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This technical note demonstrates the capability of imaged 

capillary isoelectric focusing ( icIEF )- UV/MS and electron-

activated dissociation (EAD) –based peptide mapping workflows 

to characterize 4  USP mAb standards , allowing for proteoform 

identification at the intact protein level, followed by 

confirmation and localization of modifications at the peptide 

level (Figure 1) . Monoclonal antibodies (mAbs) often display 

heterogeneity due to post- translational modifications (PTMs)  

that alter the isoelectric point ( pI) and generate charge 

variants , which can impact safety, efficacy, and potency , 

making them critical quality attributes (CQAs)  to monitor. The 

integrated icIEF - UV/MS workflow enables charge separation, 

detection, and identification of mAb proteoforms, resolving 

subtle pI or mass differences that can not be fully distinguished 

by icIEF or intact LC - MS analysis alone. EAD- based peptide 

mapping was performed to confirm and localize the observed 

PTMs. Together, these orthogonal approaches provide deeper 

insight to support robust mAb characterization.  

Key features of orthogonal  icIEF - UV/MS and 

peptide mapping workflows for mAb analysis  

• icIEF - UV/MS platform method: A single platform method 

was used to analyze 4  mAb standards spanning pI values 

from 7.3 to 9.6, significantly reducing method development 

time while maintaining the flexibility for future optimization 

tailored to specific samples  

• Time- resolved deconvolution : Time- resolved deconvolution 

enables the differentiation of proteoforms with subtle pI and 

mass changes  that traditional fractionation cannot resolve , 

such as potential reduced thiols  

• Confirmation and localization of PTMs : EAD- based peptide 

mapping workflow offers high sequence coverage and 

accurate PTMs confirmation and localizatio n 

Orthogonal analysis of USP mAb standards with  icIEF - UV/MS and EAD-

based peptide mapping workflows 

 

Figure 1: Comprehensive characterization of mAbs with icIEF - UV/MS analysis and EAD- based peptide mapping, allowing for detection of proteoforms at the 

intact protein level, followed by confirmation and localization of modifications at the peptide level.  The icIEF - UV/MS analysis enables high - resolution 

separation of charge variants and sensitive detection of proteoforms with excellent mass accuracy. It supports the identification of major PTMs, including terminal 

heterogeneity, glycosylation, glycation, sialylation, and deamidation. Proteoforms with subtle pI and mass differences, such as those arising from reduced thiols , 

were resolved and identified with time- resolved deconvolution. EAD- based peptide mapping enables confident sequence confirmation, preservation of labile 

modifications, and detailed disulfide bond mapping.  
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Introduction  

Antibody- based therapeutics are inherently complex. During 

production and storage, mAbs  can develop charge variants due 

to terminal heterogeneity, deamidation, glycation , and other 

PTMs.1 Monitoring and characterizing these charge variants are 

critical because they can affect stability, efficacy, 

pharmacokinetics, and immunogenicity. Careful control ensures 

product consistency, regulatory compliance, and patient safety, 

making charge variant analysis an essential component of 

biopharmaceutical development and quality control.2  

Previously, we demonstrated that  the integrated icIEF - UV/MS 

workflow with the Intabio ZT system enable s high- resolution 

charge variant profiling , confident proteoforms identification, 

and PTMs localization , on both intact and subunit  levels.3- 5 

Compared to traditional fractionation - based workflows for 

assessing charge heterogeneity , the integrated icIEF - UV/MS 

platform offers a faster, more precise , and more confident 

approach to charge variant analysis and proteoform 

identification.6 

In this technical note , 4 USP mAb standards  were analyzed 

using  icIEF - UV/MS with a platform method. The icIEF - UV 

charge profiles were comparable to those obtained from 

established standalone icIEF approaches , and multiple PTMs 

and impurities were successfully detected and identified. In 

addition, non- reduced EAD- based peptide mapping further 

confirmed the PTMs identified from icIEF - UV/MS analysis, 

providing orthogonal verification and deeper investigation . 

 

Methods 

icIEF - UV/MS analysis: Four mAb samples were provided by 

USP. The samples were desalted using Zeba spin desalting 

columns (Thermo Scientific) and stored at - 80 oC until analysis . 

As a platform screening method, the d esalted samples  were 

mixed with the master mix solution to achieve a final protein 

concentration of 0.4 mg/mL, containing 15 mM arginine 

(Sigma - Aldrich), 3% of each Pharmalyte 5 - 8 and 8 -10.5 

(Cytiva), and 6.3 μg/mL of each pI marker with estimated pI 

values of 5.52 and 9.68. The master mix for mAb 001 was 

optimized to 3% of Pharmalyte 8 -10.5, 1% of Pharmalyte 3 -10, 

and pI markers 8 .40 and 9.99 to improve separation resolution.  

The icIEF - UV/MS analysis was performed using the Intabio ZT 

system  (SCIEX). UV absorbance was recorded at 1 Hz during 

analysis . Focusing  was performed in 3 steps  over a total 

duration of 6.5 minutes : 60 seconds at 1 ,500 V, 60 seconds at 

3,000 V, and 300 seconds at 4 ,500 V. Samples were then 

mobilized into the ZenoTOF 7600 system  at a 3 μL/min flow rate 

with a tip voltage of 5,500 V and a delta voltage of 3,000 V for 

10 minutes. The MS data were acquired using  ZenoTOF MS 

method, with the key parameters described previously .5 

 

Non- reduced peptide mapping : The non- reduced sample s 

were prepared by denaturation with guanidine hydrochloride, 

followed by enzymatic digestion with trypsin/Lys - C protease 

(Promega). 1.5-3 μg of digested samples  were injected for LC-

MS/MS analyses. Chromatographic separation was performed 

using a Biozen Peptide XB- C18 column  (150 x 2.1 mm, 1.7 µm, 

Phenomenex) with a 0.25 mL/min flow rate and a 60oC column 

oven temperature on an ExionLC AD system (SCIEX) . Mobile 

phase A was 0.1% formic acid (FA) in water , and mobile phase B 

was 0.1% FA in acetonitrile.  MS data were acquired using the 

ZenoTOF 8600 system  (SCIEX)  with data- dependent acquisition 

(DDA) method. The LC gradient and k ey EAD MS/MS parameters 

were described in previous work.7 

 

Data analysis : The data were interpreted using the icIEF - UV/MS 

analysis  and peptide mapping  templates within Biologics 

Explorer software (SCIEX). For icIEF - UV/MS analysis, the 

proteoforms were identified based on the delta mass es and 

delta pI values compared to the main species.  For non- reduced 

peptide mapping analysis, the disulfide linkages were defined  

according to  the amino acid sequence s and corresponding IgG 

type.  

  

https://sciex.com/products/integrated-solutions/intabio-zt-system
https://sciex.com/products/integrated-solutions/intabio-zt-system
https://sciex.com/products/mass-spectrometers/qtof-systems/zenotof-7600-system
https://www.phenomenex.com/products/biozenlc-hplc-column/biozen-peptide-xb-c18?srsltid=AfmBOorcGpv7OHeQEHPIErloYX08JQjpYpnOSl2f1qkyTNYlp_XLa4Xz
https://sciex.com/products/mass-spectrometers/qtof-systems/8600-system
https://sciex.com/products/software/biologics-explorer-software?campaign=22082152030&content=751322926307&keyword=biologics%20explorer&device=c&matchtype=e&adgroupid=179363379996&adplacement=&utm_medium=cpc&utm_source=adwords&utm_term=R-S-U-global-us-adwords-account&gad_source=1&gad_campaignid=22082152030&gbraid=0AAAAADvoGEeqPw0d1zY0g8Tu6gmD6TwKJ&gclid=CjwKCAjwx-zHBhBhEiwA7Kjq66D__TWEWj4gWyaQQuL87YnfaV9gpRYXqrks90DY6rTPcSO9XBpY9xoCvmwQAvD_BwE
https://sciex.com/products/software/biologics-explorer-software?campaign=22082152030&content=751322926307&keyword=biologics%20explorer&device=c&matchtype=e&adgroupid=179363379996&adplacement=&utm_medium=cpc&utm_source=adwords&utm_term=R-S-U-global-us-adwords-account&gad_source=1&gad_campaignid=22082152030&gbraid=0AAAAADvoGEeqPw0d1zY0g8Tu6gmD6TwKJ&gclid=CjwKCAjwx-zHBhBhEiwA7Kjq66D__TWEWj4gWyaQQuL87YnfaV9gpRYXqrks90DY6rTPcSO9XBpY9xoCvmwQAvD_BwE
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Platform screening method  to reduce  method 

development  

The platform screening method contains  equal amounts of 2 

narrow range Pharmalyte s (5- 8 and 8-10.5) to achieve broad 

coverage across a wide pI range . This master mix can serve as 

an effective screening approach, with further matrix 

optimization performed as needed based on the specific pI of 

the samples . For the 4 mAb samples analyzed , the pI values 

span from 7.3 to 9.6, and all were well separated using  the 

platform method. Each charge variant detected in the  icIEF - UV 

profiles (Figure 2A) had a corresponding peak in the icIEF - MS 

profiles (Figure 2B) . Quantitative information on charge variants 

was obtained from the percent peak area of the icIEF - UV 

profiles. The composition s of the main, basic, and acidic  groups 

for each mAb are summarized  in Table 1. These results are 

comparable to data generated using standalone icIEF methods 

(see usp. org). Minor differences in estimated pI values and 

percent composition are primarily attributed to differences in 

the master mix formulations used.  

For mAb 001, which has a pI range of  9.0- 9.6, additional matrix 

optimization was performed to enhance icIEF separation 

resolution. By adjusting the formulation to a 3:1 ratio of 

Pharmalyte 8 -10.5 and 3-10, improved resolution was achieved . 

Compared to the icIEF - UV profile generated using  the platform 

method (Figure 3A), the shoulder peak adjacent to the main 

peak (labeled Main b in Figure 3B) was better resolved with the 

optimized master mix . The overall profile remained similar 

between the 2 methods , with only minor differences in the 

estimated pI values and species composition.  The icIEF - MS 

profiles generated from both methods were comparable (data 

not shown). All subsequent analyses presented in this technical 

note were performed using the optimized master mix . These 

findings demonstrate that a single platform method can 

substantially reduce method development time while 

maintaining flexibility for fur ther optimization tailored to 

specific sample characteristics.  

 

Figure 3: The comparison of icIEF - UV profiles generated from 2 different 

master mix matrices.  Panel A presents the icIEF -UV profile of mAb 001 

obtained with the platform method, and panel B shows the icIEF -UV profile 

generated using the  optimized master mix . Minor differences in pI values are 

attributed to variations in ampholytes and pI  markers. Notably, the shoulder 

peak (Main b) is better resolved with the optimized master mix (B), 

compared to the platform method (A). 

 

Table 1: The percent composition s of 4 mAbs  estimated from the percent 

peak area of the icIEF - UV profiles. 

 

icIEF - UV/MS analysis of 4 mAbs  

Biologics Explorer software, equipped with a time - resolved 

deconvolution function, enables scan - by- scan spectral 

deconvolution and generates deconvoluted mass maps. This 

capability provides rapid visualization of the overall sample 

profile and detailed characterization of proteoforms with subtle 

pI and/or mass differences. Across all 4 mAbs analyzed, mass 

accuracy was excellent, with the most abundant proteoforms 

measured within 10 ppm mass error.  

For mAb 001, the basic variants were primarily attributed to C -

terminal heterogeneity, specifically the presence of 1 or 2  

unprocessed C - terminal lysines. Within the main peak, the 

 

Figure 2: The application of the platform method on 4 m Abs with pI 

values ranging from 7.3 to 9.6.  Panel A presents the icIEF -UV profiles, and 

panel B shows the corresponding icIEF - MS profiles. Due to the mobilization 

process, the peak order appeared reversed between the 2 profiles. Each 

peak observed in the icIEF - UV profile corresponds to a  peak in the icIEF - MS 

profile.  

Sample  
Main peak 

pI value 

Main 

group 

Basic 

group 

Acidic 

group 

mAb 001 9.42 58.8% 10.5% 30.7% 

mAb 002  8.26 70.9% 3.8% 25.3% 

mAb 003  8.21 60.4% 16.6% 23.0%  

mAb 004  7.64 69.3% 7.1% 23.6% 
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dominant glycoforms ranged from G0F/G0F to G2F/G2F. Low -

abundance species, including the loss of GlcNAc and M5 

glycans, were also detected. The overall glycoform distribution  

aligned well with previously reported N- glycan analysis data.  

Species with a single aglycosylated heavy chain were observed,  

consistent with existing reduced CE - SDS results.  

Glycation events were detected in all 4 samples. mAb 001 is 

presented as a representative example (Figure 5A) to 

demonstrate the identification of glycation events directly by 

icIEF - UV/MS analysis, without the need for deglycosylation 

treatment. The time- resolved deconvoluted spectra showed 

that, with acidic pI shift (from blue to pink), the intensity of the 

G1F/G1F signal relative to G0F/G1F signal increased. If this 

signal corresponded solely to the G1F/G1F glycoform, its 

relative intensity would not be expected to increase with acidic 

shift. By monitoring changes in the relative abundance of these 

glycoforms across the main peak, glycation could be 

confidently identified without the need for deglycosylation. 

Additional modifications observed in the acidic region included 

up to 2 sialic acid additions (+NeuAc) and potential deamidation 

events, as indicated by corresponding pI shifts.  

For mAb 002, the basic variants were also attributed to 

unprocessed C - terminal lysine. Similar to mAb 001, the overall 

glycoform distribution and the presence of a single 

aglycosylated heavy chain species were consistent with prior 

N- glycan and reduced CE - SDS analyses. In the acidic region, in 

addition to glycation, sialylation, and potential deamidation, 

proteoforms exhibiting a +58 Da delta mass were detected 

(labeled with * in Figure 4B), representing about 1% of the total 

sample.  

mAb 003 contained up to 2 unprocessed C - terminal lysines in 

the basic region. Glycation events were also observed, including 

glycated species with 1 or 2 lysine residues. In the acidic region, 

glycation, sialylation, and up to 3 potential deamidation event s 

were identified. 

For mAb 004, C - terminal heterogeneity included unprocessed 

lysine as well as glycine loss with leucine amidation shown in 

the basic variant , which was also confirmed in CID - based 

paptide mapping (data not shown) . As with the other mAbs, the 

acidic region contained glycation, sialylation, and deamidation 

variants. Notably, mAb 004 exhibited a mass increase within 

the main peak (Figure 5B) that was not observed in the other 

mAbs. One possible explanation is the pre sence of reduced  

 

Figure 4: Deconvoluted mass maps of 4 mAbs analyzed.  Each  panel shows the deconvoluted mass map  of each of 4 mAbs analyzed, with major PTMs labeled. 

Excellent mass accuracy was achieved, with the most abundant proteoforms detected within 10 ppm. Glycoforms observed in the m ain peak were consistent 

with previous N- glycan and reduced CE -SDS analyses. Major basic variants were primarily due to C - terminal heterogeneity, while acidic variants included 

glycation, sialylation, and deamidation. 
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thiols. The pI shift associated with reduced thiols is smaller 

than that caused by deamidation, and the detection of a mass 

shift within a single charge variant indicates  the presence of 

reduced thiols. The direct coupling of icIEF separation with MS 

detection along with time- resolved deconvolution provides 

deconvoluted mass spectra for each scan at 2 Hz , enabling 

confident detection of such minor mass differences. As the 

antibody remained intact, these species most likely represent 

intra- chain reduced disu lfides. 

All 4 samples are relatively pure, with little to no detectable 

impurities observed outside the intact mAb mass range (data 

not shown). mAb 001 contained approximately 0.5% impurities, 

including half antibody species within the main peak, as well as 

clipped and high molecular weight species observed in the 

acidic region. mAb 002 showed less than 3% impurities, 

including half antibody species in the basic region and 2 

clipping species in the acidic region. mAb 003 exhibited 

approximately 1% total impurities,  primarily consisting of 

clipped species and clipped variants retaining C - terminal lysine 

in the acidic region. mAb 004 did not show detectable 

impurities outside the intact mAb mass range.  

 

EAD- based peptide mapping  

The EAD function is a key feature in the ZenoTOF MS series.  

EAD- based peptide mapping was performed to confirm and 

localize the PTMs identified in the icIEF - UV/MS analysis. EAD 

preserves labile modifications for their accurate localization. In 

addition, it offers advantages for isomer differentiation and 

disulfide bond characterization.  

Glycation was first confirmed and localized. The glycated light 

chain peptide LC[ 169-187] from mAb 001 was used as a 

representative example  (Figure 6A). The deisotoped EAD MS/MS 

spectrum showed extensive and fragmentation, enabling 

confident identification and precise localization of the glycation 

site.  

The presence of  reduced thiols in mAb 004 was confirmed  by 

non- reduced peptide mapping  using EAD. For example, a 

 

Figure 5: Time - resolved deconvolution revealing proteoforms with 

subtle pI and/or mass differences.  Direct coupling of icIEF and MS, 

combined with time- resolved deconvolution, enables differentiation of 

proteoforms with subtle pI and mass differences at the intact level. Panel 

A shows the time- resolved deconvoluted spectra of the mAb 001 main 

peak and Main b. An increase in the relative intensity of the higher- mass 

species toward the acidic region indicates the presence of glycation 

events. Panel B present s the time- resolved deconvoluted spectra of the 

mAb 004 main peak, zoomed in on the G0F/G1F glycoform. A minor mass 

increase was observed with an acidic shift, suggesting the presence of 

potential reduced thiols. 

 

Figure 6: EAD - based peptide mapping confirms and localizes PTMs 

identified by icIEF - UV/MS analysis. Panel A shows the deisotoped 

spectrum of the LC[169 –187] peptide from mAb001. The labile glycation 

modification was preserved using EAD, enabling its detection and 

localization to a lysine residue.  Panel B presents a cysteine - containing 

peptide detected in its reduced form in mAb 004 LC , without participation in 

a disulfide bond, confirming the presence of reduced thiols.   
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cysteine - containing peptide from the light chain, LC[1 –24] 

(Figure 6 B), was detected in its reduced form. Both the 

disulfide- linked peptide pair and the corresponding reduced 

single peptide were identified. These findings confirm the 

presence of free thiols initially indicated by the icIEF - UV/MS 

analysis.  

Two complementary workflows were employed to provide 

orthogonal analyses of 4 mAbs. The icIEF - UV/MS workflow 

enabled the detection and identification of PTMs and 

proteoforms at the intact level, while EAD- based peptide 

mapping confirmed and further verified their identity and site 

localization. 

 

Conclusions  

• A single icIEF - UV/MS platform method was employed to 

characterize  4 mAb standards spanning a pI range of 7.3 to 

9.6, significantly reducing method development time while 

maintaining the flexibility for future optimization tailored to 

specific samples  

• The charge variants in 4 mab standards were majorly 

attributed to C- terminal heterogeneity, glycation, sialylation, 

and deamidation 

• Direct coupling of icIEF with MS, combined with time -

resolved deconvolution, enables resolution of subtle 

differences in pI and/or mass, allowing for confident 

identification of glycation events without the need for 

deglycosylation and detection of reduced  thiols at the intact 

level  

• EAD- based peptide mapping further confirmed and localized 

the PTMs identified by icIEF - UV/MS analysis, including 

glycation and  disulfide linkage  

• icIEF - UV/MS analysis and EAD- based peptide mapping allow 

comprehensive mAbs characterization, with detection of 

proteoforms at the intact protein level, followed by 

confirmation and localization of modifications at the peptide 

level 
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