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Introduction
Complex biotherapeutics, such as antibody-drug 
conjugates (ADCs), create challenges in development 
and optimization due to the breadth of information derived 
from the analysis. Tools, such as high-resolution accurate 
mass (HRAM) found on the Thermo Q Exactive Plus, 
offer high inherent information content; however, these 
analyses are not well-characterized for routine operation.

The ability to couple this technology with powerful data 
processing software, such as Intact Analysis workflow in 
the Thermo BioPharma Finder 3.0 mass informatics 
software package, allows the user to efficiently optimize 
processing parameters required for routine analysis.

Here, separate workflows are created for analysis of 
native intact and reduced ADC material to monitor the 
Drug Antibody Ratio (DAR) of MilliporeSigma’s 
commercially available ADC reference standard. This 
ADC, catalog number MSQC8, adds non-toxic cysteine-
linked dansyl fluorophore conjugates at the inter-chain 
disulfide bonds yielding conjugate pairs ranging from 0-4. 
DAR values for MSQC8 are specified at 4 ± 0.8.

Native Intact Analysis Data

ResultsExperimental Design
Native intact ADC analysis, performed using size exclusion 
chromatography, allows a simple way to determine a single DAR 
value; however, provides no information related to the positioning 
of the conjugation. Therefore, a reduced subunit analysis is 
required to obtain DAR values for the LC and HC.

Solutions prepared from two lots of MSQC8 (SLBT6945 and 
SLBW7328) were evaluated for stability over a four-week time 
course at -20°C as well as a two-week time course at 5°C.

In addition to the two lots of MSQC8, the associated native 
monoclonal antibody (mAb), MSQC4, was run as a control.

Figure 2. MSQC8 conjugation diagram.

Conclusions
The Thermo Q Exactive Plus, paired with the Biopharma Finder 3.0 
protein analysis software, allowed for the creation of robust routine 
workflows by pairing the Sliding Window deconvolution algorithm 
with the automatic DAR calculation.

The most robust DAR evaluation was determined to be the reverse 
phase subunit analysis of the reduced ADC. This is primarily due to 
the sensitivity of the assay and chromatographic separation of the 
individual drug conjugates, which allowed for optimal use of Sliding 
Window deconvolution algorithm. While the native intact analysis 
provided some advantages (e.g., a single automatically calculated 
DAR value and the ability identify odd-numbered DAR values), it 
was found to show more variability over the time courses tested as 
well as lower sensitivity. Similar issues were observed in the 
reduced SEC analysis, along with poor deconvolution of the non-
conjugated light chain.

It was noted that further reduced reverse phase method 
development could be performed to obtain separation between the 
light chain conjugation (D1) and native heavy chain (D0).

The MSQC8 DAR values remained within specification through the 
study. They were very stable through two weeks when stored at 
-20°C and showed only minor increases (< 10%) when stored at 
-20°C or two weeks at the accelerated 5°C condition. In short, 
MSQC8 appears to be a very good commercially available ADC 
that allows researchers to incorporate a controlled standard into 
their assay without the expense and safety hazards of 
manufacturing and characterizing a molecule-specific standard.
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Figure 1. Thermo Q Exactive Plus BioPharm Orbitrap mass spectrometer.

Sample Preparation
All samples were reconstitued to 1.0 mg/mL in water and 
subaliquoted for stability storage at -20°C and 5°C. At each timepoint, 
a subaliquot was reduced using DTT at 37°C for one hour. The 
samples were then analyzed in its nascent and reduced forms.

Table 2. MSQC8 Solution Stability Summary (DAR)
T0 T=2W, -20°C T=2W, 5°C T=4W, -20°C

MSQC8 Lot 
SLBT6945

Native Intact
4.56 4.51 4.49 4.73

Reduced (LC, HC)
SEC: 4.68

(0.79, 1.55)
RP: N/A1

SEC: 4.42
(0.77, 1.44)

RP: 4.34
(0.62, 1.55)

SEC: 4.76
(0.85, 1.53)

RP: 4.30
(0.63, 1.52)

SEC: 4.62
(0.79, 1.52) 

RP: 4.38
(0.65, 1.54)

MSQC8 Lot 
SLBW7328

Native Intact
4.35 4.32 4.56 4.64

Reduced (LC, HC)
SEC: 4.46

(0.78, 1.45)
RP: N/A1

SEC: 4.54
(0.78, 1.49)

RP: 4.28
(0.60,1.54)

SEC: 4.36
(0.79, 1.39)

RP: 4.44
(0.62, 1.60)

SEC: 4.54
(0.78, 1.49)

RP: 4.42
(0.67, 1.54)

1 Reverse phase subunit analysis not performed at T0.

Figure 6. SLBW7328 2W -20°C heavy chain, reverse phase and size exclusion.

Figure 5. SLBW7328 2W -20°C light chain, reverse phase and size exclusion.

Figure 3. Comparison of MSQC8 and MSQC4 native intact analyses.

Table 1. Instrument Parameters and Conditions

Analysis Column
Mobile 

Phase A
Mobile 

Phase B
Flow Rate 
(mL/min)

Native Intact
ADC –SEC

Thermo Acclaim 
1000-SEC 7 µm 
4.6 x 300 mm

100 mM
Ammon.
Acetate

- 0.18

Reduced 
ADC - SEC

Thermo Acclaim 
1000-SEC 7 µm 
4.6 x 300 mm

0.1% TFA in 
30% ACN(aq)

- 0.18

Reduced 
ADC - RP

Thermo MAbPac
RP 4 µm 

2.1 x 50 mm
0.1% FA(aq) 0.1% FA(ACN) 0.25

Figure 4. MSQC8 reverse phase subunit total ion chromatogram (TIC).

Reduced Subunit Data
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