
The Host Cell Protein coverage pipeline DARK-COV  was developed to 
assess theoretical LC–MS HCP coverage.

Proteomes were subjected to in silico tryptic digestion and each peptide 
scored for hydrophobicity (GRAVY index, Kyte–Doolittle), predicted 
charge state (Henderson–Hasselbalch with Bjellqvist pKa), and m/z.

Filter thresholds were defined by the target LC–MS assay: charge +2 to 
+4, m/z 350–1700, and hydrophobicity within the 95% CI of detected 
peptides in HCPedia . Proteins yielding fewer than two detectable 
peptides were classified as Dark Host Cell Proteins.

Predictions were benchmarked against >15,000 LC–MS analyses curated 
in HCPedia .

As a proof-of-concept, the pipeline was applied to four industrially relevant 
expression systems: Chinese Hamster Ovary (CHO), Escherichia coli, 
Human Embryonic Kidney (HEK), and Spodoptera frugiperda (Sf9).
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Host Cell Protein Coverage PipelineIntroduction
Host cell protein (HCP) analysis by liquid 
chromatography–mass spectrometry (LC-MS) 
enables identification and quantification of 
individual impurities in biopharmaceutical 
products, supporting risk-based impurity 
assessment. 

However, unlike enzyme-linked immunosorbent 
assay (ELISA) methods, systematic evaluation of 
method-specific HCP coverage for LC-MS assays 
remains poorly defined. 

In particular, limited attention has been given to 
proteins that are inherently undetectable under 
specific analytical conditions, potentially creating 
blind spots in impurity characterization.

Here, we present DARK-COV , a transparent 
and generalizable in silico pipeline for evaluating 
LC–MS-based HCP impurity assay coverage. 

The pipeline combines physicochemical filtering 
of in silico-digested proteomes with assay-specific 
LC-MS parameters to predict which peptides and 
proteins can be detected by LC–MS-based HCP 
analysis.

Proteins predicted to yield fewer than two 
detectable peptides were classified as Dark Host 
Cell Proteins. 

Conclusion
These findings demonstrate that LC-MS HCP assays have method-specific detectability limits, 
underscoring the need for formal assay-specific coverage assessment to support regulatory 
use.

The DARK-COV  pipeline:
• Provides a reproducible, method-specific approach for quantifying theoretical coverage of 

LC–MS-based HCP impurity assays
• Enables comparison of theoretical detectability based on physicochemical constraints with 

assay-specific parameters and experimental evidence 
• Enables risk-based evaluation of undetected HCPs
• Supports regulatory justification of LC–MS-based HCP assays in line with USP <1132.1>, 

EDQM guidance, and ICH Q2/Q14 principles

The Dark Host Cell Proteome

Between 1.96% and 5.19% of proteins across the four 
proteomes were classified as Dark Host Cell Proteins.

Dark Host Cell Proteins primarily comprise small, 
low-molecular-weight proteins that generate few or 
short peptides excluded due to m/z or hydrophobicity 
constraints. 

Functional annotation and comparison against known 
high-risk HCPs indicate that the majority of Dark Host 
Cell Proteins are low risk. Nevertheless, such proteins 
should be assessed case-by-case, particularly for 
enzymatic activity or known patient safety concerns.

Table 1. Across four key expression systems, only 1.96–5.19% of 
proteins were predicted to be undetectable, giving theoretical coverage 
of 94–98%.
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Expression system Proteome Dark HCPs % Dark

CHO 23,889 1,033 4.32%

E. coli 4,448 231 5.19%

HEK 20,644 405 1.96%

Sf9 26,958 766 2.84%

Figure 1. The DARK-COV  pipeline. Selected proteomes were subjected to in silico tryptic digestion to generate all theoretically 
observable peptides. Resulting peptides were filtered using physicochemical thresholds derived from experimentally identified 
HCPs in HCPedia . Surviving peptides were mapped back to their source proteins; those with fewer than two detectable peptides 
were classified as Dark Host Cell Proteins.

45,023
Unique HCPs

3,464
Total samples

54
Organisms

A database on HCPs identified in process 
samples of recombinant proteins, mAbs, 
vaccines, cell and gene therapy products, from 
every stage of development and manufacturing.

HCPedia  – the empirical reference
Peptide-level properties influencing LC–MS detectability were evaluated within the DARK-COV  
pipeline. Hydrophobicity, molecular weight, and m/z were identified as key parameters determining 
peptide exclusion and protein detectability.

Compared with HCPedia  peptides (top row, Figure 2), peptides derived from Dark Host Cell 
Proteins (bottom row) were systematically shifted toward shorter sequences, lower MW, and lower 
m/z, with a higher proportion falling outside the 95% hydrophobicity CI.

This is consistent with small, basic intracellular proteins that generate few short tryptic peptides — 
the same blind-spot region known to challenge HCP-ELISA.

Across all four proteomes, exclusion based on m/z out-of-range was the dominant cause of peptide 
loss, alone and in combination with hydrophobicity. Charge-based exclusion contributed less.

Why Peptides Go Undetected

Figure 2. Distributions of hydrophobicity (A, E, I), sequence length (B, F, J), MW (C, G, K) and m/z 
(D, H, L) for HCPedia  peptides (top row), the full in silico CHO proteome (middle), and Dark 
HCP-derived peptides (bottom). Dotted lines mark the 95% hydrophobicity CI.

Regulatory authorities expect HCP ELISA 
coverage assessment, as outlined in the EDQM 
General Chapter on Host-Cell Protein Assays 
(2.6.34) and US Pharmacopeia (USP) General 
Chapter <1132> on Residual Host Cell Protein 
Measurement in Biopharmaceuticals.

No equivalent framework exists for LC–MS-
based HCP assays. DARK-COV  fills this gap, 
enabling coverage evaluation of LC–MS-based 
HCP assays for the methods described in USP 
<1132.1> on Residual Host Cell Protein 
Measurement in Biopharmaceuticals by Liquid 
Chromatography-Mass Spectrometry.

Regulatory Perspectives

9,185,709
Total peptides
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