
ABSTRACT

Purpose: Demonstrate comprehensive analysis of a model monoclonal antibody using chromatographic techniques commonly used within 

BioPharma for monoclonal antibody development and qualification.

Methods: The NIST monoclonal antibody was analyzed by protein A capture and release, size exclusion chromatography, hydrophobic interaction 

chromatography, weak cation exchange chromatography, and reversed phase chromatography using mobile phases commonly associated with those 

techniques.

Results: Here we demonstrate the chromatographic separation of the NISTmAb, variants, and associated components based on structure, size,

hydrophobicity and charge.

INTRODUCTION

Monoclonal antibodies (mAb) represent a major sector of today’s biopharmaceutical market.  MAbs are commonly developed to modulate cellular 

activity or deliver drug payloads (e.g., ADCs) to specific tissues and cells.  To ensure mAb quality and to meet regulatory requirements, 

biopharmaceutical companies must characterize mAb’s for the presence of variants and impurities during both the development stages and in 

production once the mAb goes to market. Chromatographic methods are some of the most commonly applied approaches for separating and 

determining the type and quantity of protein variants in the final product. A standard array of chromatographic analyses include Protein A titer analysis, 

SEC for aggregate and fragment analysis, Hydrophobic Interaction Chromatography analysis of variants with different native surface hydrophobicities, 

cation exchange (CEX) for separation of acidic/basic variants, and reversed phase chromatography for analysis of denatured protein hydrophobicity 

and MS analysis for mass and structure determination.  In this poster, we demonstrate the utility of these techniques for variant analysis using a 

model mAb that is commercially available through the National Institute of Standards and Technology (NIST).1

MATERIALS AND METHODS

Sample Preparation

NIST monoclonal antibody was purchased from the National Institute of Standards and Technology.1 The mAb was used as standard stock 10 mg/mL 

or diluted to the final concentration shown in the figures using deionized water or 2 M ammonium sulfate, 100 mM sodium phosphate, pH 7.0 for HIC.

Test Method(s)

Specific separations were performed on a Thermo Scientific™ Vanquish chromatography system with setup as follows: Vanquish H Pump (VH-P10-A) 

– Protein A, SEC, and reversed phase; Vanquish Flex Quaternary Pump (VF-P20-A) – HIC and WCX.  For each setup, additional Vanquish specific 

system components included the autosampler [VH-A10-A (H pump), VF-A10-A (F pump)] , column compartment (VH-C10-A) with active pre-heater 

(6732.0110) and post-column cooler (6732.0510), diode array detector (VH-D10-A), solvent rack, and system base.  Specific chromatographic details 

for the separations including columns and part numbers are provided in the figures.

Data Analysis

All data collection and analysis was performed using Thermo Scientific™ Chromeleon™ 7.2. 

CONCLUSIONS
Comprehensive monoclonal antibody characterization requires multiple modes of separation to separate and identify variants for regulatory 

compliance including

 Protein A capture and release for titer analysis

 Size exclusion chromatography for aggregate, mAb, and fragment quantitation

 Hydrophobic interaction chromatography for separation of variants based on native protein surface hydrophobicity

 Cation exchange chromatography for analysis of acidic and basic variants based on charge and pI

 Reversed phase analysis for separation of variants based on primary structure hydrophobicity and determination of variant molecular weight
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Figure 1. Protein A capture and release of NISTmAb using a MAbPac Protein A column. Inset shows a titration curve with data points 

representative of 1, 2, 3, 5, 7.5, and 10 µL injections of 10 mg/mL NISTmAb.  

Area % Area

HMW 1 0.095 0.18

HMW 2 0.775 1.50

Total HMW 0.870 1.68

mAb 51.03 97.96

LMW 0.19 0.37
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Peak Area % Area

Main 12.09 76.5

Acidic 2.22 14.1

Basic 1.49 9.5

Table 1. Area and % Area of Peaks

Column: MAbPac SEC-1, 5 µm

Format: 7.8 x 300 mm (P/N 088460)

Mobile 50 mM Sodium Phosphate Buffer, 

phase A: 300 mM NaCl, pH 6.5

Gradient: Isocratic

Flow rate: 0.76 mL/min

Temp.: 30 ºC

Detection: UV (Right: 280 nm)

Inj. Vol.: 3 µL

Sample: NISTmAb (10 mg/mL)

Labels: Retention time (min)
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Figure 2. Size exclusion chromatography analysis of NISTmAb using a 7.8 x 300 mm MAbPac SEC-1 column.  The inset shows an enlarged 

view of the HMW species, mAb, and LMW specimen separation. The table indicates the area and % area represented by the different species.

Column: MAbPac HIC-Butyl, 5 µm

Format: 4.6 ×100 mm (P/N 088558)

Mobile 1.5 M ammonium sulfate, 50 mM sodium

phase A: phosphate,  pH  7.0 / isopropanol (95:5 v/v)

Mobile 50 mM sodium phosphate, 

phase B: pH 7.0 / isopropanol (80:20 v/v)

Gradient:

Time (min) %A %B

-6.0 80 20

0.0 80 20

1.0 80 20

21.0 60 40

21.2 0 100

24.0 0 100

Flow rate: 0.5 mL/min

Temp.: 30 ºC

Detection: UV (280 nm)

Inj. Vol.: 5 µL

Sample: NISTmAb (5 mg/mL)
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Figure 3. Hydrophobic interaction chromatography analysis of NISTmAb using a 4.6 x 100 mm MAbPac HIC-Butyl 5 µm column.  

Column: ProPac WCX-10, 10 µm

Format: 4×250 mm (P/N 054993)

Mobile phases

Upper: Salt Gradient

A: 20 mM MES, pH 5.5

B: 20 mM MES, 500 mM 

NaCl, pH 5.5

Lower: pH Gradient (P/N 083274)

A: 1X CX-1 pH Gradient 

Buffer A

B: 1X CX-1 pH Gradient 

Buffer B

Gradient:

Upper: Salt Gradient

20 to 40% B in 30 min.

Lower: pH Gradient

24 to 64% B in 30 min.

Flow rate: 1.0 mL/min

Temp.: 30 ºC

Detection: UV (280 nm)

Inj. Vol.: 2 µL

Sample: NISTmAb (10 mg/mL)
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Figure 4. NISTmAb separation on a 4 x 250 mm Thermo Scientific™ ProPac™ WCX-10 10 µm column (Top) using a salt gradient and 

(Bottom) using a pH Gradient

Column: ProPac WCX-10, 10 µm

Format: 4×250 mm (P/N 054993)

Mobile phase A: 1X CX-1 pH Gradient Buffer A

Mobile phase B: 1X CX-1 pH Gradient Buffer B

Gradient:

Time (min) %A %B

-10.0 54 46

0.0 54 46

1.0 54 46

31.0 42 58

34.0 42 58

Flow rate: 1.0 mL/min

Temp.: 30 ºC

Detection: UV (280 nm)

Inj. Vol.: 2 µL

Sample: NISTmAb (10 mg/mL)

Label: Peak area
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Figure 5. NISTmAb separation on a 4 x 250 mm ProPac WCX-10 10 µm column using a shallow gradient to achieve improved separation for 

quantification of acid and basic variants as shown in the table inset.

Column: MAbPac RP, 4 µm

Format: 1× 100 mm (P/N 302695)

Mobile Water

phase A: + 0.1% TFA

Mobile 90:10 Acetonitrile:Water

phase B: + 0.1% TFA

Gradient:

Time (min) %A %B

-0.2 65 35

0.0 65 35

1.0 65 35

16.0 50 50

18.0 50 50

18.1 65 35

18.0 65 35

Flow rate: 0.1 mL/min

Temp.: 80 ºC

Detection: UV (280 nm)

Inj. Vol. : 0.5 µL

Sample: NISTmAb (5 mg/mL)

label: Retention time (min)
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Figure 6. NISTmAb separation on a 1 x 100 mm MAbPac RP column.

RESULTS

Titer Analysis – Protein A

The determination of mAb concentration and mAb purification from harvest cell culture (HCC) samples is important during drug development. The 

presence of a vast mixture or proteins in HCC samples requires specific functionality for the isolation of the mAb.  Protein A is a protein that binds 

specifically to the Fc region of immunoglobulin G (IgG, most common mAb form) at high pH (~7.5) and releases at low pH (~2.5).  Columns with 

Protein A immobilized to the solid phase can be used for capture and release of mAb’s by binding at pH 7.5 allowing other unbound components to 

elute, followed by stepping the pH down to 2.5 to release the mAb for quantitation and collection.2 Figure 1 shows the capture and release of the 

NISTmAb using a Thermo Scientific™ MAbPac™ Protein A column.  The inset shows a calibration curve for up to a total of 100 µg loading. Deviation 

from the linear fit to the first 4 data points indicates column overloading above 50 µg total loading.  Due to this, NISTmAb sample loading should not 

exceed 50 µg total mass to ensure accurate titer analysis.

Aggregate and Fragment Analysis-SEC

MAb aggregates and fragments that form during production and product handling can have immunogenic effects in patients.  Consequently, regulatory 

agencies require manufacturers to quantitate these byproducts to demonstrate a minimum level of safety.  Size exclusion chromatography (SEC) 

separates components based on size and is the standard industry method for detecting and quantifying these components.3 Figure 2 shows the 

separation and quantitation of NISTmAb and high and low MW species using a Thermo Scientific™ MAbPac™ SEC-1 column.  The 300Å porous silica 

column targets the separation of protein species in the size range of most mAbs and is functionalized with a hydrophilic diol layer to minimize non-

specific interact

Hydrophobic Interaction Chromatography - HIC

HIC separates proteins based on the hydrophobicity of the native protein surface.  High salt concentrations screen the ionic (and generally hydrophilic) 

surface charges of the protein promoting binding with the weakly hydrophobic solid phase.  A gradient to low salt concentration promotes elution of 

variants in order of increasing hydrophobicity.  Figure 3 shows the separation of 3 different NISTmAb variants using a MAbPac HIC-Butyl column. 

Weak Cation Exchange Separation of Ionic Variants – WCX 

Cation exchange is the standard chromatographic technique for analyzing monoclonal antibodies based on their charge variants. In addition to amino 

acid differences, other charge variants include but are not limited to C-terminal lysine truncation, deamidation, phosphorylation, and oxidation. 

Regulatory requirements typically require identification and quantitation of these variants to demonstrate product consistency. As shown in Figure 4, 

two methods are commonly used for separation of charge variants: 1) a salt gradient and 2) a pH gradient.  For the salt gradient, proteins bind to the 

solid phase at low salt concentration.  With increasing salt concentration, the electrostatic interactions with the solid phase are disrupted resulting in 

elution of the protein as shown in the upper chromatogram of Figure 4. For the pH gradient, elution of the sample is based on the pI of the mAb and 

associated variants.  The mAb is loaded at a pH less than the pI of the most acid variant to promote binding of all species. The CX-1 pH gradient 

buffers provide a pH gradient with a linear increase in mobile phase pH.  At the pI of the variants and mAb, the species become neutral and shift to 

basic with increasing pH resulting in desorption from the solid phase and elution as shown in the lower chromatogram of Figure 4.  In this application, 

the pH gradient provided better resolution than the traditional salt gradient.  

Detection and Quantitation of Acidic and Basic mAb Variants using a pH Gradient

A powerful advantage of using the Thermo Scientific™ CX-1 pH gradient buffers is fast and easy method development for the quantitation of the 

percent of acidic and basic variants.  Figure 5 shows the separation of acidic and basic NISTmAb variants.  In this example, simply using a shallower 

gradient resulted in improved separation of the acidic and basic variants from the main mAb peak making quantification possible. The table inset 

shows the main mAb, acidic, and basic variants comprise 76.5%, 14.1%, and 9.5% of the sample, respectively. These values are consistent with the 

capillary zone electrophoresis values reported by NIST of 73.8%, 16.6%, and 9.6% for the main peak and acidic and basic variants, respectively.1

Reversed Phase Separation of mAb Variants – RP 

Reversed phase (RP) separation of mAbs is done under denaturing conditions, thus enabling the separation of mAb’s based on the hydrophobicity of 

their primary structure, in contrast to HIC, which separates based on surface hydrophobicity of the tertiary structure. A typical RP mobile phase is water 

and acetonitrile with formic acid or trifluoroacetic acid (TFA) as an ion pairing reagent.  The mAb binds under aqueous conditions and is eluted using a 

gradient of increasing organic concentration. Figure 6 shows the RP separation of NISTmAb on a MAbPac RP column with UV detection. The inset 

shows an enlarged region at the base of the main peaks. Three minor hydrophobic variants, two before and one after the main peaks are observed in 

the inset.  Three major variants are observed as a larger unresolved peak: a shoulder at the front followed by two partially resolved major peaks.  The 

main advantage of RP chromatography is its direct compatibility with mass spectrometry (MS), which allows for determination of variant molecular 

weights and thus identification of variant structure.  With the exception of special circumstances, all the other techniques shown previously rely on 

mobile phases with high salt concentrations that are incompatible with MS.  These techniques require additional collection and separation techniques 

such as reversed phase to do MS analysis of the separate variants.

Column: MAbPac Protein A

Format: 4 x 35 mm (P/N 082539)

Mobile 50 mM Sodium Phosphate Buffer

phase A: 150 mM NaCl, pH 7.5

Mobile 50 mM Sodium Phosphate Buffer

phase B: 150 mM NaCl, pH 2.5

Gradient:

Time (min) %A %B

-0.80 100 0

0.00 100 0

0.20 100 0

0.21 0 100

0.60 0 100

0.61 100 0

2.00 100 0

Flow rate: 2.0 mL/min

Temp.: 25 ºC

Detection: UV (280 nm)

Inj. Vol.: 5 µL

Sample: NISTmAb (10 mg/mL)
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LMW = Low molecular weight species

HMW = High molecular weight species
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