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• Mass spectrometry imaging has 
revealed that individual proteins 
such as aA-crystallin are found in 
a full-length form in the 
epithelial cell monolayer, but in 
many truncated forms 
throughout the rest of the lens 

 

• We need to develop quantitative 
peptide assays to identify when 
these truncated peptides are 
formed during development 

Red, aa1-173; blue, aa1-157; 
yellow, aa1-53 – all aA-crystallin 

Challenges in lens research 
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Synopsis 

• Need for quantitative analysis of 
specific peptides in proteomics 

• Principle of reaction ion monitoring 

• Selection of peptides for analysis 

• The problem of the complexity of mass 
space 

• Advantages of, indeed need for, a high 
resolution, high mass accuracy 
analyzer 
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Quantitative proteomics 

• Proteomics is rapidly moving out of just being 
about discovery 

• Investigators want to measure changes 
occurring in protein levels in whole networks 
– 2-fold changes are not sufficient 

– Critical proteins have important changes in 
amounts that are 20% or less 

• Some proteins are only theoretical 
– A result of truncations, mRNA splicing 
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Multiple Reaction Monitoring (MRM) 

• Selects one specific peptide ion in the first quadrupole 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 

• Isolated, selected peptide in enters Q2 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 

• Isolated peptide precursor ion collides with gas and breaks 
into fragment (product) ions 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 

• Selected fragment ion (based on the sequence of the 
peptide precursor) isolated in Q3 and hits the detector 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 
on a triple quad 

• Precursor ion-product ion signal is monitored for 20-50 msec 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 
on a triple quad 

• Precursor ion-product ion signal is monitored for 20-50 msec 

• Then a second pair of precursor-product ions is monitored 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 
on a triple quad 

• Precursor ion-product ion signal is monitored for 20-50 msec 

• Then a second pair of precursor-product ions is monitored 

• For a 50 msec data collection, 20 different channels of information 
can be acquired per second 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Multiple Reaction Monitoring (MRM) 
on a triple quad 

• Precursor ion-product ion signal is monitored for 20-50 msec 

• Then a second pair of precursor-product ions is monitored 

• For a 50 msec data collection, 20 different channels of information 
can be acquired per second 

• In each of the following seconds, this sequence of actions is 
repeated, leading to the generation of ion chromatograms 

Select Peptide Select Fragment 
Fragment 
peptide 

Q1 Q3 Q2 
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Pseudo MRM Analysis 

• High resolution TOF Analyzer for 
detection of fragment ions 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 
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Pseudo MRM Analysis 

• High resolution TOF Analyzer for 
detection of fragment ions 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 
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Pseudo MRM Analysis 

• High resolution TOF Analyzer for 
detection of fragment ions 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 
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Pseudo MRM Analysis 

• High resolution TOF Analyzer for 
detection of fragment ions 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 
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Pseudo MRM Analysis 

• High resolution TOF Analyzer for 
detection of fragment ions 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 
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Pseudo MRM Analysis 

• The key difference between the TripleTOF and the triple quad is that the 
entire MSMS spectrum is collected by the TripleTOF in a single 50 sec (or 
shorter) data acquisition – the selection of product ion to follow is made 
post-data acquisition 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 

TOF MS/MS 
Spectrum  
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Pseudo MRM Analysis 

• The key difference between the TripleTOF and the triple quad is that the 
entire MSMS spectrum is collected by the TripleTOF in a single 50 sec (or 
shorter) data acquisition – the selection of product ions is made post-
data acquisition 

• The mass accuracy of the product ions is 3-5 ppm 

Select Peptide 
Detect All 
Fragments 

Fragment 
peptide 

Q1 Q2 

TOF 

TOF MS/MS 
Spectrum  
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Selecting a peptide for quantitative 
analysis 

• There are databases of peptides from a 
proteome 

– These have tools to indicate the best peptides for 
analysis 

– http://www.srmatlas.org/mrmassays.php  

– MRMPilot – AB Sciex 

– Skyline 1.1 - https://skyline.gs.washington.edu/  

BMG744 1-30-12 

Searching pathways - MRMPath 

• Proteins rarely operate all on their own, but 
rather in pathways or groups 

• MRMPath is web-based software that was 
developed to facilitate recovery of 
information about suitable proteotypic 
peptides 

• It’s based on data mining of the KEGG (Kyoto 
Encyclopedia of Genes and Genomes) 
databases  

BMG744 1-30-12 
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Use of MRMPath 

http://tmpl.uab.edu/MRMPath/   
Users select the protease they want to use, the pathway 
of interest and the species in which the research was 
carried out 

– An image of the pathway is presented to them and they 
can select either a specific protein by clicking on it, or all 
the proteins in the pathway 

– The software does an in silico digestion of each protein 
and filters the peptides to produce those with 7-25 amino 
acid residues 
• It also removes peptides containing Cys or Met residues 

– The user can BLAST each peptide one at a time, or all at 
once 

BMG744 1-30-12 

Are there canonical protein sequences?? 
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Pragmatic selection of a peptide 

MASCOT PROTEIN SUMMARY REPORT 
BMG744 1-30-12 

MASCOT PROTEIN SUMMARY REPORT 

IIPGGAAAQDGR 

BMG744 1-30-12 
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Pragmatic selection of a peptide 

MASCOT PROTEIN SUMMARY REPORT 
BMG744 1-30-12 

MASCOT PROTEIN SUMMARY REPORT 

ANDDLLSEFPDK 

BMG744 1-30-12 
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Directed selection of a peptide 

• In some experiments the choice of the peptide is 
not based on any previous MSMS data 

– The protein may have resulted from mRNA splicing 
or to nucleotide deletion within a gene, a premature 
stop codon, or to protease activity after a protein has 
been synthesized 

– In these cases, the peptide that might be formed is 
theoretical and its detection may not optimal – on 
the other hand, the scientific question being posed is 
critical 

BMG744 1-30-12 

Soluble form of the FCmR receptor 
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In: Blood 2011;118:4902-4909 
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Specificity of a peptide transition 

• A BLAST search only tells us about sequence, 
not mass similarity 

• Sherman et al. (2009) identified unique ion 
signature peptides  

– i.e., peptide molecular ions that give rise to 
fragment ions that cannot come from other 
peptides that pass through the mass filter (0.7 
m/z wide) of a quadrupole analyzer set for the 
peptide of interest 

BMG744 1-30-12 

ANDDLLSEFPDK, [M+2H]2+ = 682.3224 
 
Y11 = 1292.6005 
Y10 = 1178.5576 
etc. 

Testing peptide validity in mass space 
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1/29/2012 

18 
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1292.0 

681.0                                                                 682.0                                                            683.0 

0.7 by 0.7 m/z box 

1 Da larger parent ion 

15 peptides 
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Time, min 

11.2 11.4 11.6 11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 

Transition 1 = 50msec  
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Time, min 

11.2 11.4 11.6 11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 

Transition 1 = 50msec  

Transition 2 = 50msec 
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Time, min 

11.2 11.4 11.6 11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 

Transition 1 = 50msec  

Transition 2 = 50msec 

Transition 3 = 50msec 

BMG744 1-30-12 

11.2 11.4 11.6 11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 

Time, min 

Using the TripleTOF™ 5600, 
the whole MS/MS spectra can 

be obtained in < 50 msec. 
 

BMG744 1-30-12 
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High Mass Resolution (30,000+) 
and High Mass Accuracy (3-5ppm) 

11.2 11.4 11.6 11.8 12.0 12.2 12.4 12.6 12.8 13.0 13.2 13.4 13.6 13.8 14.0 14.2 14.4 

Time, min 

Using the TripleTOF™ 5600, 
the whole MS/MS spectra can 

be obtained in < 50 msec. 
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*693.3378 *159.0874 *436.2157 

*808.3683 

*622.2993 
*130.0607 

*285.0845 

*302.1119 
*170.0560 

*349.1816 *373.1502 
*497.7244 

*202.0827 (1) 

*245.1210 (1) 

*514.2104 
*848.3637 

*419.1885 
*763.3589 

*791.3439 

*605.2729 
*675.3245 (1) *720.3000 
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Verifying and quantifying C-terminal 
truncation 

• In the rat full-length aA-crystallin is found endogenously at 173 amino 

acids. Previous MALDI-TOF Imaging and FT-ICR top-down MS experiments 

demonstrated the presence of multiple C-terminal truncations of the aA-

crystallin.   
 

• Full-length rat aA-crystallin has a chymotrypsin cleavage site at 141Phe, 

which can be observed as an [M+3H]3+ ion.  

– FSGPKVQSGLDAGHSERAIPVSREEKPSSAPSS 
 

• Chymotryptic cleavages of C-terminal truncations: 

– SGPKVQSGLD (truncation at residue 151) 

– SGPKVQSGLDAGHSE (truncation at residue 156) 

– SGPKVQSGLDAGHSER (truncation at residue 157) 

– SGPKVQSGLDAGHSERAIPVSR (truncation at residue 163) 

– SGPKVQSGLDAGHSERAIPVSREEKPS (truncation at residue 

168) 

BMG744 1-30-12 
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SGPKVQSGLD 

1-151 aa. Truncation  
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DAY 21 Lens 

SGPKVQSGLD 

1-151 aa. Truncation  
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DAY 21 Lens 

DAY 50 Lens 
SGPKVQSGLD 

1-151 aa. Truncation  
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Full Length αA-Crystallin 

SGPKVQSGLDAGHSERAIPVSREEKPSSAPSS 

SGPKVQSGLD 

1-151 aa. Truncation  
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XIC from I21 C.wiff (sample 1) - I21 C, Experiment 13, +TOF MS^2 of 524.8 (100 - 2000): 668.325 +/- 0.025 Da, Gaussian smoothed 
XIC from I50 C.wiff (sample 1) - I50 C, Experiment 13, +TOF MS^2 of 524.8 (100 - 2000): 668.325 +/- 0.025 Da, Gaussian smoothed 
XIC from I100 C.wiff (sample 1) - I100 C, Experiment 13, +TOF MS^2 of 524.8 (100 - 2000): 668.325 +/- 0.025 Da, Gaussian smoothed 

α-Tubulin Sample Control Peptide 

APVISAEKAY 

SGPKVQSGLD 

1-151 aa. Truncation  
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XIC from I21 C.wiff (sample 1) - I21 C, Experiment 10, +TOF MS^2 of 461.8 (100 - 2000): 722.404 +/- 0.025 Da, Gaussian smoothed 
XIC from I50 C.wiff (sample 1) - I50 C, Experiment 10, +TOF MS^2 of 461.8 (100 - 2000): 722.404 +/- 0.025 Da, Gaussian smoothed 
XIC from I100 C.wiff (sample 1) - I100 C, Experiment 10, +TOF MS^2 of 461.8 (100 - 2000): 722.404 +/- 0.025 Da, Gaussian smoothed 

Bovine Serum Albumin Loading Control Peptide: 
 (1fmole/µl) 

AEFVEVTK 

SGPKVQSGLD 

1-151 aa. Truncation  
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Chymotryptic analysis of αA-crystallin C-terminal 
truncations 
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NanoLC-MS of peptides and 
reproducibility of retention time 

• Many people prepare their own capillary 
columns which sit between the nanoLC 
pump and the mass spectrometer 

 

• The columns are subjected to the whims of 
of the packing procedure and of air 
conditioning in the mass spec laboratory 

BMG744 1-30-12 

Solutions to retention time variability 

• Use machined columns 
on a Chip for 
reproducibility 

• Controlled heating 
reduces solvent viscosity 
and hence back pressure 
– Leads to more rapid and 

reproducible retention 
times, and elution of 
hydrophobic peptides 

 

Eksigent Nanoflex 
and Chip column 
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• Five injections of the same sample, from zebrafish diet study.  
• Data shown are the average peak areas for each crystallin, 

normalized with the BSA internal Standard, with the standard 
deviation for the five analyses, and the percent of the SD from 
the average normalized value.  

 

Reproducibility using the Eksigent-5600 system 
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