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Streamlined and automated immunoassays adapted for 
bioprocess workflows accelerate QbD strategy initiatives
Daniel Forsström, Hannah Litwin, Gyros Protein Technologies, Uppsala Science Park, SE-751 83 Uppsala, Sweden

About Gyrolab technology: Gyrolab xPand and Gyrolab xPlore perform automated immunoassays 
within nanoliter-scale microfl uidic structures in a Compact Disk (CD) format. Each structure on 
the CD comprises a 15-nanoliter affi nity column pre-packed with streptavidin-coated particles, 
supporting a variety of assay types including sandwich and indirect antibody assays. While Gyrolab 
xPlore runs single CDs, Gyrolab xPand can run up to fi ve CDs unattended.
Consumption of sample and reagents is dramatically reduced compared with plate-based ELISA. 
Microfl uidic control ensures that all samples on a CD are processed in parallel, giving consistent 
results. Each microstructure equates to one data point, eliminating cross talk. The control and 
analysis software is 21 CFR part 11 compliant, ensuring that assays can be developed and transferred 
through to GMP and GLP environments.

VISIT GYROSPROTEINTECHNOLOGIES.COM information@gyrosproteintech.com

ABSTRACT
Bioprocess development has rapidly evolved to incorporate Quality-by-Design (QbD) principles 
that depend on deep scientifi c understanding about each process. Scaled down models and 
high-capacity testing generate large numbers of samples for analysis, increasing the demand for 
effi cient and timely analytical support to monitor quantity and quality in products and processes. 
This necessitates reliable and robust analytical methods that can meet different challenges during 
development e.g. changing conditions and matrices, and the rigors of the regulated environment. 
These processes consist of many iterative stages, including selecting clones that must be optimized 
for product yield, and monitoring levels of impurities during downstream processing. Immunoassays 
play a major role in analytical support and there are clear advantages in quickly running multiple 
assays in parallel and on the same platform to support effi cient data-driven decision-making. 
The newly introduced Gyrolab® xPand system automates affi nity fl ow-through immunoassays to 
enable the rapid generation of highly reproducible results for multiple assays in parallel from 
the purifi cation of a human IgG antibody produced using Chinese Hamster Ovary (CHO) cells. 
Delivering results in less than an hour, Gyrolab immunoassays are matrix insensitive for robust 
analysis from stage to stage, minimizing the risk of repeat analysis due to interference. 

Using this system we were able to:
• Automatically analyze the dilution linearity and spike recovery data required for assay    
 qualifi cation, and apply acceptance criteria according to current guidelines

• Evaluate the specifi cities of several host cell protein (HCP) assays in a single run
• Analyze IgG drug titer together with HCP and protein A impurities in 38 bioprocess    
 samples from a single unattended run in less than four hours

Combined with ready-to-use kits, Gyrolab xPand promises to streamline the implementation of 
QbD principles in bioprocess development and long-term monitoring.

Case study: purifi cation of a human IgG antibody
This application follows the production and purifi cation of a therapeutic antibody*. A CHO 
transfected cell line was cultured at 4-liter scale for 12 days. After cell culture, the therapeutic 
antibody of IgG1 subtype was purifi ed by two-step chromatography involving affi nity purifi cation 
on MabSelect SuRe™ LX and fl ow-through Anion EXchange chromatography (AEX). Samples for 
analysis were collected during cell culture and throughout the purifi cation process. 
* Gyros Protein Technologies wishes to thank POLYMUN Scientifi c Immunbiologische Forschung GmbH for generously 
supplying the samples for analysis.

HCP analysis – method scouting
HCP assay performance depends on the specifi city and coverage of the assay antibodies for HCP 
impurities generated during cell culture and how these impurities are eliminated or enriched in 
subsequent downstream processing. Also, assay evaluation must include determining the linear 
quantifi cation region for samples from each part of the purifi cation process by analyzing samples 
that are serially diluted down to the lower limit of quantitation (LLOQ). 
Gyrolab CHO-HCP Scouting Kit consists of fi ve antibody preparations that enable rapid screening 
to fi nd the best assay to measure CHO-HCP levels for a specifi c process. This kit was used to screen 
three samples (harvest, eluent from protein A, and after virus inactivation) using the fi ve antibody 
combinations in one unattended run. Unspiked and spiked samples were initially diluted 1:10 or 
1:100 and then serially diluted 1:5 fi ve times to reach the assay LLOQ. The data was examined in 
the Basic view of Gyrolab Evaluator to determine the overall performance of the assays (Figure 1).
The kits gave different results for sample linearity and dilution series concentrations for samples 
from the three steps in the purifi cation process (Figure 2a). The system enabled us to specify 
criteria for dilutions and spikes according to current guidelines (e.g. USP 38-NF 33 1132 Residual 
Host Cell Protein Measurement in Biopharmaceuticals) (Figure 2b). In this case, it was decided 
that averaged values must be within 20 % of the maximum value of the dilution series (Figure 3). 
Kit 1 was selected based on dilution linearity and the levels of HCP indicated by this kit in the 
three samples (Table 1).

Figure 1. Data from the HCP scouting run visualized in the Basic 
view in Gyrolab Evaluator.

Figure 2a. Data from the HCP scouting run visualized in the 
Dilutions/Spikes view in Gyrolab Evaluator. The three plots in the 
lower panels visualize the linearity for each process sample.

Kit 1 HCP 
(ng/mL)

Kit 2 HCP 
(ng/mL)

Kit 3 HCP 
(ng/mL)

Kit 4 HCP 
(ng/mL)

Kit 5 HCP 
(ng/mL)

HARVEST MATERIAL 227 000 126 000 81 100 88 500 127 000

PROTEIN A ELUTION 7 500 4 160 3 390 3 740 12 500

VIRUS INACTIVATION 6 710 4 380 3 590 4 110 15 800

Three analytes in one run
Once the most suitable HCP Kit had been selected, the analytical needs of the bioprocess development could be streamlined 
by analyzing drug titer and impurity levels in samples from the three purifi cation steps in a single unattended run, using 
Gyrolab kits for IgG titer, CHO-HCP and protein A.

Figure 4a. Standard curve for IgG titer Figure 4b. Standard curve for HCP 
impurity levels

Figure 4c. Standard curve for protein A 
impurity levels

The titer concentration was determined by 
quantifying a serial dilution of each sample. 
The samples were initially diluted 1:3 and 
then serially diluted 1:3 in fi ve steps.

The samples were initially diluted 1:10 or 
1:100 and then serially diluted 1:5 fi ve times 
to reach the LLOQ of the assay.

The protein A concentration was deter-
mined by quantifying a serial dilution of 
each sample. The samples were initially 
diluted 1:2 and then serially diluted 1:2 in 
fi ve steps.

The drug concentration reported by the IgG titer assay was used by Gyrolab Evaluator software to automatically calculate 
the impurity:drug ratios. Sample linearity is important for HCP analysis and also for the determination of IgG titer and 
protein A levels, especially for samples in acidic buffers, which require establishing the minimum required dilution (MRD) 
to ensure dilution linearity and good spike recovery. The results for the three assays are shown in Table 2.

Table 2. Summary of drug titer and impurity concentrations

Determining the MRD of the samples from each part of the purifi cation step greatly improves the throughput. When using 
a standard curve, two QC samples and analysing one dilution of each sample in duplicate, the Gyrolab system delivered 
IgG titer and concentrations of HCP and protein A impurities for 38 bioprocess samples in less than four hours.
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Drug titer (mg/mL) HCP (ng/mg) Protein A (ng/mg)

HARVEST MATERIAL 0.33 760 606 0

PROTEIN A ELUTION 1.57 6 369 31

VIRUS INACTIVATION 3.59 1 883 1.7

Table 1. Summary of HCP concentrations determined using each kit
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Figure 3. An example of a dilution series where the acceptance 
criterion for minimum signal resulted in the exclusion of three 
dilutions. The dotted line represents the lower limit of acceptance 
set at 80 % of the maximum value of the dilution series.

Gyrolab and Rexxip are registered trademarks and Gyros, Gyrolab xPlore, Bioaffy and Gyros logo are trademarks of Gyros Protein Technologies Group. All other trademarks are the property of their respective 
owners. Products and technologies from Gyros Protein Technologies are covered by one or more patents and/or proprietary intellectual property rights. All infringements are prohibited and will be prosecuted. 
Please contact Gyros Protein Technologies AB for further details. Products are for research use only. Not for use in diagnostic procedures. © Gyros Protein Technologies AB 2018.

SUMMARY

Figure 2b. The software enables 
acceptance criteria to be set based 
on parameters defi ned by the user, 
such as maximum values or levels of 
variation, according to guidelines.

Gyrolab Bioaffy CD

Affi nity-capture 
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Gyrolab Bioaffy CD

Gyrolab system streamlines the immunoassay workfl ow by automating sample addition, washing and detection using nanoliter volumes in the 
microfl uidic format of Gyrolab Bioaffy CD.

Typical analyte concentration and dynamic range for 
Gyrolab Bioaffy CDs.

Concentration (M)
10-12 10-9 10-6

BioaffyB y
1000

Bioaffya
2000

BioaffyB y
20HC

Gyrolab xPand provides automation and throughput that enables the rapid and 
effi cient generation of data for large numbers of bioprocess samples. This throughput 
together with software designed to support bioprocess workfl ows streamlines and 
accelerates the implementation of QbD strategies in bioprocess development.
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