
Application of EAD/CID mixed fragmentation mode and different data analysis strategies
for Host Cell Proteins (HCPs) analysis on Zeno TOF 7600 mass spectrometer

Introduction
Host Cell Proteins (HCPs) are the common 
process-related impurities generated during 
biotherapeutic protein production. Due to 
the potential immunogenicity to humans and 
possible impact on drug stability the HCP 
level should be strictly monitored by the drug 
maker and is frequently on the target of 
regulatory authorities including FDA, EMA 
etc. The main challenge during HCP analysis 
in the scope of MS detection is the high 
dynamic range between the HCP impurities 
and therapeutic protein, typically from 100 
ppm to far below 0.1 ppm. There is a strong 
demand for sensitive and robust methods for 
HCPs identification and quantitation by LC-
MS applicable for protein therapeutic 
development.

Methods

In the presented work we have used micro-
flow LC (SCIEX M5 MicroLC) in combination 
with the mixed fragmentation mode EAD/CID 
of SCIEX ZenoTOF7600 mass spectrometer 
in both data dependent (DDA) as well as data 
independent (DIA) acquisition strategies to 
test the depth of HCPs identification in 
monoclonal antibody samples. The short, 20 
minutes gradients were used on Waters CSH 
Peptide chromatographic column. In 
addition, the different data analysis modes 
were tested: DIA library-free analysis vs DDA 
library search. The accuracy of the HCP 
quantitation was tested using the spiked-in 
protein standard mix (UPS-1, Sigma-Aldrich). 

Sample preparation
1 mg Waters Intact Mass Check monoclonal 
antibody standard (mouse NS0 cell line) was 
spiked with 1 pmol of each protein from 
Universal Proteomic Standard (USP-1, Sigma 
Aldrich). Sample was digested with Native 
Digestion protocol [1] followed by desalting 
and additional mAb removal with C18 SPE 
cartridge (Affinisep) using 50 % ACN with 
0.2% TFA as an eluent. Sample was dried 
under N2 and re-suspended in mobile phase 
(0.1% FA)
LC-MS analysis
500 ng of digested mAb sample was injected 
on Waters CSH Peptide C18 
chromatographic column (0.3 x 150 mm). 
Separation was performed with Sciex M5 
microflow system connected to the Sciex 
Zeno TOF 7600 mass spectrometer. 
Chromatographic gradient was 20 min from 3 
to 35% B (0.1% FA in ACN) and whole 
method with cleaning and equilibration was 
30 min long. MS data were acquired in DDA 
CID, DDA EAD and DDA EAD+CID hybrid 
mode (EAciD), as well as DIA SWATH (CID, 
65VW, 400-900 m/z) for quantitation [2].
Data analysis
MS data were processed in PEAKS Studio 12 
(Bioinformatics Solutions Inc.), Skyline (Skyline-
daily 24.1.1.398) and DIA-NN (v. 1.8.1)

Results

Accesion Protein name MW [Da]
ppm 

(ng/mg mAb)

Number of peptides detected

PEAKS CID PEAKS EAD+CID Dia-NN lib-free
P01133 Pro-epidermal growth factor (EGF) 6353 6.4 N/D N/D N/D
P01344 Insulin-like growth factor II (IGF-II) 7475 7.5 5 4 N/D
P10145 Interleukin-8 (IL-8) 8386 8.4 9 3 1
P01031 Complement C5/C5a anaphylatoxin 8563 8.6 1 1 N/D
Q15843 NEDD8 9072 9.1 5 3 N/D
P62988 Ubiquitin 10597 10.6 7 5 6
P99999 Cytochrome c 11618 11.6 13 9 5
P61769 Beta-2-microglobulin 11731 11.7 6 4 2

… … …
P12081 Histidyl-tRNA synthetase, cytoplasmic 58233 58.2 49 26 24
P04040 Catalase 59625 59.6 39 31 26
P02768 Serum albumin 66357 66.4 38 32 24
P02787 Serotransferrin (Transferrin) 75181 75.2 45 42 24
P02788 Lactotransferrin (Lactoferrin) 76165 76.2 50 33 23
P06396 Gelosin 82959 83.0 46 32 26
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Accession Gene Description Unique peptides Average Mass [Da]
Avg. Area 

Normalized %CV ppm

P20918|PLMN_MOUSE Plg Plasminogen 77 90807.91 219666.7 1.5% 779.3

P07724|ALBU_MOUSE Alb Albumin 75 68692.51 263000.0 1.1% 705.8

Q61838|PZP_MOUSE Pzp Pregnancy zone protein 58 165852.62 46866.7 3.5% 303.7

P01027|CO3_MOUSE C3 Complement C3 79 186483.89 33133.3 2.7% 241.4

B9EHT6|B9EHT6_MOUSE Fn1 Fibronectin 52 250297.45 20500.0 0.4% 200.5

E9PV24|FIBA_MOUSE Fga Fibrinogen alpha chain 48 87429.26 35833.3 1.6% 122.4

Q8K0E8|FIBB_MOUSE Fgb Fibrinogen beta chain 37 54752.703 47433.3 1.5% 101.5

P25444|RS2_MOUSE Rps2
Small ribosomal subunit 
protein uS5 2 31231.30 59.1 17.4% 0.8

P80313|TCPH_MOUSE Cct7
T-complex protein 1 
subunit eta 2 59652.16 55.0 33.3% 0.1

Q8BND5|QSOX1_MOUSE Qsox1 Sulfhydryl oxidase 1 2 82785.31 50.7 11.3% 0.2

P50247|SAHH_MOUSE Ahcy Adenosylhomocysteinase 2 47688.15 49.5 8.3% 0.1

Figure 2 EAD/CID mixed fragmentation scheme. Adapted from Potriquet J. et al. Sciex Tech Note 
[REF 2]

Figure 1 Benefits of EAD/CID mixed fragmentation on peptides MS/MS spectra. Comparing to CID only the EAciD spectra 
are much more informative in some cases.

115 262 51CID EAciD

Number of unique mouse HCP proteins identified 
in Waters mAb Mass Check standard

Conclusions
The preliminary results for using EAD and CID 
in HCP analysis shown promising results. In 
spite of less total proteins detected by the 
hybrid EAciD fragmentation, the quality of the 
spectra was better, providing more “solid 
proofs” on peptides-spectrum matches. The 
combined DDA analysis using PEAKS software 
provides higher number of peptides 
identification than library-free workflow using 
Dia-NN software. 
The quantification of the HCPs with spiked-in 
proteins were extreme reproducible with low 
%CV values. More than 400 host cell proteins 
were identified in Waters mAb Mass Check 
monoclonal antibody standard, a material 
good reflecting real-word bioprocess samples.
Our analytical method allows for sensitive and 
reproducible HCPs analysis using novel 
EAD/CID mixed fragmentation on ZenoTOF 
7600 platform.
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The Waters mAb Mass Check standard is a 
Protein A purified mouse monoclonal antibody, 
that is a good material for development and 
optimization of analytical method for HCPs 
analysis. The analysis of digested mAb sample 
spiked with UPS-1 protein mix resulted in good 
number of peptides and proteins identification. 
The obtained results were presented 
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