
“Front-end”

Separation of 

Intact Proteins

“Middle-part”

Mass Spectrometry 

Analysis of intact 

Proteins

“Back-end”

Informatics for 

Identification and 

Characterization 

of Intact proteins

+ +

Instructors: Ying Ge, Neil Kelleher, Joseph Loo, Ljiljana Paša-Tolić



Topics to Be Covered

• Introduction 

History of top-down proteomics

Concept of proteoforms

Measurement of Proteoforms and their complexes

Denatured vs. native mode

• Sample preparation 

• Intact protein separation 

• Instrumentation, activation and dissociation methods for top-down MS

• Comparison of bottom-up and top-down – pros and cons 

• Data interpretation and software tools for top-down proteomics 

• Top-down quantitative proteomics – including experimental design

• Biomedical and biopharmaceutical applications of top-down MS

• Future outlook 



The bottom-up approach 
is (therefore) suboptimal 
for determining 
modifications and 
alternative splice variants.

In the top-down 
approach…if a sufficient 
number of informative 
fragment ions are 
observed, this analysis can 
provide a complete 
description of the primary 
structure of the protein and 
reveal all of its 
modifications, as well as 
any correlations that exist 
between these 
modifications.
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Concept of Proteoforms

Smith, Kelleher & Consortium for Top-Down Proteomics. Nat Methods 2013, 10 (3), 186-7.

Proteoform: a single term describing protein complexity



Proteoforms as a New “Currency” in Proteomics

Smith and Kelleher, Science 2018, 359 (6380), 1106-1107.



Best Practices and Benchmarks for 

Intact protein Analysis for Top-down

Mass Spectrometry

Donnelly et al. Nature Methods. 2019, 

16, 587-594

Sample Preparation in Top-down Proteomics 

A Photo-cleavable Surfactant 

for Top-down Proteomics

Brown et al. Nature Methods 2019, 16, 

417-420



Native Top-down Proteomics 
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Skinner et al. Nat. Methods 2016, 13, 237
Li et al. Nature Chemistry, 2018, 10, 139

Integrated Native Mass Spectrometry and Top-Down Proteomics 

-Connect Sequence to Structure and Function of Macromolecular Complexes



Software Tools Available for Top-down Proteomics

http://www.topdownproteomics.org/resources/software/

ProSight PTM  https://prosightptm2.northwestern.edu/

ProSightPC™https://www.thermofisher.com/order/catalog/product/PROSIGHT

PC10

Mash Suite Pro: http://crb.wisc.edu/yinglab/software.html 

MASH Explorer: http://ge.crb.wisc.edu/MASH_Explorer/index.htm

MS-Align+: http://bix.ucsd.edu/projects/msalign/

TopPIC: http://proteomics.informatics.iupui.edu/software/toppic

MSPathFinder: https://omics.pnl.gov/software/mspathfinder

Informed Proteomics: https://github.com/PNNL-Comp-Mass-Spec/Informed-

Proteomics

Proteoform Suite: https://github.com/smith-chem-wisc/ProteoformSuite

pTop: http://pfind.net/software/pTop/index.html



Biomedical and Biopharmaceutical Applications 

Peng, et al. Mol. Cell. Proteomics, 2014, 

13, 2752-2764. 
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In Health and Disease

Toby, et al., Am. J. Transplant, 2017, 17(9) p. 2458-67.



Conclusions & Outlook
• Measuring proteoforms directly: a major step in the evolution of mass 

spectrometry-based proteomics

• Top-down proteomics closes knowledge gaps by providing complete 

molecular specificity for proteins in wellness and disease

• Proteoform-resolved biology will increase efficiency of basic and 

translational research


