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Overview
Purpose: Demonstrate the characterization of mAbs, antibody-drug conjugates (ADCs), 
mAb/antigen (mAb/Ag) complexes, and a mixture of mAbs under their native conditions 
b i hi h l ti t (HRAM) b ht t t ith

Chip-based infusion conditions

Instrumentation TriVersa NanoMate® (Advion USA)

Orbitrap Native MS Analysis of Immune mAb/Antigen Complexes 

The native mass spectrum of mAb/antigen complexes was recorded at a resolution of 
35,000 with the in-source CID voltage set to 150 eV. As shown in Figure 4A, when an 
4-fold excess of JAM-A (20 μM) is added to J10.4 mAb (5 μM), three species are  

FIGURE 2. Orbitrap native MS detection of intact monoclonal antibody trastuzumab. 
A. High-resolution, native MS showing complete mass spectrum and zoom of 
corresponding 23+ charge state. B. Deconvoluted spectrum showing molecular 
weights of each trastuzumab glycoform with low  ppm mass accuracy.

Direct-Infusion Native MS Conditions Native MS Analysis of a Mixture of Eleven N-deglycosylated Humanized Antibodies

Figure 5 presents a deconvoluted mass spectrum of a mixture of eleven distinct 
deglycosylated humanized IgG antibodies. The well-resolved ion signals at a detection 
resolution of 140,000 and accurately measured masses enable the unambiguous assignment 

by using a high-resolution, accurate-mass (HRAM) benchtop mass spectrometer with 
extended mass range (EMR).

Methods: All antibodies and their related products samples were introduced using an 
Advion TriVersa NanoMate with chip based nanospray ionization in the positive mode to 
the Thermo ScientificTM Exactive PlusTM Extended Mass Range mass spectrometer. 

Instrumentation TriVersa NanoMate® (Advion, USA) 
system

Ionization voltage 9kV) 1.6-1.8

Gas pressure (psi) 0.3 – 0.6

Th ESI Chi R i t f f 400 l t itt ith 5 i

A

detected: the intact free mAb (MW 150237.1 ± 1.1 Da, black), 1:1 (MW 174304.4  ±
2.0 Da, blue) and 1:2 (MW 198369.6 ± 2.3Da, red) mAb:JAM-A complexes. Native MS 
thus confirmed that two JAM-A molecules can bind to J10.4 mAb. MWs correspond to 
the main G0F/G0F glycoforms. Relative abundances were estimated from MS peak 
intensities and proportions of mAb:Ag complexes at 1:1 and 1:2 stoichiometries were 

b d t b 37% d 30% ti l hil f Ab t 33% Fi 4B

of ten out of the eleven compounds. Trastuzumab and Hz6F4-2v6 could not be differentiated 
due to very close molecular weights (2 Da). Peaks corresponding to Hz6F4-2 and Hz6F4-
2v3, which differ by only 21 Da in mass, are clearly distinguished on the mass spectrum. 
However, they are not baseline resolved, and when combined with the low signal-to-noise 
(S/N) ratio (S/N < 20), that causes a relatively low mass accuracy for Hz6F4-2. However, with 

d i l t i ti (S/N 50) ith t b li l d k f le e o Sc e c ac e us e ded ass a ge ass spec o e e
Thermo ScientificTM OrbitrapTM detection parameters were set according to the type of 
analyte measured. Deconvolution of signals measured for determination of molecular 
masses and relative abundances of the analytes were carried out using Thermo 
Scientific™ Protein Deconvolution software.

R lt I th l i (0 3 5 i ) i th E ti Pl EMR MS l l i ht

The ESI ChipR consists of an array of 400 nanoelectrospray emitters with 5 μm inner 
diameters.

MS conditions

Instrumentation Exactive Plus EMR Orbitrap MS system 

observed to be 37% and 30%, respectively, while free mAb represents 33%. Figure 4B 
shows the corresponding mass spectrum with the entire charge state distribution in 
native conditions. 

a good signal-to-noise ratio (S/N > 50), even without baseline-resolved peaks, for example, 
peaks of Hz6F4-2v9 and 6F4-2v10, the mass accuracies are achieved in the low ppm range 
for both species (see Table 1). 
Figure 5. Deconvoluted mass spectrum of the Native MS analysis of a mixture 
of eleven N-deglycosylated humanized antibodies. Figure 4. Orbitrap native MS detection of immune mAb/antigen complexes.  

A Deconvoluted mass spectrum showing mAb/antigen binding stoichiometriesResults: In the analysis (0.3–5 min) using the Exactive Plus EMR MS, molecular weight 
measurements of mAb and related products in the low ppm mass deviation range allowed 
the identification of all species simultaneously present in solution. The number of drug 
antibody ratio (DAR) and relative abundance of mAb/Ag complexes was also assessed 
with the peak intensities serving for relative quantification of the detected species.

(Figure 1)

Mass Range 350 – 20,000

Resolution 17,500 to 140,000, depending on spectral 
complexity

A. Deconvoluted mass spectrum showing mAb/antigen binding stoichiometries. 
B. Charge state distribution in native conditions.

Introduction
Native mass spectrometry (MS) has emerged as a valuable technique for  
characterization of intact non-covalent protein complexes, reaching a high level of 
reliability within the last ten years [1] For the analysis of intact monoclonal antibodies

Target value 3 x 106

Microscans 10

Maximal injection time (ms) 300

Insource CID energy (eV) 60 to150 eV manually tuned for optimized

A

reliability within the last ten years. [1] For the analysis of intact monoclonal antibodies 
(mAbs), native MS yields accurate mass measurements of the molecules, glycoform
identification, and assessment of higher-order structures (dimer, trimer, tetramer), thus 
providing a robust, fast, and reliable first-line analytical characterization tool. [2,3]

This poster describes the use of a new Orbitrap mass spectrometer with an extended TABLE 1 Measured and theoretical masses for the mixture of eleven N-

Insource CID energy (eV) 60 to150 eV, manually tuned for optimized
desolvation

S-lens level (%) 100 to 200, manually tuned for optimized
transmission and avoiding in-source 
fragmentation 

B

mass range of up to m/z 20,000 and improved detection of high-mass ions for the 
characterization of mAbs, ADCs, mAb/Ag, and mAb mixtures under native conditions. 

FIGURE 1. Exactive Plus EMR mass spectrometer equipped with a TriVersa
NanoMate chip-based electrospray ionization interface

TABLE 1. Measured and theoretical masses for the mixture of eleven N-
deglycosylated humanized antibodies at an Orbitrap detection resolution of 140k.Trapping gas pressure setting factor 4

Spectra average Enabled (10 to 50 scans are averaged to 
achieve S/N ratio > 100)

D t A l i

Species Theoretical masses (Da) Measured masses (Da) Mass accuracy (ppm)

R Rituximab 144186.3 144187.7 9.7
10 6F4-2 v10 144388.3 144387.5 5.5Data Analysis

Software Protein Deconvolution software version 2.0 
Sp2 and version 3.0

Deconvolution parameters

9 6F4-2 v9 144420.5 144420.9 2.8
4 6F4-2 v 4 144498.4 144497.5 6.2
3 6F4-2 v3 144564.4 144564.6 1.4

6F4 6F4-2 144585.5 144590.9 37.3
7 6F4-2 v7 144732.5 144732.9 2.8
5 6F4-2 v5 144846 9 144846 5 2 8

FIGURE 3. Orbitrap Native MS analysis of a monoclonal Antibody-Drug-Conjugate 
(ADC). A. Native deconvoluted mass spectrum showing the determination of drug-
to-antibody ratio (DAR). B. Raw mass spectrum with the entire charge state 
distribution of ADC under native conditions. 

Conclusion

Number of iterations 4

Noise compensation On 

Minimum adjacent charges 1 to 3 DAR4
DAR6

151163.2 ± 0.9 Da 

= 3.8DAR




= 8

8

0
nDAR

A

nA
DAR = 4.2

A

5 6F4-2 v5 144846.9 144846.5 2.8
1 6F4-2 v1 145015.3 145015.3 0
6 6F4-2 v6 145163.3 N.D N.D
T Trastuzumab 145165.5 145165.3 1.4

Conclusion
 The Orbitrap mass analyzer can baseline resolve a native mAb’s glycan peaks, as well 

as the interference peaks, ensuring excellent mass accuracy in the low ppm range.

 The Exactive Plus EMR MS is able to sensitively characterize ADC complexes with 
mass differences between peaks corresponding to different additional number of

Results
High-Resolution Native MS Analysis of Intact Monoclonal Antibody Trastuzumab

DAR2
DAR6

148527.8 ± 0.8 Da 

153797.5 ± 0.7 Da 

0

nDARA
B

mass differences between peaks corresponding to different additional number of 
payloads/drugs. For each set of peaks, the drug-to-antibody ratio (DAR) can be 
determined as well as the relative ratio of each detected compound in order to assess 
the mean DAR value.

 Native Orbitrap MS can reveal the number of antigens bound to mAbs. Relative 
abundances of mAb/Ag complexes at different stoichiometries can be achieved from

High Resolution Native MS Analysis of Intact Monoclonal Antibody Trastuzumab

Trastuzumab was analyzed on the Exactive Plus EMR MS with resolution set at both 
17,500 and 35,000 (Figure 2A). The major glycoforms of the antibody are baseline 
resolved at 17,5000 resolution. An interference peak can be resolved by using a higher 
resolution, 35,000. Molecular weights of each trastuzumab glycoform were therefore 
measured with good mass accuracy in the low ppm range as shown in Figure 2B The

Methods
S l P ti

DAR8DAR0
+2634.2 Da 

+2635.4 Da

+2634.3 Da
+2635.1 Da

145893.6 ± 2.2 Da
156432.6 ± 1.8 Da

DAR8

abundances of mAb/Ag complexes at different stoichiometries can be achieved from 
MS peak intensities.

 The Exactive Plus EMR MS enables the high throughput screening of mAb mixtures, 
ensuring excellent mass accuracy for each individual mAb.

measured with good mass accuracy in the low ppm range, as shown in Figure 2B. The 
mass differences between species are +146 Da and +162 Da, corresponding to a fucose
or to the addition of multiple hexose units, respectively.

Orbitrap Native MS Analysis of a Monoclonal Antibody-Drug-Conjugate (ADC) 
Brentuximab Vedotin

Sample Preparation

The intact trastuzumab (Herceptin®, Roche), the monoclonal antibody-drug conjugate 
(ADC) brentuximab vedotin (Adcetris®, Seattle Genetics), the mAb/antigen complexes of 
J10.4 mAb/JAM-A, and one mixture of eleven distinct IgG antibodies were introduced 
using the TriVersa NanoMate® into the Exactive Plus EMR Orbitrap mass spectrometer. 

146000144000 Mass (Da)150000148000 154000152000 158000156000

B

R fThe brentuximab vedotin mass spectrum was recorded at a resolution of 35,000 and in-
source CID voltage was set to 75 eV. Figure 3A shows the native deconvoluted mass 
spectrum of the deglycosylated ADC. Populations with zero (grey), two (black), four (blue), 
six (red), and eight (green) molecules loaded onto the antibody (payloads) were detected 
with a mass difference between peaks corresponding to the addition of two payloads

Titration experiments involving J10.4 mAb and JAM-A were monitored by native MS. The 
fixed amount of J10.4 (5 μM) was incubated with increasing amounts (1:1, 1:2, 1:4, 1:8) of 
JAM-A up to 40 μM. The mixture of eleven distinct deglycosylated humanized IgG
antibodies included two marketed therapeutic mAbs (rituximab and trastuzumab) and nine 
point mutation variants of the Hz6F4-2 mAb [4, 5]. They were mixed together prior to 
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(+2,634 Da). For each set of peaks, the drug-to-antibody ratio (DAR) can be determined. 
Relative ratios of each detected compound were determined using MS peak intensities and 
served to estimate the mean DAR (4.2), which is in agreement with hydrophobic 
chromatography data (data not shown).

PNGase-F deglycosylation. Finally, all the samples were buffer exchanged against 150 
mM ammonium acetate (AcONH4) pH 7.5. trastuzumab, deglycosylated brentuximab
vedotin, and the mAb/antigen complexes of J10.4 mAb/JAM-A were injected at 5 μM, and 
the deglycosylated IgG mixture was injected at 1 μM on the Exactive Plus EMR Orbitrap
mass spectrometer.
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