
Week 10: Proteomics and Protein Function
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Last Time…
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Pawson Group: Cell Signaling and Cancer
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• This paper is concerned with cell signaling, particularly 
‘clumping’ and ‘unclumping’ signals initiated by cell-to-cell 
contact.

• These interactions are governed by ‘Ephrin’ transmembrane
proteins that become phosphorylated on the inside of the cell 
after interacting with each other on the outside of the cell.



Ephrins
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• Ephrins are receptor tyrosine kinases, meaning they are 
receptors that directly phosphorylate proteins in the cell when 
they are phosphorylated.

• Ephrins are expressed at very low level in adult cells. Their 
primary role is in development:

• Embryonic development (segmentation)

• Neuronal development (axon guidance)

• Cell migration (mainly during development)

• Angiogenesis (formation of blood vessels)

• Cancer (survival factor, help initiate metastisis?)



Quantitative Proteomics with Stable Isotope Labeling of Amino Acids in Cell Culture (SILAC)
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• The study is designed to map phosphorylation on all proteins 
regulated by ephrin-B1 → ephrin-B2 interaction

• To do this, they use a quatitative proteomics technique called 
SILAC in which Arg and Lys residues are labeled with heavy 
isotopes.



Ephrin Experiment Setup
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• This is the experimental workflow for studying cell/cell 
interactions. MS = Orbitrap



Ephrin Signaling Results
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• In typical proteomics fashion, you end up with a huge map of 
proteins that are more-or less phosphorylated after cell/cell 
interations (Eph-B2+ cells):



More Ephrin Signaling Results
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• And an even broader map:



Computer Modelling
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• To make a good guess at 
how phosphorylation 
affects activity, they used 
a computer model based 
on known function:



Example 2: The Siu Group
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• Why stray far from home? A 
perfectly good example of large scale 
proteomics is right here in the Siu
group, looking for biomarkers in 
various cancers…
• The Siu group is linked to ABSciex
and so they use their iTRAQ or 
mTRAQ labeling technology for 
quantitation.



Cancer Biomarker Dsicovery with iTRAQ
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• Here’s a quick example of iTRAQ use to discover biomarkers 
for renal cell carcinoma



Renal Cancer Cont.
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• One of the challenges of 
quatitative proteomics is 
significant run-to-run 
fluctuations in protein ‘intensity’:

• Agreement with other studies, 
however… would anything agree?



Lots of Proteins
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• Over 937 proteins 
were identified… a 
partial list of 
‘dysregulated’ ones is 
shown here:



Siu Group Example…
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• This is a similar study with a better representation of the data 
as a ‘heat map’.



The Head and Neck Cancer Heat Map
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Histological Proof
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• Immunohistochemistry was used to stain cells for the first three 
overexpressed proteins on the list…

• But are these proteins specific 
to head and neck cancer? Or are 
they upregulated in other 
cancers?



Head and Neck Specific Biomarkers
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• So lets do the same immunohistochemistry on other cancers:



And Now for Something Completely Different:
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• So we’ve talked about finding proteins – i.e. which ones are 
there and to what extent…

• We might subsequently ask – How do these proteins do what 
they do. How do they function or mis-function?

• It turns out that integral to the question of how proteins 
function is the question of how proteins move, which is called 
conformational dynamics.

• Don’t believe me? Try getting an enzyme from a 
hyperthermophile to work at room temperature!

• We might also be concerned with protein aggregation diseases, 
which are associated with conformational dynamics.



Hydrogen Deuterium Exchange (HDX)

19

• How do we learn about protein structure, folding and 
conformational dynamics using MS? HDX!!

• The idea behind HDX is simple: Amide protons on the peptide 
backbone are constantly exchanging with solvent…

H-O-H

H-O-H

H-O-H

H-O-H



HDX and Protein Structure
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• So if we put the protein in D2O instead of water, exchange of 
backbone and side-chain protons for deuterium will make the 
protein heavier…which I can measure with MS…

• So what? No structural info there… but here’s the kicker: In 
order for H/D exchange to occur we must first break any 
hydrogen bonds that might be present.

• What holds protein secondary structures (helices and beta-
sheets) together? H-bonds!! That means, where there is a lot of 
secondary structure, HDX is going to be slow…



HDX Cont.
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• Here’s an example on a small protein called ubiquitin:

• Note that where there is 
secondary structure, there 
tends to be a low level of 
exchange. Where there are 
loops, there tends to be a 
higher level of exchange…

LOW-----MED-----HIGH



Spatially Resolved HDX
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• But HDX would increase the mass on the whole protein. How 
do we know where the D is going?

• Time to break out the ‘spatially resolved HDX by mass spec’ 
workflow:

D2O

D D

D
D

D

D
D

D

D
D

D D

D
D

D

D
D

D

D
DpH 2.3

pepsin

DD
D
D

D

D
D

• We cannot simply label the protein and do CAD due to proton 
srambling. Structural info is lost!



Global HDX: EX1 and EX2 exchange
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• Just for the sake of completeness, HDX generally occurs in one 
of 2 regimes, called EX1 and EX2.

EX1: Protein motion is slow relative to 
exchange. Motion occurs, ALL exchangeable 
sites opened up undergo exchange at once.

EX2: Protein motion is fast relative to 
exchange. Motion occurs, there is a 

probability of available sites exchanging.



Protein Folding by HDX: Example 1
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• When we’re doing HDX, we have to study protein folding 
(because we can’t study folding in acid). The ultimate objective is 
to have a time-resolved ‘movie’ of how the protein folds up. 

• We’re not there yet, but this paper comes pretty close:



Spatially Resolved Protein Folding
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• The crux of this paper is that they don’t use the proteolysis: 
Instead they use ‘top-down’ ECD of the whole protein…

• They are also using a ‘pulse labeling’ approach in which you let 
the protein fold to a certain extent, then label, then use ECD to 
get your peptides:



Time-resolved Protein Folding Cont.
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• They also had to cool 
down their aparatus to 
get the folding within 
their available time-
window.



Protein Folding HDX Time-resolved…
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• Here are some of the D-labeled peptides that they are getting 
from their ECD

• The resolution is so good here because they’re doing this on an 
FT-ICR



The Bottom Line
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• The ‘bottom line’ results from this paper are as follows: 



Example 2: Ligand Binding
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• Many proteins function 
through binding of small 
molecules. This binding, 
and in some cases the 
binding surface can be 
studied by HDX-MS.
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• This shows a 
substantial difference in 
global dynamics when 
the protein binds: It’s 
natural substrate, an 
inhibitor.



Calcium Binding to Calmodulin
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• Here’s a neat example of Calcium binding to Calmodulin in the 
pressence and absence of a target peptide:



Head and Neck Specific Biomarkers
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• Calcium binding in the 
absence of target peptide: 

• CaMD is denatured 

• CaMF is folded 

• Calcium induces folding



More Calcium Binding
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• Calcium binding in 
the presence of target 
protein

• Calmodulin showing 
higher affinity for 
calcium…

• Denatured Cam 
doesn’t bind calcium or 
the target peptide…



Calcium Binding and Folding Kinetics
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• Kinetic folding of 
Calmodulin in the 
presence of Ca2+ and target 
peptide…

• Allows us to watch 
binding and folding at the 
same time, which is pretty 
cool…


