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Antibody-drug conjugates (ADCs) are a growing class of biotherapeutics in which a potent small molecule (drug) is chemically linked to an antibody. Ensuring safety and efficacy through comprehensive understanding of these products’ 
critical quality attributes (CQAs), including charge heterogeneity, is a regulatory requirement. While imaged capillary isoelectric focusing (icIEF) is the preferred method for charge profiling, ion-exchange chromatography (IEX) has been 
the primary tool for charged-based fractionation combined with mass spectrometry (MS) characterization. However, the conjugated linker-drug on ADCs could potentially affect the separation performance leading to difficulties with IEX 
analysis and fractionation. Moreover, separation resolution is often better using icIEF than IEX due to the inherently different separation modes. Recent discontinuation of other charge-based fractionation technologies has resulted in an 
unmet need for IEF-based fractionation of charge variants for further characterization. 

We have developed a novel icIEF fractionation solution, which involves icIEF separation and the collection of IEF-resolved charge variants. Here we report Maurice icIEF-based peak identification and mass spectrometry characterization 
of fractions from an ADC parent mAb. Individual charge variants of the mAb were successfully collected in less than 2 hours with purity of 80%–100% using icIEF separation conditions with urea. Without any post-run sample prep, 
fractions from a single fractionation run were then used for MS characterization. LC-MS and ZipChip-MS setups were utilized, and both analyses identified major and minor isoforms that correlated well with reported mass spec data. Urea 
and methylcellulose present during the icIEF separation did not affect the quality of fractionation nor the mass spec results. Furthermore, charge variants collected during fractionation were characterized by peptide mapping, allowing 
unambiguous correlation between post translational modifications (PTM) and the individual charge variant. While peptide mapping data were collected for fractions from a single run, pooling of fractions from multiple runs provides 
increased protein quantities if needed. IEF-based fractionation provides a significant advantage over IEF-MS direct coupling methods as fractions can be utilized for multiple analyses, including intact mass and peptide mapping. This 
novel icIEF fractionation solution coupled with other analysis methods, such as mass spectrometry, delivers a powerful charge variant characterization tool for therapeutic antibodies.

The icIEF fractionation system reported here addresses challenges of fractionation of ADCs on IEX and provides a separation mode identical to the analytical icIEF methods traditionally in use today, mitigating the need to conduct bridging 
studies or compare charge variant data between different separation techniques. Using an ADC parent mAb as a sample model, we collected individual charge variants with ΔpI <0.1 and abundance >1%. ZipChip-based MS analysis 
detected charge variants with abundance >5% while LC-MS detected charge variants with abundance >2%, and major glycoforms identified correlated well with reported data. The advantages of this icIEF fractionation system include, but 
are not limited to: 

•	Easy method transfer: Use existing Maurice icIEF methods on the new fractionation system with minimum or no modification

•	Same IEF peaks: Charge variant peaks detected in Maurice icIEF profile are the same as charge variants collected in fractionation

•	Sample flexibility: Methylcellulose, urea, or other additives can be used during fractionation and will either not enter the collected fractions or can be removed before downstream analysis

•	More sample: When needed, fractions from multiple fractionation runs containing the same charge variant can be combined

•	Flexibility of downstream analysis: Fractions can be characterized using multiple mass spectrometry systems as well as by other analysis methods as needed since charge variant fractions are collected in a non-destructive manner.

icIEF fractionation of ADC parent mAb

3B) �Intact mass  fraction  analysis 3C) �Peptide  mapping  fractions

icIEF separation and fractionation:
Samples were mixed with ampholytes, pI markers, and arginine as described in the figures below. Samples were loaded into the Fractionation Cartridge and icIEF separation was 
performed under defined voltage steps. At the end of icIEF separation, mobilization was initiated using a mobilization buffer and fractions were collected at defined intervals into a 
96-well plate containing buffer. Focusing and mobilization were monitored using real-time fluorescent imaging.

icIEF fraction check:

A portion of the fraction was checked on Maurice using a standard Maurice icIEF cartridge to confirm the charge variant (pI and purity) present in each fraction.

LC-MS and ZipChip-MS fraction characterization:

A portion of the fraction was either analyzed by intact mass spectrometry or digested for peptide mapping as needed. MS characterization was performed using a single fraction from 
a single fractionation run. If needed, higher quantities of a charge variant can be obtained by combining fractions from multiple fractionation runs (i.e., pooling), however no pooling 
was needed for this study.

LC-MS analysis: A MAbPac™ Reversed Phase HPLC column (Thermo, PN 303182) was used for separation and MS analysis was performed using Thermo Scientific UltiMate™ 
3000 RSLCnano System coupled with Thermo Fisher Q Exactive HF mass spectrometer. Injection volume was 5 μL. Flow rate was 15 μL/min. No buffer exchange was performed 
prior to analysis.

ZipChip analysis: A ZipChip system (908 Devices Inc.) was coupled to a Thermo Exploris 240 mass spectrometer or a Thermo Fisher Exactive EMR mass spectrometer. An HSN 
chip type (High Speed Native) was used. The BGE is the commercially available “Peptides” BGE for the ZipChip system. The separation field strength is 1000 V/cm; injection volume 
is 2 nL; pressure assist starts at 0 minutes. 

Peptide mapping: Individual fractions were denatured by 8 M urea, followed by reduction and alkylation with iodoacetamide. After the samples were diluted by 4 times, tryptic 
digestion were performed at 37 °C overnight with a trypsin-to-protein ratio of 1 to 30. The digestion reaction was quenched by adding formic acid to lower the pH.

FIGURE 1. icIEF fractionation instrument and cartridge

FIGURE 2. ZipChip-MS (Note: picture is for illustrative 
purposes only.)
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3A) Fractionation workflow with mAb
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4A) Maurice icIEF profile 4B) Fractionation icIEF profile
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PEAK NAME PEAK AREA (%)

A4 0.8

A3 2.4

A2 8.6

A1 23.2

M 59.7

B1 
B2 5.3

SPECIES OBSERVED MASS (Da)

G0/NG 146,221
G0/G0-1 147,458

G0/G0 147,665

G0/G1 147,828
G1/G1, G0/G2 147,991

G1/G2 148,152
G2/G2 148,314

G2/G2+2S 148,900

S = SIALIC ACID (NEURAMINIC)

FIGURE 3. (A) icIEF separation of mAb on a Fractionation cartridge using native fluorescence 
detection. ADC parent mAb was run at 1 mg/mL on Fractionation icIEF using 2.4% Pharmalyte 
(15%:42.5%:42.5%=3–10:5–8:8–10.5), 0.3% methylcellulose, 3.5 M urea and 10 mM arginine. 
(B) Intact mass analysis of fractions containing M, A1, and A2 peaks. (C) Peptide mapping 
analysis of fractions containing M, A1, and A2 peaks. As shown in the table above, sequence 
coverage for analyzed fractions achieved greater than 70% and 68% for heavy chain (HC) and 
light chain (LC), respectively.(B1/2=Base peak 1 and Base peak 2, M=Main peak, A1 = Acidic 
peak 1, A2=Acidic peak 2, A3=Acidic peak 3, A4=Acidic peak 4).

FIGURE 4. (A) icIEF separation of ADC parent mAb on Maurice icIEF cartridge using native fluorescence detection (B) icIEF separation of ADC parent mAb on Fractionation cartridge 
using native fluorescence detection. ADC mAb was run at 0.4 mg/mL on Maurice icIEF and 1 mg/mL on Fractionation icIEF. Both samples included the same IEF master mix, except 
the fractionation sample also included 10 mM Arginine. The separation profile between the two types of cartridges are comparable for the number of peaks and corresponding pI of 
each peak, however, different peak ratios were observed on the Fractionation cartridge as high concentration caused self-quenching of the fluorescent signal. 

FIGURE 5. Maurice icIEF profile of unfractionated (intact) ADC parent mAb and 
fractions collected for mAb charge variants using the same conditions as Maurice icIEF 
from Figure 4. All charge variants except for Basic peaks (B1/2) were successfully 
collected, and most charge variants were collected with >90% purity. 

ZipChip-based MS characterization of fractions of ADC mAb
6A) CZE profile 6B) Raw mass spectra 6C) Deconvoluted mass spectra

RT (min)

R
el

at
iv

e 
In

te
ns

ity

0.5220.516 0.530 0.642
0.490 0.5980.440 0.6660.412 0.568

NL: 3.80E4

0

100

0.528
0.564 0.6890.410 0.6380.518 0.5940.441 0.499 0.649

NL: 3.69E4

0.40 0.45 0.50 0.55 0.60 0.65 0.70
0

100

0.516

0.526
0.488 0.543 0.6230.416 0.6740.604 0.638

NL: 6.77E5

0

100

0.525

0.6270.559 0.593 0.6820.644

NL: 5.33E6

0

100

0.519
0.492

0.5570.427 0.450 0.6400.576 0.608 0.684

NL: 2.99E5

0

100

M

A1

A2

A3

A4

R
el

at
iv

e 
In

te
ns

ity

3077.3968

3357.0006
3787.33262421.8224 4102.8968

NL: 2.48E6

0

100

M

3142.9825

3435.1585
3787.34042685.65912353.2195 4253.6241

NL: 2.66E5

0

100

A1

3077.4024
3438.7861

2738.5516
3696.67502423.2576 4478.2654

0

100
NL: 1.09E5

A2

3077.4065

3365.90122591.80002195.7880 3777.8509 4152.5693

0

100
NL: 8.63E3

A3

3032.6142
3357.24522295.9175 2791.9635 3634.6121 4005.9259 4408.2382

2000 2500 3000 3500 4000 4500
m/z

0

100
NL: 6.01E3

A4

R
el

at
iv

e 
In

te
ns

ity

NL: 1.21E8

0

100

M

147665.16
147826.59

147988.97

148065.83

147448.64146216.63
148389.80

NL: 1.01E7

0

100

A1

147667.45
147828.30

147992.70
148149.42

147665.25 148893.83
147828.19

147995.42

150230.83
A2

NL: 3.22E6

0

100

146000 147000 148000 149000 150000
Mass

FIGURE 6. Base peak CZE e-gram (A), raw mass spectra of the ADC parent mAb fractions (B), and deconvoluted mass spectra (C) of ADC parent mAb fractions. Deconvolution 
results of major glycoforms were obtained for M, A1, and A2. Glycoforms identified are shown in the table. 

LC-MS characterization of fractions of ADC mAb
7A) LC profile 7B) Raw mass spectra 7C) Deconvoluted mass spectra
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FIGURE 7. Base peak LC e-gram (A), raw mass spectra of the ADC parent mAb fractions (B), and deconvoluted mass spectra (C) of ADC parent mAb fractions. Deconvolution results of major glycoforms were obtained for M, A1, and A2. Some deconvoluted masses were 
achieved for A3, which roughly match with 2 and 3 sialic acids. Glycoforms identified are shown in the table in Figure 6. 

Peak ID for collected charge variants

CHARGE 
VARIANT

HC SEQUENCE 
COVERAGE (%)

LC SEQUENCE 
COVERAGE (%)

M 89.0 83.2
A1 70.7 68.7
A2 82.8 83.6

1 ProteinSimple, a Bio-Techne brand, San Jose, CA 95134; 2 R&D System, a Bio-Techne brand, Minneapolis, MN 55413; 3 Seagen, Bothell, WA 98021; 4 908 Devices Inc., Boston, MA 02210
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