR 2012 



LC-FT-ICR MS  

Analysis of IgA1 O-glycosylation 
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Measuring molecular mass 
 

Peptide AA’s 

+  

Glycan residues 

+ 

H+ (protons) 
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Measuring Formula Mass + 

protons 
 

Peptide AA’s 

+  

Glycan residues 

+ 

H+ (protons) 

1.00727 

(not H 1.00782) 
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MH+1(av)  MH+1(mono)  MH+3(av)  MH+3(mono)  

1467.6756 1466.6515 489.8968 489.5553 

MH+1(av)  MH+1(mono)  MH+3(av)  MH+3(mono)  

2035.7710 2034.8631 679.2620 678.9592 

Elemental Composition: C60 H96 N19 O20 S2 

       STPPTPSPSCCHPR 

 

 

  
Elemental Composition: C82 H132 N21 O35 S2 

       STPPTPSPSCCHPR  
  + 2 N-acetylgalactosamine + 1 galactose 

 

http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msisotope&output_type=HTML&report_title=MS-Isotope&display_graph=1&version=5.10.2 Basic&distribution_type=Elemental Composition&instrument_name=ESI-Q-TOF&user_aa_composition=C2 H3 N1 O1&parent_charge=3&elemental_composition=C60 H96 N19 O20 S2&
http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msisotope&output_type=HTML&report_title=MS-Isotope&display_graph=1&version=5.10.2 Basic&distribution_type=Elemental Composition&instrument_name=ESI-Q-TOF&user_aa_composition=C2 H3 N1 O1&parent_charge=3&elemental_composition=C60 H96 N19 O20 S2&
http://prospector.ucsf.edu/prospector/cgi-bin/mssearch.cgi?search_name=msisotope&output_type=HTML&report_title=MS-Isotope&display_graph=1&version=5.10.2 Basic&distribution_type=Elemental Composition&instrument_name=ESI-Q-TOF&user_aa_composition=C2 H3 N1 O1&parent_charge=3&elemental_composition=C82 H132 N21 O35 S2&
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678.9592 – 678.9612 = 0.0020    2.96 ppm mass error 
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Takahashi et al., Mol. Cell. Proteomics, 2010 

Tandem Mass Spectrometry 
Terminal GalNAc at Ser230 Thr236 

 

 



IgAN Pathogenesis: Multi-hit Hypothesis 

Suzuki JCI 2008, 2009, JASN 2011 

Lai AJP 2008,  

Novak Semin Immunopathol 2012 

Bertinetto NDT 2012; Gharavi JASN 2008, Feehally JASN 

2010, Gharavi Nat Genet 2011, Yu Nat Genet 2011, Kiryluk  

KI 2011; Kiryluk PLoS Genet 2012, Wyatt & Julian NEJM 

2013 

Autoimmune features 
• Autoantigen (Gal-deficient IgA1) 

• Autoantibody (binds the autoantigen) 



Relative abundance of individual site microheterogeneity (%)a

225T 228T 230S 232S 233T 236T

Absent 0.4 N.D. 10.4 N.D. 64.0 65.4
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Disaccharides 99.3 100.0 62.6 99.7 24.2 10.3
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Defining IgA1 O-glycan Heterogeneity 

by High Resolution Mass Spectrometry 

 

• Range of O-glycoforms 

• Sites of attachment 

• Sites of Gal-deficiency 

• Isomers 

• Quantitative value for each                     

O-glycosylated form 

• Highly reproducible 

 

 

Takahashi, J.Prot. Res. 2012  
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Profiled IgAN patient sera 
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