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Abstract 

 Cytokeratins are one of the main components of the epithelial cytoskeleton and are 

widely utilized as serum biomarkers for follow-up of patients with various types of 

carcinomas. One diagnostic test that is currently available on the market is a direct 

enzyme-linked sandwich immunosorbent assay (ELISA) for in vitro detection of 

Cytokeratin 18 (Ck18). The detection system of the assay is based on a horseradish 

peroxidase (HRP)-conjugated antibody that is specific for Ck18 (mAb A). When used in 

the ELISA, this HRP-conjugated detection antibody has shown to reach absorbance 

signals in the lower range of the desired interval directly after HRP-conjugation and the 

absorbance signal declines in a short period of time upon storage. Therefore, a new 

detection system for the ELISA was developed. The strategy of this approach was to 

couple mAb A to biotin and use it in combination with a streptavidin-HRP conjugate in 

the ELISA. The biotinylation process was optimized with regards to the molar ratio of 

biotin and antibody and was evaluated by studying the antigen-binding ability of 

biotinylated mAb A for Ck18 and its performance in the ELISA. Furthermore, the 

ELISA conditions were optimized and the new detection system was compared to the 

current one. One important finding in the studies was the presence of antibody 

aggregates in mAb A, which can have implications in both conjugation processes and 

the ELISA analysis. Purification of mAb A was thus warranted. Our data shows that 

biotinylation of purified mAb A at a molar ratio of 15 results in a detection antibody 

that has a greater performance in a two-step ELISA in comparison to the HRP-

conjugated mAb A. Although the biotinylated antibody showed promising results in a 

two-step assay, a direct approach was not successful. This implies that further 

optimization of the assay conditions is necessary before a biotin-based detection system 

can be implemented in the product. However, a HRP-conjugated mAb A without 

antibody aggregates has shown promising results with regards to absorbance level in the 

ELISA and its stability is currently under evaluation. 

 



 

Sammanfattning 

Cytokeratiner (Ck) är en av de huvudsakliga beståndsdelarna av epitelcellers 

cytoskelett och används i stor grad som serummarkörer för uppföljning av patienter med 

olika slags karcinom. Ett diagnostiskt test som finns på marknaden idag är en direkt 

enzymkopplad sandwich immunadsorberande analys (ELISA) för in vitro detektion av 

cytokeratin 18 (Ck18). Detektionssystemet i testet baseras på en pepparrotsperoxidas 

(HRP)-kopplad antikropp specifik för Ck18, kallad mAb A. I ELISA testet har denna 

detektionsantikropp nått absorbansnivåer i den nedre delen av det önskade intervallet 

direkt efter HRP-konjugering och signalen sjunker dessutom efter en kort tids lagring. 

Av dessa anledningar utvecklades ett nytt detektionssystem för ELISA testet. Strategin 

för detta system var att koppla mAb A till biotin för att användas i kombination med ett 

streptavidin-HRP i ELISA testet. Biotinyleringsprocessen optimerades med avseende på 

molförhållande mellan biotin och antikropp och utvärderades genom att bland annat 

undersöka förmågan av biotinylerad mAb A att binda antigenet Ck18 samt dess 

prestanda i ELISA. Vidare optimerades analysförhållandena i ELISA och det nya 

detektionssystemet jämfördes slutligen med det nuvarande. En viktig upptäckt i dessa 

studier var att mAb A innehöll antikroppsaggregat, vilket kan ha en påverkan på både 

konjugeringsprocesser och ELISA analysen. Av denna anledning behövdes en rening av 

mAb A utföras. Vår data visar att biotinylering av renad mAb A vid molförhållandet 15 

resulterar i en antikropp som presterar bättre i en två-stegs ELISA i jämförelse med den 

nuvarande HRP-konjugerade mAb A. Trots att den biotinylerade antikroppen visade 

lovande resultat i ett två-stegs test, fungerade inte en ett-stegs ELISA med detta 

detektionssystem. Detta tyder på att ytterligare optimering av analysförhållandena i 

testet är nödvändigt innan ett biotin-baserat detektionssystem eventuellt kan införas i 

denna produkt. Däremot har en HRP-kopplad mAb A utan aggregat visat lovande 

resultat vad gäller absorbanssignalen i ELISA och dess stabilitet är för närvarande under 

utvärdering. 
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1. Introduction 

1.1. Cytokeratins 

Cytokeratin(Ck)s, or keratins,
1
 belong to the family of intermediate filaments. 

Intermediate filaments are one of the main components of the cytoskeleton of epithelial 

cells and their main function is to provide support and maintain cell integrity.
2
 To date, 

20 cytokeratins have been identified and they are commonly referred to as Cytokeratin 

1-20 (Ck1-20). Cytokeratins are typically divided into “Type I” cytokeratins with the 

acidic Ck9-20 and “Type II” cytokeratins with the basic/neutral Ck1-8.
3,  4

 Cytokeratins 

form heterodimers by the pairing of an acidic and a basic cytokeratin in a 1:1 molar 

ratio. Multiple heterodimers are further assembled and organized to form intermediate 

filaments.
4, 5, 6

 The cytokeratin pattern of epithelial cells is usually maintained upon 

transformation to pathological states. Therefore, cytokeratin expression is widely used 

for typing of tumors and distant metastases.
2, 7

 Cytokeratins may be released into the 

bloodstream from epithelial tumor cells in several ways, including from apoptotic cells 

upon degradation by caspases. Thus, an elevated level of cytokeratins in serum is an 

indicator of tumor activity and in combination with other markers cytokeratins provide 

a useful tool as tumor biomarkers.
8
 

Ck18 is an acidic cytokeratin that forms a pair with the basic cytokeratin Ck8. The 

Ck8/Ck18 heterodimer is present to a greater extent in simple epithelia, as well as in the 

carcinomas arising from them, than other cytokeratins.
2
 Elevated levels of full-length or 

fragments of Ck8/18 have been observed in the peripheral circulation of patients with 

different types of carcinomas. Multiple studies have shown that Ck8/18 has been useful 

in the prediction of survival and prognosis, and evaluation of therapeutic response of 

carcinoma patients.
9, 10, 11  

1.2. The ELISA 

Enzyme-linked immunosorbent assay (ELISA) is a common tool for analyzing 

proteins and is widely used in the clinic. One such ELISA is an in vitro diagnostic test 

used to detect fragments of Ck18, or more specifically Ck8/18, in the serum of patients 

with breast, prostate or ovarian cancer. As an elevated serum level of Ck8/18 is an 

indication of tumor activity, the ELISA is used for follow-up of patients in order
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to monitor tumor progression and response to therapy. The assay is constructed as a 

direct sandwich ELISA with a monoclonal antibody (mAb) specific to Ck18 attached to 

the bottom of a microtiter plate. A second monoclonal antibody specific to Ck18, 

denoted mAb A (i.e. monoclonal antibody A), that is conjugated to horseradish 

peroxidase (HRP) serves as the detection antibody. Upon incubation with a sample 

containing Ck18, the two antibodies bind the Ck18 fragments. The amount of bound 

antigen is detected by the addition of tetramethylbenzidine (TMB), the substrate for 

HRP. TMB is converted to an optically visible color with the amount being proportional 

to the amount of bound Ck8/18. The color can be detected by absorbance measurement 

at a wavelength of 450 nm. The standard curve of the assay is based on samples with 

varying concentrations of recombinant Ck18. Figure 1 shows a schematic representation 

of the ELISA assay. 

mAb A is a mouse immunoglobulin G (IgG) mAb that recognizes an antigen located 

on the C-terminal end of human Ck18.
12

 The mAb A is purified by using protein A and 

conjugated to HRP for use in the ELISA. The HRP-conjugated mAb A will hereafter 

will be referred to as “mAb A-HRP”. The coupling of mAb A to HRP typically results 

in a yield of 20-30%. The absorbance level of mAb A-HRP in the ELISA has shown to 

be in the lower range of the desired interval directly after conjugation. Additionally, the 

absorbance signal declines in a relatively short period of time upon storage. 

 

Figure 1. The principle of the direct sandwich ELISA assay. Monoclonal antibodies specific for 

Ck18 capture and detect fragments of Ck18 in serum. The detection antibody mAb A is coupled to 

HRP, which converts TMB to an optically visible color that can be detected by measuring 

absorbance at 450 nm. 
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1.3. The streptavidin and biotin system 

Streptavidin is a 60 kDa protein isolated from S. avidinii that has a high affinity for 

Biotin.
13

 Biotin, or vitamin H,
 
is a member of the vitamin B family and has a vital 

function as a co-enzyme in several biochemical processes in the body.
14, 15

 Its small size 

of 244.31 Da allows it to be incorporated into proteins without altering their biological 

properties.
16

 The process of conjugating biotin to proteins or other molecules is called 

biotinylation. In order to couple biotin to other molecules, biotin has to be in a 

derivatized form. The most commonly used biotin reagent is the biotin N-

hydroxysuccinimide (NHS) ester, which targets primary amines.
15

 As biotin is a polar 

molecule, biotinylation can be performed under mild conditions with no or minimal 

effect on the properties of the protein.
17

 Typically, a spacer arm is introduced into the 

biotin reagent in order to avoid steric hindrance. The ratio between biotin and the 

protein is of importance for the outcome of the biotinylation. For antibodies, a desired 

final molar ratio between biotin and protein ranges from 3 to 7. Other factors that have 

shown to affect the biotinylation process include concentration of protein, pH and time 

of biotinylation.
16

 As mentioned previously, streptavidin has an extremely high affinity 

for biotin. Their interaction has a dissociation constant of 1.3 x 10
-15

 M (at pH 5).
18

 One 

streptavidin molecule can bind up to four biotin molecules and the interaction is a rapid 

process. Once the interaction has occurred, it is resistant to harsh conditions. This 

makes the streptavidin-biotin system an attractive option as detection system in 

immunological assays among other kind of applications.
16
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1.4. Aims 

The thesis project aims at developing a more robust detection system in the 

diagnostic ELISA. The main approach is to couple mAb A to biotin and combine it with 

a HRP-conjugated streptavidin in the ELISA. Preliminary data (figure 2) shows that 

mAb A biotinylated at an antibody concentration of 1 mg/mL and a biotin:antibody 

molar ratio of 10 results in a low absorbance signal when used in the ELISA in 

combination with a streptavidin-HRP conjugate. This was the case for both a one-step 

(incubation of sample, biotinylated mAb A and streptavidin-HRP in the same step) and 

two-step (incubation of sample and biotinylated antibody following a wash of the plate 

prior to incubation with streptavidin-HRP) approach. By optimizing the biotinylation 

process and the assay conditions of the ELISA, the principal aim of the project is to 

develop a detection system that results in a higher absorbance signal and higher stability 

than mAb A-HRP. Furthermore, the optimization should preferably result in a product 

whose production process and usage is comparable to the mAb A-HRP system in terms 

of cost, time and workload. 

 

Figure 2.  Biotinylated mAb A with a HRP-conjugated streptavidin in a two-step or one-step 

ELISA, compared to mAb A-HRP. Each value represents the mean (of duplicates) absorbance 

with the ELISA standard curve (recombinant Ck8/18 concentration 0, 30, 150, 500 and 1200 U/L).  
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2. Material and methods 

2.1. Purification 

The mAb A was purified by a gel filtration. The gel filtration was performed at 4 °C 

on a Fast protein liquid chromatography (FPLC) system (Pharmacia) with a Superdex 

S200 26/60 or a Sephacryl S300 16/40 column (GE Healthcare Life Sciences). The 

columns were pre-equilibrated with running buffer (0.05 M phosphate buffered saline 

(PBS) pH 7.5). For purification on the Superdex column, 2 mL of mAb A in a 

concentration of 5 mg/mL was applied to the column. The antibody was eluted with 

running buffer at a flow rate of 2.5 mL/min and fractions of 3 mL were collected. High-

concentration fractions were pooled and concentrated by using Microsep advance 

centrifugal devices (Pall Laboratory). Briefly, 2.5 mL antibody was applied to a device 

followed by centrifugation at 5000 rpm for approximately 50 min. Purification on the 

Sephacryl S300 column was performed by applying approximately 9 mL of mAb A in a 

concentration of 5.44 mg/mL to the column. Elution was performed with running buffer 

at a flow rate of 5 mL/min. Fractions of 5 mL were collected and high-concentration 

fractions were pooled and concentrated by using an ultrafiltration disk membrane 

(Millipore). Elution profiles were obtained by absorbance measurements at 280 nm with 

an ultraviolet (UV) detector. A Shimadzu UV1601 spectrophotometer was used to 

determine the concentration of the obtained fractions. After the purification and 

concentration processes, mAb A was sterile filtered using a 0.2 µm filter. 

2.2. Analytical gel filtration 

The purity of mAb A before and after purification was assessed by an analytical gel 

filtration. The analyses were performed at 4 °C on a FPLC system equipped with a 

Superdex 200 HR 10/30 column (GE Healthcare Life Sciences), pre-equilibrated with 

running buffer (see section 2.1.). 200 µL of mAb A in a concentration of 1 mg/mL was 

applied to the column. The antibody was eluted with running buffer at a flow rate of 

0.4 mL/min and elution profiles were obtained by absorbance measurements at 280 nm 

with an UV-detector.  

2.3. Biotinylation 

The purified mAb A (mAb A0) was biotinylated at different biotin:antibody molar 

ratios. Biotinylation was performed at the molar ratios 10, 15 and 20 (mAb A10, mAb 

A15 and mAb A20, respectively). A biotin NHS ester (Sigma Aldrich) with a 7-atom 
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spacer arm was prepared to a concentration of 10 mg/mL in dimethyl sulfoxide 

(DMSO) (Sigma Aldrich). Appropriate volumes of the biotin solution was added to  

2 mg/mL of mAb A in 0.05 M PBS pH 7.5, followed by incubation on a shaker for 1 h 

at room temperature (RT). Excess biotin ester was removed by desalting on a PD-10 

column (GE Healthcare Life Sciences) and the eluted protein was collected in 0.5 mL 

fractions. The concentration of the fractions was determined by measuring absorbance 

at 280 nm and high-concentration fractions were pooled. 

2.4. Biotin quantification 

The biotin levels of the biotinylated mAb A antibodies mAb A10, A15 and A20 were 

estimated spectrophotometrically by analyzing the displacement of 4’-

hydroxyazobenzene-2-carboxylic acid (HABA) from the HABA/Avidin complex. A 

HABA/Avidin reagent (Sigma Aldrich) was used according to the manufacturer’s 

instructions. Briefly, 1 mg/mL solutions of mAb A10, A15 and A20 were prepared in 

0.05 M PBS buffer pH 7.5.  Absorbance at 500 nm of 180 µL of the HABA/Avidin 

reagent was monitored before and two minutes after addition of 20 µL of the sample. 

Unconjugated mAb A, mAb A0, was included as a control for the antibody, 0.05 M 

PBS buffer as a negative control and 100 µM d-Biotin (Sigma Aldrich) as a positive 

control. The samples were analyzed in duplicates or triplicates.  

2.5. Comparison of biotinylated antibodies 

2.5.1. Biosensor assay  

The antigen-binding ability of the biotinylated antibodies mAb A10, A15 and A20 

for Ck18 was analyzed by using a quartz crystal microbalance (QCM) sensor. A 

polystyrene sensor chip (Attana AB) was prepared by coating it with approximately 15 

µL of 1 mg/mL human recombinant Ck8/18 (Progen Biotechnik) in a 1:1 molar ratio (in 

30 mM Tris/Hydrochloric acid (HCl) pH 8, 9.5 M urea, 2 mM dithiothreitol (DTT) and 

10 mM metylammonium chloride buffer). The coated chip was incubated in a humid 

container at RT over night. The interaction assay was performed on an Attana A100 

biosensor (Attana) according to the manufacturer’s instructions. Briefly, the chip was 

stabilized by a continuous flow at 100 µL/min with running buffer (0.14 M sodium 

chloride (NaCl), 0.0027 M potassium chloride (KCl), 0,05% Tween-20, 0.01 M PBS 

buffer with pH 7.4). The antibodies were diluted to 50 µg/mL in running buffer, 

followed by serial dilutions to 25, 12.5, 6.3 and 3.1 µg/mL. 
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At a flow rate of 25 µL/min, the antibodies were applied to the chip for 90 seconds. In 

between the samples, the chip was regenerated with 10 mM glycine/HCl pH 2.5 for  

10 seconds followed by a 90 s buffer injection. Kinetic data was collected by the 

Attester (version 3) software and an equilibrium analysis was performed using the 

Attester Evaluation (version 3.1) software. Dissociation constants (Kd) were estimated 

from Scatchard plots, in which the slope of the regression line corresponds to the 

association constant (Ka), which is the inverse of the Kd. 

2.5.2. Reactivity assay 

The ability of the biotinylated mAb A antibodies mAb A10, A15 and A20 to detect 

Ck18 was studied in a reactivity test in combination with a HRP-conjugated 

streptavidin. The antibodies were serially diluted to the concentrations of 12.5, 6.3, 3.1, 

1.56, 0.78 and 0 ng/mL in sample buffer (0.05 M PBS, 0,9% NaCl, 1% bovine serum 

albumin (BSA), 0.05% Tween-20 with pH 7.5). The antibodies were added in 

duplicates in a volume of 100 µL to a microtiter plate coated with 0.2 µg/mL 

recombinant Ck18 and were incubated on a shaker (450 rpm) for 1 h at RT. The plate 

was washed 3 x 0.3 mL with ELISA wash buffer (0.14 M NaCl, 0.0027 M KCl, 0.05% 

Tween-20, 0.01 M PBS buffer with pH 7.4) by the use of a BioTek ELx50 Microplate 

Strip washer. An enhanced streptavidin-HRP (sa-HRP) (Kem-En-Tech Diagnostics), 

with several HRP molecules attached to the streptavidin through a polymer backbone, 

was diluted to 100 ng/mL in sample buffer and added to the wells in a volume of 100 

µL. The plate was incubated on a shaker for 30 min at RT followed by a wash as 

previously described. The plate was incubated with 200 µL of TMB substrate (≤0.05% 

3,3’,5,5’ TMB, ≤3% non-reducing oligosaccharides, ≤0.1% polypeptide complex, 

≤0.020% hydrogen peroxide, pH 3.55) for 15 min at RT after which 100 µL of stop 

solution (4.9% sulfuric acid) was added. An ELx800 Absorbance Microplate Reader 

was used to determine the absorbance at 450 nm. The mAb A-HRP, in HRP buffer 

(0.014 M PBS pH 7.0 with 1.25% BSA, 1.0% bovine IgG, 0.05% ProClin 300, 

0.0033% potassium ferricyanide and 0.01% patent blue), was included for comparison 

and was titrated on a separate plate. Following incubation for 1 h at RT, the plate was 

washed and treated with TMB substrate and stop solution in the same way as described 

previously.
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2.5.3. ELISA   

The biotinylated mAb A10, A15 and A20 were analyzed and compared in a two-step 

ELISA assay in combination with sa-HRP. The highest standard curve point with a 

recombinant Ck8/18 concentration of 1200 U/L (in buffer 0.05 M PBS pH 7.5, 1% 

BSA, 0.11% Tween-20, 0.2% ProClin 300 and 0.01% Tartrazin), “std 1200 U/L”, was 

used as sample. A volume of 50 µL of the sample was added to a microtiter plate coated 

with 32 µg/mL of a mAb specific to Ck18. The biotinylated antibodies were serially 

diluted to the concentrations 2, 1, 0.5, 0.25 and 0 µg/mL in ELISA buffer (0.05 M PBS 

pH 7.5, 1% BSA, 0.11% Tween-20, 0.2% ProClin 300 and 0.01% Tartrazin). The 

antibodies were added to the plate in duplicates in a volume of 100 µL followed by an 

incubation on a shaker (450 rpm) for 1 h at RT. The plate was washed 3 x 0.3 mL with 

ELISA wash buffer (0.14 M NaCl, 2.7 mM KCl, 0.05% Tween-20, 10 mM PBS buffer 

with pH 7.4) using a BioTek ELx50 Microplate Strip washer. Sa-HRP in a 

concentration of 62.5 ng/mL in ELISA buffer was added to the plate in a volume of 

100 µL. Following a 30 min incubation on a shaker (450 rpm) at RT, the plate was 

washed and incubated with 200 µL of TMB substrate for 20 min. 50 µL of stop solution 

was added and absorbance at 450 nm was measured by using an ELx800 Absorbance 

Microplate Reader.    

2.6. Optimization of ELISA 

2.6.1. Concentration of conjugates 

In order to find suitable concentrations of mAb A15 and sa-HRP for the ELISA 

assay, a two-step approach was initially tested. A titration using different concentrations 

of biotinylated mAb A15 (2, 1, 0.5 and 0.25 µg/mL) and sa-HRP (0.25, 0.125 and 

0.0625 µg/mL) was performed. Std 1200 U/L and Std 0 U/L (i.e. ELISA buffer) were 

used as samples. The assay was performed in the same way as described in section 

2.5.3. 

2.6.2. Process steps 

A one-step ELISA approach with mAb A15 and sa-HRP was assessed. Different 

incubation times were evaluated with constant mAb A15 and sa-HRP concentrations.  

Following addition of ELISA buffer and std 1200 U/L as samples, 0.25 µg/mL of mAb 

A15 and 0.25 µg/mL of sa-HRP were added to the wells in a volume of 100 µL. The 

plate was incubated for 30, 60 or 120 min before treatment with TMB substrate and stop 

solution in the same way as described previously in section 2.5.3.
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The one-step ELISA was also evaluated with varying mAb A15 concentrations, 

using only one of the above mentioned incubation times. Following addition of Std 

1200 U/L as sample, mAb A15 was titrated at the concentrations 2, 1, 0.5, 0.25 and  

0 µg/mL in 0.25 µg/mL sa-HRP. After a 60 min incubation on a shaker (450 rpm) at 

RT, the plate was washed and treated with TMB substrate and stop solution in the same 

way as described in section 2.5.3. A two-step ELISA, with the same concentrations of 

mAb A15 and sa-HRP, was included in both experiments for comparison.  

2.6.3. Sa-HRP buffer 

A second buffer for sa-HRP was assessed in a two-step ELISA with mAb A15. The 

assay was performed as described previously (section 2.5.3.) with std 1200 U/L as 

sample. mAb A15 was titrated at the concentrations 2, 1, 0.5, 0.25 and 0 µg/mL. The sa-

HRP was diluted to a concentration of 0.25 µg/mL in ELISA buffer (0.05 M PBS pH 

7.5, 1% BSA, 0.11% Tween-20, 0.2% ProClin 300 and 0.01% Tartrazin), denoted 

“buffer 1”, or in a buffer with a stabilizing agent for HRP (0.014 M PBS pH 7.0, 1.25% 

BSA, 1.0% bovine IgG, 0.05% ProClin 300, 0.0033% potassium ferricyanide and 

0.01% patent blue), denoted “buffer 2”.  

2.6.4. Sa-HRP conjugate 

A second sa-HRP conjugate was assessed in a two-step ELISA. In addition to the 

enhanced sa-HRP, a conventional conjugate, denoted “sa-HRP 2”, was tested. The assay 

was performed as described in section 2.5.3. ELISA buffer and std 1200 U/L were used 

as samples and mAb A15 was added in a concentration of 0.25 µg/mL. Sa-HRP 2 (GE 

Healthcare Life Sciences) was diluted 1:500 and 1:250 in ELISA buffer. Enhanced sa-

HRP, in a concentration of 0.25 µg/mL, was included for comparison.  

2.7. Comparison of detection systems 

The performance of the biotinylated mAb A15 in a two-step ELISA with sa-HRP 

was compared to the ELISA with mAb A-HRP. The two-step approach was performed 

in the same way as described in section 2.5.3. The standard curve points with 

recombinant Ck8/18 concentrations of 0, 30, 150, 500 and 1200 U/L and controls with 

recombinant Ck8/18 concentrations 353 U/L (control 1) and 178 U/L  (control 2) were 

used as samples. The mAb A15 was tested at the concentrations 0.5 and 0.25 µg/mL. As 

a comparison, data from previous tests with the mAb A-HRP was used. In this ELISA, 

the mAb A-HRP is incubated with the sample for 2 h on a shaker at RT (450 rpm). 
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3. Results 

3.1. Purification 

Purity of mAb A was assessed by an analytical gel filtration. The obtained elution 

profile is presented in figure 3A. The chromatogram shows the presence of a main peak 

(i.e. the monomer form of the antibody) and one smaller peak. The smaller peak appears 

earlier in the elution process and thus contains components of a larger size than mAb A. 

Gel filtration was performed in order to remove the larger components. The obtained 

chromatograms can be found in figure 11 in Appendix 1. Figure 3B shows the elution 

profile from the analytical gel filtration performed after the gel purification, which lacks 

the second peak. The yields of the purification and concentration processes were 

estimated to 93.8 and 96.6%, respectively (see table 1 in Appendix 2). 

 

Figure 3. Sample elution profiles obtained during an analytical gel filtration of mAb A on a 

Superdex 200 column A) before and B) after purification of mAb A. 

3.2. Biotinylation 

The purified mAb A was biotinylated with a biotin NHS ester at the biotin:antibody 

molar ratios 10, 15 and 20 (mAb A10, A15 and A20, respectively), followed by a 

desalting filtration. The yield of the desalting filtration was estimated to approximately 

87.5% (see table 1 in Appendix 2). The biotin levels on the antibodies were estimated 

using the HABA/Avidin assay and the result is shown in figure 4. As illustrated in 

figure 4A, the absolute biotin concentration in the samples gradually increases with 

increasing molar ratio. Figure 4B shows the final biotin:antibody molar ratios. 

Biotinylation of mAb A at the initial molar ratios 10, 15 and 20 resulted in the final 

molar ratios 2.1, 5.5 and 8.4, respectively. A molar ratio of approximately zero was 

obtained with the unconjugated mAb A. 
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Figure 4. Biotin quantification assay. A) Absolute biotin concentration of positive control (100 

µM d-Biotin), negative control (PBS), unconjugated mAb A0 and mAb A10, A15 and A20. B) 

Estimated final biotin:antibody molar ratio of unconjugated and biotinylated mAb A antibodies. 

Each value represents the mean ± standard deviation (SD) of two experiments with duplicates or 

triplicates. 

3.3. Interaction with Ck18 

Antigen-binding ability of mAb A0, A10, A15 and A20 was analyzed in a biosensor 

assay with a Ck8/18-coated chip and the result is presented in figure 5. Figure 5A 

illustrates the response values recorded after injection and a fixed time of dissociation, 

here used as rough estimates of equilibrium response values, at each concentration of 

the antibodies (50, 25, 12.5, 6.3 and 3.1 µg/mL or 333, 167, 83, 42 and 21 nM). As 

shown in figure 5B, the Kd for mAb A0, A10, A15 and A20 was estimated to 2.5, 3.8, 

4.8 and 4.3 x 10
-8

 M, respectively. Thus, the antigen-binding ability decreases with 

increasing level of biotinylation of mAb A except for mAb A20, which has a slightly 

higher ability to bind Ck18 than mAb A15. The obtained sensorgrams and recreated 

Scatchard plots can be found in Appendix 3.  
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Figure 5. Biosensor assay with a Ck8/18 coated chip. A) Equilibrium responses (Hz) at each 

concentration of mAb A0, A10, A15 and A20. Each value represents the equilibrium responses of 

one replicate. B) Kd for mAb A0, A10, A15 and A20, obtained by Scatchard plot analyses using 

the Attester Evaluation software 

The ability of biotinylated mAb A to interact with Ck18 was further assessed by a 

titration of mAb A10, A15 and A20 on a Ck18-coated microtiter plate in combination 

with sa-HRP. Figure 6A shows that detection of Ck18 increases with increasing level of 

biotinylation. Furthermore, the biotinylated mAb A15 and A20 give rise to a higher 

absorbance signal than the HRP-conjugated mAb A. 

The biotinylated mAb A antibodies mAb A10, A15 and A20 were analyzed in a two-

step ELISA with sa-HRP. As shown in figure 6B, mAb A15 gives rise to a slightly 

higher absorbance level than mAb A20. mAb A10 results in a four-fold lower 

absorbance level than mAb A15.  

 

Figure 6. Analysis of interaction between biotinylated mAb A10, A15 and A20, and Ck18. A) 

Reactivity assay on a Ck18-coated microtiter plate in combination with sa-HRP (100 ng/mL). 

mAb A-HRP included for comparison. B) Two-step ELISA with sa-HRP (0.0625 µg/mL) and std 

1200 U/L as sample. Each value represents the mean absorbance at 450 nm ± SD from two 

experiments with duplicates. 
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3.4. ELISA optimization 

A two-step ELISA with biotinylated mAb A15 was optimized. Figure 7 shows a 

titration of mAb A15 and sa-HRP, using a sample with a recombinant Ck8/18 

concentration of 1200 U/L (figure 7A) and ELISA buffer (figure 7B). The 0.25 and 

0.125 µg/mL concentration of sa-HRP give rise to absorbance levels of 2-3 with the 

sample with a high Ck18 concentration. However, these concentrations also result in a 

higher background signal (signal of buffer) than the 0.0625 µg/mL. 

 

Figure 7. Optimization of conjugate concentrations in a two-step ELISA assay. A) Titration of 

mAb A15 and sa-HRP (0.25, 0.125 and 0.0625 µg/mL) with a sample containing a Ck18 

concentration of 1200 U/L. Each value represents the mean absorbance at 450 nm ± SD of two 

experiments with duplicates. B) Titration of mAb A15 and sa-HRP (0.25, 0.125 and  

0.0625 µg/mL)  with ELISA buffer. Each value represents the mean (of duplicates) absorbance. 

The graphs in figure 8 illustrates the comparison between a one-step and two-step 

ELISA (i.e. incubation of sa-HRP with the sample and mAb A15, or separately). 

Initially, different incubation times, i.e. 30, 60 and 120 min, were tested. As shown in 

figure 8A the result is a small increase in absorbance level with increasing incubation 

time. The signal of the buffer (background signal) also increases in this manner. Figure 

8B shows a one-step test with a 60 min incubation and with different concentrations of 

mAb A15, compared to a two-step assay. This result indicates that an increasing 

antibody concentration has an effect on the resulting absorbance level in a two-step, but 

not in a one-step ELISA. Both graphs shows that a one-step approach results in a 20-

fold lower absorbance level than the two-step assay and the signal is almost equal to 

background signal (signal of buffer). 
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Figure 8. Comparison of one-step and two-step ELISA tests with mAb A15 and sa-HRP (0.25 

µg/mL). A) One-step ELISA with different incubation times using ELISA buffer (std 0 U/L) and 

std 1200 U/L as samples and mAb A15 in a concentration of 0.25 µg/mL. B) One-step test with 60 

min incubation using std 1200 U/L as sample and mAb A15 at different concentrations.   

As shown in figure 9A, two different buffers for sa-HRP were assessed. In addition 

to the ELISA buffer (buffer 1), the conjugate was tested in a HRP buffer (buffer 2). The 

graph shows that the use of the HRP buffer for sa-HRP results in a two-fold lower 

absorbance signal compared to the ELISA buffer.  

In addition to the enhanced sa-HRP conjugate, a conventional sa-HRP was tested 

(sa-HRP 2). As shown in figure 9B, sa-HRP 2 resulted in a three-fold lower absorbance 

signal in comparison to the enhanced sa-HRP. This was the case for both dilutions of 

sa-HRP 2. 

 

Figure 9. Optimization of assay conditions in a two-step ELISA. A) Titration of mAb A15 with sa-HRP 

(0.25 µg/mL) diluted in ELISA buffer (buffer 1) or HRP buffer (buffer 2). B) Test with a conventional sa-

HRP (sa-HRP 2) at two dilutions, with ELISA buffer (std 0 U/L) and std 1200 U/L used as samples and 

mAb A15 in a concentration of 0.25 µg/mL. Sa-HRP (0.25 µg/mL) was included for comparison.
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3.5. Comparison of detection systems 

The mAb A15 (in a concentration of 0.5 and 0.25 µg/mL), in combination with 0.25 

µg/mL sa-HRP, was compared to mAb A-HRP using a two-step ELISA with a standard 

curve and two assay controls. Figure 10A shows the resulting standard curves. mAb 

A15 in a concentration of 0.5 µg/mL results in the highest absorbance level at the 

standard curve points with high Ck8/18 concentrations while giving rise to a slightly 

lower signal at the lower standard curve points, in comparison to the lower 

concentration of 0.25 µg/mL. As shown in figure 10B, there is no difference in the 

control samples (relative to mAb A-HRP) between the two concentrations of mAb A15.   

 

Figure 10. Two-step ELISA with mAb A15 (0.5 and 0.25 µg/mL), with data of mAb A-HRP 

included for comparison. A) ELISA standard curves. Each value represents the mean absorbance 

at 450 nm of duplicates using the ELISA standard curve points (recombinant Ck8/18 concentration 

of 0, 30, 150, 500 and 1200 U/L). B) Control samples 1 and 2 with 353 and 178 U/L recombinant 

Ck8/18, respectively. Each value represents the % difference in concentration relative to mAb A-

HRP. 

The yield of the HRP-conjugation process of mAb A varies between 20 and 30%, 

i.e. 20-30% of mAb A that is conjugated to HRP is recovered after conjugation (data 

not shown). Data for the estimated yields of the different steps in the biotinylation of 

mAb A is shown in table 1 in Appendix 2. The yields of the purification, 

concentration and desalting steps were estimated to 93.8, 96.6 and 87.5% 

respectively. Thus, the total yield of the biotinylation of mAb A was estimated to 

79.3%.  
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4. Discussion 

4.1. Antibody aggregation 

An analytical gel filtration of mAb A (figure 3A) revealed the presence of 

components of a larger size than the monomer form of the antibody. This indicates on 

antibody aggregation, i.e. dimers or oligomers of the antibody. Figure 11A (appendix 1) 

shows that it most likely consists of both dimers and oligomers as there are two smaller 

peaks before the main peak. Aggregation of monoclonal antibodies is a common 

phenomenon that can occur during several process steps of an antibody. The low pH 

upon protein A purification and buffer conditions are two examples of factors that may 

contribute to antibody aggregation.
19

 The presence of aggregates in the mAb A may be 

a contributing factor to the relatively low absorbance signal and low stability that has 

been observed for the mAb A-HRP previously. To avoid any interference of aggregated 

antibody components, a purification of mAb A should be performed prior to 

conjugation of the antibody. Preliminary data (not shown) indicate on a higher 

absorbance level of a mAb A-HRP that lacks antibody aggregates. However, a longer 

time period of testing is required in order to fully evaluate the stability of this mAb A-

HRP. The aggregation of mAb A may also be an explanation to the poor performance of 

the biotinylated mAb A in the preliminary ELISA studies (figure 1). Thus, mAb A was 

purified in order to eliminate the potential risk of aggregates to influence the 

biotinylation process or ELISA analysis. An analytical gel filtration after the 

purification of mAb A verified a successful elimination of the aggregates (figure 3B).      

4.2. Performance of biotinylated antibodies 

As lysine residues on antibodies that are available for coupling to biotin may vary in 

reactivity depending on the antibody, the biotinylation process needs to be assessed and 

optimized for each antibody.
16, 17

 Our data (figure 4) shows that biotinylating mAb A at 

an antibody concentration of 2 mg/mL and the biotin:antibody molar ratios 10, 15 and 

20 results in final molar ratios of 2.1, 5.5 and 8.4, respectively. The mAb A tested in the 

preliminary ELISA studies (figure 1) was biotinylated at an antibody concentration of 1 

mg/mL and a molar ratio of 10. A higher antibody concentration upon biotinylation is 

known to result in a greater biotinylation efficiency.
17

 Thus, our data suggests that 

biotinylating mAb A at the same molar ratio but at the lower antibody concentration 
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(1 mg/mL), would result in a final molar ratio below 2. This could be a plausible 

explanation to the low absorbance signal observed in the following ELISA.  

Biotinylating mAb A at a molar ratio of 15 gives rise to most suitable final molar 

ratio in the range of 3 to 7 (more specifically 5.5), according to the literature.
16

 

However, the functionality of the antibodies was assessed in order to verify an optimal 

performance of mAb A15. The antigen-binding ability of the biotinylated antibodies for 

Ck18 was analyzed in a biosensor assay. A rough approximation of the dissociation 

constant, Kd, which is a measurement of the strength of interaction between an antibody 

and its ligand,
20

 was estimated for each antibody mAb A0, A10, A15 and A20. The 

result (figure 5) shows a decline in affinity for Ck18 with increasing biotin:antibody 

molar ratio, with the exception of mAb A20. Interestingly, mAb A20 shows a slightly 

higher affinity for Ck18 than mAb A15. This finding is in accordance to the result of the 

reactivity assay. Upon a titration of mAb A10, A15 and A20 on a Ck18-coated 

microtiter plate in combination with sa-HRP, mAb A20 results in a higher Ck18 

detection than mAb A10 and A15 (figure 6A). However, this does not necessarily 

reflect a higher affinity of mAb A20 for Ck18. A higher detection of Ck18 in the 

reactivity assay could simply be a result of the signal amplification with the higher 

number of biotin molecules attached to the antibody.  

Contradictory to these findings, mAb A15 was shown to give rise to a slightly higher 

absorbance level than mAb A20 when titrated in a two-step ELISA with sa-HRP (figure 

6B). Thus, although mAb A20 is conjugated to more biotin molecules and gave rise to a 

higher Ck18 detection in the reactivity assay as well as showing a slightly greater 

affinity for Ck18, this is not reflected in the ELISA analysis. The ELISA also revealed 

that the absorbance level of mAb A10 was a four-fold lower than mAb A15, despite the 

fact that the affinity of mAb A10 for Ck18 was slightly higher. This implies that in 

comparison to mAb A10, the higher number of biotin molecules on mAb A15 outweigh 

its lower affinity for Ck18.  However, as the result of the biosensor assay is based on 

data from one experiment, the experiment should be repeated in order to be able to draw 

solid conclusions regarding the affinity of biotinylated mAb A for Ck18.  

4.3. ELISA optimization 

A two-step ELISA with mAb A15 and sa-HRP was optimized in order to find a 

combination that results in a high absorbance level and a low background signal. A 

titration of the two conjugates showed that a sa-HRP concentration of 0.125 or 
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0.25 µg/mL is required in order to reach an absorbance level of the highest standard 

curve point that is in the desired range, i.e. 2-3 (figure 7). A lower concentration of 

mAb A15 would preferably be chosen in order to reduce the reagent consumption. 

Thus, the combination of mAb A15 in concentration 0.5 or 0.25 µg/mL and sa-HRP in 

0.25 µg/mL seems to be most appropriate for use in the ELISA.  

As the current ELISA test is based on a direct, one-step approach, this was evaluated 

with the detection system with biotinylated mAb A15 as well. Reducing the number of 

steps in the method is an advantage as it reduces the laboratory work and workload is an 

important aspect of a diagnostic test that is used in the clinic.  It would also require less 

change of the final product. Surprisingly, our data shows that the obtained absorbance 

level of mAb A15 and sa-HRP in a one-step ELISA was approximately a 20-fold lower 

than that of the two-step ELISA (figure 8). This was the case for all three incubation 

times that were tested. Additionally, no gradient in absorbance signal with the mAb 

A15 titration is shown, which implies that the observed absorbance signal is merely 

background signal. This result indicates that the biotin-based detection system is not 

compatible with a one-step approach with the current assay conditions. The ELISA 

conditions would need to be re-evaluated and further optimized in order to possibly 

achieve a well-functioning one-step test.  

The assay conditions of a two-step ELISA were further optimized. A second buffer, 

containing the HRP stabilizer potassium ferricyanide,
21

 was assessed. Rather than 

giving rise to a beneficial effect on the absorbance level and/or background signal, the 

absorbance signal declined markedly with the HRP buffer compared to the ELISA 

buffer (figure 9A). Therefore, the ELISA buffer seems to be the most appropriate buffer 

for this approach. The HRP buffer was used for the sa-HRP in the preliminary ELISA 

studies (figure 1), which is a plausible explanation to the poor absorbance signal. A 

conventional sa-HRP conjugate was also tested, as an attempt to reduce the cost of the 

streptavidin-biotin detection system. However, the conventional sa-HRP resulted in a 

three-fold lower absorbance signal compared to the enhanced sa-HRP. This was 

observed for both dilutions of the conventional sa-HRP. Thus, the enhanced sa-HRP 

conjugate can not be replaced with a conventional sa-HRP with the current assay 

conditions. This warrants for further investigation. Ultimately, it would be desirable to 

use a sa-HRP conjugate that can be produced in-house. 
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4.4. Comparison of detection systems 

The data of the reactivity assay suggests that mAb A15 and A20 give rise to a higher 

detection of Ck18 in comparison to mAb A-HRP. This gives an indication of a more 

efficient detection system with a biotinylated antibody compared to a HRP-conjugated 

antibody. When testing mAb A15 at two different concentrations in a two-step ELISA, 

the higher concentration of 0.5 µg/mL results in the most desired absorbance level. 

However, this concentration is almost twice as high as the one of mAb A-HRP, which is 

0.21 µg/mL. The total yield of the whole biotinylation process was estimated to 

approximately 79.3% (see Appendix 2), which is more than twice as high as that of the 

conjugation process (20-30%). However, while a smaller volume of mAb A is 

consumed upon a biotinylation compared to a HRP-conjugation, it is not possible to use 

a lower concentration of the biotinylated mAb A in the ELISA. Moreover, this approach 

requires the use of an additional reagent, i.e. the sa-HRP conjugate, which entails an 

additional cost to this detection system.  

4.5. Conclusions 

This project aimed at developing a detection system with an improved performance 

and higher stability than the current system in a diagnostic ELISA used for follow-up of 

cancer patients. The findings show that after purification of mAb A from antibody 

aggregates and optimization of the biotinylation process and ELISA, a higher 

absorbance level was achieved in the ELISA in comparison to a HRP-conjugated mAb 

A. Whether the stability of the biotinylated mAb A is higher needs to be further 

elucidated. A significant disadvantage with the biotin-streptavidin approach is that, in 

its current form, it needs to be performed as a two-step assay. While the time aspect is 

essentially unchanged, a two-step approach is more laborious than a direct test and it is 

therefore not a preferred option for a product that is used in the clinic.   

In summary, the biotinylation process was successfully optimized and resulted in a 

well-functioning detection antibody. However, in order to be able to implement the 

biotin-based detection system into the product, the assay conditions need to be further 

optimized. A HRP-conjugated mAb A without aggregation is currently evaluated as 

detection antibody in the diagnostic ELISA test and has so far shown promising results.  
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7. Appendices 

Appendix 1 

 

Figure 11. Chromatograms obtained from gel filtrations on a FPLC system using a A) Superdex S200 

and B) Sephacryl S300 column.  
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Appendix 2 

Table 1. Yield data for the biotinylation process of mAb A. The purification step corresponds to the 

purification of mAb A on the Sephacryl S300 column. The data for the desalting filtration (after 

biotinylation) is based on the mean of mAb A10, A15 and A20. 

Process Amount in (mg) Amount out (mg) Yield (%) 

Purification 50 46.9 93.8 

Concentration 46.9 45,3 96.6 

Desalting filtration 2 1.75 87.5 

Total   79.3 
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Appendix 3 

 

Figure 12. Sensorgrams obtained in a biosensor assay using a Ck8/18-coated chip and five 

concentrations  (50, 25, 12.5, 6.3 and 3.1 µg/mL) of A) mAb A0, B) mAb A10, C) mAb A15 and D) 

mAb A20.  
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Figure 13. Scatchard plots recreated from the Attester evaluation software based on kinetic data 

obtained from a biosensor assay using a Ck8/18-coated chip for A) mAb A0, B) mAb A10, C) mAb 

A15 and D) mAb A20. Each graph shows the frequency (Hz) plotted against the frequency normalized 

to concentration (molar). The slope of the regression line represents the Ka, which is the inverse of Kd. 
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