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Detailed Host Cell Protein Analysis of Downstream 
Process Samples by Mass Spectrometry

A detailed HCP analysis of in-process samples for manufacturing process development is somewhat difficult by ELISA and 
2D-PAGE techniques. The samples contain many HCPs that may not be detected by ELISA or 2D-PAGE and with complex 
matrices interfering with the analysis.

However, Mass Spectrometry (LC-MS) is well suited for analysing complex in-process samples, identifying and quantifying 
individual host cell protein, and quantifying the total HCP content. The robust and reproducible method enables optimization 
of purification parameters and comparability between batch runs. Furthermore, the HCP analysis method is generic and can be 
applied to other biopharmaceutical processes within weeks. 

LC-MS METHOD FOR HCP ANALYSIS

The Alphalyse method is based on: 

1. Generic sample preparation and digestion protocol applicable for process samples in different matrices.

2. Fast and robust microflow HPLC method.

3. Data-independent MS acquisition. 

4. Data analysis workflow for confident HCP identification and label-free quantification by spike-in of protein standards.

In the following study, we applied the method to in-process samples of a drug substance expressed in E. coli inclusion bodies. However, 
it can also be used for other expression systems, such as CHO cells, Lactococcus lactis, human carcinoma cells (A549), etc. 
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THE BIOPROCESS CASE

Downstream ProcessDownstream Process

• A 15 kDa protein drug substance expressed in  
E. coli and recovered in inclusion bodies.

• The downstream process includes renaturation, 
filtration, and chromatographic purification steps. 

• A generic ELISA HCP assay showed HCP levels of a  
few ppm.

• It was challenging to develop a process-specific ELISA 
as the inclusion bodies contained drug substance. 

Manufacturing ObjectivesManufacturing Objectives

• Transfer of manufacturing process to new CMO and 
show comparability of the old and new process.

• Process optimization of purification steps.

• Develop a relevant, sensitive, specific HCP analysis to 
cover the safety aspects according to ICH guidelines.

HCP ANALYSIS WORKFLOW 

Sample Preparation & LC-MSSample Preparation & LC-MS

In-process samples were acetone precipitated, reduced/
alkylated, and digested with trypsin. The peptides were 
cleaned up and concentrated on SPE 96-well plates, 
followed by chromatography on an Eksigent LC system 
with a Waters CSH column 150x0.3 mm at 5 ul/min, 80 
min gradient. 

MS data were acquired on a Sciex 6600 TripleTof LC-MS 
instrument, first in the information-dependent mode for 
generation of peptide (HCP) ion-libraries, then in data-
independent SWATH™ mode for quantitative analysis. 

FIGURE 1: FIVE STANDARD PROTEINS EACH SPIKED IN AT FOUR DIFFERENT CONCENTRATIONS

SumAll MS signal versus ppm of five spiked-in protein standards. Linearity of the five proteins of different 
molecular weights is observed. The median response factor is used for SumAll label free quantification of HCPs.
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HCPs were identified by searching the information-
dependent mode MS data against the UniProt E. coli 
protein database using ProteinPilot. 

Quantification was performed by summarizing the 
peak areas of each peptide’s six most intense fragment 
ions and all the peptide areas for each protein (SumAll 
quantification).  

The quantitative calculations were performed in 
PeakView software, SWATH™ micro App, and Excel.

LABEL-FREE QUANTIFICATION

Quantification was performed by spike-in of five protein 
standards in known amounts. The individual response 
curve for each protein standard shows high linearity. 

Figure 1 on page 2 shows that each standard protein has 
its own unique MS signal response factor; this is also true 
for individual HCP. For label-free HCP quantification, the 
median response factor of the five protein standards. 

This SumAll quantification method provides the HCP 
amount in ppm (ng HCP/mg drug substance) of HCPs 

FIGURE 2: DILUTIONAL LINEARITY ON FOUR HCPs BETWEEN 6500 PPM AND 90 PPM
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FIGURE 3: REPRODUCIBILITY OF ABSOLUTE QUANTIFICATION  OF HCPs

An early process sample was spiked with five different standard protein mixtures, prepared in parallel 
and analyzed in duplicate runs. Calculated ppm values of the most abundant 20 HCPs are shown.

>LLOQ (50ppm).

DILUTIONAL LINEARITY OF EACH HCP

Dilutional linearity for individual HCPs was investigated by 
running five dilutions of the drug sample. The individual 
HCPs showed quantitative linearity from 6500 ppm to 
approximately 50 ppm (Figure 2, page 3).

HIGH REPRODUCIBILITY

A high method reproducibility of technical replicates of 
an early process sample was observed (Figure 3).

HCPs IN BIOPROCESS SAMPLES

HCPs were analyzed after each of the six purification steps 
in downstream processing. The analysis shows clearance 
of the majority of the HCP species. Of 560 HCPs identified 

TABLE 1 HCP CONTENT AFTER EACH OF THE SIX PURIFICATION STEPS
Measured by LC-MS and by generic ELISA method.

Protein Purification Step Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

LC-MS 

Number of HCPs 562 245 206 67 25 8

Number of HCPs > 50ppm 380 142 86 34 8 4

Amount of HCP in % (w/w) 18.8% 4.6% 3.1% 0.9% 0.1% 0.03%

Amount of HCP in ppm (w/w) 188,441 45,813 30,573 8,819 1,105 335

ELISA generic kit 

Amount of HCP in ppm (w/w) 4,979 920 not analyzed 33 4 16
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TABLE 2: HCP REMOVAL DURING PURIFICATION PROCESS OF DRUG SUBSTANCE
Most abundant HCPs, after step 5 and 6, are shown.

FIGURE 4: THEORETICAL PI AND MW OF THE HCPS PRESENT AT EACH STEP

in the harvest sample, only 8 HCPs remain after step 6 
(Table 2).

COMPARISON OF LC-MS AND ELISA

HCP amounts were analyzed by both a generic ELISA and 
by LC-MS. The HCP removal was followed in six purification 

steps. The two orthogonal methods show comparable 
removal efficiency for total HCP content, approximately 
310 fold for ELISA and 560 fold for MS data (Table 1 on 
page 4). 

The reduction factors for the individual eight proteins in 
the final DS are shown in Figure 3 and Table 3. 
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CONCLUSION

The Alphalyse LC-MS method provides robust and 
reproducible HCP analysis with these characteristics:

• Generic sample preparation protocol for in-process 
samples of varying complexity.

• Fast and reproducible 1-dimensional microflow LC for 
high throughput of in-process samples.

• Reproducible label-free absolute quantification 
method based on SumAll peak areas.

This Alphalyse LC-MS analysis provides:

• Total HCP quantitation for each process step in ppm 
(ng HCP/mg drug substance).

• Identification and quantitation of each HCP.

• Detailed evaluation of each process step for HCP 
clearance efficiency.

• HCP clearance efficiency allows for process 
optimization and risk assessment of well-defined HCP 
in drug substance batches.

More info available on our website 
www.alphalyse.com/downstreamHCP
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• 15+ years of experience helping biotech 
& pharma companies in Europe & USA.

• Analysis tailored to your requirements.

• 150+ HCP analysis projects by mass  
spectrometry makes us the world’s most  
experienced lab in this field.

WHY WORK WITH ALPHALYSE?

INFO@ALPHALYSE.COM

CONTACT US

AdvAntAges of mAss spectrometry hcp AnAlysis

‘Total and individual HCP quantitation for each process step’
‘Identification incl. physiochemical properties of each HCP’

‘Detailed evaluation of HCP clearance efficiency and risk assesment’
‘Full assay development in 6-12 weeks’
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