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Abstract

Effects of antibody labeling chemistry on assays
developed for the Gyrolab immunoassay platform

Julia Dencker

The aim of this project was to make a comparison of the effects of 
antibody labeling chemistries on assays developed for the Gyrolab 
immunoassay platform. One of the labeling techniques was a heterogenous 
labeling technique targeting amino groups on the antibody. The other 
labeling technique was a site-specific labeling technique targeting the 
conserved Fc-glycan at the aspargine 297 residue on the IgG molecule. 
The site-specific labeling was performed using a kit from Genovis called 
GlyCLICK. The two labeling techniques were compared on four different 
assays developed for the Gyrolab platform. The assays tested in this 
project were two anti-drug antibody assays, a pharmacokinetics assay, a 
polyclonal antibody assay, and a monoclonal antibody assay. The drug 
tolerance was tested for the anti-drug antibody assays, resulting in 
better drug tolerance for reagents labeled with amino conjugation for 
the Humira assay with incubation overnight. A confirmatory analysis, 
testing the inhibition of negative control with addition of unlabeled 
drug in the Master Mix, was performed. This resulted in small 
differences in the inhibition between the different reagents, except for 
Keytruda on Gyrolab Bioaffy 200, for which the GlyCLICK labeled reagents 
led to a lower inhibition of the negative control. For all the assays 
the effects on signal to background ratio and limit of detection was 
investigated. The greatest advantages of GlyCLICK on the signal to 
background was observed for anti-drug antibody Keytruda assay and 
polyclonal antibody assay. For the polyclonal antibody assay, the 
results indicated potentially reduced need for the polishing step and 
for two wash solutions after addition of the detect reagent.  
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Populärvetenskaplig sammanfattning  

Biologiska läkemedel används alltmer för behandling av olika typer av sjukdomar, så som 
cancer och autoimmuna sjukdomar. Vid olika steg av läkemedelsutvecklingen används så 
kallade immunoassays för att detektera ett protein eller någon annan makromolekyl. En 
immunoassay är en analysmetod som använder antikroppar som binder in till ett specifikt 
protein, och på så sätt kan proteinet detekteras. Vid produktion av biologiska läkemedel 
används värdorganismceller som till exempel bakterier eller hamsterceller för att tillverka 
proteiner som används som läkemedel. För att försäkra att dessa läkemedel är säkra behöver 
alla andra proteiner renas bort, till exempel värdorgansimens egna proteiner. Immunoassays 
kan användas för att analysera mängden proteiner från värdorganismen för att kunna utveckla 
processen för att tillverka proteinet. Ett annat exempel där immunoassays kan användas är för 
att detektera anti-drog antikroppar. Anti-drog antikroppar kan bildas i kroppen som en 
immunologisk reaktion mot ett läkemedel. Dessa antikroppar kan ibland leda till allvarliga 
biverkningar eller minskad effekt av läkemedlet. Det är därför viktigt att kunna mäta om anti-
drog antikroppar finns närvarande hos patienten.  

Gyros Protein Technologies är ett företag i Uppsala som tillverkar och utvecklar Gyrolab som 
är en immunoassayplattform där analysen sker på en CD-skiva. För att ett protein ska kunna 
detekteras i en immunoassay behöver antikroppar som binder till proteinet märkas in. För att 
de ska detekteras på Gyrolab immunoassay platform behöver den infångande antikroppen 
vara märkt med en biotinmolekyl som kan binda till en streptavidinmolekyl på den fasta delen 
av CD-skivan. Den detekterande antikroppen behöver vara inmärkt med Alexa 647, vilket är 
ett flouroscerande färgämne, för att instrumentet ska kunna detektera den. Inmärkningen av 
antikroppar kan göras på flera olika sätt, vilket kan påverka hur antikroppen kan binda till 
proteinet. I detta projekt har två olika sätt att märka in antikroppar på jämförts. Det ena sättet 
binder biotin/Alexa 647 till aminogrupper på antikropparna. Aminogrupperna finns på flera 
ställen på antikroppen vilket leder till en heterogen inmärkning av antikroppen. Den andra 
tekniken är en site-specifik inmärkningsteknik vilket innebär att inmärkningen alltid sker på 
samma ställe på antikroppen och att det i detta fall alltid binder två alexa eller biotinmolekyler 
till varje antikropp. Inmärkningsgraden för antikroppar märkta genom inbindande till 
aminogrupper kan alltså variera medan imärkningsgraden för den site-specifika inmärkningen 
alltid bör vara två.  

Detta examensarbete gick ut på att undersöka vilken effekt inmärkningskemin har på assays 
som är utvecklade för Gyrolab. En undersökning gjordes för att ta reda på om det kunde 
finnas fördelar med att märka in antikroppar med en site-specifik inmärkningsteknik istället 
för konjugering till aminogrupper som används för att märka in antikroppar på Gyros i 
nuläget. Några fördelar med att använda en site-specifik inmärkning hittades. Till exempel 
visade resultaten att den site-specifika inmärkningen i vissa fall skulle kunna leda till högre 
känslighet.   
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1 Introduction  

This master thesis project was performed at Gyros Protein Technologies. Gyros Protein 
Technologies develops and produces Gyrolab immunoassay platform which can be used for 
various applications, including immunogenicity testing, pharmacokinetics analysis, and 
bioprocess impurity testing. The performance of the immunoassays can be affected by the 
labeling technique of the antibody, for example by affecting the binding to the antigen (Wood 
1991). In this master thesis project, two different antibody labeling chemistries and their 
performance on assays developed for the Gyrolab immunoassay platform were compared. 
One of the antibody labeling techniques that were tested was a site-specific labeling technique 
using click-chemistry in one step of the reactions. Antibodies labeled with this technique was 
labeled with a GlyCLICK kit and will in this report be referred to as GlyCLICK labeled 
antibodies. GlyCLICK labeling of antibodies have shown increased performance in other 
applications, such as reduced background in flow cytometry and immunofluorescence 
imaging (Sjögren et al. 2020). The other technique was an amino conjugation labeling 
technique resulting in heterogenous labeling, used to label antibodies for Gyrolab assays 
today. Antibodies labeled with this antibody labeling chemistry will be referred to as amine 
labeled antibodies.  

2 Background  

2.1 Antibodies  

Antibodies or immunoglobulins are glycoproteins, produced by the B-cells, that are involved 
in the immune system (van de Bovenkamp et al. 2016). There are five major classes of 
immunoglobulins IgM, IgD, IgG, IgA and IgE with class specific heavy chains µ, δ, γ, α and 
ε, respectively (Murphy & Weaver 2016). Monoclonal antibodies (mAbs) used in therapeutics 
are usually immunoglobulin G subclass (IgG), which is about 150 kDa, and composed of two 
heavy chains and two light chains linked together with disulfide bonds. Each heavy chain has 
one variable domain and three constant domains, while each light chain has one variable 
domain and one constant domain (Figure 1). The variable regions forms the antigen binding 
site (Vashist & Luong 2018). The heavy and the light chains together forms two fragments of 
the antibodies. One of these fragments is the Fab fragment, which is the antigen-recognition 
region, and the other is the Fc region, which is the crystallizable fragment that activates the 
Fcγ-receptor (Boune et al. 2020).  

The heavy chain (CH2) of the Fc region have a conserved N-linked glycosylation site on 
aspargine 297 (van de Bovenkamp et al. 2016). The N-linked glycans on the asn297 site have 
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a common core region composed of N-acetylglucosamine (GlcNAc) and mannose (Figure 1). 
Different combinations of fucose, GlcNAc, sialic acid and galactose can be added to the core 
region, leading to a high variation of structure of the N-glycans and thereby high variation in 
affinity to the Fcγ-receptor and the immune function (De Jong et al. 2016, Sjögren et al. 
2020).  

 

Figure 1: Illustration of the structure of an antibody including the Fc and Fab fragments, variable (V), 
constant (C) and heavy (H) and light (L) chains. The core of the Fc-glycan is illustrated. The Fucose is in 
parentheses since it is not always a part of the core of the Fc-glycan. The glycosylation pattern can be 
changed by addition of fucose, GlcNAc, sialic acid and galactose to the illustrated core of the Fc-glycan. 
Illustration inspired by Irvine & Alter (2020).  

2.2 Gyrolab 

Gyrolab is an open immunoassay platform which allows the user to design its own 
experiments. It can be used for several different applications, including host cell impurity 
analysis, immunogenicity testing and pharmacokinetics analysis. The analysis is performed on 
a CD with microfluidic structures in nanoliter scale. The technology uses centrifugal and 
capillary forces to make the liquid flow through the microfluidic structures (Gyros Protein 
Technologies c). Laser-induced fluorescence detection is used to detect the analyte (Honda et 
al. 2005).  The Gyrolab assays have a broad dynamic range, requires small reagent volumes 
and short analysis time (Vashist & Luong 2018).  

2.2.1 Gyrolab CDs 
The Gyrolab CDs are composed of microchannels and micro reaction chambers, which are 
separated from each other by hydrophobic barriers (Figure 2). The flow of the fluids through 
the hydrophobic barriers are controlled by the speed of the rotation of the CD. During a run, 
the reagent is injected to the CD and the volume defined in the volume definition area. 
Sample is dispensed on the inlet for sample addition and the volume is defined in the volume 
definition chamber (Honda et al. 2005, Gyros Protein Technologies d). Excess liquid passes 
through the overflow channel in the CD and the defined volume of liquid passes through the 
hydrophobic barrier to the affinity-capture column by increased rotational speed. The affinity-
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capture column (15 nL) in the CD is filled with streptavidin-coated particles, which 
biotinylated reagents can bind to (Honda et al. 2005).  

 

Figure 2: Illustration of the structures in Gyrolab Bioaffy CD. ©Gyros Protein Technologies. Permission to publish. 

In this master thesis project, several types of Gyrolab CDs have been used, including Gyrolab 
Bioaffy 200, Gyrolab Bioaffy 1000 and Gyrolab Bioaffy 4000, where the number stands for 
the volume in nanoliter defined in the definition chamber. The CDs with higher volume have 
higher sensitivity. Gyrolab Bioaffy 200, 1000 and 4000 have solid particles in the Affinity-
Capture column while Bioaffy 1000 HC, high capacity CD, has porous particles. The porous 
particle allows for a higher binding capacity, which is preferable for low affinity reagents 
(Gyros Protein Technologies d).   

For applications where the samples 
requires pretreatment Gyrolab Mixing 
CD 96 is preferable. An example of 
such application is detection of anti-
drug antibodies (ADA), for which the 
mixing function is used for acid 
dissociation of ADA-complexes. When 
Gyrolab Mixing 96 CD is used for 
ADA applications, the sample is added 
to the CD, the volume is defined and 
the sample is spun into the mixing 
chamber (Figure 3) where the ADA-
drug complexes are dissociated by the 
low pH in the acidic buffer. Labeled 

reagents in neutralization buffer are added to the CD and formation of new complexes with 
the labeled reagents are formed, which can be detected in the column (Gyros Protein 
Technologies d).   

Figure 3: Illustration of structures in Gyrolab Mixing CD. 
©Gyros Protein Technologies. Permission to publish. 
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2.2.2 Output  
In the end of each run the columns are scanned with laser inducing the excitation of the 
fluorophore causing emission of light which is detected by a detector. The fluorescent signal 
is amplified by a photomultiplier tube (PMT) (Gyros Protein Technologies a 2019). The data 
received from a run can be evaluated by Gyrolab Evaluator, which automatically processes 
raw data from the detector. The Gyrolab Evaluator includes the viewer which can be used to 
view the column profiles, showing the binding response in the column. One column profile is 
generated for each data point, which enables control of the data and exclusion of outliers 
(Gyros Protein Technologies b). 

The column profiles can give an indication of the interaction between the capture reagent and 
the analyte. Broader column profiles indicate lower affinity between the capture reagent and 
the analyte, while a sharper peak in the column profiles indicate a higher affinity (Gyros 
Protein Technologies a 2019). Examples of binding profiles with high and low affinity 
between the capture and the detect are shown in Figure 4 both as 3D and 2D images. The 2D 
images display the sum of intensity across the affinity column in the radial direction (Gyros 
Protein Technologies a 2019).   

 

Figure 4: a) Example of column profile indicating low capture-analyte affinity. b) Column profile indicating higher 
capture-analyte affinity. c) 2D image of the binding profiles, the blue curve corresponds to column profile b. The 
orange curve corresponds to column profile a in the figure. 

The column profiles enable identification and exclusion of outliers from the dataset. One 
example of outlier is spikes in the column, which could be caused by fluorescent particles or 
aggregates in either the reagents, wash solution or sample (Gyros Protein Technologies a 
2019). Examples of outliers excluded from the data set in this project can be found in Figure 
5.  
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Figure 5: Example of 3D structures of column profiles excluded from dataset in this project. a) Column profile that 
should be excluded from the data set, which can have been caused by stop in the microchannel. b) Example of a spike 
that can have been caused by fluorescent particles or aggregates.  

2.3 Assays developed for the Gyrolab platform 

In this master thesis the performance of amine labeled reagents and GlyCLICK labeled 
reagents were compared on four different assays developed for the Gyrolab platform. The 
assays are described in this section.  

2.3.1 Anti-drug antibody (ADA) assay  
Therapeutic proteins can cause an immunogenic response causing the body to produce 
antibodies against the therapeutic protein, Anti-drug antibodies (ADA) (Wang et al. 2012, 
Pineda et al. 2016). Anti-drug antibodies can in some cases lead to side effects or loss of 
function of the drug (Mire-Sluis et al. 2004). Immunogenicity risks can vary between drug, 
individual, and patient group (European Medicines Agency 2017). Immunogenicity testing is 
therefore an important part of drug development.  

The strategy recommended by the European Medicines Agency for immunogenicity 
assessment includes a screening assay for identification of positive samples of anti-drug 
antibodies and a confirmatory assay, confirming true positives. The confirmation of true 
positives is done by adding excess of the unlabeled drug, which should result in an inhibition 
of true positives (European Medicines Agency 2017). The false positives and the negative 
control should not be affected. However, some inhibition of negative control might occur. In 
this master thesis project, the non-specific inhibition of negative controls was tested with 
excess of drug in the sample and the Master Mix. The Master Mix contain equimolar amounts 
of the capture and the detect reagent. Earlier tests of ADA assays on Gyrolab has shown 
bigger problems with inhibition of negative control when the drug was added to the Master 
Mix. Performing confirmatory analysis with the free drug in the Master Mix compared to the 
sample requires less hands-on laboratory work. Therefore, if reagents labeled with GlyCLICK 
could result in a lower inhibition of negative controls, that would be an advantage.  

Drug present in the patient’s blood can form complexes with the ADA and thereby reduce the 
signal of the ADA (European Medicines Agency 2017). Before analysis these complexes 
need to be disrupted for the labeled reagents to form complexes with the ADA and allow for 



16 

 

detection. When the ADA is run on a Gyrolab Mixing CD 96 the acid allows for dissociation 
of ADA complexes. The overnight incubation allows for sufficient time for the ADA 
complexes to dissociate and form new complexes with the labeled drug. However, presence 
of unlabeled drug in the patient’s blood can still cause reduced signal of ADA. In this master 
thesis project, the drug tolerance of the assay, using amine labeled reagents was compared to 
usage of GlyCLICK labeled reagents.  

The impact of labeling techniques on ADA assay performance have been studied on two 
ADA assays. One of the assays is a Keytruda assay detecting anti-drug antibodies specific to 
Keytruda (Pembrolizumab). Keytruda targets programmed death receptor-1 (PD-1) and is 
used to treat cancer (Liu 2015).  

The other ADA assay that has been studied is an Humira assay. Humira (Adalimumab), is an 
inflammatory cytokine inhibitor, which binds to tumor necrosis factor-alpha (TNF-α) and 
blocks the interaction with TNF receptors (Kang et al. 2020). It is used to treat autoimmune 
diseases such as Rheumatoid arthritis and Chron’s disease (Liu 2015). Both the Humira and 
Keytruda assays are homogenous bridging assays meaning that both the capture and detect are 
the same type of antibody.   

2.3.2 Monoclonal and polyclonal antibody assays   
Monoclonal antibodies (mAbs) are produced from a single B-cell clone while polyclonal 
antibodies (pAbs) are produced from different B-cell lineages. Polyclonal antibodies are a 
mixture of immunoglobulins binding to different epitopes (Lipman et al. 2005).  

The diverse nature of pAbs can in some cases cause high background in the assay. To reduce 
the background and increase the sensitivity of the assay two actions are usually performed. 
One of these actions is a polishing step which requires time and loss of protein. If this 
polishing step could be avoided by using GlyCLICK labeled reagents, it would be a great 
advantage. The other action is to use two wash solutions after the addition of detect reagent. If 
one wash buffer would be sufficient for GlyCLICK labeled reagents that would also be an 
advantage.  

Usually the pAb assay is run on a Bioaffy 1000 HC, which results in sharper peaks in the 
column profiles. However, the high capacity CD results in higher background. In this master 
thesis project, the reagents were tested on both the Gyrolab Bioaffy 1000 and the Gyrolab 
Bioaffy 1000 HC to investigate if the GlyCLICK labeled reagents could result in a lower 
background on Bioaffy 1000 HC or sharper peaks caused by higher affinity on Bioaffy 1000.  

2.3.3 Pharmacokinetics assay 
Robust Pharmacokinetics assays, which accurately can quantify the drug concentration, are 
important to ensure the safety and efficiency of biotherapeutics (Williams et al. 2017). The 
pharmacokinetics assay analyzed in this master thesis project was a three-step sandwich assay 
for pharmacokinetics analysis of Humira during clinical studies. Biotinylated TNF-α was used 
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as the capture reagent and Mouse anti-human IgG Fc as the detect reagent. In earlier 
experiments performed on Gyros Protein Technologies, problems with matrix effects, high 
background for high concentrations of human serum had been observed. Therefore, the 
GlyCLICK labeled reagents were compared to the amine labeled reagents in presence of 
various concentrations of serum, to investigate if site-specific labeling could result in a lower 
background.  

2.4 Antibody labeling techniques  

The labeled reagents are an important part of the immunoassays and the quality of the labeled 
reagents can affect the performance of the immunoassay. There are different factors that can 
be affected by the labeling of the reagent. One of these factors that can affect the sensitivity of 
the immunoassay is the binding ability of the reagents. Ideally, the binding ability should not 
be affected by conjugation with label. To preserve the binding activity of the reagent, the label 
should be conjugated to an appropriate site of the antibody not affecting the binding activity. 
Non-specific binding to the solid phase should be avoided since it also can affect the 
sensitivity of the assay (Diamandis & Christopoulos 1996).   

2.4.1 Heterogenous labeling with amino conjugation  
The labeling techniques for biotinylating and Alexa 647 labeling of reagents used for Gyrolab 
assays today targets amine groups. Amine groups are commonly used for conjugation with 
label. They form stable crosslinks when reacting with N-succimidyl-carboxylates (Diamandis 
& Christopoulos 1996). Amine groups are present both on the N-terminus and on the amino 
acids, resulting in heterogenous antibody labeling. The most commonly targeted residue is 
Lysine since it is present on the surface of the antibodies (Dennler et al. 2015).  

2.4.2 Site-specific labeling with click-chemistry  
GlyCLICK is a kit from Genovis that enables site-specific labeling of antibodies resulting in 
exactly two biotin molecules or Alexa 647 molecules per antibody. When antibodies are 
labeled with GlyCLICK the label are conjugated to the Fc-glycans on the IgG molecules. The 
Fc-glycans are far from the antigen binding site and is therefore a good site for labeling 
(Toftevall et al. 2019). Another advantage of using Fc-glycan as the target site for conjugation 
is that the chemical properties of carbohydrates are different than the properties of amino 
acids. These differences in chemical properties makes it possible to specifically modify the 
glycans (Sjögren et al. 2020). 

In the first step of antibody labeling with GlyCLICK the Fc-glycans are cleaved in the core 
region of the Fc-glycan by an endoglycosidase. Endoglycosidases are enzymes that catalyze 
hydrolysis of glycosidic bonds. After the cleavage, only the GlcNac remains on the Fc-glycan 
site (Toftevall et al. 2019). The exposed GlcNac acts as a substrate for engineered 
galactosyltransferase GalT, and the antibody is azide activated by attachment of UDP-
GalNaz, an azide labeled sugar, to the GlcNac residue (Toftevall et al. 2019). A 4-
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dibenzocyclooctyne (DIBO) label is then conjugated to the azide activated compound by 
strain promoted azide-alkyne cycloaddition (SPAAC), a cupper free click-chemistry reaction 
(Toftevall et al. 2019).  

Conjugation using GlyCLICK have shown promises within other applications, for example 
reduced background for flow cytometry and immunofluorescence imaging of cells. This 
reduction in background was caused by the removal of the Fc-glycan reducing interactions 
with Fc-receptors (Sjögren et al. 2020). It has also been shown that conjugation with 
GlyCLICK preserves the antigen binding of the antibody (Toftevall et al. 2019).  

3 Material and methods 

The Gyrolab immunoassays which the reagents were tested on in this master thesis consist of 
three components. The capture reagent, the detect reagent and the analyte. To compare the 
antibody labeling techniques and their performance on assays developed for the Gyrolab 
platform, the capture and detect reagent were labeled with two different antibody labeling 
techniques described in section 3.2 Antibody labeling.  

All runs performed in this master thesis project, were performed following the procedure in 
section c: perform immunoassays on Gyrolab instrument, in the Gyrolab User Guide (Gyros 
Protein Technologies a 2019). The data was analyzed using the Gyrolab Evaluator. For ADA 
assays the Gyrolab ADA Software add-on module in Gyrolab Evaluator was used to analyze 
the results. The column profiles were viewed and evaluated in the add-on module in Gyrolab 
evaluator, Gyrolab Viewer.  
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3.1 Material 

All reagents, buffers, and consumables used in this project are listed in Table 1 to 4.  

Table 1. Bioreagents used in the project.   

Reagent Supplier 

Humira Abbvie 

Anti-Humira Bio-Rad 

Keytruda  MSD 

Anti-Keytruda  Bio-Rad  

Mouse anti-Human IgG Fc (JDC10) Southern Biotech  

TNF-α Prospec 

Biotinylated BSA  Immunkemi 

Pooled human serum  BioIVT 

EZ-Link Sulfo-NHS-LC-Biotin Thermo Fisher Scientific 

Alexa FlourTM 647 Monoclonal Antibody 
Labeling Kit  

Molecular Probes 

 

Table 2: Buffers used in the project. 

Buffer Supplier 

Rexxip A  Gyros Protein Technologies 

Rexxip ADA Gyros Protein Technologies 

Rexxip AN  Gyros Protein Technologies 

Rexxip AN-max Gyros Protein Technologies 

Rexxip F Gyros Protein Technologies 

Rexxip H  Gyros Protein Technologies 

Phosphate Buffer Saline (PBS) Fisher Bioreagents  

PBS-T  In-house 
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Table 3: Consumables used in runs on the Gyrolab platform 

Product  Supplier  

Gyrolab Bioaffy 200 Gyros Protein Technologies  

Gyrolab Bioaffy 1000 Gyros Protein Technologies  

Gyrolab Bioaffy 1000 HC Gyros Protein Technologies  

Gyrolab Bioaffy 4000 Gyros Protein Technologies  

Gyrolab Mixing CD 96 Gyros Protein Technologies  

Microtiter plate (96 well plate)  Gyros Protein Technologies 

Microtiter plate foil Gyros Protein Technologies 

 

Table 4: Instruments used during the project. 

Instrument  Supplier 

Gyrolab xPand Gyros Protein Technologies   

Gyrolab xP Gyros Protein Technologies  

Nanophotometer  Implen  

 

3.2 Antibody labeling  

The capture reagent used in the Gyrolab run needs to be biotinylated before the run to bind to 
the streptavidin coated beads in the columns of the CD. In the end of each run the CD is 
scanned for Alexa 647 molecules. Therefore, the detect molecules needs to be Alexa labeled 
before performing a run on the Gyrolab platform. The Alexa labeling and Biotinylation of 
antibodies were performed in two different ways, following the Gyrolab User Guide for 
amine labeling and the GlyCLICK kit protocol for GlyCLICK labeling.   

3.2.1 Antibody labeling with amino conjugation technique  
Prior to labeling the reagents, the reagents were diluted in PBS or concentrated to reach a 
concentration of 1 mg/ml. If the reagent was stored in an amine containing buffer, a buffer 
exchange was performed before labeling. The concentration and buffer exchange were 
performed using Nanosep 30K following the protocol in Gyrolab User Guide.  
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EZ-Link Sulfo-NHS-LC-Biotin of 1 mg was reconstituted in 1 ml MilliQ water to a final 
concentration of 1 mg/ml. Capture reagents used for ADA assays were mixed with an 8 times 
molar excess of Biotin compared to capture reagent. The other capture reagents were mixed 
with a 12 times molar excess of Biotin. The capture reagent and biotinylation mixtures were 
incubated for one hour at room temperature with shaking. After incubation, the biotinylated 
capture reagent was purified from unreacted biotin with a Protein Desalting Spin Column 
from Thermo Scientific. The protein concentration of the biotinylated capture reagent was 
determined by measuring the absorbance at 280 nm with a nanophotometer.  

The detection reagents were labeled using an Alexa FlourTM 647 Monoclonal Antibody 
labeling kit, following the fluorophore labeling of detection reagent in Gyrolab User Guide. A 
1:10 volume of 1 M sodium bicarbonate buffer was added to the detection reagent (1 mg/ml). 
The detection reagent (100 µl) was transferred to a vial containing the Alexa Flour 647 
reactive dye and was incubated for one hour protected from light. The alexa labeled antibody 
was purified from unreacted Alexa 647 using a purification column, packed with purification 
resin, from the Alexa FlourTM 647 Monoclonal Antibody labeling kit. After purification, the 
protein concentration, and the degree of labeling of the Alexa labeled detection reagent were 
measured on the nanophotometer. The Alexa labeled antibody was diluted to 1000 nM with 
PBS + 0.2% BSA and stored at +4℃ until run on the Gyrolab platform.  

An exception in the amine labeling method was performed for untreated pAb. The degree of 
labeling after a first labeling was low (0.23 Alexa/Ab) probably because of presence of amine 
in the buffer. Therefore, an additional buffer exchange was performed resulting in a large loss 
of antibody. Consequently only 16 µg of untreated pAb was labeled with Alexa and 20 µg of 
untreated pAb was biotinylated. A small part of these antibodies had already been labeled in 
the previous step while some was unlabeled. The amount of Alexa 647 diluted in MilliQ 
added to the antibody was adjusted to the amount of the antibody. The amount of Biotin was 
also adjusted to reach a 12 times molar excess of Biotin.  

3.2.2 Antibody labeling using GlyCLICK labeling kit 
The GlyCLICK labeling was performed following the protocol in the GlyCLICK labeling kit 
from Genovis. Both the capture and detect antibodies were modified in the same way until 
conjugation with DIBO-label. Before antibody labeling the buffer was exchanged to Tris-
buffered saline (TBS) using a desalting spin column from the kit. The carbohydrate on the 
antibody Fc domain was modified (deglycosylated) using a spin column with immobilized 
GlycINATOR from the GlyCLICK kit. The antibodies were added to the GlycINATOR spin 
column and were incubated at room temperature with shaking for 30 minutes. After 
incubation, the GlycINATOR columns were centrifuged for 1 min at 1000 x g and the 
deglycosylated antibodies were collected.  

The deglycosylated antibody together with 30 µl of buffer additive and TBS buffer were 
added to the UDP-GalNAz tube, from the kit. The GalT enzyme (25 µl) was added to the 
tubes for azide activation. They were covered with parafilm and were incubated at 30℃ 
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overnight protected from light. The azide activated antibody was purified using the Large 
Antibody concentrator from GlyCLICK. It was prewashed with TBS before purification of 
the antibody.  

For conjugation with Alexa label of detection reagent the purified azide activated antibody 
was mixed with TBS and Alexa from GlyCLICK. Purification of Alexa labeled antibodies 
was performed using purification columns from Alexa FlourTM 647 Monoclonal Antibody 
labeling kit, packed with purification resin. After purification, the concentration and degree of 
labeling was measured on the nanophotometer. They were diluted with PBS to a final 
concentration of 1000 nM.  

For conjugation with Biotin of capture antibody, the azide activated antibody was mixed with 
TBS and Biotin, reconstituted with 27.5 µl DMSO. The biotinylated antibodies were purified, 
and the buffer exchanged to PBS, using the Large antibody concentrator from GlyCLICK. 
The concentration of the biotinylated antibodies was measured on the nanophotometer.  

3.3 ADA assays 

Reagents labeled with the two different labeling techniques were tested for two different 
ADA assays, Humira and Keytruda. The experiments for these two assays were performed in 
similar ways. The drug, Keytruda or Humira, was used as both the capture and detect reagent. 
The analyte was the anti-drug antibody with specificity to the drug. In all runs performed for 
ADA assays, the capture and detect reagent were diluted together with Rexxip ADA in a 
Master Mix, resulting in a 1-to-1 ratio of capture and detect reagent. For analysis on Gyrolab 
Mixing CD 96, the Master Mixes were diluted in neutralization buffer (2 M Tris-HCl, pH 8.0) 
and for overnight incubation the Master Mixes were diluted in Rexxip ADA. The standard 
curves were prepared in pooled human serum and diluted 1:10 in Rexxip ADA, resulting in a 
concentration of 10% of serum. The concentrations described for all ADA experiments are in 
neat serum.   

3.3.1 Comparison of labeling effects of capture versus detect reagent  
A comparison of how the labeling chemistry affected the assay performance for capture 
versus detect reagents was performed. The comparison was performed by preparing four 
Master Mixes for each assay, with either both reagents labeled with GlyCLICK, both with 
amine labeled reagents, or one of each labeling chemistry. For Keytruda, a two times 
concentrated positive control titration curve from 800 ng/ml to 50 ng/ml of the ADA positive 
control was prepared in pooled human serum. For Humira, a two times concentrated positive 
control titration curve from 40000 ng/ml to 128 ng/ml was used since a standard curve from 
800 ng/ml to 50 ng/ml resulted in low responses.  

The standard curves were diluted 1:2 in Rexxip ADA containing unlabeled drug, Humira or 
Keytruda, with a final concentration of 10 µg/ml, for testing of reagent performance with 
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drug. They were incubated together for one hour to allow formation of ADA complexes. The 
runs were performed on Gyrolab Mixing CD 96 with acid dissociation. 

3.3.2 Drug tolerance comparison  
Comparison of the drug tolerance for the two differently labeled reagents, was performed for 
both Humira and Keytruda. This was done by comparing the change in response of a positive 
control in presence of high concentrations of unlabeled drug. A dilution series of unlabeled 
drug in pooled human serum with 8 points and concentrations corresponding to 1280 ng/ml -
10 ng/ml was incubated for one hour with a positive control of anti-drug antibody with a final 
concentration of 800 ng/ml for Keytruda and 1600 ng/ml for Humira. The positive control 
concentration was chosen to make sure a sufficient response would be achieved. The Master 
Mixes had a concentration of 3 µg/ml of detect and capture reagent. The drug tolerance 
comparison was performed both on Gyrolab Mixing CD 96 with acid dissociation and 
overnight on Gyrolab Bioaffy 200. For overnight analysis, the samples were mixed 1:2 with 
the Master Mix on the Microtiter plate and incubated overnight in 4℃ before performing the 
run.   

3.3.3 Drug confirmatory analysis 
In the drug confirmatory analysis, the inhibition of negative control by a high concentration of 
unlabeled drug was tested. This was done by comparing the response of a negative control 
with no presence of unlabeled drug with the response of negative control with either 
unlabeled drug in the sample or in the Master Mix. The final concentration of unlabeled drug 
was 900 µg/ml both in the sample and in the Master Mix. Positive control (800 ng/ml) 
without unlabeled drug and positive control with unlabeled drug in the sample was also 
included in the experiment as a confirmation that the positive control was inhibited by the 
unlabeled drug. The comparison was done for Master Mixes with either amine labeled 
reagents or GlyCLICK labeled reagents. The drug confirmatory analysis was performed both 
on Gyrolab Mixing CD 96 with acid dissociation and by overnight incubation together with 
Master Mix on Gyrolab Bioaffy 200.  

3.4 Polyclonal antibody assay  

Two types of pAbs were analyzed, untreated and polished. The detect reagent was diluted in 
Rexxip F to a final concentration of 100 nM and the capture was diluted in PBS-T to a final 
concentration of 100 µg/ml. A standard curve with a concentration from 10000 ng/ml to 0.064 
ng/ml was used in all runs. The signal to background ratio and the limit of detection were 
compared between the reagents labeled with the two labeling techniques for untreated and 
polished pAb. Initial comparisons were performed on Bioaffy 1000 HC.   

3.4.1 Wash solutions  
A comparison of how the response and background was affected by using only one wash 
solution in the washing step of free fluorophore was performed. Usually two wash solutions 
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are used in this step for some pAb assays on Bioaffy 1000 HC. The standard curve and 
reagents were diluted once and used on both runs. The wash solution comparison was 
performed on Bioaffy 1000 HC.  

3.4.2 CD type 
A comparison of the signal to background ratio and column profile appearance was performed 
for two different CD types. This was done by diluting the standard curve and reagents once 
and performing two runs in the same way, except the CD type. The CD types used were 
Gyrolab Bioaffy 1000 and Gyrolab Bioaffy 1000 HC.  

3.5 Monoclonal antibody assay  

Comparison of the performance of amine labeled and GlyCLICK labeled mAb was performed 
on Gyrolab Bioaffy 4000. The detect reagents were run with a concentration of 10 nM diluted 
in Rexxip F. The capture reagent was diluted in PBS-T to a final concentration of 100 µg/ml. 
Standard curve was diluted in Rexxip AN with a concentration of 3000 pg/ml to 0.36 pg/ml 
and a dilution factor of 4.5 was used to generate the serial dilution for the standard curve.  

3.6 PK Humira assay 

The capture reagent used in the Pharmacokinetic (PK) Humira assay was TNF-α, which is a 
cytokine and not an antibody and therefore does not have any Fc glycans. Consequently, the 
TNF-alpha could not be labeled with the GlyCLICK kit. Therefore, the performance of the 
PK Humira assay was only compared for the detect reagent labeled with amine and 
GlyCLICK labeling. The detect reagents were diluted with Rexxip F to a final concentration 
of 6.25 nM. The capture reagents were mixed with biotinylated-BSA (490 nM) and PBS-T to 
a final concentration of 210 nM, resulting in a total concentration of biotinylated reagent of 
700 nM, which is sufficient to saturate the column (Gyros Protein Technologies a 2019). The 
standard curve, with Humira as the analyte, was prepared in Rexxip H and diluted in pooled 
human serum before performing the run. The comparison of the reagents was performed on 
four different concentrations of serum, 0%, 0.5%, 2% and 10%. The final concentration of 
Humira in the standard curve was 2000 ng/ml to 0.49 ng/ml. The PK humira assay was run on 
Gyrolab Bioaffy 1000.  
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4 Results 

4.1 Antibody labeling 

All the detection reagents labeled with the GlyCLICK kit had a degree of labeling (DOL) 
lower than 2, which is the theoretical DOL that the GlyCLICK labeled reagents should have 
(table 5). The difference in DOL of the GlyCLICK labeled reagents was low, with values 
between 0.9 to 1.4. The Amine labeled detection reagent had a DOL between 1.6 and 6.6. The 
recommendation of DOL in Gyrolab User Guide is between 3 and 7 Alexa 647 per antibody 
(Gyros Protein Technologies a 2019). Accordingly, all amine labeled reagents, except Humira 
and untreated pAb, were within the recommendations.  

Table 5: The degree of labeling of the detect antibodies labeled in the project.  
  

Degree of labeling 

Assay Detect reagent  GlyCLICK labeled  Amine labeled  

ADA Keytruda  1.4 4.2 

ADA Humira  1.4 2.8 

pAb  Polished pAb  1.0 5.7 

pAb  Untreated pAb  1.2 1.6 

mAb  mAb  1.1 6.6 

PK Humira  Mouse anti-human IgG Fc  0.9 5.8 

 

4.2 ADA assays 

4.2.1 Comparison of labeling effects on capture versus detect reagent  
A comparison of the labeling chemistry on the capture reagent versus the detect reagent was 
performed and is presented in Figure 6 and Figure 7. In the comparison of the Keytruda assay, 
the average signal to background ratio (S/B) was highest for the positive control titration 
curve, where both the capture and detect had been labeled with the GlyCLICK kit (Figure 6a). 
The experiment with amine labeled capture and detect reagent had lowest signal to 
background. The signal to background ratio is the ratio between the signal and mean value of 
the blanks signal (Gyrolab User Guide). A higher signal to background ratio implies a higher 
difference in the signal compared to the blank and accordingly a higher sensitivity.  
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For the Humira assay, on the other hand, the experiment with amine labeled capture and 
detect reagents resulted in higher signal to background ratio, while the experiment with both 
reagents labeled with GlyCLICK resulted in the lowest signal to background ratio (Figure 6b).  

 

Figure 6: Comparison of effects on signal to background ratio (S/B) of labeling chemistry on the capture versus the 
detect reagent. a) Average signal to background ratio of four replicates plotted against concentration for Keytruda, 
standard curve from 12.5 ng/ml to 400 ng/ml. b) Signal to background plot for Humira. Standard curve from 64 
ng/ml to 40000 ng/ml. Both experiments were performed in presence of unlabeled drug. 

The binding profiles were broader for GlyCLICK labeled reagents (Figure 7). Especially the 
GlyCLICK labeled Humira led to broad binding profiles. The 2D image binding profile had 
been normalized with equation 1 and the peaks adjusted to start at the same x-value. The data 
set in the equation includes the intensities in radial direction for one positive control. 

𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑑𝑎𝑡𝑎 (𝑓𝑜𝑟 𝑜𝑛𝑒 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡) = 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑝𝑜𝑖𝑛𝑡−𝑀𝑖𝑛𝑖𝑚𝑎𝑙 𝑖𝑛𝑡𝑒𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎𝑠𝑒𝑡
𝑀𝑎𝑥𝑖𝑚𝑎𝑙 𝑖𝑛𝑡𝑒𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡 − 𝑀𝑖𝑛𝑖𝑚𝑎𝑙 𝑖𝑛𝑡𝑒𝑠𝑖𝑡𝑦 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎𝑠𝑒𝑡           (1) 
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Figure 7: Comparison of 2D image for various combinations of Master Mixes. The binding profiles have been 
adjusted to start at the same radius to better visualize the difference in width. The start of the peaks has been set to 
zero, while the scale of the x-axis is still correct.  a) Normalized 2D image of Keytruda positive control with 
concentration 400 ng/ml. b) Normalized 2D image of Humira positive control with concentration 40000 ng/ml. Both 
column profiles are from experiments with presence of unlabeled drug.  

4.2.2 Drug tolerance comparison  
Drug tolerance estimation of the ADA assays was performed by estimating the cut point of 
the assays and finding the concentrations at which the response of all the replicates was above 
the estimated cut point. The cut point is the response level for which samples with response at 
or above the cut point are defined as positive and samples with a lower response are defined 
as negative (Mire-Sluis et al. 2004). Usually a screening cut point is set from response of 
samples from individuals (Shankar et al. 2008). This experiment has not been done in this 
project, and therefore the cut point is only an estimation. A cut point factor was calculated 
from the limit of detection (LOD) and the average response of replicates of the blank 
(Equation 2). The limit of detection was calculated by Gyrolab Evaluator using two standard 
deviations added to the average of the blank. 

𝐶𝑢𝑡 𝑝𝑜𝑖𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝐿𝑂𝐷
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 (𝐵𝑙𝑎𝑛𝑘)

  (2) 

The cut point factor was multiplied with the average response of the negative control in the 
drug tolerance run to get an estimation of the cut point for the specific run.  

The unlabeled drug titration curve for Humira is presented in Figure 8. Amine labeled Humira 
had a better drug tolerance compared to GlyCLICK labeled Humira on Gyrolab bioaffy 200 
(Figure 8, Table 6). The drug tolerance was equal for GlyCLICK labeled and amine labeled 
Humira on Gyrolab Mixing CD 96.  
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Figure 8: Comparison of drug tolerance for GlyCLICK and amine labeled Humira. The plot shows the response on 
the y-axis and concentration of unlabeled drug on the x-axis. The dashed lines represent the estimated cut points. a) 
Comparison on Gyrolab Bioaffy 200. PMT 25% b) Comparison on Gyrolab Mixing CD 96. PMT 1%.  

Amine labeled Keytruda had a better drug tolerance than GlyCLICK labeled Keytruda on 
Gyrolab Bioaffy 200, while the drug tolerance for GlyCLICK labeled Keytruda was higher on 
Gyrolab Mixing CD 96.  

 

Figure 9: Comparison of drug tolerance for GlyCLICK and amine labeled Keytruda. The plot shows the response on 
the y-axis and concentration of unlabeled drug on the x-axis. The dashed lines represent the estimated cut points. a) 
Comparison on Gyrolab Bioaffy 200. PMT 5% b) Comparison on Gyrolab Mixing CD 96. PMT 1%.  

The estimated cut point and drug tolerance concentration, where the response of all replicates 
was higher than the estimated cut point, can be found in table 6. The largest difference in drug 
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tolerance was on Gyrolab Bioaffy 200 between amine labeled Humira (640 µg/ml) and 
GlyCLICK labeled Humira (80 µg/ml).  

Table 6: Estimated cut point and concentration at which the response of all replicates is higher than the cut point.  

 

4.2.3 Drug confirmatory analysis 
During ADA assay development, a drug confirmatory analysis is performed to confirm true 
positives. Preferably this could be done by addition of drug in the Master Mix. However, this 
could cause problems with inhibition of negative controls. A confirmatory analysis was 
performed with the amine labeled reagents and GlyCLICK labeled reagents, to investigate if 
lower inhibition of negative control could be achived with GlyCLICK labeled reagents. The 
percentual inhibition of the drug was calculated with equation 3.    

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 = 100 𝑥 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑑𝑟𝑢𝑔− 𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑤𝑖𝑡ℎ 𝑑𝑟𝑢𝑔

𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑑𝑟𝑢𝑔
          (3) 

Figure 10 and Figure 11 displays bar charts of the inhibition with inverse signs, resulting in 
negative controls where inhibition occurred plotted on the negative y-axis. Values where the 
coefficient of variation between replicates were higher than 20% were excluded from the data 
set. In some cases, one of the tests was excluded if the value was clearly different to the other 
values.  

For Keytruda, confirmatory controls with the drug in the Master Mix led to higher inhibition 
of the negative control compared to drug in the sample (Figure 10). The inhibition seems to 
be similar for amine labeled and GlyCLICK labeled Keytruda for runs on Gyrolab Mixing 96 
CD with the drug in the Master Mix. The GlyCLICK labeled Master Mix resulted in lower 
inhibition on the Gyrolab Bioaffy 200 CD compared to the amine labeled Master Mix in the 
Keytruda assay. However, there was a big difference between the maximum and the 
minimum inhibition values for the amine labeled Master Mix, leading to higher uncertainty of 
the results. The average value of the inhibition of the negative control of GlyCLICK labeled 
Keytruda on Gyrolab Bioaffy 200 CD was based on the inhibition from two tests instead of 

Assay Estimated cut point Drug tolerance - response of all 
replicates higher than estimated cut 

point (µg/ml) 
 

GlyCLICK Amine GlyCLICK Amine 

Keytruda Bioaffy 200 CD  0.285 0.250 160 320 

Keytruda Mixing 96 CD 0.056 0.053 640 320 

Humira Bioaffy 200 CD  0.406 0.661 80 640 

Humira Mixing 96 CD  0.024 0.040 80 80 
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three, as a consequence of spikes in the column profiles in one of the tests. This also 
contributes to the uncertainty of the result.  

 

Figure 10: Bar chart of the inhibition of negative controls in the confirmatory analysis for Keytruda. The bars 
represent the average inhibition with inverted sign. The error bars represent the maximal and minimum value of the 
inhibition. *Only two of the tests included in the plot. In the other bars, three tests are included.  

There were no large differences in the inhibition of negative controls for Humira (Figure 11). 
For both labeling techniques and CD types, the average inhibition was lower than 20%. The 
difference between the maximum and the minimum value of the inhibition was large for the 
experiment with GlyCLICK labeled Humira, leading to difficulties in drawing conclusions 
about the drug confirmatory analysis of Humira. However, there seem to be no great 
advantages with site-specific labeling technique for this application. 
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Figure 11: Bar chart of the inhibition of negative controls in the confirmatory analysis for Humira. The bars 
represent the average inhibition with inverted sign. The error bars represent the maximal and minimum value of the 
inhibition. *Only two of the tests included in the plot. In the other bars, three tests are included.  

4.3 Polyclonal antibody assay  

4.3.1 Comparison polished and untreated pAb 
Comparison of GlyCLICK and amine labeled pAb was performed for both untreated and 
polished pAb. This was done to investigate if the need for polishing step could be avoided by 
using GlyCLICK labeled reagents instead of amine labeled reagents.  

The background was higher for polished amine labeled reagents compared to untreated amine 
labeled reagents. This could have been caused by higher DOL for polished amine labeled pAb 
(5.7) compared to the DOL for untreated amine labeled pAb (1.6). The signal to background 
was highest for the polished GlyCLICK labeled reagents (Figure 12). The GlyCLICK labeled 
untreated pAb had a higher signal to background compared to the amine labeled pAb, 
indicating less need for polishing step for site-specifically labeled reagents. However, the 
signal to background was still higher for polished pAb compared to untreated pAb. 
Consequently, labeling the reagents with GlyCLICK could be a part of the solution with high 
background problems but it does not solve the problem completely.  

-100

-80

-60

-40

-20

0

20

40

60

80

100
Drug in sample Drug in mastermix

Humira

GlyClick labeled Humira, Mixing 96 Amine labeled Humira, Mixing 96
GlyClick labeled Humira, Bioaffy 200 Amine labeled Humira, Bioaffy 200

* 



32 

 

 

Figure 12: a) Response plot of untreated and polished pAb b) Comparison of the signal to background ratio of 
untreated and polished pAb. 

4.3.2 Wash solutions  
Usually two wash solutions are used for washing overflow of detect molecules after the 
detection reagent has been added. The two wash buffers are used to reduce the background. A 
lower background allows for increased sensitivity. A test was performed to investigate if a 
low background could be achieved with GlyCLICK labeled reagents without the usage of a 
second wash buffer.   

For polished pAb, the GlyCLICK labeled and amine labeled reagents had almost the same 
response of both the blank and the standard points independently of the number of wash 
solutions (Figure 13a). The amine labeled reagents on the other hand had a lower background 
with two wash solutions. The signal to background ratio was almost the same for the 
GlyCLICK labeled reagents. The amine labeled reagents, on the other hand, resulted in 
slightly higher signal to background with two wash buffers compared to one wash buffer 
(Figure 13b). These results indicate potentially reduced need for two wash solutions with 
GlyCLICK labeled reagents.  
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Figure 13 a) Response plot of polished amine and GlyCLICK labeled pAb standard curves with 1 vs 2 wash solutions. 
b) Average signal to background ratio plotted against the concentration for polished amine and GlyCLICK labeled 
pAb. 

4.3.3 CD type 
The pAb assay is run on Gyrolab Bioaffy 1000 HC since the high capacity CD results in 
sharper peaks in the binding profiles. This CD type leads to higher background compared to 
the Gyrolab Bioaffy 1000. The background and binding profiles of the GlyCLICK and amine 
labeled reagents were compared on both CD types, to investigate if there were any advantages 
with GlyCLICK labeled reagents on any of the CD types.  

For untreated pAb, the background was similar for amine labeled and GlyCLICK labeled 
reagents run on Bioaffy 1000 HC (Figure 14a). However, the signal to background ratio for 
GlyCLICK labeled untreated pAb was higher than for amine labeled untreated pAb (Figure 
14). The background was lower for the experiment run on the Gyrolab Bioaffy 1000 CD, as 
expected. The amine labeled reagents led to the lowest background. However, the response of 
the standard curve for the GlyCLICK labeled reagents was steeper, hence a higher signal to 
background ratio. Similar results were observed for polished pAb.  
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Figure 14: Comparison of untreated pAb GlyCLICK labeled and amine labeled reagents on two CD types, Gyrolab 
Bioaffy 1000 and Gyrolab Bioaffy 1000 HC. a) Response plot of untreated pAb reagents. b) Average S/B of 
GlyCLICK and amine labeled pAb on Bioaffy 1000 HC and Bioaffy 1000. 

The 2D-image, with normalized 
intensity, of the standard point 
with concentration of 10000 
ng/ml shows that runs on 
Gyrolab Bioaffy 1000 results in 
broader peaks compared to runs 
on Gyrolab Bioaffy 1000 HC, as 
expected (Figure 15). The amine 
labeled reagents led to a broader 
peak compared to the 
GlyCLICK labeled, indicating a 
lower capture to antigen affinity 
for amine labeled capture 
reagents. Similar differences in 
column profile appearance was 
observed for polished pAb.  

 

 

 

 

Figure 15: Column profile of untreated pAb on Gyrolab Bioaffy 1000 and 
Gyrolab Bioaffy 1000 HC for standard point with concentration 10000 
ng/ml. The sum of the intensity has been normalized to values between 
zero and one. The binding profiles has been adjusted to start at the same 
radius to better visualize the difference in width. The start of the peaks 
has been set to zero, while the scale of the x-axis is still correct. 



35 

 

The width on 80% of the height of the column profiles was higher for both untreated and 
polished reagents on both CD types (Table 7), indicating higher affinity for GlyCLICK 
labeled capture reagents.  

Table 7: The width on 80% of the height on the 2D-image binding profiles on Gyrolab Bioaffy 1000 and Gyrolab 
Bioaffy 1000 HC. 

 
Width (µm) at 80% of the height 

 
Amine labeled GlyCLICK labeled 

Untreated on Gyrolab Bioaffy 1000 390 210 

Untreated on Gyrolab Bioaffy 1000 HC 90 60 

Polished on Gyrolab Bioaffy 1000 400 230 

Polished on Gyrolab Bioaffy 1000 HC 100 60 

 

4.3.4 Capture vs Detect 
An investigation of the labeling chemistry on which of the capture versus detect reagent had 
the greatest influence on the performance on the assay was performed. This comparison was 
performed on Gyrolab Bioaffy 1000 HC CD with untreated pAb, using four different 
combinations of reagents.  

Experiments with GlyCLICK labeled detect 
reagent had a higher signal to background 
ratio (Figure 16). These results indicate that 
site-specific labeling on pAb reagents 
results in better performance compared to 
site-specific labeling on capture reagents 
for pAb.  

 

 

 

 

 

 

Figure 16: Comparison of the signal to background ratio for four 
different combinations of reagents of untreated pAb on Gyrolab 
Bioaffy 1000 HC 
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4.4 Monoclonal antibody assay  

The effect of labeling chemistry on the sensitivity of the mAb assay was investigated. The 
signal to background was higher for amine labeled mAb, indicating lower assay sensitivity 
with GlyCLICK labeled reagents (Figure 17).  

 

Figure 17: Comparison of GlyCLICK labeled and amine labeled mAb on Gyrolab Bioaffy 4000. a) Response plot. b) 
Average S/B plotted against the concentration. 

4.5 Pharmacokinetics assay 

An investigation of the labeling techniques effects on the matrix effects of serum was 
performed. This was done by testing the labeled reagents in various concentrations of pooled 
human serum, 0%, 0.5%, 2% and 10%.  

The standard curves in 10% serum had higher background compared to the standard curve in 
0% Serum (Rexxip H) (Figure 18), which indicates matrix interference. The standard curves 
with the same concentration of serum were parallel to each other and had no clear difference 
in signal to background ratio between the reagents (Figure 18).  
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Figure 18: Comparison of the labeling techniques on PK Humira assay. The analyte had been prepared in either 
Rexxip H or Rexxip H with 10% Human serum. 

In the comparison of analyte prepared in 0.5% human serum and 2% human serum some differences 
in signal to background ratio can be observed between the labeling techniques (Figure 19). GlyCLICK 
labeled detect reagent resulted in slightly higher signal to background ratio in presence of 0.5% human 
serum. However, the signal to background ratio was higher for amine labeled detect reagent when the 
analyte had been prepared in 2% Serum. Consequently, the results indicate no clear advantages with 
GlyCLICK labeled detect reagent for PK Humira assay. 

 

Figure 19: Comparison of the labeling techniques for PK Humira assay. The analyte has been prepared in either 0,5% 
or 2% Serum.   
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4.6 Summary 

To sum up, the results from the experiments in this master thesis project, in some cases 
showed potential advantages for GlyCLICK labeled reagents, but in some cases showed better 
assay performance with amine labeled reagent.  

For ADA Humira assay, the signal to background ratio was higher for amine labeled reagent 
and the amine labeled reagent resulted in lower limit of detection. The opposite results 
applied to the Keytruda ADA assay. In the confirmatory analysis assay the results indicated a 
lower inhibition of GlyCLICK labeled Keytruda on Gyrolab Bioaffy 200. No other clear 
difference was shown from the results of the ADA confirmatory analysis. The drug tolerance 
test resulted in better drug tolerance for GlyCLICK labeled Keytruda on the Gyrolab Mixing 
CD 96 and equal drug tolerance for both GlyCLICK and amine labeled Humira on Gyrolab 
Mixing CD 96. The drug tolerance was lower for GlyCLICK labeled reagents on Gyrolab 
Bioaffy 200. This applied for both the Humira and the Keytruda ADA assays. The drug 
tolerance only differed by one dilution step of the unlabeled drug, except for Humira on 
Gyrolab Bioaffy 200 where the drug tolerance was 80 µg/ml for GlyCLICK labeled Humira 
and 640 µg/ml for amine labeled Humira.  

GlyCLICK labeled reagents generally resulted in better performance on pAb assay, with less 
need for the polishing step and two wash solutions. The binding profile indicated higher 
capture-analyte affinity for GlyCLICK labeled capture reagent.  

The signal to background ratio was lower for GlyCLICK labeled mAb compared to the amine 
labeled. The limit of detection was higher for the GlyCLICK labeled (Table 8), indicating 
reduced assay sensitivity with GlyCLICK labeled reagents on this assay.  

For PK Humira, the differences in signal to background ratio was low, with a percentual 
difference of 25% or lower (Table 8). No clear advantage with GlyCLICK labeled reagents 
was observed for the PK Humira assay. The percentual difference presented in Table 8 was 
calculated from the average signal to background (Equation 4).   

%𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝑆/𝐵𝐺𝑙𝑦𝐶𝑙𝑖𝑐𝑘−𝑆/𝐵𝐴𝑚𝑖𝑛𝑒
𝑆/𝐵𝐺𝑙𝑦𝐶𝑙𝑖𝑐𝑘+𝑆/𝐵𝐴𝑚𝑖𝑛𝑒

2

          (4) 
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Table 8: Summary of the S/B and LOD of all the assays tested in this project. The S/B presented are the average S/B 
between replicates from several runs. For ADA assays and mAb assay, two different runs were included. For PK 
Humira, only one run was performed. The average S/B and LOD for pAb was calculated from four different runs. 
The red areas represent areas where the GlyCLICK labeled reagents have led to worse performance and the green 
areas where the GlyCLICK labeling led to better performance on assays compared to amine labeled reagents. The 
grey area represents factors where it could not be concluded which labeling technique resulted in the best 
performance. The S/B and LOD for the ADA assays are in presence of free drug.  

 

5 Discussion  

The goal of this project was to investigate if site-specific labeling of reagents could result in 
better performance on assays developed for the Gyrolab platform. The response for 
GlyCLICK labeled reagents was lower than for the amine labeled reagents on most of the 
assays. This was expected since a lower degree of labeling leads to fewer Alexa 647 
molecules that can be detected by the instrument. Therefore, the signal to background is 
important to take into consideration when investigating the effects of labeling chemistry. The 
signal to background gives an indication on the sensitivity of the assay.   

 
S/B (lowest conc.)  S/B (highest conc.) %difference of S/B  LOD 

Assay GlyClick  Amine  GlyClick  Amine Lowest 
conc.  

Highest 
conc.  GlyClick  Amine 

ADA 
Humira 

1.00 ± 
0.09 

1.21 ± 
0.16 87 ± 9 259 ± 

35 -19% -100% 765 ±155 
ng/ml 

115 ± 22 
ng/ml 

ADA 
Keytruda 

1.55 ± 
0.10 

1.23 ± 
0.06 

10.26 ± 
0.37 

6,62 ± 
0,42 23% 43% 6.44 ± 3.30 

ng/ml 
10.52 ± 9.06 

ng/ml  

Polished 
pAb  

1.16 ± 
0.05 

1.31 ± 
0.28 

1541 ± 
196 

1367 ± 
290 -12% 12% 0.45 ± 0.14 

ng/ml  
1.04 ± 0.05 

ng/ml 

Untreated 
pAb 

1.03 ± 
0.08 

1.06 ± 
0.16 703 ± 82 586 ± 

211 -3% 18% 0.55 ± 0.44 
ng/ml 

1.15 ± 0.85 
ng/ml 

mAb  1.01 ± 
0.22 

1.32 ± 
0.15 

1423 ± 
138 

2297 ± 
43 -27% -47% 1.78 ± 0.67 

pg/ml  
0.18 ± 0.04 

pg/ml 
PK 
Humira 
(0,5% 
Serum)  

1.76 ± 
0.46 

1.37 ± 
0.13 637 ± 58 511 ± 

28 25% 22% 0.36 0.35 

PK 
Humira 
(2% 
Serum)  

1.17 ± 
0.16 

1.44 ± 
0.15 403 ± 4 519 ± 6  -21% -25% 0.71 0.35 
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The antibody labeling was only performed one time for each type of antibody. Therefore, 
there is a risk that the result presented in this project would not be the same if the antibody 
labeling would have been redone. A possible advantage with GlyCLICK labeled reagents that 
has not been studied in this project is better reproducibility. Since the degree of labeling of 
reagents between the antibodies were more similar for GlyCLICK labeled reagents, as 
expected, the reproducibility theoretically should be better for reagents labeled with this 
technique. This could be tested by labeling several reagents of the same type with the 
GlyCLICK kit and test them on the Gyrolab platform.  

The capture versus detect experiment for both the ADA assays and the pAb assay was only 
performed once. This leads to some uncertainty about the results. However, the pAb assay run 
was performed with triplicates and four replicates were used for the ADA assay run with a 
coefficient of variation of the response less than 20% for all standard points, leading to a 
small uncertainty for the specific run. The PK Humira assay was only performed once. The 
results indicated no advantages with GlyCLICK labeling for this assay and therefore the 
uncertainty should not impact the conclusions of this project. All the other experiments 
investigating effects on the signal to background was performed more than once.  

5.1 ADA assay  

ADA assays are complex assays since they can form large ADA complexes with several ADA 
and anti-ADA antibodies bound to each other. Only the ADA-complexes with capture reagent 
binding to the positive control, and then binding to the detect antibody can be detected. 
However, there will always be capture reagents binding directly to another capture antibody 
via a bivalent ADA molecule. The same thing can occur for detect antibodies. These 
complexes will not be detected. The signal and the sensitivity of the assay is dependent on the 
amount of the positive control, amount and ratio of the reagents and the positive control to 
reagent affinity (Jordan & Staack 2020). In this project, the amount of positive control and 
reagents were the same for both the reagent. Consequently, the sensitivity could have been 
affected by the affinity between the positive control and the reagent. The signal to background 
was higher for GlyCLICK labeled Keytruda compared to amine labeled Keytruda indicating a 
higher reagent to positive control affinity for GlyCLICK labeled reagents. GlyCLICK labeled 
Humira, on the other hand, resulted in lower signal to background ratio indicating lower 
affinity to the positive control.  

When an ADA assay is run on Mixing 96 CD, the drug-ADA complexes are disrupted with 
acid dissociation. On Gyrolab Bioaffy 200 the Master Mixes have been incubated together 
with the sample overnight, which allows for enough time for the drug-ADA complexes, or in 
the case of this study drug-positive control complexes, to dissociate and to form new 
complexes between the positive control and the labeled reagents. New complexes between the 
drug and the positive control can also be formed after the incubation.  
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Positive controls with high affinity to the drug usually result in low drug tolerance (Gorovits 
et al. 2019). Optimally the affinity between the reagent and the positive control should be as 
high as the affinity between the positive control and the drug. However, the affinity will be 
affected by the labeling. A lower affinity between the reagent and the positive control can 
result in a lower drug tolerance. In this project, the drug tolerance was lower for GlyCLICK 
labeled reagents on Gyrolab Bioaffy 200. On Gyrolab Mixing 96 CD, the drug tolerance was 
better for GlyCLICK labeled Keytruda and equal for amine labeled and GlyCLICK labeled 
Humira. The differences between these CD types is how the drug-ADA complexes are 
dissociated. Potentially, the acid pretreatment could be more suitable for the GlyCLICK 
labeled reagents and overnight incubation more suitable for the amine labeled reagents. On 
the other hand, the drug tolerance concentration only differed with one dilution step between 
the two labeling techniques on all experiments except Humira assay on Gyrolab Bioaffy 200. 
This small difference in drug tolerance concentration could have been caused by uncertainties 
in the estimation of the cut point. The drug tolerance test was only performed once for each 
drug and CD, which leads to additional uncertainty. The differences in drug tolerance for 
Humira on Gyrolab Bioaffy 200, was bigger and could have been an effect of lower affinity. 
On the other hand, the reagent to analyte affinity should theoretically be lower for the amine 
labeled reagents since the conjugation can occur at an amino group in the antigen binding site. 
For GlyCLICK labeling on the other hand, the conjugation occurs at the Fc-glycan which is 
far from the antigen binding site. There is a possibility that the Humira reagents still have 
been affected by the GlyCLICK labeling if the Fc-glycan is important for the antigen binding 
in this case.  

5.2 Monoclonal and polyclonal antibody assays 

Polyclonal antibodies are composed of a mixture of antibodies with varying affinities to the 
antigen (Lipman et al. 2005). The affinity of some of the antibody types could be affected by 
the labeling strategy while others remain unaffected. The binding profile indicated that the 
capture to analyte affinity was higher for capture reagents that was site-specifically labeled. 
This indicate that the heterogenous labeling affected the affinity of some of the capture 
antibodies. The affinity can have been affected by conjugation of label to the antigen binding 
site. 

The results in the pAb assay indicated reduced need for two wash solutions with GlyCLICK 
labeled reagents. The reduced background and need for 2 wash solutions can be a result of 
less non-specific binding due to fewer Alexa 647 molecules per antibody for GlyCLICK 
labeled reagents.  

Heterogenous labeling of polyclonal antibodies could lead to a high variability of DOL 
between the different immunoglobulins with affinity to different epitopes. For monoclonal 
antibodies all immunoglobulins have affinity to the same epitope leading to variation in DOL 
only within the same type of immunoglobulin. Therefore, the need for site-specific labeling 
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would potentially be higher for polyclonal antibodies compared to monoclonal antibodies. 
The GlyCLICK labeled reagents resulted in better effects on the signal to background for the 
pAb assay compared to the mAb assay. However, the lower sensitivity of the GlyCLICK 
labeled mAb reagents could be related to the big difference in DOL between the GlyCLICK 
labeled reagent (1.1 Alexa/Ab) and the amine labeled reagent (6.6 Alexa/Ab). The higher 
number of detectable Alexa 647 molecules per antibody for amine labeled reagents results in 
a higher signal.   

A smaller amount of untreated pAb was labeled compared to the other antibodies, as 
described in the materials and method section. This could potentially have affected the quality 
of the labeling. However, the polished pAb led to similar results as untreated pAb, indicating 
that the low amount of labeling did not affect the quality.  

5.3 PK Humira 

No large differences in the performance of reagents were observed for the PK Humira assay. 
However, only the detection reagents were labeled in two different ways. It is probable that if 
the TNF-alpha would have been site-specifically labeled, larger differences in performance 
could have been observed. However, the experiments with ADA Keytruda and pAb assay 
showed that GlyCLICK labeling of the detect reagent resulted in higher signal to background 
ratio and thereby higher effects on the sensitivity of the assay than GlyCLICK labeling of the 
capture reagent. If this theory would apply for the PK Humira assay as well the assay 
performance would not have been affected of site-specific labeling of TNF-α. The degree of 
labeling was low for GlyCLICK labeled mouse anti-human IgG Fc was low (0.9 Alexa/Ab) 
probably caused by incomplete reactions in some of the steps of the Fc-glycan modification. 
If the DOL would have been closer two 2 Alexa/Ab it is possible that the sensitivity of the PK 
Humira assay would have increased with GlyCLICK labeled detect reagent compared to 
amine labeled detect reagent.  

6 Conclusion 

In this master thesis project, some differences in performance between reagents labeled with 
amine labeling technique and GlyCLICK, has been presented. The applications where 
GlyCLICK labeling showed the greatest advantages were for the pAb assay where the results 
indicated potentially reduced need for a polishing step and for two wash solutions with 
GlyCLICK labeled reagent. The GlyCLICK labeled reagent also had a higher capture to 
analyte affinity for pAb on the Gyrolab Bioaffy 1000 CD. For Keytruda ADA assay 
GlyCLICK labeling resulted in better signal to background ratio and limit of detection. The 
GlyCLICK labeled reagents also showed tendencies for lower inhibition of negative control 
with drug in the Master Mix on the Gyrolab Bioaffy 200 CD. Apart from these advantages, no 
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great effects of using GlyCLICK labeling as the antibody labeling technique was observed. 
Site-specific labeling of antibodies could in some cases be used to achieve better performance 
on the assays developed for the Gyrolab platform. However, this does not apply for all the 
assays tested in this project.   
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