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Developing an Industrial Platform for Advanced 
Multi-Faceted Characterization of Emerging Complex Biologics
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Comprehensive characterization needs both peptide mapping and intact mass
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Native MS improves quality of congested intact mass spectra
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 Greater m/z separation of co-eluting species’ charge states
 Helpful for microheterogenous isoform mixtures of covalently-assembled molecules
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Intact mass analysis via native SEC-MS provides accurate high throughput answer 
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Solution phase charge reduction additives are powerful but messy
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Testing new Orbitrap Eclipse Tribrid MS Platform (2019)
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What is Proton Transfer Charge Reduction (PTCR)?

• Proton Transfer Charge Reduction (PTCR)

• Same Technique Described by Stephenson and McLuckey.

• Ion-Ion Proton Transfer (IIPT)

• Hunt Lab

• Proton Transfer Reaction (PTR-MS)

• Proton Transfer Ionization

James L. StephensonScott A. McLuckey

Thermo Fisher Scientific

C14F24

m/z 623.9



New era of ADVANCED ‘single MS’ platform for biologics characterization
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Proton Transfer Charge Reduction (PTCR)
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Ion Trap Isolation Improves Signal-to-Noise of native intact mAb mass spectra
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PTCR reaction influenced by available ion current, isolation window size
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• Sequesters free Tumor Necrosis Factor (TNF)
• Treatment for rheumatoid arthritis
• Enbrel® is a trademark of Amgen

Etanercept: highly glycosylated Fc-fusion therapeutic protein 
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partially
sialylated

TNFalpha
receptor
domain
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domain 2 x N-glycans
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sialylated

4 x N-glycans
partially
sialylated

IgG hinge
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HCD+ETD peptide mapping results: Trypsin 30 min + AspN 18hrs



HCD+ETD N-glycopeptide mapping
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Trypsin 30 min + AspN 18hrs



HCD+ETD peptide mapping results: Preliminary O-glycan summary

Trypsin 18 hrsTrypsin 30 min Trypsin 30 min + AspN 18hrs

Initial methods identified 11 
(of 13) known O-glycan sites: 
S186, S199, T200, S202, T213, 
T217, S218, S226, S232, S287, 
T309



Sial EXO
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Sample Prep for Native Intact Analysis of Etanercept



Prep K – native SEC-MS

Subunit
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HCD+ETD peptide mapping results: N-glycans

Trypsin 30 min + AspN 18hrs

G0F

G1F

IdeS/Fabricator digest



Sample Prep for Native Intact Analysis of Etanercept



Prep D – Autosampler loop inject (native nano-ESI)
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Prep D – Autosampler loop inject (native nano-ESI)
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Etanercept

Automated native LC-MS (tested both SEC and nano loop inject)



Sample Prep for Native Intact Analysis of Etanercept



Prep B – TNFR Subunit
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TNFR Subunit4 x N-glycans (G2/G2/G2F/G2F)
23 x O-glycans (core 1)
20 x sialic acid (NANA)



End goal is to align intact data with highly complex glycopeptide map data

TNFR O-glycan sitesTNFR N-glycan sites



• PTCR method requires that m/z window is 
isolated prior to reaction

• Ion trap-based isolation (not MS1)
• Concentrated ion population  improved 

ion statistics

• Best way to avoid skewed isoform distribution?
• Need to measure ‘true’ isoform profile
• How many charge states should we ideally 

isolate?

• Rapid, confident methods create greater need 
for aligning intact data with peptide map data

Thoughts on using PTCR for measuring isoform distributions
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• Native SEC-MS + PTCR charge reduction is 
an automatable, state-of-the-art approach 
for intact mass analysis of highly complex 
biologic drugs

Summary

• Orbitrap Eclipse MS provides new 
means to analyze intact 
microheterogeneous protein 
isoform mixtures on a single MS 
platform

• Please feel free to contact us for 
questions or project inquiries
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