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Major Histocompatibilty Complex (MHC) protein, http://www.youtube.com/watch?v=Y79Xl0LfYI4

Higher order structure is essential for function
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Amide hydrogens serve as 
backbone sensors.
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Hydrogen exchange reports on 
protein conformation and dynamics.
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H/D exchange kinetics probes 
backbone dynamics.

D2O D2O

Flexible regions 
exchange rapidly

Rigid regions exchange 
slowly



MS approach uses quench and proteolysis.
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Efficient and robust platforms
are now available Informatics

QTOF-MS

HPLC

Automation

Year

Days
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Ricin as a vaccine target
• Extremely toxic

(~1 µg/kg inhaled)
• Multiple organ failure
• Lethal within 72 hrs
• Potential terror agent



Vaccine discovery

Recover 
antibodies

Functional 
assays

Map the epitope

Immunize 
animals 

antigen



Eliciting neutralizing antibodies

• Location?
• Mechanism?
• Rational design?



RTA peptic peptide map gives 100% coverage
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Epitope mapping with hydrogen exchange
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Location of PB10 epitope by HX-MS



HX-MS agrees with Pepscan
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mAbs are the Cadillacs of biotherapeutics.

• 150 kDa
• IgG1
• Glycosylated
• 12 disulfide bonds
• 50 mg/mL, pH 6
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40 mg mAb
0.8 mL

Large dose, small volume

Pre-filled syringe



Reversible self-association

Viscosity
Loss of efficacy
Immunogenicity

40 mg in 0.8 mL



mAb C undergoes reversible self-association
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300 mM Na2SO4
4 °C

300 mM NaCl
4 °C

Sulfate promotes association
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Mapping protected interface with HX-MS
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Mechanism of RSA
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Maintaining the physical stability of
protein therapeutics is a critical problem.

Solution: 
Develop a stabilizing formulation.

Loss of efficacy

Immunogenicity

Conformational
instability

Aggregation
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thiocyanate
arginine

Thermal stability Aggregation Backbone dynamics

Does backbone flexibility correlate with stability?

chloride sucrose
sulfate

mAb-B
IgG1



The connection between flexibility and stability 
was not obvious.

Stabilizers Destabilizers

Faster  
dynamics

Slower 
dynamics

Loss of stability correlated with 
increased flexibility in CH2 domain. 

No
correlation



Sulfate slowed aggregation.
Thiocyanate accelerated aggregation.
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Stabilizers and destabilizers
acted as expected.

∆Tm1 Aggregation
thiocyanate −9.0 °C Faster (++)
arginine −1.9 °C Faster (+)
chloride +0.3 °C Negligible
sucrose +1.5 °C Slower (−)
sulfate +1.8 °C Slower (−)

How do these excipients work
at the molecular level?



The effects of excipients are not uniform.

∆m
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The effects are excipient-dependent.

Peptide (N to C)
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Arg+
SCN−

sucrose SOସ
ଶି

faster

slower
no effect

no data

The correlation between stability and
altered H/D exchange is not obvious.

Homology model based on 
[Saphire, 2001] 1HZH



SCN− SOସ
ଶି

Destabilizer Stabilizer

Extremes have nearly-identical effects.
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ଶି
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no data

The correlation with altered hydrogen 
exchange is not obvious.
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Destabilizers have very different effects.



A hydrophobic segment of the CH2 domain
may mediate aggregation.

CH3 CH3

CH2 CH2
VFLFPPKPDTLMI

Destabilizers and oxidation 
increased backbone 
flexibility. [Houde, 2010]

Protein A binding inhibits 
aggregation. [Zhang, 2012]

Disulfide bond increased 
thermal stability. [Gong, 
2009]



Summary

Epitope mapping

ricin antibody

Protein interactions

mAb self-association

Formulations

aggregation hotspots
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