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This technical note demonstrates a data-independent 

acquisition (DIA) MS approach that allows for the 

identification and relative quantitation of host cell proteins 

(HCPs) in a monoclonal antibody (mAb) sample. Using a 

20-minute analytical flow LC-MS method, 172 HCPs were 

identified and quantified with a coefficient of variation (CV) 

≤ 20% in NIST mAb, a humanized IgG1κ antibody standard 

expressed in mouse cells. The number of quantifiable 

HCPs increased to 269 using a more sensitive 45-minute 

nanoflow method (Table 1). This DIA-based approach can 

be used to check for the presence of HCPs, including low 

level and new HCPs, in antibody preparations for 

optimizing batch antibody purification, which is critical for 

biotherapeutic efficacy and better treatment outcomes. 

 

 

Key features of the identification and relative 

quantitation of host cell proteins in NIST mAb 

using Zeno SWATH DIA  

• Using a 45-minute nanoflow LC gradient, 399 HCPs 

were identified (269 quantified with CVs ≤ 20%) 

• 172 HCPs were identified and quantified with CVs ≤ 

20% in NIST mAb using a 20-minute analytical flow 

gradient and Zeno SWATH DIA 

• HCPs reported at levels as low as 0.012 ppm in 

published literature were detected and quantified with a 

CV ≤ 20% 

• Zeno SWATH DIA data allows for both identification 

and sensitive quantification of HCPs 

• Fast, easy library-free processing of DIA data using 

DIA-NN software, giving both qualitative and 

quantitative results 

 

 

Approach for routine detection and quantitation of host cell 

proteins in NIST mAb using Zeno SWATH DIA  

Table 1: Host cell protein groups identified and quantified in NIST mAb. 

 

Chromatography 
(flow rate) 

Gradient 
length 
(min) 

Amount 
of mAb 

used per 
injection 

(µg) 

# Zeno 
SWATH  

DIA 
windows 

HCPs 
identified 

HCPs 
identified in 

all 5 
replicates 

Quantifiable HCPs 
 (identified in all 5 replicates and CV 

≤ 20%) 

Analytical flow; 
direct injection 

(200 µL/min) 
20 200 65 227 209 172 

Nanoflow; trap 
and elute 

(300 nL/min) 
45 10 85 399 361 269 
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Introduction 

Since 1985, almost 200 mAbs have been approved to treat 

various diseases such as cancers, autoimmune diseases, 

and inflammatory conditions.1 Although mAb products are 

extensively purified in the manufacturing process, they are 

typically generated using mouse or hamster cell lines and 

contain contaminating proteins from the host cell line. It is 

critical to characterize HCPs during purification and in the 

final product and screen for possible adverse effects during 

treatment for patient safety. For example, HCPs can cause 

immunogenic reactions or affect the mAb stability.2 While 

an enzyme-linked immunosorbent assay (ELISA) is the 

most commonly used method to measure HCPs, it only 

reports the total amount of HCPs, giving no information on 

which proteins are detected and their individual 

concentrations. In addition, ELISA tests only detect the 

proteins they are designed for, increasing the risk of relying 

on ELISAs only for process optimization and ensuring 

product quality. Conversely, mass spectrometry (MS) can 

identify HCPs without bias and allows for quantitation of the 

individual HCPs detected. This technical note demonstrates 

the comprehensive identification and quantitation of HCPs 

using Zeno SWATH DIA on the ZenoTOF 7600 system. 

 

Methods 

Samples and reagents: NIST mAb standard antibody (lot 

14HB-D-002) was acquired from the National Institute of 

Standards and Technology. The UPS2 Proteomics Dynamic 

Range Standard, consisting of 48 human proteins spanning 

5 orders of dynamic range, was purchased from Sigma. 

Recombinant trypsin and dithiothreitol were purchased 

from Millipore Sigma. 

Sample preparation: 2 mg of the NIST mAb was digested 

following a 2-hour native digestion protocol as described in 

the literature.2 For the analytical flow experiment, one vial 

of UPS2, 50 pmol to 0.5 fmol per protein, was added to the 

mAb sample. After digestion and removal of the mAb, the 

protein concentration (expressed as the original mAb 

concentration) was 4 µg/µL. For nanoflow LC-MS analysis, 

the sample was diluted further with 0.1% formic acid in 

water to 1 µg/µL. 

Nanoflow chromatography: The samples were analyzed 

using a Waters ACQUITY M-class system in trap and elute 

nanoflow LC mode. A Waters nanoEase M/Z Symmetry 

C18 100 Å, 5 µm 180 µm x 20 mm trap column was used in 

combination with an ACQUITY HSS T3 1.8 µm 100 Å 75 

µm x 25 cm nanoLC column. 10 µL of the diluted 1 µg/uL 

sample (10 µg on column) was loaded on the trap from a 

20 µL loop using 4 minutes for loading at 10 µL/min with 

0.1% formic acid in water. A 45-minute gradient at 300 

nL/min from 1-33%B was run for the separation, using 

0.1% formic acid in water as mobile phase A and 0.1% 

formic acid in acetonitrile as mobile phase B. The column 

and trap were washed at 80% B for 5 minutes and re-

equilibrated at 1% B for 25 minutes. The column 

temperature was maintained at 50°C. Five replicate 

injections were made.  

Analytical chromatography: The samples were analyzed 

using an ExionLC AD system. A Waters ACQUITY HSS T3 

1.8 µm 100 Å, 2.1 mm x 100 mm column was used. 50 µL 

of the 4 µg/µL sample was injected (200 µg on column). A 

20-minute gradient at 200 µl/min from 5-35%B was run for 

the separation, using 0.1% formic acid in water as mobile 

phase A and 0.1% formic acid in acetonitrile as mobile 

phase B. The column was washed at 80% B for 5 minutes 

and re-equilibrated at 5% B for 6 minutes. The column 

temperature was maintained at 50°C. Five replicate 

injections were made. 

 

Table 2: OptiFlow Turbo V ion source parameters 
 

Parameter Value nanoflow LC 
Value analytical 
flow LC 

Polarity Positive Positive 

Ion spray voltage 3,000 V 4,500 V 

Curtain gas 35 psi 35 psi 

Nano gas 1 10 psi n/a 

Gas 1 n/a 20 psi 

Gas 2 n/a 50 psi 

CAD gas 7 7 

Nano cell 
temperature 

100 °C n/a 

Source 
temperature 

n/a 400 °C 
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Mass spectrometry: The ZenoTOF 7600 system was used 

with an OptiFlow Turbo V source in either nanoflow or 

analytical flow mode. SCIEX OS 3.3.1 software was used 

for instrument control and data acquisition. Source 

parameters are listed in Table 2. Zeno SWATH DIA data, 

unless otherwise specified, was acquired using the 

parameters listed in Table 3. Scan time was 1.6 s for 

nanoflow-LC-MS and 1.3 s for analytical flow LC-MS, 

ensuring a minimum of 6 points across the 

chromatographic peaks. 

Data processing: Data was processed using DIA-NN 1.9 

software.3,4 Library-free searches were performed on 5 

replicates using a UniProt-reviewed mouse protein 

database to which the UPS2 human spike-in proteins were 

added. Search parameters used, unless otherwise 

specified, are listed in Table 4. Proteins were filtered at a 

Global Protein Group Q value of 0.01. The Analytics   

module of SCIEX OS software version 3.3.1 was used for 

the quantitation of HCPs as well.

  

Table 3: MS method parameters  

 

Parameter Value TOF MS 
Value TOF MS-MS nanoflow 
LC 

Value TOF MS-MS analytical 
flow 

Mass range 400 – 1,000 m/z 140 – 1,800 m/z 140 – 1,800 m/z 

Accumulation time 0.1 s 0.013 s 0.013 s 

Declustering potential 80 V 80 V 80 V 

Time bins to sum 8 8 8 

Fragmentation mode n/a CID CID 

# of variable windows n/a 85 (400-1,000 m/z) 65 (400-1,000 m/z) 

Collision energy 10 V dynamic dynamic 

Zeno pulsing n/a on on 

Table 4: DIA-NN search parameters 
 

Parameter Value 

# missed cleavages 1 

Max # of variable 
modifications 

0 

N-terminal M excision yes 

Carbamidomethylation no 

Peptide length 7 - 30 

Precursor charge range 1 - 4 

Precursor m/z range 400-1000 

Fragment ion m/z range 200-1500 

Precursor FDR 1% 

Mass Accuracy 20 ppm 

MS1 Accuracy 20 ppm 

Scan Window 6 

Match Between Runs yes 

Shared spectra no 

Protein inference Genes; heuristic 

Neural network classifier Single-pass 

Quantification  QuantUMS (high precision) 

Cross run normalisation RT-dependent 
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Identification of HCPs in NIST mAb 

With the nanoflow trap and elute method, injecting the 

equivalent of 10 µg NIST mAb digest, a total of 399 mouse 

proteins were identified, 361 of which were identified in all 5 

replicate injections.  

Although nanoflow LC typically identifies the largest 

number of HCPs, a shorter analytical flow method is 

preferable for more routine testing or process development 

purposes. Using a 20-minute gradient, 209 HCPs were 

identified in all 5 replicates. 

Figure 1 compares the overlap of HCPs identified between 

our nanoflow and analytical flow methods and two data 

sets reported in the literature. Almost all HCPs identified 

using the analytical flow method were also identified with 

nanoflow. There was significant overlap with HCPs reported 

in the literature.6,7 An even higher number of HCPs, 590 at 

1% FDR, was reported recently by Feng Yang et al.5 This 

data was, however, acquired using a much longer (172 

min) nanoflow gradient method and utilized a DDA 

approach, which is less suitable for quantitation than DIA 

approaches. 

 

 

 

Figure 1: Proportional Venn diagram showing the overlap of HCPs identified using the nanoflow and analytical 
flow methods and two data sets reported in the literature.6,7,8 Note that there was an additional overlap of 8 HCPs 
between the nanoflow method and the data reported by Beaumal et al., not shown in this Venn diagram. 
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Quantitation of identified HCPs using DIA-NN 

Table 1 shows that many identified HCPs were quantifiable 

with CVs ≤ 20%. Figure 2 shows the CVs of HCPs 

measured with analytical flow as a function of their 

concentration in ppm in the NIST standard antibody as 

reported in the literature.7 CVs for the HCPs reported to be 

at 5 ppm or higher was better than 5%, while even at 

concentrations as low as 0.01 ppm, most HCPs could be 

quantified with CVs below 20%. 

Table 5 lists the USP2 proteins spiked into NIST mAb 

identified in all five replicates using the analytical flow 

method. All the highest, 50,000 fmol, spike-in level proteins 

were identified, while most of the proteins at the 5,000 fmol 

and 500 fmol levels and three of the proteins at the 50 fmol 

level were identified. All identified proteins were quantified 

using the DIA-NN software with CVs ≤ 20%. The relative 

amounts of these identified proteins were from 0.19 to 

1,658 ppm, covering 4 orders of magnitude.  

 

Figure 2: %CV distribution of quantified HCPs as a 
function of the ppm concentration reported in the 
literature.7 

Quantitation of HCPs using SCIEX OS software 

Once specific HCPs have been identified using DIA-NN, 

quantitation using one or several peptides of any HCP can 

be performed with enhanced speed and precision from the 

same DIA data using SCIEX OS software. SCIEX OS 

software allows for quantitation using a single peptide 

fragment, or by summing multiple fragments. Figure 3 

shows the XICs of three fragments and their sum for the 

most intense peptide, GLIDGFPR, of UMP-CMP kinase, an 

HCP with a literature-reported concentration of 0.4 ppm.7 

The CV of the summed area for this peptide was 10.6%. 

 

 

 

 

Figure 3:  Example of quantitation of the HCP UMP-
CMP kinase using SCIEX OS. Figure A shows the overlaid 
top 3 XICs, fragment ions y6, y5 and y4, of the peptide 
GLIDGFPR in a blank digest (left) and NIST mAb digest 
(right). Figure B shows the summed XIC in the blank (left) 
and NIST mAb digest (right). The CV of the summed area 
for this peptide was 10.6%. 
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Table 5: UPS2 spiked-in proteins identified using the analytical flow LC method with Zeno SWATH DIA.  

 
    

UPS2 protein Spike-in amount (fmol) Spike-in level (ppm) CV (%) 

Insulin-like growth factor II 
(IGF-II) 

50 0.1869 10.4 

Gamma-synuclein 50 0.3841 15.8 

Antithrombin-III (ATIII) 50 1.226 13.9 

Alpha-lactalbumin 500 3.519 10.0 

Lysozyme C 500 3.675 5.67 

Retinol-binding protein 4 500 5.267 6.67 

Ribosyldihydronicotinamide 
dehydrogenase [quinone] 

500 6.455 17.9 

Creatine kinase M-type 500 10.77 4.17 

Histidyl-tRNA synthetase, 
cytoplasmic 

500 14.56 7.38 

Cytochrome b5 5,000 40.05 6.42 

Myoglobin 5,000 42.63 4.79 

Peptidyl-prolyl cis-trans 
isomerase A (PPIase A, 
Rotamase A) 

5,000 50.44 4.06 

Peroxiredoxin 1 5,000 54.95 4.43 

NAD(P)H dehydrogenase 
[quinone] 1 

5,000 76.84 5.97 

Small ubiquitin-related 
modifier 1 (SUMO-1) 

5,000 97.04 1.69 

Catalase 5,000 149.1 1.16 

Complement C5/C5a 
anaphylatoxin 

50,000 214.1 5.70 

Ubiquitin 50,000 264.9 2.90 

Hemoglobin subunit alpha 50,000 378.1 3.68 

Hemoglobin subunit beta 50,000 396.7 6.18 

Leptin 50,000 403.9 4.79 

Carbonic anhydrase 1 50,000 718.5 1.80 

Carbonic anhydrase 2 50,000 727.9 1.45 

Serum albumin 50,000 1658 6.90 



 

 

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx Only. Product(s) not available in all countries. For information on availability, please contact your 
local sales representative or refer to https://sciex.com/diagnostics. All other products are For Research Use Only. Not for use in Diagnostic Procedures. 
 
Trademarks and/or registered trademarks mentioned herein, including associated logos, are the property of AB Sciex Pte. Ltd. or their respective owners in the United 
States and/or certain other countries (see www.sciex.com/trademarks). 
 
© 2024 DH Tech. Dev. Pte. Ltd.   MKT- 32996-A 

 

 

Headquarters 
500 Old Connecticut Path | Framingham, MA 01701 
USA 
Phone 508-383-7700 
sciex.com 

International Sales 
For our office locations please all the division 
headquarters or refer to our website at 
sciex.com/offices 

 

Conclusions 

• Zeno SWATH DIA, using the ZenoTOF 7600 system, is 

a robust and sensitive method for routinely identifying 

and quantifying host cell proteins (HCPs). Using a 20-

minute analytical flow gradient, 172 HCPs were 

identified and quantified in a NIST mAb standard, 

demonstrating a high degree of speed and precision 

• Using a 45-minute nanoflow gradient and Zeno SWATH 

DIA, 399 HCPs were identified, with 269 of these 

quantifiable with a CV ≤ 20% across 5 replicate 

injections 

• The HCPs identified and quantified in this work using 

both analytical flow and nanoflow methods show 

excellent correlation with previous results published in 

the literature, highlighting the effectiveness of Zeno 

SWATH DIA as a tool for monitoring the production of 

biotherapeutics 

• Quantitation using Zeno SWATH DIA gives excellent 

precision at the lowest HCP concentrations 
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