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• Proton transfer charge reduction (PTCR) on Orbitrap Ascend 
tribrid

• Middle-down MS analysis of IgGs

• Middle-down MS analysis of antibody-drug conjugate

• Summary and future directions
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Outline
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Orbitrap Ascend Biopharma Edition

Relevant features of the Orbitrap Ascend BioPharma:

• Segmented quadrupole, for precursor selection

• Ultra-high field Orbitrap mass analyzer

• Combination of IRM and LTQ for ion activations

➢ CID

➢ HCD

➢ ETD

➢ EThcD

➢ 213 nm UVPD

• PTCR reagent source and high-capacity LTQ for 

ion-ion proton transfer reactions

BioPharma 

Edition
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Proton Transfer Reactions in the gas-phase

Proton Transfer 

(M + 5H)5+ + A-  → (M + 4H)4+ + HA 

• Primary Ion/Ion Reactions for Analyte Cations

Commercial implementation:

Proton Transfer Charge Reduction 

(PTCR)

C14F24

m/z 623.9

A- : Perfluoroperhydrophenanthrene
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Middle-down MS analysis of IgGs
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Middle-down MS for IgG characterization

IgG1 IgG4

Middle-down MS workflow:

• NIST (IgG1), SILu Lite (IgG1), SILu K4 

(IgG4)

• IdeS digestion, reduction (TCEP) + 

denaturation (guanidinium HCl)

• RPLC separation + MS analysis 

OR

~25 kDa 

• Performed on an Orbitrap Eclipse Tribrid
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PTCR in targeted IgG middle-down MS analysis
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PTCR in targeted IgG middle-down MS analysis

PTCR improves sequencing metrics:

• Sequence coverage

• Number of unique fragments identified

• Number of complementary ion pairs

• Average size of matched fragments

Combined Fc/2 – 95.7% sequence coverage!

Increased confidence in 

fragment assignment
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Middle-down MS analysis ADC subunits
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Middle-down MS Workflow

• SigmaMAb ADC mimic

• Cys-conjugation to dansyl-cadaverine-SMCC

IdeS

F(ab)2

Fc

100 kDa

50 kDa

Reduction

Reducing reagent

 

 

 

             

 

Variable DAR

0-8

~25 kDa 

subunits

Fc/2

Fd’

Lc
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Middle-down MS Workflow

Reversed-phase

Liquid chromatography

Mass 

spectrometry 

analysis

Data analysis

Manual data validation using TDValidator

What are these extra peaks?

Exact payload conjugation sites?

~25 kDa 

subunits

Fc/2

Fd’

Lc
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Middle-down MS: Payload localization

AVG DAR : 4.18

Isobaric species 

present at Fd’ 

subunit
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Middle-down MS: Payload localization

• 3 possible sites conjugation sites for Fd’ 

subunit!

• Why is PTCR necessary?
Single precursor m/z 5 

isolation width

Wide m/z 1800 

isolation width

224 230 233

F ’+1b
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Middle-down MS2 for ADC characterization: Fd+1b subunit

EThcD MS2

Traditional targeted MD MS2:

• Ambiguity in payload conjugation

• ~50% sequence coverage 
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EThcD MS2 – PTCR MS3

Targeted MD MS2 – PTCR MS3:

• Unambiguous localization of payloads

• >70% sequence coverage 

Lowly charged 

product ions

Middle-down MS3 for ADC characterization: Fd+1b subunit
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EThcD MS2 – PTCR MS3

Middle-down MS3 for ADC characterization: Fd+1b subunit

Sequence coverage: 70.7%

PTCR kinetics proportional to z2
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Multiple ion activations for enhanced sequencing

~85% sequence coverage!ETD HCD

EThcD UVPD

UVPD MS2 – PTCR MS3EThcD MS2 – PTCR MS3



• Enhanced ADC characterization
• Improved sequence coverage

• Unambiguous payload localization 
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Summary: PTCR enables unambiguous localization
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