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Protein – mRNA correlations 

Schwanhäusser et al. 

Nature 473: 337 (2011) 
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Proteins and mRNA have 
different stabilities and 
can be divided into 4 
quadrants. The major 
cellular functions are 
divided as shown in the 
table. 

Schwanhäusser et al. 

Nature 473: 337 (2011) 



Lens (Structure and Function) 
• Part of anterior segment of eye, just 

beyond the cornea 

• Biconvex 

• Focuses light onto the retina 

• Changes shape to accommodate light 
entering eye  

• Proteins 

• Synthesis stops to allow light to pass 

• Chief proteins within the lens: 
crystallins 

• Chaperone-like proteins 

• Mammalian lens largely 
comprised of α and β crystallins  

• Cataract 

• Opacity of the lens 

• Obstructs vision – surgical intervention 
necessary 

Link to Science article on learning to see 

http://news.sciencemag.org/health/2015/10/feature-giving-blind-people-sight-illuminates-brain-s-secrets?utm_campaign=email-news-weekly&et_rid=17777851&et_cid=61390


The rat model we use 



20 mm section: washed and fixed to 
gold MALDI target plate 

Same section with MALDI matrix 
spotted on top. 



Sectioning and matrix application: 

 21-day ICR/f lens 
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Extracted m/z values: the image 
 



Aqueous extract of the lens 

Stella et al., 2010 



Water-insoluble/urea soluble 

Stella et al., 2010 



Top-down identification of m/z=1283.3  
(5+ charge state) using FT-ICR-MS 

6409.28 

C4 RP column 



Top-down identification of [M+H]+ = 6,409.28  Da 

aA-crystallin truncation 
(1-53): 6,409.19 Da 

aA-crystallin  

MDVTIQHPWFKRALGPFYPSRLFDQFFG

EGLFEYDLLPFLSSTISPYYRQSLFRTVLD

SGISEVRSDRDKFVIFLDVKHFSPEDLTV

KVLEDFVEIHGKHNERQDDHGYISREFH

RRYRLPSNVDQSALSCSLSADGMLTFSG

PKVQSGLDAGHSERAIPVSREEKPSSAP

SS 





What we’ve learned 

• Proteins and message are poorly related 

• Proteins in tissues can have specific locations 
• We already knew this because of antibodies 

• Proteins can be truncated and have multiple 
(different) locations 
• Unless specific antibodies are used, we would not 

know this 

• Prior to this study, it was presumed that this only 
occurred after long periods of time 
• The imaging suggests that this may not be the case 
• Now need to quantify the C-terminal peptides 

 



Verifying and quantifying C-truncation 

• aA crystallin is supposedly processed to a 172aa form from the 196aa 
translated product. Interestingly, what we see is the removal of an 
interior 23aa peptide, so it must be differential splicing, not 
posttranslational processing. 

• Processed rat aA crystallin has a chymotrypsin cleavage site at 141Phe 

• This peptide can be observed as a triply charged peptide  

• F|SGPKVQSGLDAGHSERAIPVSREEKPSSAPSS 

• The C-truncations observed by mass spectrometry imaging are the 
following: 

• SGPKVQSGLD (truncation at 151) 

• SGPKVQSGLDAGHSE (truncation at 156) 

• SGPKVQSGLDAGHSER (truncation at 157) 

• SGPKVQSGLDAGHSERAIPVSR (truncation at 163) 

• SGPKVQSGLDAGHSERAIPVSREEKPS (truncation at 168) 

• S,K,R are residues that carry positive charges in 0.1% formic acid 



Expected ions in MSMS spectrum 

• Let’s take the simplest chymotryptic peptide 
• NH2-SGPKVQSGLD-COOH 

• We consider two types, b-ions and y-ions 
 

• Come from dissociation of the peptide bond 
• b-ions contain the N-terminal amino acid 

• Sum of the residue masses + 1 
• y-ions contain the C-terminal amino acid 

• Sum of the residue masses + H2O (18) + 1 

     b2  b3   b4   b5   b6  b7    b8  b9 
-   145 242  370 469  597 684  741 854  - 

S  G  P  K  V  Q  S  G  L  D 
-   900 843  746 618  519 391  304 247 134 

     y9  y8   y7   y6   y5   y4   y3  y2   y1 

MS-Product 

http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct
http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct
http://prospector.ucsf.edu/prospector/cgi-bin/msform.cgi?form=msproduct






How to quantify peptides 

• Prepare synthetic peptide standards 
• ~$20/residue 

• Important to check purity 

• Some available at Aldrich-Sigma 

• Better approach 
• Prepare 13C/15N-labeled peptides 

• Add a single amount of each to unknowns and standards 

• Best approach (for tryptic peptides) 
• Prepared a 13C/15N-concatenated, artificial protein formed 

from the peptides of interest 

• Controls for digestion efficiency and recovery 



-Omics-wide quantification 

• iTRAQ and TMT reagents 
• React with lysine groups 

• Use of 12C/13C, 14N/15N, 16O/18O isotopes 

• Have a reporter region, a (mass) balancing region and a 
reactive group 

• All have the same mass (very close), but different 
reporter ions 

• Each sample to be compared is labeled with a different 
form of the reagent 

• Samples are combined and analyzed at one time 



SWATH-MS 

• Unlike where precursors ions are recorded and then a 
few of them selected for MSMS 

• In SWATH, ALL ions are fragmented 

• Requires generation of sample-specific database of 
observable proteins 

• Collected ions represent a digital database of the 
peptides in the sample 

• Can be re-searched when new databases are 
generated 

• IMPORTANT difference – it is thoroughly quantitative 
• Many, many quantitative MSMS experiments in one 



MRMPATH 

http://tmpl.uab.edu/MRMPath/  

http://tmpl.uab.edu/MRMPath/
http://tmpl.uab.edu/MRMPath/








Peptide/protein records and link 

These are peptides that would conform to a m/z 601 doubly charged tryptic peptide 
with a singly charged, m/z 703 product ion using the quadrupole windows of 0.7 m/z 


