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Introduction

Developing and producing recombinant biopharmaceuticals in mammalian cells requires unambiguous

monitoring of HCPs impurities. Immunoassays are still the method of choice for release testing, for which it is

recommended to demonstrate the suitability of antisera in a QM-regulated environment to meet regulatory

demands. However, peptide analysis by MS has been proven to be a powerful tool by providing complementary

data for HCP characterization.

• Peptide analysis by MS offers orthogonal solutions for detection and monitoring of residual HCPs. The

advantage compared to immunological methods is the unbiased discovery of HCP impurities to reveal the

HCP identities. By using label-free MS quantification the removal of HCPs during downstream processing

was monitored and demonstrated the suitability of the technique for quantitative analysis of trace impurities

and thus elucidating effectiveness of individual downstream processing steps.

• Furthermore, we show that MS supports the data interpretation of methods for antisera characterization, like

high resolution 2D gel electrophoresis combined with immunoblotting to demonstrate antisera coverage, and

anti-CHO affinity chromatography to specify the antigen coverage. We introduce an approach to increase

coverage of HCP antisera by HCP-GAPexSM aligning advantages of high-resolution 2D-PAGE with mass

spectrometric sensitivity and specificity.
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Quantified features

Identified Protein

# peptides

Protein A 

eluate

Clusterin 13

78 kDa glucose-regulated protein 12

84 kDa heat shock protein 10

Actin, beta 8

serine protease HTRA1 6

M2 pyruvate kinase 6

Thrombospondin-1 7

glyceraldehyde-3-phosphate 

dehydrogenase

5

Lipoprotein lipase 3

Endoplasmin 4

Elongation factor 1-alpha 1 3

Heat shock cognate 71 kDa protein 3

Eukaryotic translation elongation 

factor 2

3

Tubulin alpha 2

T-complex protein 1 subunit theta 2

Peroxiredoxin 1 2

Alpha-enolase 2
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Fraction 1 Fraction 2 Fraction 3 Drug Substance

Protein Intensity (Log2)

Absolute quantification of Protein 125

by T3PQ –method 
3 replicates

D
S mean intensity of Top 3 Peptides 1.06E+10

known DS concentration in sample 1.0 mg/mL
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mean intensity of Top 3 Peptides 1.51E+05

calculated conc. HCP protein 125 14.2 ng/mL

relative HCP amount of to DS 14 ppm
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Profiles of HCPs (examples)

Monitoring of HCPs in Downstream Process

• 2D-PAGE is addressing the characterization

of denatured (linear) epitopes of HCP

antisera.

• PPS superior 2D-PAGE techniques combined

with Western Blotting is a most powerful

technique to demonstrate antisera coverage.

• The use of anti CHO antibodies deriving from

chicken (IgY) offers an alternative platform for

antisera production.

Characterization of HCP antiserum with 2D-PAGE supported by Mass Spectrometry

89 % 81 %

HCP antiserum characterization:

2D gels of the HCP antigen (secretome) are

performed in three different approaches:

• Silver stained gel after to monitor the entire
HCP (A)

• Unspecific Colloidal Gold staining following

Western Blotting monitors blotting efficiency

(B)

• Immune detection (colometric with

diaminobenzidine, DAB) following Western

Blotting monitors spots detected by antiserum

IgY (C)

• Spot-ratios point towards coverage of

antiserum to HCP antigen

CB

• Detection gaps can be identified by combining 2D-PAGE techniques

with Mass Spectrometry for HCP identification.

• Identified proteins are screened for immunogenic peptides as a

basis for protein specific immunogens.

• Gap specific antibodies are combined with antiserum to provide a

maximum coverage for detection of all HCPs and patient safety.

2D-SDS-gel Silver stained

1980 detected spots

2D-Western Blot Colloidal Gold stained

1762 detected spots
2D-Western Blot Immunodetected

1597 detected spots

A

Spot-ratios (% coverage):

Antiserum coverage

Spot-ratios (% coverage):

Blotting efficiency

GAPexSM to increase coverage of HCP antisera 

Protein NP_xxx

…

Mass spectrometry

spot identification

Detection gaps can be identified 

using mass spectrometry

Principle of MS-based HCP identification and label-free quantification

Proteolytic

digest

Proteins

(DS + HCPs)
Peptides synthetic peptide

(15N/13C labeled)

+

Add internal

standard

LC-ESI-MS/MS

(SRM Analysis)

Mol HCP =

AUC HCP

AUC IS

x (Mol IS) 

Absolute quantification

EIC

Principle of absolute HCP Quantification using internal standard

database

searches

• Label-free quantification is a method 

in mass spectrometry that aims to 

determine the relative amount of 

proteins in two or more biological 

samples. 

• It allows the unbiased discovery of 

HCP impurities and its 

quantification.

• PPS is using this approach for 

evaluation of downstream 

processing steps to elucidate 

effectiveness.

• Label-free quantification was 

used for monitoring of HCPs in 

fractions obtained from 

downstream process steps.

• Generated Heat Map lists the 

identified HCPs and shows 

their abundance in different 

DSP fractions.

No effect by DSP process

Partial removal

Complete removal 

• Exemplary profiles demonstrate 

the variable behavior of the 

HCPs across the purification 

steps.

• Shown are the detected protein 

intensities (log2) compared and 

normalized to drug substance 

which content differs in the 

purification steps (set to 1).

• Label-free quantification allows 

the absolute quantification of 

individual HCPs by using the 

Top 3 Protein Quantification 

(T3PQ) –method (adapted from 

Grossmann et al., Silva et al.).

• By comparing the intensity of 

the three most abundant 

identified peptides of a protein 

with a protein of known 

concentration (drug substance), 

a good estimation of the 

relative abundance can be 

gained.
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Characterization of HCP antiserum with Affinity Chromatography 

• Affinity chromatography combined with mass 

spectrometric based HCP identification is used 

to specify the antigen coverage.

• Affinity chromatography is addressing the 

characterization of non-denatured (native) 

epitopes of HCP antisera. 

• Thus, this method can be used as a 

complementary approach to 2D-PAGE for 

linear epitope characterization.
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Supporting ELISA

• Characterization of host 

antigens

• Antiserum specificity coverage, 

native epitopes

(Identification after affinity

chromatography)

• Antiserum specificity coverage, 

linear epitopes

(Identification of 2D gel spots)

• Identification of antiserum

detection gaps (HCP GAPExSM)

DSP optimization

• HCP monitoring alongside DSP 

label-free quant. of HCP in 

DS/DP

Characterization of DS/DP

• Identification and label free

quant. of HCP in DS/DP

(e.g. batch to batch

comparison)

Release of DS/DP

• Quantification of HCP in DS/DP

(isotope internal standard

dilution)

Release testing
-> complex GB data

sets vs. Internal 

standard

Validation MS quantification by

isotope dilution

Linearity: R2 0.9975

Repeatability: 4.6 % SD

Precision: 3.8 % SD

Interm. Precision: 4.5 % SD

Accuracy: 7.5 % SD 

• The use of internal standard (IS) combined with mass

spectrometric LC-SRM (selected reaction monitoring) is a

reliable method for absolute quantification.

• The robust nature of this approach offers the technical 

potential for validation and usage as GMP release testing for 

biopharmaceuticals to address the purity.

• An LC–SRM experiment measures the abundance of a 

specific fragment ion (extracted ion chromatograms, EIC) 

from both, the native HCP peptide and the IS peptide as a 

function of reverse-phase chromatographic retention time. 

The absolute quantification is determined by comparing the 

abundance of the known IS peptide with the native HCP 

peptide.

low abundant proteins only

detectable after affinity 

enrichment
proteins specifically 

covered by IgY fraction

proteins not detected 

in eluate

Coverage: 56 %

Identified proteins

Σ 962 proteins

352 263 132 48

HCP GAPex
SM
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