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Monoclonal antibodies (mAbs) are widely used as therapeutics 

for the treatment of many diseases including cancer, 

inflammatory diseases, cardiovascular diseases, etc. [1]. Like all 

other therapeutic proteins, mAbs can undergo degradation 

processes during production, transportation, and storage. 

Antibody aggregation is one of the common degradation 

processes induced by the change of pH, temperature or 

agitation. Aggregation analysis of therapeutic mAbs is crucial 

due to potential consequences of decreased drug efficacy and 

increased immunogenicity concerns. Therefore, there is a great 

need in characterizing protein aggregation during antibody 

development. 

Serving as an orthogonal method for size exclusion 

chromatography combined with multi-angle laser light scattering 

(SEC-MALLS), native MS analysis can be useful for structural 

characterization of intact protein aggregates due to its ability to 

preserve protein structures and non-covalent protein 

interactions. By applying an MS-compatible volatile aqueous 

buffer as mobile phase, protein aggregate heterogeneity can be 

maintained. Compared to reversed-phased conditions, native MS 

typically generates mass envelopes at higher m/z with fewer 

populated charge states due to the higher pH and non-

denaturing properties of the mobile phase. This can be beneficial 

since the overall sensitivity in native mode can be lower so fewer 

populated charge states enables greater detection for complex 

protein analysis.   

Presented here is an optimized LC-MS workflow for native mass 

analysis of therapeutic monoclonal antibody aggregation using 

SCIEX TripleTOF® system 6600 coupled with IonDrive™ Turbo 

V Ion Source and Exion LC™ system.  

Key Features of TripleTOF® 6600 System for 
Native Mass Analysis 

 A flexible platform to support a variety of biologic workflows  

 IonDrive™ Turbo V Source perfectly suited for the native 

mass analysis of therapeutic antibody aggregates 

 Excellent spectral quality of both the highly abundant 

monomer and the far less abundant aggregate species. 

 High tolerance with volatile salt containing mobile phases 

SCIEX TripleTOF™ 6600 QTOF System 

  

 

Figure 1. Comparison of Regular ESI and Native Analysis of NIST antibody. 
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Methods 

Materials:  

Sample: NISTmAb (stock 10 mg/mL) was injected into the LC-

MS system. 

Mobile Phase:  

Mobile phase A: 50 mM ammonium acetate pH 7.0 

Mobile phase B: Water 

SEC column: Phenomenex® BioZEN™ 1.8µm SEC-2 150x4.6 

mm, Waters Acquity BEH SEC column, 2.1 X 30 mm, 1.8um & 
Waters Acquity BEH450 SEC column, 2.1 X 30 mm, 2.4um 
connected in series using the provided coupler. 

 

Chromatography:  

Separation was accomplished using an EXION LC system fitted 

with a Phenomenex® bioZen™ SEC-2 column or Waters BEH 

SEC column (as described in the materials) at 25°C with 

isocratic mobile phase shown in Table 1.  

 

Mass Spectrometry 

A SCIEX 6600 TripleTOF™ Mass Spectrometer with an 

IonDrive™ Turbo V Ion Source was used for data acquisition. 

Data was acquired using TOF-MS mode with intact protein mode 

(IPM) turned on with the decreased CEM by 100 V option off. MS 

instrument conditions are listed in Table 2. 

 

Data Processing:  

Data were processed using PeakView® software 2.2 and Bio 

ToolKit software 1.0. Reconstruction parameters are shown in 

Table 3. 

 

 

 

 

Results and Discussion 

NISTmAb was initially analyzed with SEC-UV on ExionLC™ 

system to access the separation of monomer and dimer species. 

As seen in Figure 2, SEC-UV clearly showed the 

chromatographic separation of monomer and dimer species. The 

relative amount of dimer species is < 0.5% based on the UV 

peak areas.  

Figure 3 shows the MS spectra of NISTmAb obtained using the 

IonDrive™ Turbo V Ion Source for the monomer and dimer 

species of NISTmAb. The IonDrive™ Turbo V Ion Source affords 

the ability to provide uniform heat distribution for efficient 

Table 1. LC Isocratic Conditions  

Time (min) 
%A %B 

Flow Rate 
ml/min 

DisplayText cannot span more than one line! 

Initial 100 0 0.15 x 

15 100 0 0.15 x 

 
Autosampler Temp: 4°C  

Table 2. MS Parameters  

Parameter  Setting   DisplayText cannot span more than one line! 

Scan Mode Positive   x 

GS1 60   x 

GS2 60   x 

Curtain Gas 35   x 

CAD 4    

Temperature 300°C    

Ion Spray Voltage 5500 V    

Time Bins to Sum 100    

Accumulation Time (ms) 0.5 sec    

TOF Start Mas (Da) 1000    

TOF Stop Mas (Da) 10000    

Declustering Potential 250.0    

Collision Energy 6   x 

 

 

Table 3. Reconstruction Parameters  

Parameter  Setting    

Start Mass 140000 Da   x 

Stop Mass 310000 Da   x 

Step Mass 1 Da   x 

Input Spectrum Isotope Resolution 5000   x 
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desolvation of proteins while still preserving aggregate species. 

The high capacity heaters on the IonDrive™ Turbo V Ion Source 

ensure greater heat transfer which enhances the sensitivity. 

Peaks distributed between m/z 5000-7000 represent the different 

charge states charge envelop of monomeric NISTmAb. Dimeric 

species with different charge states was shown in m/z 7000-

9000 range. The heterogeneity of NISTmAb dimer is clear from 

the intact spectra and likely results from combinatorial 

heterogeneity in glycoprofiles in the aggregated species. 

For the highest quality spectra, the Intact Protein Mode (IPM) 

script was enabled (Figure 4). This utility optimizes acquisition 

and signal processing algorithms specifically for the challenges 

presented by intact protein analysis [2]. The script makes 

modifications that improve the signal to noise of large protein 

analysis as well as eliminating the peak splitting and signal 

dropouts. While IPM was enabled, the detector voltage was 

maintained by leaving the option to decrease CEM by 100V 

deselected. This improved the signal sensitivity which is 

beneficial for detecting the dimeric specie due to the low intensity 

caused by heterogeneity of the dimer.  

NISTmAb monomer and dimer spectra were reconstructed 

respectively using BioToolKit and the defined deconvolution 

parameters from the methods. Figure 5 shows deconvoluted MS 

spectra. Deconvolution of the corresponding charge state 

envelopes resulted in mass values of 148 KDa for the monomer 

and 296 KDa for the dimer. 

  

 

 

Figure 2. SEC-UV for NISTmAb monomer and dimer using Phenomenex SEC2 column. 

 

Figure 3.  MS spectra of NISTmAb using IonDrive™ Turbo V Ion Source. 
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Conclusions 

 The TripleTOF® system 6600 with IonDrive™ Turbo V 

Source provides the optimal data quality for native mass 

analysis on NISTmAb aggregates with efficient desolvation 

and improved robustness. 

 The IPM script provides optimal sensitivity which facilitates 

high spectral quality for the native analysis of the NISTmAb 

 Despite the low relative abundance, the aggregate species of 

an antibody are detected. 

 High spectral quality of both raw and reconstructed data 

clearly enables identification of the highly abundant monomer 

and low abundant dimer.  
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Figure 4.   Intact Protein Mode (IPM) script settings. 

 

 

Figure 5.  Deconvoluted MS spectra of NISTmAb monomer and dimer 
species using Bio ToolKit™. 
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