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Sammanfattning 
 

Traditionella läkemedel är ofta små enkla molekyler som har skapats på kemisk väg. Det blir 
allt vanligare att även utveckla läkemedel som har producerats i levande celler, ett exempel är 
rekombinanta proteiner. Proteinerna tillverkas genom att motsvarande gen sätts in i en 
värdcells genom (arvsmassa) vilket leder till att värdcellen producerar det önskade proteinet. 

En skillnad från vanliga läkemedel är att rekombinanta proteiner är mycket stora vilket 
innebär att de måste injiceras, istället för att tas som en tablett. Därför är det oerhört viktigt att 
renheten är hög annars finns det en stor risk att patienten får blodförgiftning. För att 
kontrollera renheten behövs känsliga tekniker för att analysera föroreningar vid tillverkning 
av dessa proteiner.  

I detta examensarbete har en ny teknik baserad på elektrokemiluminescens (ECL) utvärderats, 
för att se om den kan ersätta den nuvarande tekniken ELISA för att detektera föroreningar. 
Enligt litteraturen är ECL tekniken känsligare än ELISA och man ska även kunna testa flera 
föroreningar samtidigt. Högre känslighet innebär att man kan dokumentera att renheten är 
högre för läkemedlet, en annan fördel är att man har möjligheten att testa flera föroreningar 
samtidigt, vilket innebär en effektivisering av arbetet.  

I ECL tekniken används ämnen som skapar ljus då elektricitet kopplas på, medan det i ELISA 
sker en färgförändring av lösningen vid detektion. ECL tekniken baseras på 
elektronöverföringar som gör att ett ämne exciteras, när ämnet sedan når sitt grundtillstånd 
sänds ljus ut vilket registreras av en känslig kamera.  

Tre föroreningar som uppkommer under tillverkningen av rekombinanta proteiner har 
analyserats för att utvärdera tekniken. För en av dessa, insulin, som tillsätts för att cellerna ska 
växa ordentligt, fungerade tekniken mycket bra. Resultaten överensstämde bra mellan de två 
teknikerna men känsligheten var högre för ECL tekniken, mindre mängder av insulin kunde 
upptäckas.  

En av föroreningarna som studerades var värdcellsprotein, det vill säga alla de proteiner som 
cellen tillverkar förutom det introducerade rekombinanta proteinet. För att detektera 
värdcellsproteinerna används antikroppar, som har förmågan att specifikt känna igen 
molekyler. Det finns två olika antikroppspreparationer mot dessa värdcellsproteiner att köpa 
och dessa jämfördes med tekniken Western blot, för att se vilken av dessa som kunde hitta 
flest proteiner. Resultatet visade att det bästa alternativet var att använda en kombination av 
de två antikroppspreparationerna. 
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Abbreviations 

4PL  4 parametric logistic fit 

AP  Alkaline phosphatase 

Ab  Antibody 

BCA  Bicinchoninic acid 

BSA  Bovine serum albumin 

CCD  Charge couple device 

CHO  Chinese hamster ovary 

CV  Coefficient of variation 

DS  Drug substance 

ECL  Electrochemiluminescence 

ELISA  Enzyme linked immunosorbent assay 

EMEA   European Medicines Agency 

FDA  Food and Drug Administration 

h  hours 

HCP  Host cell proteins 

HEK  Human embryonic kidney 

HRP  Horse radish peroxidase 

IGF-1  Insulin like growth factor 1 

IGFBP  Insulin like growth factor binding proteins 

LDS  Loading Dye Solution 

LPS  Lipopolysaccharide 

LONG IGF-1  LONGTMR3IGF-1  

ms  milliseconds 

MSD  Meso Scale Discovery 

MSD SI2400  Meso Scale Discovery Sector Imager 2400 

PBS  Phosphate buffered saline 

PBS-T  Phosphate buffered saline with Tween20® 

pg  picogram 

rIGF-1  recombinant human insulin like growth factor 1 

SDS-PAGE  Sodium dodecyl sulphate – polyacrylamide gel electrophoresis 

TMB  Tetramethylbenzidine 

TPA  Tripropylamine 

 

AF, BS, NT, RF, SM are coded names of biopharmaceutical projects at Biovitrum AB, samples from 
the downstream processing of these projects have been included in analyses. 
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1 Introduction 

This Master’s degree project has been performed at Biovitrum AB in Stockholm between 

September 2007 and February 2008. The project has been supervised by Maria Andras, M.Sc. 

and Gudrun Andersson, Ph.D. at Analytical Sciences, Biopharmaceuticals. 

Biovitrum is a biopharma company with expertise both in biopharmaceuticals and traditional 

pharmaceuticals using small molecules. The company is located both in Sweden and in the 

United Kingdom, performing research and also process development on contract-basis. 

Biovitrum has a number of projects in clinical trials and is now turning its focus mainly on 

specialty care therapies
1
. 

1.1 Biopharmaceuticals 

Biologicals are drugs isolated or made using living organisms in comparison to traditional 
drugs which often are chemically synthesized small molecules. Some examples of 
biopharmaceutical products are vaccines, recombinant therapeutic proteins, nucleic acid-
based therapeutics and stem cells. The products are manufactured using biotechnology and 
cellular biology tools2.  

In 1982 the first recombinant protein reached the market, Genentech had produced insulin 
(named Humulin) in Escherichia coli cells3. However to develop more complex 
biopharmaceuticals, such as proteins with extensive post translational modifications, the 
product has to be expressed in eukaryotic cells since E. coli does not have any machinery for 
this. Chinese hamster ovary (CHO) cells are the most common cells used for 
biopharmaceutical production but other cell lines are also possible to use, e.g. baby hamster 
kidney, mouse myeloma (NS0) or human embryonic kidney (HEK) cells (HEK-293)4. Other 
systems like yeast, insect and plant cells can also be used. These cells grow more rapidly and 
have a smaller risk of transmitting diseases than mammalian cells but despite that, they are 
not widely used. The reason is mainly because their glycosylation pattern is not identical to 
the human5. 

Many of the biopharmaceutical products on the market are monoclonal antibodies (Ab’s) 
which are often modified to be more human, e.g. chimeric and humanized Ab’s, to avoid 
adverse immunological reactions6. Vaccines and monoclonal Ab’s are the most numerous 
products on the market and cancer is the most common indication that is targeted. In 2006 165 
biopharmaceutical drugs were approved5. Today researchers are developing the second 
generation of biopharmaceuticals, now the proteins are engineered instead of producing 
simple replacement proteins or monoclonal Ab’s. A few examples are the development of 
fusion proteins, proteins with an altered amino acid sequence or altered glycosylation pattern. 
The engineering is done by altering the cDNA sequence of the protein and the purpose is to 
improve the pharmacological effect by; affecting the half-life, changing the 
pharmacodynamics or the pharmacokinetics. Other objectives may be to reduce the 
immunogenicity of the product or to create completely new therapeutic drugs3. 

A large difference between the traditional synthesized drugs and the recombinant proteins is 
the size. Large macromolecules, like proteins, are not able to easily pass through membranes. 
They have a defined shape that is kept together by chemical bonds of different strength. The 
weak associations can easily be destroyed, for example when passing through the gastro-
intestinal system. This together with the size has the implication that almost all 
biopharmaceuticals have to be injected to be able to enter the systemic circulation. However 
research is very flourishing in this field and two product using different routes of 
administration were approved recently, administration through the epithelial wall of the nose 
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and the lung respectively5. Also Biovitrum has two projects, KiobrinaTM and ExinaldaTM, in 
clinical trials phase II which are intended to be administered orally1. 

The immunogenicity of the product is determined both of the size and shape of the molecule 
as well as the frequency of administration of the drug. A larger protein has a higher risk of 
eliciting an immunological reaction especially if it has extensive post translational 
modifications that differ from the endogenous protein. Repeated administration poses higher 
demands of purity on the product7. 

1.2 Objective 

In recombinant protein manufacturing for the purpose of producing protein-based drugs it is 
important to be able to demonstrate that impurities have been efficiently removed during the 
purification process and that the final product is pure. This project is involved in 
quantification of some of the impurities that may be found in a biopharmaceutical product; 
insulin, insulin like growth factor 1 (IGF-1) and host cell proteins (HCP). Analysis techniques 
that are to be used have to meet high demands in both sensitivity and in precision. Today the 
process related impurities are mainly analyzed with enzyme linked immunosorbent assays 
(ELISAs) that are available commercially as kits. However a new technique developed by 
Meso Scale Discovery (MSD) where the detection is based on electrochemiluminescence 
(ECL) technology is starting to replace ELISA. The reasons why the ECL assay may be 
superior to ELISA is that the measuring range is wider and the detection limit of the technique 
often is much lower, which means that the sensitivity is increased. Also the possibility to test 
multiple analytes in the same assay, a multiplex assay, reduces time and work load. This 
project evaluates this new technology by comparing results from the ECL assay with ELISA. 
Initially with one analyte at the time and if this comparison is successful the assays will be 
tested in a multiplex ECL assay format.  

An investigation parallel to the ECL assay was also included in the project. A comparison of 
commercially available Ab’s against HCP from CHO cells was performed using Western blot.  
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2 Theory 

2.1 The biopharmaceutical process 

2.1.1 Biopharmaceutical cultivation and purification steps 

The demands on purity on biopharmaceutical products intended as therapeutic proteins are 
very high. This is necessary since there is a risk of adverse reactions if even trace amounts of 
impurities are present in the drug product7.  

Recombinant protein processes are initially evaluated in small laboratory scale. When the 
optimal cultivation and purification steps have been established, the process is transferred by 
pilot scale studies into the industrial scale production. The preparations before the cultivation 
are known as the upstream processing and the actual cultivation is when the biotransformation 
occurs. When the cells are harvested the downstream processing initiates, this encompasses 
both the initial extraction of protein, the purification as well as quality control of the product 
protein and final formulation of the drug substance, see Figure 17.  

The complexity of the initial recovery of proteins depends on how the recombinant product is 
expressed, as an intra- or extra- cellular protein. If the protein of interest is secreted, the 
purification schedule is simpler than if the protein has to be extracted from the cells7. During 
the capture step excess fluid is removed thus increasing the concentration, the purpose is to 
facilitate and increase the productivity of the subsequent chromatographic steps. During the 
polishing steps isoforms of the product and also proteins with different glycosylation pattern 
are removed, furthermore DNA, endotoxins and HCP can also be reduced in these steps8. 

Usually at least three chromatographic steps are utilized in downstream processing. Common 
purification techniques in large scale production are ion exchange, affinity chromatography 
and hydrophobic interaction chromatography. In order to remove microorganisms and viruses, 
sterile filtration using filters with a small pore size is performed at multiple steps of the 
downstream processing. The last step is often ultrafiltration/diafiltration, which is responsible 
for both the final purification as well as concentrating the final drug product7.  

 

 

Figure 1. Overview of the biopharmaceutical process7,8. 
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2.1.2 Impurities 

It is important that recombinant proteins that are intended to be administered to patients as 
therapeutics are free of impurities7. Regulatory authorities have high demands on these 
biotherapeutics. Extensive monitoring and validation throughout the production process are 
necessary to meet these demands9. The entire production including all downstream 
purification steps should be performed in a controlled environment to minimize the risk of 
contamination7. Potential impurities can be divided into four subclasses: product related, 
process related, host cell related and contaminants9.  

The product related impurities are isoforms of the desired protein, precursors or degradation 
products or even aggregates of the recombinant protein2. All of these are undesirable since 
they may elicit another response than the product in regard to potency, efficacy and safety9.  

The process related impurities are chemical additives, media components and leachates9 
which are added to the bioreactor during the cultivation or leak from columns during the 
purification. Media supplements, e.g. insulin and albumin, and additives, e.g. antifoaming 
agents, are necessary for the cultivation. Chemical additives may also be needed e.g. 
antibiotics. Later during the downstream process leachates from chromatographic columns, 
e.g. metals and protein A, can disengage and be released into the product material7,9. 

Most recombinant proteins are administered by injection, because of this it is imperative that 
there are no contaminants present in the final product. The group contaminants include 
microorganisms, viral particles and pyrogenic substances. The microorganisms can be either 
the host cell that produced the recombinant protein or a microbe that has been introduced into 
the system during the manufacturing. Unless the purpose is to create a live bacterial vaccine 
no bacteria should be present in the purest samples of the product, since this could cause 
sepsis. A number of steps are included to assure that the second group, viral particles, is 
removed, e.g. filtration and low pH. The clearance of viruses is monitored throughout the 
process, both human viruses and also cell specific viruses need to be screened for. The third 
group of contaminants is pyrogens which are agents that cause fever. These agents can be 
chemicals but the most common pyrogen is of bacterial origin, the endotoxin 
lipopolysaccharide (LPS) which is present on the cell wall of Gram negative bacteria7. LPS is 
a clear sign of a bacterial contamination which rapidly triggers the immune system10. The 
most common test for LPS is the Limulus amoebocyte lysate assay which reacts by initiating 
the coagulation cascade, forming a clot in the test tube if LPS is present7. The test is based on 
the phagocyte like blood cells from the American horseshoe crab that contains all components 
necessary for the coagulation cascade7,10. 

The host cell related impurities are either DNA or proteins from the cell that produce the 
recombinant protein. In the beginning of the biopharmaceutical history it was a concern that 
tumorigenic sequences from the cell’s DNA could incorporate into the patient’s genome. 
However this risk has been proven to be very low9. However the regulatory authorities still 
demand documentation of the amount of cellular DNA. According to recommendations from 
the Food and Drug Administration (FDA) the amount of cellular DNA should be below 100 
picogram (pg) per dose when detected with a technique with a sensitivity of at least 10 pg9. 
The European Medicines Agency (EMEA) demands validation studies including spiking 
experiments and also consistency of the DNA quantification over a limited number of batches 
to establish that the purification steps are sufficient11. Proteins are efficiently separated from 
DNA by chromatographic methods since the physicochemical properties are very different7. 
However, for the removal of HCP it is crucial that the purification steps are designed in order 
to efficiently separate the HCP from the product protein. Both secreted proteins and proteins 
that are released when the cell is lysed are examples of HCP9. If a protein is present in the 
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drug substance it may act as an adjuvant, that is, further increase an immunological reaction if 
administered to the patient7. The amount of HCP need to be carefully monitored during the 
last purification steps9. HCP represent one of the most challenging impurities in the 
biopharmaceutical process today. Since HCP are a group of proteins with different sizes and 
properties, the removal as well as the detection of them can be difficult. There is a risk of co-
purifying some HCP together with the product protein. Because of this it is crucial that the 
analysis methods have high sensitivity12. The impurity HCP will be discussed further later on.  

2.1.3 Insulin and IGF-1 

In recombinant protein manufacturing the composition of the media is crucial to get a well-
growing cell culture13. Variations in demands of the media can exist even between different 
clones of the same cell type6. Even though the biopharmaceutical research area is quite new, 
the research in cell cultures started already in the fifties last century. In 1955 Eagle was 
published in Science for his work regarding nutrition needs for mammalian cells in vitro. He 
found that a small amount of serum proteins was necessary to get a well growing cell 
culture13,14. 

Insulin which acts as a growth factor for cells is one of the most common additives to serum 
free media. To avoid the risks of adventious viruses and transmissible spongiform 
encephalopaties it has been important to find a media without additives which come from 
animal origin. This has proven to be difficult since serum provides a number of different 
proteins with diverse functions; e.g. growth factors, attachment factors, nutrients, vitamins 
and trace elements13. However, many of the protein supplements exist as recombinant 
versions today which avoid use of animal derived components.  

The main function of insulin is its regulation of glucose and lipid metabolism. Insulin is also 
important in DNA synthesis and amino acid synthesis. It acts both at its own receptor as well 
as the IGF-1 receptor to exert its function. Using recombinant insulin as a growth factor has 
been possible since 1992, when it was first present on the market, but the recombinant version 
was not regularly used until later. Zinc as replacement for insulin has also been reported to be 
possible to use13.   

Another option is to use IGF-1 instead of insulin. The sequence of IGF-1 is ~ 50% identical to 
the A and B chain that insulin consists of. IGF-1 acts as a growth factor in a similar manner as 
insulin by regulation of amino acid uptake, protein synthesis and the use of glucose. It also 
participates in regulation of complex functions in the cell, as the whole cell cycle and 
apoptosis. The bioavailability of the molecules is regulated by IGF binding proteins (IGFBP) 
Binding to IGFBP increases the half-life dramatically15, however when bound, the molecule 
can not act on the receptors. A recombinant version of IGF-1 exists, LONGTMR3IGF-1, 
LONG IGF-1, developed by SAFC Biosciences, specially designed for use in cell culture. 
Regulatory agencies in both the US and in Europe have approved the use in multiple 
biopharmaceutical projects16. 

The mechanism of action of LONG IGF-1 is by binding to type I IGF-1 receptors, which is a 
common cell surface receptor7,16. LONG IGF-1 has 13 extra amino acids on the N-terminal 
end as well as a substitution on position three (Glutamic acid�Arginine). One advantage of 
LONG IGF-1 is that it has low affinity to the IGFBP which means that more molecules are 
available to interact with the receptors16. 

Both the receptor of insulin and of IGF-1 signal via tyrosine kinases. The insulin receptor has 
a rapid action which regulates cellular metabolism, while the IGF-1 receptor acts in a 
prolonged fashion on functions like growth and survival of the cells. IGF-1 and insulin are 
able to interact with low affinity with each others receptors. High concentrations of insulin are 
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needed in cell culturing and it has been speculated that this is explained by that the growth 
promoting effects of insulin is through the IGF-1 receptor. If this is the case naturally it would 
be more efficient to use IGF-1 which is completely compatible with the IGF-1 receptor16. 

The insulin and IGF-1 content need to be analyzed during the downstream processing since 
residual amounts can be present after the cell harvesting. The growth factors should be 
consumed during the cultivation but if they are present when the purification is initiated they 
are regarded as impurities.  

2.1.4 Host cell proteins 

Recombinant proteins are expressed in a host cell, often E. coli or CHO- cells, which means 
that not only the product protein is produced, but a lot of other proteins, proteins that the cell 
needs for survival, building blocks etc. The presence of these HCP together with the product 
need to be closely monitored since there is a risk of an adverse immunological reaction if 
HCP are present in the drug product when it is administered to the patient11.  

The genome of E. coli encode ~ 4200 genes that are translated into proteins while CHO cells 
have ~ 30 000 genes17. Naturally not all of them are active at the same time, but it should be 
stressed that the impurity HCP is very heterogeneous12. 

Since the HCP are a large group of proteins with different sizes there is a risk that some HCP 
with similar size and properties as the product protein may co-purify with the product. This 
property as an impurity is distinctive for HCP12. The HCP should be “below detectable levels 
using a highly sensitive analytical method” according to FDA’s point to consider in 199712. 
The amount and composition of HCP may vary between different products and also between 
product batches which denote that a general limit can not be set11. If the process is changed, 
the HCP composition may have been altered, thus the detection assay must again be 
verified12. 

2.1.5 Detection of host cell proteins 

For monitoring HCP two different immunological methods are available, Western blot and 
ELISA, or other sandwich based immunoassays conducted in a 96-well microplate. The two 
techniques may recognize different sets of HCP since samples analyzed by Western blot most 
often are denatured which mean that some epitopes of the proteins are disrupted and others 
exposed while the native proteins are analyzed in ELISA. Another difference is that an ELISA 
will only give a value of the total concentration of HCP while Western blot separates and 
visualizes individual HCP, thus the ELISA will answer if any HCP are present and Western 
blot can visualize which HCP that are co-purifying with the product. Advantages with ELISA 
are that it is much more sensitive than Western blot and also require less sample volume. 
Western blot is a qualitative technique while ELISA is semi-quantitative in regard to HCP. 
Since multiple analytes are measured simultaneously the ELISA does not display the same 
linearity as for a single analyte assay. The affinity of the Ab preparation will not be equal 
throughout the population of HCP and also the standard used will most likely not perfectly 
match the tested samples HCP content. However ELISA is still a sensitive technique that 
provides important information about the purity of the product18. 

The accuracy of the ELISA is completely dependent on the quality of the Ab’s. The ELISA 
should be verified using Western blot to demonstrate that sufficient specificity is obtained12,18, 
in other words the two techniques are complementing each other18. 

ELISAs using polyclonal Ab’s are employed to detect HCP. The polyclonal Ab’s are raised 
against antigens collected from a culture of “blank cells” (the production cell line lacking the 
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recombinant gene coding for the biopharmaceutical product)12. Ab’s are often only reactive 
against proteins that elicit an immune response, non immunogenic proteins present in the 
antigen mix will not be processed by the immune system19.  

Different methods can be employed in order to raise Ab’s against as many as possible of the 
HCP that normally elicit a weak immune reaction, for example cascade immunization. The 
generated Ab’s can then be affinity purified using unaltered HCP as antigen18,20. 

HCP ELISAs can be divided into generic and process specific assays. The generic assay 
employs Ab’s that react against a broad group of HCP while the process specific assay use 
Ab’s that are suited to the process and is able to detect the HCP that co-purify with the 
product more easily. In the beginning of a project, generic assays have to be utilized, since it 
takes time to develop a process specific assay18, but when a product is entering phase three 
clinical studies, regulatory authorities often recommend a process specific assay. The 
development of the assay should be initiated early since both the generation of Ab’s and the 
evaluation and validation of the assay take about one year20. 

Generic assays directed towards HCP expressed in different cell systems are available and can 
be very accurate, as long as the assays are validated and characterized for the specific process 
they are intended towards12. However process specific assays are generally better at 
recognizing the HCP that actually are present in the product batch. A serious problem with the 
generic assay is if some process specific HCP are not detected19. 

The only manufacturer of Ab’s against HCP from CHO cells is Cygnus Technologies who 
offers two different affinity purified preparations of anti-CHO polyclonal Ab’s. One 
preparation is produced using proteins from lyzed and solubilized CHO cells as antigen 
(C0016) and the other using secreted proteins from CHO cells grown in protein free media as 
antigen (M0016). Both of these Ab preparations are used in generic ELISA kits from Cygnus 
but the Ab’s can also be purchased separately. The kits are “intended to react with essentially 
all of the HCP that could contaminate the product independent of the purification process” 
according to Cygnus21. The ECL assay developed by MSD utilizes C0016, while the HCP 
analysis in-house at Biovitrum mainly use assays based on M0016, since it is thought that it 
should better represent the population of HCP encountered in the processes. 

2.2 ELISA versus the ECL assay 

2.2.1 ELISA 

Since the seventies when ELISA was discovered by Engvall and Perlmann it has been used as 
a diagnostic tool to specifically detect small quantities of an antigen using Ab’s22,23. The 
technique is a direct binding assay that utilizes an enzyme which has the ability to convert a 
colourless substrate into a coloured product23.  

In a sandwich ELISA Ab’s are adsorbed in the wells of a microplate, then all non-specific 
sites are blocked, with a non-interacting protein23. Samples with the corresponding antigen is 
added and incubated, then the wells are washed and the secondary Ab’s which are conjugated 
to a colour converting enzyme23, often horse radish peroxidase (HRP) or alkaline phosphatase 
(AP)7, are added. After another washing step the substrate of the enzyme is added. If the 
antigen is present, the primary and secondary Ab’s have bound to it and the addition of the 
substrate will change the colour of the sample, which is detected by a spectrophotometer23, 
see Figure 2. Hydrolysis of the substrate is proportional to the amount of antigen.  
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Figure 2. Simplified image of the principle of sandwich ELISA. Ab’s are first coated onto the plastic in the microplate 
wells (a). All non-specific sites are then blocked (b). Samples containing the antigen for the Ab’s are added (c). Then the 
secondary Ab, which is conjugated to an enzyme, is added (d-e) and at last the substrate is added (f). When the substrate is 
present a colour change occurs, which can be detected spectrophotometrically (g).  

 

The quality of the Ab’s used in the assay determines both the sensitivity and the specificity of 
the technique. The Ab’s must be highly specific for the antigen to get a high specificity of the 
assay. The affinity of the Ab’s as well as the amount of Ab’s decides the sensitivity24. If two 
monoclonal Ab’s are used it is important that they recognize different epitopes of the antigen 
or that the antigen contains multiple identical sites7.  

2.2.2 The electrochemiluminescence technology 

A new technology, initially developed by IGEN where the detection is based on 
electrochemiluminescence has the potential to substitute immunoassays like ELISAs. The 
detection technique is using electron transfer to produce a strong signal with low background 
noise25. The protocol and handling of samples are more or less the same as in ELISA however 
with this new principle of detection a higher sensitivity and a lower background signal can be 
obtained. 

Three components are needed for the detection reaction to take place; an electrode, a molecule 
which has the ability to accept and donate electrons and a reporter molecule which has the 
luminescent capability. The electron carrier in the system is tripropylamine (TPA) and the 
reporter molecule is a ruthenium (II) tris-bipyridine-(4-methyl-sulfone) NHS ester, known as 
a SulfoTAGTM according to MSD. See Figure 3 for the molecular structure of the 
SulfoTAG25,26,27. 

 

Figure 3. The SulfoTAGTM. A ruthenium based molecule containing the electrochemiluminescent property. Published with 
permission from MSD (contact Peter Hepburn, MSD – Stockholm, Sweden). 

 

The reaction is started when electron carrier TPA donates an electron to the electrode, to be 
able to do this it has to be in close contact to the electrode. Then TPA loses a proton (H+) to 
the aqueous phase which turns it into a radical. Simultaneously the SulfoTAG loses an 
electron to the electrode and then a rapid electron transfer from the radical to the SulfoTAG 
occurs, which results in the excitation of the SulfoTAG. When it returns to the original energy 
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state a photon, with wavelength ~ 620 nm, is sent out. See Figure 4 for a schematic of the 
reaction (the SulfoTAG is denoted Ru(bpy) in the figure)25,26. 

 

Figure 4. Overview of the electrochemiluminescence detection reaction. A rapid electron transfer causes the ruthenium 
molecule to become excited. When it returns to its ground state a photon is emitted which can be detected using a CCD-
camera. Published with permission from MSD (contact Peter Hepburn, MSD – Stockholm, Sweden). 

 

The technology was further developed by MSD, where the reaction takes place in a special 
96-well microplate. The electrode, made of carbon, has been integrated into the bottom of the 
microplate and is thus in contact with the bottom of each well. When electricity is applied and 
all reagents are present chemical energy is generated which is transformed into light that is 
then detected by a charge coupled device-camera (CCD- camera)26,27.   

The ECL assay is as well as ELISA based on the sandwich immunoassay principle. The 
protocols for the two assays are similar except for the detection. In the ECL assay, capture 
Ab’s are adsorbed onto the carbon surface in the bottom of each well of the microplate. 
Samples containing the analyte to be detected are incubated in the plate and then the detection 
Ab’s, which are conjugated to the SulfoTAGs, are added. The SulfoTAG is analogous to the 
HRP enzyme attached to secondary Ab’s used in ELISA however reacting with TPA and not 
a substrate. TPA is present in the reading buffer which is added just before detection, see 
Figure 5. After addition of reading buffer the plate should be read immediately in the MSD 
ECL instrument. The generated signal is proportional to the amount of antigen26,27.  
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Figure 5. Schematic of the protocol for the ECL assay. Capture Ab’s are adsorbed on the carbon electrode on the bottom 
of the wells (a-b) Samples containing the analyte to be detected are added and incubated (c). Then the detection Ab’s, 
conjugated to the electrochemiluminescent SulfoTAG, are added and incubated (d). In the final step the reading buffer 
containing the TPA molecules is added (e-f), the plate should then directly be read in the MSD ECL instrument which applies 
electricity to the electrode causing the ruthenium molecules to be excited and emitting light (g) which is then detected by a 
CCD-camera (not shown). Between each step the microplate is washed. 
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The technology has many advantages; the ruthenium label is very small, only ~ 1000 Da, 
which means that the risk of sterically hindering the Ab is very low. Also the SulfoTAG is not 
consumed, when the ruthenium-molecule returns to its ground state it can be reused thus 
producing a prolonged, stronger signal25. 

2.2.3 Comparison between the two techniques in the literature 

Since the ECL technology still is a recent invention there is not a lot of studies published 
about it. However a few studies comparing it with ELISA have been found.  

The protocol for the two assays are similar, both take place in a 96-well microplate using 
capture and detection Ab’s for the quantification of antigen and a number of incubation and 
washing steps are necessary28. Since both the ECL assay and ELISA are based on the use of 
Ab’s means that both techniques display the same advantages and limitations in regard to Ab 
reagents. Using high quality Ab’s is necessary in order to get an assay that generates accurate 
results12. The difference of the two techniques is the detection principle28. 

In a study by Guglielmo-Viret et al. Clostridium botulinum type B neurotoxin was analyzed 
with the two techniques, however, using an ECL assay developed by BioVeris. The 
technology developed by BioVeris is based on the same principle but the instrument is 
different, the reaction takes place in a flow cell using paramagnetic beads. Guglielmo-Viret et 

al. showed that the ECL assay was two to four times more sensitive than the colorimetric 
ELISA in regard to the neurotoxin. Also the ECL assay could be performed more rapidly than 
the ELISA29. 

In another study by Guglielmo-Viret and Thullier, where the system from MSD has been 
used, the ECL assay was compared to a colorimetric ELISA for the detection of the B chain 
of ricin (Ricinus communis agglutinin. The ECL assay was proven to be 8 times more 
sensitive than the ELISA, 50 pg of ricin was detected while ELISA found 400 pg. The 
reproducibility (variability between replicates in one assay) was better for ELISA which may 
indicate that the detection by the ECL reader varied more that the ELISA reader. The 
repeatability (variability between samples in separate assays) was equivalent between the 
assays. In this experiment the ECL assay could be performed more rapidly than the ELISA28. 

2.3 Other techniques 

Besides the ECL assay and ELISA some other techniques were utilized in this project. For the 
impurity IGF-1 there was no kit available from MSD, instead the assay had to be developed. 
The detection Ab’s for IGF-1 were labelled with SulfoTAGs and afterwards the protein 
concentration was determined.  

The comparison of the CHO HCP Ab’s from Cygnus Technologies was performed by 
electrophoresis followed by Western blot. A SYPRO Ruby staining of the samples was used 
to see the total protein stain of the samples.  

2.3.1 BCA protein assay 

Bicinchoninic acid (BCA) is used to quantify total protein concentration in the BCA protein 
assay. When proteins are placed in an alkaline medium containing copper ions Cu2+, a 
reduction occurs forming a cuprous cation, Cu+, this process is known as the biuret reaction. 
When the BCA is added to the solution, two BCA molecules will form a complex together 
with the cuprous cation which changes the colour of the solution from green to purple. The 
amount of this coloured complex is proportional to the protein concentration and can be 
determined by measuring the absorbance at 562 nm30. 
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2.3.2 Gel electrophoresis 

Electrophoresis utilizes an electrical field to separate proteins based on their net charge. Not 
only the charge but also the shape, molecular size as well as the media where the migration 
takes place have a notable effect of the proteins movement. The ions in the buffer media are 
responsible for conducting and maintaining the current in the system. The distances the 
proteins move are dependent on both the current and the time31. 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) developed by 
Laemmli in 1970, is one of the most common techniques to analyze proteins32. SDS is a 
negatively charged detergent that binds proteins. When proteins are placed in a reducing and 
denaturing environment each protein will bind approximately the same amount of SDS (~1,4 
g SDS/protein) which causes the proteins to lose their globular shape and instead adapt to a 
rodlike conformation. Another effect of SDS is that the result of the charge of the proteins is 
removed, all proteins will get approximately the same negatively charge density which means 
the separation is based only on the proteins’ size. When current is applied to the system the 
protein-SDS complex will migrate towards the positive anode. Smaller proteins will travel 
faster since they avoid the sieving effect of the gel, small molecules can easily pass through 
the pores and are not as much retarded by the frictional force as large molecules31. 

Electrophoresis often utilizes discontinuous buffer systems, the ions in the gel and the buffer 
are not identical, this was first described by Ornstein and Davies in 1964. The system 
described also included the use of a stacking gel, before entering the separating gel the 
samples are concentrated in the stacking gel by the surrounding ions in the system. When the 
current is turned on the buffer ions in the gel move in front of the protein samples and the 
electrode buffer ions are just behind the protein-SDS-complex. This causes the proteins to 
enter the separating gel as a sharp distinct band32. 

The acrylamide percentage correlates to the pore size of the gel. When separating proteins 
with varying molecular weight, a gradient gel should preferably be used. This means that both 
low and high molecular weight protein can be resolved. Another advantage is that proteins 
with similar molecular weight can be resolved since the smaller protein will be able to migrate 
a little further31. 

Laemmli’s system have some limitations; the pH during electrophoresis is quite high (pH 9,5) 
which may affect the structure of the proteins. Another problem is that at the pH when the gel 
is cast (pH 8,7) the polyacrylamid polymer will slowly hydrolyze. Because of these problems 
the NuPAGE® system from Novex, Bis-Tris pre-cast gels (pH 6,4), has been used, which 
avoids this by running at neutral pH. The lower pH improves the stability of the proteins when 
running the electrophoresis. Preparation of samples is done by adding Loading Dye Solution 
(LDS) sample preparation buffer which removes disulfide bridges when heated to 70ºC for 10 
minutes33.  

2.3.3 Western Blotting 

After the electrophoresis the proteins can be transferred to a membrane, a method known as 
electroblotting. The membrane is placed on top of the gel and then placed as a sandwich into a 
blotting module filled with transfer buffer. When current is applied, the proteins in complex 
with negatively charged SDS, move towards the positive anode and end up on the membrane. 
The membrane is then incubated with a blocking solution, often containing BSA or non fat 
dried milk proteins, to fill up all hydrophobic sites. A primary Ab, specific to the target 
protein is then incubated over night with the membrane. A secondary Ab reactive towards the 
type of primary Ab, e.g. rabbit or goat is then incubated with the membrane. The Secondary 
Ab is conjugated to an enzyme, HRP or AP, which is used for detection. Either the substrate 
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of the enzyme can be added31 or in the case of HRP, enhanced chemiluminescence plus from 
GE Healthcare can be employed. Enhanced chemiluminescence plus uses an acridan-based 
substrate that generates an intermediate which reacts with peroxide in alkaline environment 
producing chemifluorescence. The intermediate is excited at 430 nm and then emits at 503 
nm34. 

2.3.4 SYPRO Ruby staining 

SYPRO Ruby protein stain employs fluorescence based on ruthenium molecules to visualize 
whole protein content present on a gel or a membrane. The sensitivity of SYPRO Ruby is 
comparable of silver staining while the dynamic linear range obtained is superior. The 
interaction between the dye and the protein is by electrostatic and hydrophobic binding, which 
means that the protein is not altered covalently. Another advantage of SYPRO Ruby is that 
staining can be performed over night, because it is an end point staining technique35. The dye 
binds mainly to lysine, arginine and histidine residues in a similar manner as the dye 
coomassie brilliant blue36. SYPRO Ruby can be excited at both 280 nm and at 470 nm and the 
main peak is emitted at 610 nm which can be detected with a scanning CCD-camera35. 
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3 Experimental details 

Samples from five different recombinant protein projects with eukaryotic expression systems 
were included in the analysis for insulin and HCP, project AF, BS, NT, RF and SM (coded 
names). Four of the projects are using CHO cells while NT is expressed in HEK cells, 
because of this, samples from the project NT were only analyzed for insulin content. For 
project RF and SM, samples from the first steps of the downstream processing as well as the 
pure drug substances were included, for the other projects no drug substance samples were 
analyzed.  

For the IGF-1 analysis, samples of culture media were used since no IGF-1 was found in the 
samples from the downstream processing used for insulin and HCP. 

3.1 Acceptance criteria for ELISA and the ECL assay 

In all assays the standard curves were diluted to seven standard points and tested in triplicates 
if not stated otherwise. Triplicates were chosen in order to see the variation of the signal 
within the assays. The coefficient of variation (CV) was used as a factor to evaluate the 
standard curve in the assay. The percentage of the CV was calculated by the softwares of the 
assays, MSD Discovery Workbench 3.0 for the ECL assays and Softmax Pro 3.2.1 for the 
ELISAs.  

100% ×=
Mean

deviationndardSta
CV  

The optimal %CV is zero, which means that there is no variation between the replicates. A 
%CV below 10% is acceptable and below 5% is considered good for these types of assays. A 
low %CV signifies that the reproducibility is good.  

Another factor used for evaluating the assays was the percentage of the recovery of the back-
calculated concentration of the standard points, which shows the accuracy of the assay. The 
recovery is represented by the obtained concentration divided by the theoretical concentration 
and multiplied with 100.  The accuracy is good when the recovery is between 90-110%. If the 
signal for one replicate differs substantially from the other two it can be removed in order to 
obtain better values for the %CV and the %Recovery. 

For ELISA and the ECL assay the %CV and %Recovery are evaluated for all standard points 
and the lowest point that fulfills the acceptance criteria is considered as the quantitation limit.   

The specificity and accuracy of the assay is evaluated by including spiking experiments, e.g. 
spiking a known amount of the standard stock into an undiluted sample. An unspiked sample 
is used as reference. The recovery of the spike, after the calculated concentration of the 
unspiked sample has been subtracted should be within 80-120% of the theoretical value. 

Controls should be included in all experiments, if available. The calculated concentration 
should preferably be within a specified range, generally determined as the mean ±2 standard 
deviations.  

3.2 ELISA 

The absorbance values of the assays were measured by a spectrophotometric plate-reader, 
SPECTRAmax 250 (Molecular Devices Corp.) and the data was analyzed using Softmax Pro 
3.1.2 (Molecular Devices Corp.). 
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3.2.1 Insulin 

The Iso-Insulin ELISA kit (Mercodia) was used for detection of insulin. The assay is based on 
a direct sandwich technique utilizing two monoclonal Ab’s which are reactive towards 
different epitopes of insulin. The detection Ab’s are conjugated to peroxidase which reacts 
with 3,3’,5,5’- tetramethylbenzidine, TMB, by a colour change reaction. The reaction is 
stopped by addition of 0,5M sulphuric acid.  

The instruction of the kit was followed with some modifications. The calibrators supplied in 
the kit were exchanged for a recombinant analogue of human insulin, later referred to as 
“ELISA standard” for insulin (conc. 1 mg/ml, produced in Saccaromyces cerevisiae at Novo 
Nordisk and bought from Millipore), since this is the standard used in-house. The 1 mg/ml 
stock solution was diluted to standard points 10, 5, 2,5 and 1,25 ng/ml and tested in triplicate. 
Phosphate buffered saline with Tween®20 (PBS-T) (Medicago) was used as sample diluent 
buffer and a 150 mM NaCl-solution with 0,05% Tween®20 was used as washing solution. In 
all experiments two controls, high and low assay control, were included, these were pre-
dilutions derived from the insulin ELISA standard with the theoretical concentrations 5,7 
ng/ml and 1,1 ng/ml. The protocol, using simultaneous incubation of samples/standard with 
the conjugate, was followed with the only exception that the substrate was incubated for 20 
minutes in the dark (15 minutes according to the instruction). See Appendix A for the detailed 
protocol. The absorbance was measured at 450 nm, with correction at 595 nm. 

3.2.2 IGF-1 

The Quantikine® kit (R&D Systems Inc.) was used when analyzing IGF-1 with ELISA. 
Monoclonal Ab’s are pre-coated on a microplate and an enzyme-linked polyclonal Ab 
preparation is used for the detection of IGF-1. The enzyme HRP which is conjugated to the 
detection Ab’s reacts with the chromogen TMB which is mixed together with stabilized 
hydrogen peroxide. The reaction is stopped with 2M sulphuric acid. 

The ELISA was performed according to the instructions with one exception, PBS-T was used 
as assay diluent. All incubations was performed at 5ºC, this is not very common for ELISA. 
The standard, recombinant human IGF-1 (rIGF-1) (R&D systems Inc.) expressed in E. coli 
was tested in duplicate and diluted to cover the range 20 – 0,313 ng/ml. Also included in the 
assay was the recombinant analogue of human IGF-1, the standard LONGTMR3IGF-1 (LONG 
IGF-1) (GroPep limited) which was tested in triplicate and diluted into the same range. The 
absorbance was measured at 450 nm with wavelength correction at 570 nm. See Appendix A 
for detailed procedure. 

3.2.3 HCP 

The ECL assay from MSD utilizes C0016 Ab’s for detection of CHO HCP, because of this 
the ELISA kit using these C Ab’s was chosen for comparison (Cygnus Technologies). The kit 
is a sandwich ELISA that employs a polyclonal Ab preparation that have been generated from 
a solubilized lysate of CHO cells as antigen. The conjugate is produced from the same type of 
affinity purified polyclonal Ab’s labelled with AP. When the substrate, p-nitrophenyl 
phosphate is added, a change in colour occurs, the amount of hydrolyzed substrate is directly 
proportional to the amount of CHO HCP. 

The high sensitivity protocol was used for the CHO HCP ELISA. All reagents were supplied 
with the kit. The standard used consisted of detergent solubilized CHO proteins in a BSA 
matrix, and was tested in duplicate ranging from 75 ng/ml to 1 ng/ml. A 50 ng/ml standard 
point was also included, by a 5-fold dilution of the 250 ng/ml calibrator. Samples were diluted 
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in Sample Diluent (Cygnus Technologies). The absorbance was read at 405 nm with 
background correction at 492 nm. See Appendix A for detailed procedure. 

3.3 Electrochemiluminescence assay’s 

All reagents used in the assays were supplied from MSD, except for the PBS-T buffer from 
Medicago. The microplates were read in the MSD sector imager 2400 (MSD SI2400) and the 
data obtained was analyzed using the software MSD Discovery Workbench 3.0 Data analysis 
software.  

The software uses a weighted 4-parametric logistic fit (4PL) for curve fitting. The difference 
between the signals and the calculated curve fitting at each point is represented by the 
residual.  The sum of the squared residuals is minimized during the fitting. There can be a 
large difference between residuals from samples with high respectively low concentration of 
analyte. To balance this, a weighted function (1/y2) is used by the algorithm responsible for 
the curve fitting. “Compared to linear regression, 4PL regression analysis provides accurate 
quantitation over a wider range of analyte concentration”, according to the instructions from 
MSD. The equation of the 4PL is: 
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y are the counts measured by the CCD-camera, x the concentration, b1 the minimum response 
plateau and b2 the maximum response plateau, b3 is the concentration when 50% of the 
maximal response is observed, b4 is a slope parameter. 

3.3.1 Insulin 

Insulin was chosen as the first impurity to be tested to evaluate the ECL assay. A standard 
MA2400 96 Small Spot plate, pre-coated with monoclonal Ab’s against human insulin was 
used, the assay was set up according to the manufacturer’s instructions. 

Original protocol 

Blocker A, containing BSA in PBS, was added to each well and incubated at 22ºC for 1h 
shaking at 500 rpm. Samples, standard and conjugate were diluted in Diluent CM (MSD), 
suitable for serum samples. First 25 µl of the conjugate was added and then 25 µl of the 
sample/standard, the plate was then incubated at 22ºC for 2h shaking at 500 rpm. Between 
each step the plate was washed with PBS-T using a microplate washer, Wellwash 4Mk2 
(Thermo Scientific). Read Buffer T was diluted in MilliQ- water, and was then added directly. 
The plate was read using the MSD SI 2400 plate reader and the data was analyzed using MSD 
Discovery Workbench.  

New protocol 

The protocol for insulin was later adjusted in order to have the same performance for all three 
assays detecting impurities, a specialist from MSD was consulted about the changes. The 
blocking step was removed (since this step was not included in the other assays) and the 
standard and samples were diluted in Diluent B, suitable for bioprocess samples. First 20 µl of 
the diluent was added to the plate and then 20 µl of sample/standard, the plate was then 
incubated 2h shaking at 600 rpm. Then 25 µl of the conjugate was added and incubated at this 
higher speed for 1,5h (and also 2 h). Also the washing was performed manually with a multi-
pipette (BioHIT). Otherwise the same procedure and settings were used. For an overview of 
the two protocols, see Table 1.  
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Table 1. Comparison of protocols for insulin. 

Original protocol New protocol

Blocking step Yes No

Sample diluent Diluent CM - suitable for Diluent B - suitable for 

serum samples bioprocess samples

Protocol Simultaneous Sequential

1. 150 ul Blocker A 1. 20 ul Diluent B

2. Incubate 1h 2. 20 ul sample/standard

3. Wash 3. Incubate 2h

4. 25 ul conjugate 4. Wash

5. 25 ul sample/standard 5. 25 ul conjugate

6. Incubate 2h 6. Incubate 1,5h/2h

7. Wash 7. Wash

8. 150 ul Read buffer T 8. 150 ul Read buffer T

9. Detection 9. Detection

Protocols for insulin

Procedure

 

 

In the first experiments the MSD calibrator (conc. 50 µg/ml) was compared to the ELISA 
standard (conc. 1 mg/ml), diluted to the same 7-point standard curve, ranging from 50 – 0,012 
ng/ml, tested in triplicate. Different dilutions of the standard curve were tested to examine the 
sensitivity of the assay. Samples were tested in duplicate and diluted at least two times. 

The two insulin controls, high and low control were included in all experiments. A spiking 
experiment was also performed where a known amount of insulin was added to the drug 
substance sample of project SM. Four dilutions were prepared from the MSD insulin standard 
curve, 1000 ng/ml, 100 ng/ml, 10 ng/ml and 1 ng/ml. Two µl of each of these dilutions were 
spiked into 98 µl of the sample SM drug substance generating four samples which were 
supposed to have the concentrations 20 ng/ml, 2 ng/ml, 0,2 ng/ml and 0,02 ng/ml. An 
unspiked sample was also prepared by adding 2 µl Diluent B into 98 µl SM drug substance. 

3.3.2 HCP 

HCP was analyzed using the kit from MSD with the polyclonal Ab’s raised towards the cell 
lysate, C0016. The instructions of the kit was followed which is identical to the second 
procedure, “new protocol” described for insulin, however the conjugate was only incubated 
for 2h according to the kit’s instructions (not 1,5h). The standard used for HCP (stock 10 
µg/ml), the same standard as used in ELISA, was diluted to a 7 point curve ranging from 250 
ng/ml to 0,061 ng/ml and 50 – 0,012 ng/ml was also tested. 

3.3.3 Duplex assay 

MSD has a multiplex assay for bioprocess contaminants, with the three impurities CHO HCP, 
insulin and methotrexate, on a MA2400 96 multi-spot high binding plate. Since methotrexate 
is not used in the in-house processes, the assay was employed as a duplex plate, see a 
schematic of how the contaminants are arranged on the four spots in Figure 6. The HCP assay 
is based on the polyclonal Ab preparation generated from the lysate of washed cells, the Ab 
C0016 from Cygnus with corresponding standard (concentration 10 µg/ml). Insulin is 
detected through an immunosandwich assay with human insulin as calibrator (concentration 5 
µg/ml). The multiplex assay is based on the same reagents and Ab’s used in the singleplex 
format. The assay was set up according to the manufacturer’s instructions and all reagents 
used were supplied with the kit, except for PBS-T which was used as washing buffer.  
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Figure 6. Schematic of a well in a MSD multispot plate. Illustration of how the four contaminants are arranged in each well 
of the multi-spot plate. Only the HCP and insulin spot will be used for analysis. MTX = Methotrexate. The blank spot is 
coated with BSA. 

 

The procedure was identical to the “Insulin new protocol” with the 2h incubation of the 
conjugate with one exception, the two calibrators were diluted together forming one standard 
containing both the HCP calibrator as well as the insulin calibrator. For insulin the seven 
point standard curve ranging from 50 ng/ml to 0,012 ng/ml was used. For HCP the standard 
250 – 0,061 ng/ml was used at first, then the same range as for insulin was tested. 

The insulin controls, high and low, were also included in the assay. They would act as 
negative controls for the HCP assay and a control of the accuracy of the insulin assay. A 
spiking experiment was also included, the spiking was performed as described for insulin. 
However 5 µl of each concentration was mixed with 95 µl of the drug substance of project 
SM, generating the concentrations 50, 5, 0,5 and 0,05 ng/ml as well as an unspiked sample. 

3.3.4 Conjugation of Sulfo-TAGs to anti-IGF-1 Ab’s 

For IGF-1 no ECL assay exists from MSD, instead the assay had to be developed. At first 
detection Ab’s were generated by labelling polyclonal Ab’s against IGF-1 with the MSD 
SulfoTAG. Then the protein concentration of the generated detection Ab’s was determined 
and subsequently the assay development of IGF-1 could be initiated. 

When an Ab is labelled with MSD’s SulfoTAG NHS-ester it is transformed into a detection 
Ab with electrochemiluminescent capability. The SulfoTAG is a ruthenium-based molecule 
with an amine-reactive, N-hydroxylsuccinimide ester that forms an amide bond with primary 
amine groups on proteins, preferably under mildly basic conditions. 

A polyclonal Ab preparation against IGF-1 (R&D Systems Inc.) was incubated with the 
SulfoTAG at the molar ratio 12:1, 0,125 mg Ab was used. For exact procedure see appendix 
B. 

3.3.5 Protein concentration determination with BCA 

The total protein concentration of the IGF-1 detection Ab’s labelled with SulfoTAGs was 
determined using the BCA Protein Assay (Pierce). The instructions from the kit was followed, 
however, the 5-point standard curve (BSA) was adjusted ranging from 100 µg/ml to 20 µg/ml. 
The conjugate and the samples were diluted in 0.9% NaCl and tested in duplicate. The 
absorbance was measured at 562 nm on the SPECTRAmax 250 and the data was analyzed 
using Softmax Pro. 

3.3.6 Assay development for IGF-1 

The ECL assay for IGF-1 had to be developed, so instead of using precoated plates and kits 
the coating was done by hand. A monoclonal anti-human IGF-1 Ab (R&D Systems Inc.) was 
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used as coating Ab and the SulfoTAG conjugated to polyclonal anti-human IGF-1 Ab was 
used for detection. The same standards as used in the ELISA, rIGF-1 and LONG IGF-1 were 
employed. During the initial experiments the Ab’s used for coating, the capturing Ab’s, were 
titrated to a suitable concentration and then samples were analyzed.  

A standard MA2400 96 Small Spot plate was spotted with coating Ab’s diluted in PBS-T in 
different concentrations, ranging from 7,5 µg/ml to 480 µg/ml in different experiments, and 
left to dry for 2h. The plate was then washed with 1% Blocker A, containing BSA, in PBS-T. 
The rIGF-1 standard was used at first, tested in duplicate for each coating concentration, 
ranging from 80 ng/ml to 0,0195 ng/ml, diluted in Diluent B. Then the LONG IGF-1 standard 
was included, diluted in identical manner, since this was the one used in ELISA. For all 
assays 1 µg/ml of the conjugate was used. After the coating the procedure was identical to the 
insulin “new protocol”. 

3.4 Comparison of anti-CHO HCP Ab’s 

In-house analysis for HCP utilizes the generic kit from Cygnus Technologies using M0016 or 
process-specific assays. Since the kits regarding CHO HCP from MSD are based on C0016 
the ELISA with C0016 from Cygnus Technologies was used for comparison in this project. 
However the concentrations obtained from the C0016 ELISA did not correlate exactly to the 
M0016 ELISA, because of this a comparison of the two CHO HCP Ab’s was interesting to 
perform. Material from the project BS was chosen to evaluate the two CHO HCP Ab 
preparations (C0016 and M0016). 

3.4.1 Gel electrophoresis 

Samples from different steps of the purification from the project BS were separated using 
NuPAGE® electrophoresis system (Invitrogen). All buffers and material used were supplied 
from Invitrogen. Pre-cast Bis-Tris NuPAGE minigels with a gradient of 4-12% were used in 
an XCellSureLock

TM Mini-cell. In general 2 µg was loaded of samples from early steps of the 
downstream processing, while 5 µg was used for more pure samples. SeeBluePlus2 prestained 
standard (Invitrogen) was used as a size marker. Samples were mixed with NuPAGE LDS 
sample buffer and NuPAGE sample reducing agent and then placed in a heating block, 70°C 
for 10 minutes, before they were loaded onto the gel. Electrophoresis was run for 40 minutes 
in MES SDS Running buffer, voltage was limiting, set to 200V. After the electrophoresis the 
gels were analyzed by Western blotting and SYPRO ruby staining. 

3.4.2 Western blot 

The two CHO HCP Ab preparations from Cygnus Technologies, C0016 and M0016, were 
compared using Western blotting in order to see if they recognized the same proteins. The 
proteins on the gel were transferred to a Hybond ECL nitrocellulose membrane (GE 
Healthcare), in an Xcell II blot module (Invitrogen). Blotting was run for 1h in NuPAGE 
Transfer buffer (Invitrogen), voltage was limiting, set to 30V. The membranes were then 
blocked in Superblock T20 (Pierce) for 1 hour. The primary Ab’s, which were goat polyclonal 
Ab’s, were diluted 2000x in 10% Superblock, to a final concentration of 0,5 µg/ml, and then 
incubated with the membranes at 4°C over night. The membranes were washed in PBS-T, 
3x15 minutes and then incubated for 1,5 hour with the secondary Ab. The secondary Ab was 
a rabbit-anti-goat polyclonal Ab preparation, conjugated to HRP (DakoCytomation), which 
was diluted 40’000x in 10% Superblock, to a final concentration of 125 ng/ml. The detected 
proteins were then visualized using ‘Enhanced chemilumuniscence plus Western blotting 
detection system’ (GE Healthcare) and detected in a scanning CCD-camera, ProXpress 2D 
(Perkin Elmer). Image capture utilized an excitation filter of 460/80 and emission at 530/30 
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with a xenon lamp, exposing for 1200 milliseconds (ms). The generated images were 
analyzed using the software ProScan, version 4.00.10. 

3.4.3 SYPRO Ruby staining 

In order to evaluate the purification samples for total protein content a gel and a blotted 
membrane were stained with SYPRO Ruby staining (BioRad). The instruction from BioRad 
was followed. The gel was washed in MilliQ-water for 5 minutes, then fixed in 7% acetic 
acid, 10% ethanol (fix solution) for 30 minutes, 50 ml SYPRO Ruby protein gel stain was 
added and incubated with gentle agitation with the gel over night. The gel was rinsed in fix 
solution for ~ 30 minutes and then washed in MilliQ-water before evaluation. Visualization 
was performed in the same manner as in Western blot however the emission filter employed 
was at 650/150 and the gel was exposed for 800 ms. 

The membrane was washed in fix solution for 15 minutes, washed 4x5 minutes in MilliQ- 
water, then it was stained in SYPRO Ruby protein blot stain for 15 minutes (covered with foil 
to be in the dark). Afterwards the membrane was washed in MilliQ-water 5x1 minute and 
then left to dry over night. The proteins were visualized in the ProXpress using the same 
settings as for the gel, however the exposure time was reduced to 50 ms. The generated 
images for both the gel and the membrane were analyzed using the software ProScan.
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4 Results and Discussion 

4.1 Insulin 

Generally only the drug substance samples are analyzed for insulin content, e.g. the finished 
formulation of the pure product. The test currently used, an ELISA assay from Mercodia, is a 
limit method, the idea is to show that there are no impurities detectable within a certain 
defined range. In the drug substances no insulin is normally present, so in order to be able to 
detect any insulin, samples from the early steps of the downstream processing, clarified 
harvest and early purification samples, were included in the analysis. 

4.1.1 The calibrators used in ELISA and the ECL assay behave 
similarly 

The results from the ECL experiments were to be compared with results from ELISA. 
Because of this, the calibrator supplied by MSD was evaluated against the standard used in 
ELISA in the ECL assay. The two calibrators had been diluted in identical manner ranging 
from 50 – 0,025 ng/ml and was tested in triplicate. The two calibrators were equivalent, they 
obtained very similar signals in the ECL assay, see Figure 7a. Since the results from the two 
standards correlated very well, results from the two techniques could be compared. 

 

 

Figure 7a. Comparison of insulin standard curves in the ECL assay.  

 

In the logarithmic graph of Figure 7a the two standard curves seem identical.  The two 
calibrators were also compared in a block chart to better visualize the signal for each separate 
standard point, see Figure 7b. The standard curve had to be divided on two charts because the 
high and low standard points differed a lot in signal (which shows the dynamics of the 
detection technique). The signals correlate very well and the standard deviation for each 
standard point is small.   
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Figure 7b: Comparison between ECL and ELISA insulin calibrators in the ECL assay. The standard points are divided 
to two charts because of large differences in signal. 

 

4.1.2 The change of protocol for insulin was successful 

The protocol was changed in order to have the same procedure for all three impurities. Three 
parameters were changed, the blocking step was removed, the sample diluent was exchanged 
and a sequential protocol (separate incubations for sample/standards and the conjugate) 
instead of a simultaneous was chosen. The diluent used initially for the insulin assay, Diluent 
CM, is intended for serum and plasma samples, while Diluent B is suitable when analyzing 
bioprocess contaminants. Two incubation times for the conjugate was also analyzed, 1,5h and 
2h.  

Experiments using the two different protocols are compared in Table 2. The standard curve 
was not diluted in identical manner in all experiments, other parameters were also analyzed, 
however the results are still comparable. The new protocol generated higher signals, this can 
be seen when comparing the results for the standard points 0,1, 0,05 and 0,025 ng/ml. The 
value of the blank was also lower using the original protocol, though the blank in the new 
protocol is still low, the signal was ~ 60 and 114 respectively. The CV values were low for 
the standard points for both experiments which mean that the reproducibility within each 
assay was high. The recoveries of the calculated concentrations were good, within 94-110% 
for all standard points in both the experiments, which meant that the accuracy was good.  

When a sequential protocol is used the sensitivity of the assay is further increased, the system 
have more time to reach the equilibrium between the Ab’s and the antigens. The signals for 
the lowest points in the new protocol were well above the background and also the CVs and 
recoveries were very good.  
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Table 2. Comparison of insulin protocols, original (a) and new (b). 

Original protocol

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 312325 2,1 47,9 96

10 109241 5,7 11,0 110

2 15994 3,9 1,9 94

0,4 2599 1,2 0,40 100

0,2 1178 3,7 0,20 99

0,1 599 9,5 0,10 104

0,05 317 6,4 0,052 104

0,025 185 7,5 0,024 96

Background 59 15,4 (4 replicates)

Standard points were tested in triplicate

Back calculated

ECL signal concentration

New protocol

Concentration

ng/ml Signal %CV ng/ml % Recovery

12,5 162244 4,6 12,5 100

2,5 32126 3,7 2,5 101

0,5 5860* 3,2 0,50 100

0,1 1138 0,3 0,10 101

0,05 598 2,1 0,050 100

0,025 347 1,9 0,024 96

0,012 237* 0,0 0,013 108

0,006 173 2,4 0,0060 100

Background 107 8,4

Standard points were tested in triplicate

* 1 replicate was removed.

Back calculated

ECL signal concentration

(12 replicates)

a
b

 

Two incubation times, 1,5h and 2h, for the conjugate were also compared, see Table 3. The 
shorter incubation time generated higher signals, however the background was still very low. 
When comparing the signal-to-background ratio the 1,5h incubation generated higher values. 
The CV values were similar between the experiments and the recoveries of the calculated 
concentrations for both protocols were good. 

 

Table 3. Comparison of incubation time for the conjugate in the insulin assay. Using the new protocol with 2h 
incubation (a), 1,5h incubation (b) and a comparison of the signal to background (c). 

New protocol - conjugate incubation 2h

Concentration

ng/ml Signal %CV ng/ml % Recovery

12,5 162244 4,6 12,5 100

0,05 598 2,1 0,050 100

0,012 237* 0,0 0,013 117

Background 107 8,4 (12 replicates)

Standard points were tested in triplicate

* 1 replicate was removed.

Back calculated

ECL signal concentration

New protocol - conjugate incubation 1,5h

Concentration

ng/ml Signal %CV ng/ml % Recovery

12,5 197878 6,0 13,6 109

0,049 900 1,4 0,051 104

0,012 324 5,6 0,012 98

Background 121 4,8 (10 replicates)

Standard points were tested in triplicate

Back calculated

ECL signal concentration

Standard point

concentration

ng/ml 2h 1,5h

12,5 1445 1640

0,05 5,3 7,5

0,012 2,2 2,7

New protocol: Signal to background

Conjugate

incubationa

c

b

 

 

The new protocol generated slightly higher signals in general which resulted in that the 
calculated concentrations of the controls were more accurate compared to the original 
protocol, see Table 4. When the 2h conjugate incubation was used for the new protocol the 
accuracy was better than the 1,5h incubation. The calculated concentrations for the controls 
were 5,6 ng/ml and 1,1 ng/ml respectively. The results for the controls from the experiment 
with the 1,5h conjugate incubation were also close to the theoretical values. 

 

Table 4. Comparison of concentrations obtained for the insulin controls using different protocols.  

Concentrations are in ng/ml

Control Original New - 2h New - 1,5h Theoretical value

High control 7,1 5,6 5,2 5,7

Low control 1,3 1,1 0,88 1,1

Comparison of protocols

Protocol
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The new protocol, with the 2h incubation for the conjugate, was considered the best. One 
reason was that the obtained concentrations for the controls were most accurate for this 
protocol. Another reason was that the duplex plate with HCP and insulin should be incubated 
for 2h. One ambition with the experiments was to be able to test the impurities in a multiplex 
assay later on. Since the controls were more accurate and the precision and reproducibility 
were good for the new protocol it was accepted and the one used in future experiments. 

4.1.3 The sensitivity of the ECL assay is higher than ELISA 

The range of the standard curve used in the insulin ELISA was 10 – 1,25 ng/ml which is a 
rather narrow region, but the best linearity have been proven to be obtained in this range. The 
ECL assay utilizes a more dynamic technology when detecting photons instead of measuring 
the absorbance of a colour change and consequently the range of the curve can be extended 
much longer. The standard curve used in the ECL assay ranges from 12,5 ng/ml to 0,006 
ng/ml. This implicates that much smaller quantities of the impurity can be detected with the 
ECL technology, see Table 5 and Figure 8 for a comparison between the ranges of the 
standard curves of the two techniques.  

The recovery of the calculated concentrations is consistent throughout the whole range of the 
standard in the ECL assay. All standard points but the lowest in ELISA have a high recovery. 
The absorbance values for the ELISA were very low, which may explain that the 1,25 ng/ml 
standard point had a low recovery. The absorbance values for the standard curve in this kit 
have been reported to vary a lot between in-house experiments.  

 

Table 5. Comparison of standard curves obtained by the ECL assay using the new protocol incubating 2h (a) and by 
ELISA (b). 

New protocol

Concentration

ng/ml Signal %CV ng/ml % Recovery

12,5 162244 4,6 12,5 100

2,5 32126 3,7 2,5 101

0,5 5860* 3,2 0,50 100

0,1 1138 0,3 0,10 101

0,05 598 2,1 0,050 100

0,025 347 1,9 0,024 96

0,012 237* 0,0 0,013 108

0,006 173 2,4 0,0060 100

Background 107 8,4

Standard points were tested in triplicate

* 1 replicate was removed.

(12 replicates)

Back calculated

ECL signal concentration

ELISA: standard
Absorbance Calculated

Concentration %CV concentration Recovery

ng/ml (absorbance) ng/ml %

10 0,577 1,7 9,9 99

5 0,314 0,8 5,4 108

2,5 0,142 7,8 2,5 98

1,25 0,061 3,3 1,1 86

Background 0,013 7,5 (4 replicates)

Tested in triplicate.

The CV for the background was calculated by excel, 

standard deviation/mean.

a

b
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 Figure 9. Standard curves obtained using the ECL assay, the new protocol incubating 2h (a) and ELISA (b). For the 
ECL assay the ECL signal is plotted against the concentration and in ELISA the absorbance is on the y-axis and the 
concentration on the x-axis.  

 

4.1.4 Similar amount of insulin is detected by ELISA and the ECL 
assay 

Samples from the five projects were analyzed, see Table 6. The obtained results correlated 
well between ELISA and ECL. In the drug substances, the purest samples of project RF and 
SM, no insulin was detectable, even with the ECL technology were the lowest standard point 
included was 0,006 ng/ml. Samples from the early steps of the downstream process were also 
analyzed. The project SM did not contain any insulin even in the harvest sample. The insulin 
content in the other samples varied, with BS containing the most (~13,5 ng/ml) and NT the 
least (~3 ng/ml). The controls, high and low control, verify that the concentrations obtained 
are credible. The values obtained with the ECL assay correlate well with available historical 
data. 

 

Table 6. Insulin content in samples determined by ECL and ELISA.  

Concentrations

are in ng/ml. AF BS NT RF SM RF SM High Low

ECL 11,5 13,4 2,6 10,4 below below below 5,6 1,1

detection detection detection

ELISA 16,1* 14,4 3,3 12,4 < 1,25 - - 6,9 1,0

Historical data 10,3 n/a 3,0 n/a n/a < 1,25 < 1,25 5,7 1,1

Historical data is based on ELISA.

* A different batch was analyzed

Drug substances ControlsHarvest & early purification samples

 

 

4.1.5 Accuracy of the insulin ECL assay 

The controls are included to verify the accuracy of the assays, another approach is to include a 
spiking experiment. A known amount of insulin is spiked into a drug substance, the SM drug 

 

Standard from ECL

Standard from ELISA

a

b
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substance was chosen for this, see Table 7. Very good recoveries were obtained for 2, 0,2 0,02 
ng/ml, all three samples had a spike recovery value close to 100%. An acceptable recovery 
should be within 80-120% of the theoretical value, this was achieved for all spikings except 
for the highest concentration, where the recovery was 130%. An explanation for this result 
may be a laboratory error, since very small volumes (2 µl) were handled. 

The spike experiment was only performed for the ECL assay since the ELISA has been 
qualified for in-house insulin analysis and is considered to generate accurate results. 

 

Table 7. Spiking experiment into SM drug substance in the ECL assay. 

Calculated %

concentration Recovery

Concentration ng/ml

20 26,0 130

2 2,1 103

0,2 0,21 106

0,02 0,021 106  

  

4.1.6 General comparison of ELISA and the ECL assay in regard to 
insulin analysis 

To summarize, the values obtained with ECL are comparable with the values generated from 
ELISA for samples and controls. However, since the standard curve used in the ECL assay 
covers a larger range, it would be possible to detect insulin in samples where the ELISA are 
not able to find any, though this have not been the case for the samples analyzed. However 
some other factors to take into account are; the time needed to perform the experiment and 
also how much of the sample that is needed. For the ECL assay 20 µl of sample is needed 
while the ELISA require 25 µl, which is not a large difference. The ELISA protocol is very 
rapid only ~ 1,5h while the ECL assay takes ~ 4h, not including dilutions of samples for either 
of the assays, which speaks in favour of ELISA. However, the ELISA utilizes a simultaneous 
protocol while the protocol tested for the ECL assay is sequential. This format was used for 
the ECL assay since it was developed to correlate with the protocol for the multiplex assay. A 
sequential protocol obtains higher sensitivity, which should be strived for. In 
biopharmaceutical analysis the sensitivity of an assay is of critical importance which means 
that the ECL assay is to recommend. 

Another factor is the cost of the two analytical methods, which is ~ 10 000 SEK/plate 
including reagents for both the ECL assay and ELISA. On each plate it is possible to perform 
two separate tests.  

4.1.7 Insulin analysis when duplexing with HCP 

When multiple impurities are analyzed in MSD’s multiplex assay the result is calculated 
separately for each spot. The standard curve for insulin was ranging from 50 ng/ml to 0,012 
ng/ml in the ECL duplex assay, see Table 8 and Figure 9 for an example of a standard curve. 
The back calculated concentrations of the standard curve correlated well with the 
concentrations the standard curve was diluted to, the recovery was between 90 and 110% 
which means that the accuracy was good.  
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Table 8. Properties of the insulin standard curve when 
duplexed with HCP. 

Insulin standard

(duplexed with HCP)

Insulin - duplex assay

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 592443 2,3 47,2 94

12,5 287595 2,4 13,5 108

3,13 70452 2,6 3,1 98

0,78 15021 5,0 0,75 96

0,195 3640 1,3 0,20 101

0,049 1226 2,2 0,053 109

0,012 660 2,7 0,011 90

Background 432 1,2 (7 replicates)

Standard points were tested in triplicate

Back calculated

ECL signal concentration

Concentration (ng/ml)  

Figure 10. Insulin standard curve when duplexed with HCP. 

 

The signals for the duplex plates were much higher than the results obtained when analyzing 
insulin separately, see a comparison in Table 9. The result from the new protocol when 
incubating 1,5h was chosen for representation since the standard curve was diluted exactly the 
same as in the duplex experiment. The signals generated from the duplex plates were about 
two times higher than the singleplex assay. The difference is probably explained by the fact 
that different types of plates were used. The singleplex insulin assay is a small spot standard 
binding plate while the duplex assay is performed on four spot high binding plates.  

According to MSD, an ECL signal up to 1-2 million counts are acceptable, a signal of ~ 
500’000 (standard point 50 ng/ml) was well within this range. Since the signals generally 
were higher in the duplex assay the background was also increased. However, it is not optimal 
to have a background as high as ~ 400 counts for a single analyte impurity. 

 

Table 9. Comparison between singleplex (a) and duplex (b) assays for insulin.  

Insulin - singleplex assay

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 366658 8,2 47,9 96

12,5 197878 6,0 13,6 109

3,13 57125 4,6 3,1 100

0,78 13272 3,8 0,74 95

0,20 3336 6,9 0,20 101

0,049 900 1,4 0,051 104

0,012 324 5,6 0,012 98

Background 121 4,8 (10 replicates)

Standard points were tested in triplicate

Back calculated

ECL signal concentration

Insulin - duplex assay

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 592443 2,3 47,2 94

12,5 287595 2,4 13,5 108

3,13 70452 2,6 3,1 98

0,78 15021 5,0 0,75 96

0,195 3640 1,3 0,20 101

0,049 1226 2,2 0,053 109

0,012 660 2,7 0,011 90

Background 432 1,2 (7 replicates)

Standard points were tested in triplicate

Back calculated

ECL signal concentration

a
b

 

 

Three duplex assays using identical standard curves, diluted by 4-fold serial dilution tested in 
triplicate, were compared, see Figure 10. The signals generated in the first experiment were 
slightly higher than the two succeeding assays. In general the signals correlated very well 
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between the three experiments which mean that the repeatability was good.  The CVs for the 
standard points were low in all three experiments which mean that the reproducibility was 
good within the assays. The recoveries of the calculated concentrations were within 90%-
110%.  
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Figure 10. Comparison between the insulin standard curves from three duplex assays.  

 

The mean value of the results from these three experiments has also been calculated, see 
Table 10. The intermediate precision was good, the CV for the mean values of the three 
duplex assays were low. 

 

Table 10. Mean values for the insulin standard curve of the three duplex assays.   

Duplex assay - mean values

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 595694 2,2 47 94

12,5 288051 8,2 13,5 108

3,13 69115 4,6 3,1 99

0,78 14226 5,1 0,75 96

0,20 3465 4,4 0,20 102

0,049 1187 3,4 0,053 109

0,012 673 8,0 0,011 87

Background 488 16,4 - -

In each experiment the standard points were tested

in triplicate.

%CV was calculated by excel, standard deviation/mean.

ECL signal concentration

Calculated 

 

 

A spiking experiment was included in order to evaluate the accuracy of the assay, see Table 
11 (a). The spike recovery was within +/- 20% for the three highest concentrations, 50, 5 and 
0,5 ng/ml. For the lowest spiking point, 0,05 ng/ml the recovery was 146%, which was not 
acceptable. The sample used for spiking was undiluted which may have influenced the results. 

The insulin controls can be seen in Table 11 (b). The results of the controls were much higher 
than expected. Because of this the concentrations obtained for the samples would most likely 
also be higher than the results from the singleplex assay.  
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Table 11. Spike experiment (a) and the controls (b) for insulin in the ECL duplex plates. 

Spike experiment

Concentration

ng/ml Signal %CV -unspiked ng/ml -unspiked % Recovery

50 607313 1,9 606785 52,9 52,9 106

5 128038 4,1 127510 6,0 6,0 119

0,5 10390 6,5 9862 0,58 0,58 116

0,05 1448 3,4 920 0,074 0,073 146

Unspiked 528 5,6 0 0,0010 0

Background 453 4,5 ( 8 replicates)

Tested in triplicate

Calculated concentrationECL signal

Concentrations are in ng/ml

Control exp I exp II exp III Theoretical value

High 8,5 9,7 11,3 5,7

Low 1,5 1,8 2,0 1,1

Tested in duplicate

Controls

Protocol

a

b

 

Samples were also analyzed in the insulin duplex assay, the concentration obtained were 
higher than the results for the insulin singleplex assay and ELISA, as expected after the result 
of the controls, see Table 12. For the harvest sample for SM ~ 3 ng/ml insulin was found, 
when analyzing this sample in ELISA and the ECL assay in singleplex no insulin was 
detectable. The system for the insulin duplex assay did not seem to be in balance yet. The 
background was very high (especially since it is a single analyte impurity) and the calculated 
concentrations of the controls were very high. This may be explained by the fact that all 
signals were higher in the duplex assay.  

 

Table 12. Comparison of samples analysed for insulin content.  

Concentrations

are in ng/ml. AF BS NT RF SM RF SM High Low

ECL 11,5 13,4 2,6 10,4 below below below 5,6 1,1

- singleplex detection detection detection

ECL 18,3 - - 17,1 2,9 below below 8,5 1,5

- duplex detection detection

ELISA 16,1* 14,4 3,3 12,4 < 1,25 - - 6,9 0,98

Historical data 10,3 n/a 3,0 n/a n/a < 1,25 < 1,25 5,7 1,1

Historical data is based on ELISA.

* A different batch was analyzed.

Drug substances ControlsHarvest and early purification samples

 

 

4.2 HCP 

Samples from three CHO-cell based projects; AF, RF and SM, were included in the analysis 
of HCP. Both samples from early steps of the downstream processing as well as the drug 
substances were analyzed. The amount of HCP is evaluated in samples from multiple steps of 
the purification process in order to see that a reduction of the HCP can be demonstrated.  

4.2.1 The sensitivity of the ECL assay and ELISA are in similar range 

An ELISA was performed in order to have some results to compare the ECL assay with. The 
standard curve in the HCP ELISA ranges from 75 ng/ml to 1 ng/ml. According to the 
instructions an absorbance of ~ 1,4 for the highest standard point is considered good. The 
absorbance 1,3 was obtained for the 75 ng/ml standard point which means that the assay was 
in the suitable range of the absorbance values, see Table 13. Even though the recoveries were 
very close to 100% for all standard points, the CVs for some of them were high. 
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Table 13. Standard curve for HCP ELISA 

ELISA: using C0016

Concentration

ng/ml Signal %CV ng/ml % Recovery

75 1,326 11,1 75,0 100

50 0,999 13,2 50,4 101

20 0,521 7,3 19,7 99

4 0,224 21,1 4,1 103

1 0,158 2,1 1,2 116

Background 0,124 0,5 ( 4 replicates)

Tested in duplicate.

Back calculated

Absorbance concentration

 

 

Two different ranges of the standard curve were analyzed for HCP, 250 – 0,061 ng/ml and 50 
– 0,012 ng/ml, see Table 14 and Figure 11. The lower range was evaluated to investigate if 
the sensitivity could be increased. The signals for the lowest points of the standard curves in 
both of the experiments were very close to the background values (marked yellow in Table 
14), which means that they are not accepted in the range of the standard curve. The lowest 
reliable limits are 0,98 ng/ml and 0,78 ng/ml respectively. For now the sensitivity for the ECL 
assay and ELISA are similar. However the CVs for the ECL assay are much better than for 
ELISA. 

 

Table 14. Standard curves for HCP, two experiments. Standard diluted to 250 – 0,061 ng/ml (a) and 50 – 0,012 ng/ml (b). 

a
b

ECL assay: using C0016 (250 - 0,061 ng/ml)

Concentration

ng/ml Signal %CV ng/ml % Recovery

250 18126 1,9 255 102

62,5 6805 1,1 59,9 96

15,63 2270 3,4 16,1 103

3,91 738 1,6 4,0 103

0,98 302 0,9 0,95 97

0,244 188 1,1 0,18 75

0,061 178 2,8 0,12 193

Background 162 1,1 (4 replicates)

Tested in duplicate.

Back calculated

Absorbance concentration

ECL assay: using C0016 (50 - 0,012 ng/ml)

Concentration

ng/ml Signal %CV ng/ml % Recovery

50 4658 4,2 50,1 100

12,5 1428 7,7 12,4 99

3,13 522 6,5 3,2 102

0,78 275 4,5 0,73 94

0,20 218* 0,98 0,18 92

0,049 206 1,4 0,053 109

0,012 201 4,5 0,037 303

Background 206 2,3 (5 replicates)

Tested in triplicate.

* 1 replicate was removed

Back calculated

Absorbance concentration
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HCP standard

(250-0,061 ng/ml)

HCP standard

(50 – 0,012 ng/ml)

a b
Concentration (ng/ml)

 

Figure 11. Standard curves for HCP in the ECL assay. Range 250 – 0,061 ng/ml (a) and 50 – 0,012 ng/ml (b). 

 

It can be seen in Figure 11 that the two lowest points in the first experiment and the three 
lowest points in the second were not very good, the curves are flat with no slope. ELISA has a 
quantification limit at 1 ng/ml and with the ECL assay the quantification limit was determined 
to 0,8 ng/ml. It may be possible to extend the quantification limit of the ECL assay a little 
further, however lack of time to perform more experiments prevented this method 
improvement. 

4.2.2 Higher concentrations of HCP in bioprocess samples are found 
using the ECL assay 

When samples were analyzed by ELISA the concentration of HCP in the early purification 
samples of AF and RF was only 9,2 µg/ml and 7,0 µg/ml respectively, this was much lower 
than expected. The HCP concentrations found by the ECL assay were much higher, ~ 50 
µg/ml, see table 15. For the drug substances from AF and RF generic ELISAs have not been 
able to find any HCP, while the ECL assay found ~ 3 ng/ml. The difference in calculated 
concentrations for the samples may be explained by that the ECL assay is more sensitive than 
ELISA. In ELISA the capture Ab’s are coated onto the plastic of the wells while in the ECL 
assay the Ab’s are coated onto the carbon electrode in the bottom of the wells. The carbon 
material is better at binding high concentrations of Ab’s which means that there are more 
Ab’s that are able to interact with the HCP in the samples. Since HCP is a complex impurity 
consisting of different proteins, unlike the single analyte impurity insulin, the amount of Ab’s 
in each well is crucial. 

For the harvest sample of SM the result from both of the assays were quite similar around ~ 
55 µg/ml HCP. For the drug substances of it almost twice the amount of HCP was found 
using the ECL assay compared to the ELISA. 
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Table 15. Concentration of HCP in samples analyzed with ELISA and the ECL assay 

Concentrations

are in ug/ml AF RF SM

ELISA 9,2 7,0 48

ECL assay 51 57 57

Harvest samples  &

early purification samples Concentrations

are in ng/ml SM RF AF

ELISA 17 - -

ECL assay 28 3,0 2,0

Drug substances

 

 

4.2.3 The duplex assay for HCP produce similar signals as the 
singleplex assay  

There was a large difference between the signals for insulin and HCP, the insulin signals were 
~ 25 times higher than the HCP signal. However the standard curves for both assays were 
good with low CV values and good precision for all standard points.  

The signals for the duplex plate of HCP were in the same range as the singleplex HCP assay. 
In the case of HCP both the assays were utilizing high binding plates, while in the singleplex 
assay HCP was coated in one spot together with three spots of BSA.  

The background signals for the duplex plates were higher than when HCP was analyzed by 
itself, a signal of ~ 300 on duplex plates and ~ 175 on the singleplex plates. The same 
standard curves that were tested in the singleplex assay were also included in the duplex assay 
for HCP, see Table 16 and Figure 12. 

 

Table 16. Standard curve of HCP when duplexed 
with insulin. 

HCP standard curve
(duplexed with insulin)

HCP - duplex assay

Concentration

ng/ml Signal %CV ng/ml % Recovery

250 24515 1,7 248 99

62,5 8828 1,9 64,3 103

15,6 2752* 0,4 15,7 100

3,9 928 3,3 4,1 105

0,98 427 3,3 0,97 99

Background 285 11,9 (4 replicates)

Tested in triplicate.

* 1 replicate was removed

Back calculated

ECL signal concentration

Concentration (ng/ml)
 

Figure 12. Standard curve of HCP when duplexed with insulin (range 250 – 0,061 ng/ml). 
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4.2.4 The concentration of the insulin controls were not zero in the 
HCP assay  

The spiking experiment was not successful for the HCP part of the duplex assay, data not 
shown. The reason for this may be that undiluted samples (SM drug substance) were used as 
spike material. Samples should always be diluted when HCP should be detected otherwise 
there is a high risk of negative interaction with the matrix since there is a high concentration 
of the product protein in the material.  

The insulin controls that were supposed to act as negative controls for HCP did give a weak 
positive signal in the HCP assay. An explanation may be that in the polyclonal Ab preparation 
there may be Ab’s that are weakly cross-reactive against insulin. The material used as antigen 
was lyzed and solubilized CHO cells which mean that there may have been insulin left in the 
solution used as antigen. Yet another explanation may be that the high signal for the insulin 
assay in the well where the control was tested was affecting the HCP assay. In the singleplex 
assay it has been noticed that high signals may influence wells next to it (blanks placed next 
to the highest standard points gave a slightly higher signal than the blanks placed next to the 
lowest signals).  

4.2.5 Similar amount of HCP was found using singleplex and duplex 
plates 

The same samples that had been analyzed in the singleplex ECL assay were also evaluated in 
the duplex plate for HCP and insulin. The results obtained for the samples in the HCP duplex 
assay correlated well with the results obtained in the singleplex assay, see Table 17. This was 
expected since both the singleplex and duplex assay were analysed on 4-spot high binding 
plates. 

 

Table 17 . HCP content in samples analyzed by ELISA and the ECL assay, both in singleplex plates and duplex 
plates. 

Concentrations

are in ug/ml AF RF SM

ELISA 9,2 7,0 48

ECL assay 51 57 57

ECL duplex 54 67 64

Harvest samples  &

early purification samples Concentrations

are in ng/ml SM RF AF

ELISA 17 - -

ECL assay 28 3,0 2,0

ECL duplex 37 4,0 3,0

Drug substances

 

 

4.2.6 Conclusions for HCP 

The ECL assay found higher concentrations than ELISA for most samples analyzed which 
indicates that the ECL assay was more sensitive.  

The concentrations obtained in the duplex assay correlates with the results from the singleplex 
assay. The duplex assay need to be further investigated since the insulin controls generated a 
positive signal in respect to HCP.  

One advantage for the ECL assays compared to the HCP ELISAs from Cygnus is that much 
smaller volumes of samples are needed. In the ECL assay only 20 µl is needed while in the 
C0016 assay 100 µl need to be prepared for each well.  
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4.3 IGF-1 

IGF-1 does not like insulin exist as a kit from MSD, instead the assay have to be developed 
from the beginning. The purpose of the initial experiments was to decide a suitable 
concentration of the capturing Ab’s. Then samples could be analyzed and compared to the 
IGF-1 ELISA. 

4.3.1 Comparison of standards in ELISA 

An ELISA was performed to have some concentrations to compare with the results from the 
ECL assay. The ECL assay for IGF-1 was using IGF-1 Ab’s from R&D, because of this it was 
thought that the calibrator supplied by R&D would be most suitable. But the LONG IGF-1 
was also analyzed, since it is the one used in ELISA analysis in-house.  

Because of this the two recombinant standard curves were compared in ELISA, see Table 18. 
It was found that the rIGF-1 produced much higher signals which had the result that the 
calculated concentrations of samples and controls were much lower. The LONG IGF-1 
produced the most credible result and was the one chosen to continue with. 

 

Table 18. Comparison of two recombinant IGF-1 standard curves, LONG IGF-1 and rIGF-1 

ELISA: LONG IGF-1

Concentration

ng/ml Signal %CV ng/ml % Recovery

20 2,384 6,4 19,9 100

10 1,131 6,2 10,2 102

5 0,519 1,6 5,1 102

2,5 9,229 7,2 2,4 98

1,25 0,103 6,4 1,2 96

0,63 0,050 3,4 0,63 100

0,31 0,024 4,8 0,32 103

Tested in triplicate.

Absorbance Calculated concentration

ELISA: rIGF-1

Concentration

ng/ml Signal %CV ng/ml % Recovery

20 * - - -

10 2,289 4,4 9,5 95

5 1,188 3,0 5,2 105

2,5 0,545 4,9 2,6 103

1,25 0,242 7,0 1,2 98

0,63 0,114 4,4 0,62 99

0,31 * - - -

* Removed when evaluating the assay.

Tested in duplicate

Absorbance Calculated concentration

 

4.3.2 Titration of IGF-1 assay 

The optimal coating concentration is just before a plateau of the standard curve is reached. At 
the plateau steric hindrance will give a suboptimal response. Several titration experiments 
were performed using standard binding plates, coating concentrations ranging from 7,5 µg/ml 
to 60 µg/ml were analyzed, see Figure 13. From the first experiments it was thought that the 
coating concentration should be around 15 – 30 µg/ml and samples were started to be 
analyzed at these concentrations.  

 

Figure 13. Titration of capture Ab’s for an IGF-1 ECL assay. Different concentrations of capture Ab’s were spotted on 
standard binding plates and analyzed. A tendency of reaching a new measuring range was seen at 15-30 ng/ml. 
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However there were problems with varying results between experiments and also much lower 
concentration than expected was obtained. Because of this another titration of the capturing 
Ab’s was made, this second titration showed that the optimal coating concentration was 
actually much higher, see Figure 14.  

 

Figure 14: Second titration of the IGF-1 capturing Ab. The optimal coating concentration seemed to be somewhere 
around 200 ng/ml. 

 

Since Ab’s are very expensive a too high concentration is not favourable. Also the 
concentration should be kept well below the plateau, otherwise non-specific interference 
between the molecules can occur and can be a problem. In Figure 14 it can be seen that after a 
coating concentration of ~ 220 the sensitivity is actually decreasing. Which means that the 
optimal coating concentration ought to be between 120 – 220 µg/ml. Additional analysis 
further narrowed the region and the coating concentration 120 µg/ml was chosen as the 
concentration to continue with.  

4.3.3 Analysis of culture media samples 

It was difficult to find samples that actually contained any IGF-1, because of this, culture 
media samples were chosen as material for analysis. The samples were included in the 
experiments in order to see that the assay could detect the impurity, see Table 19. But as with 
the analyses at coating concentration 15 µg/ml, there was still a huge problem to detect the 
IGF-1 content in the samples. Culture media samples are usually not tested since they 
represent samples before the downstream process even started.  

Two IGF-1 controls derived from the standard LONG IGF-1 were included in the 
experiments. The results obtained by the two assays were quite close to the historical data. 
There is no good explanation that the controls still generated a quite good result in the ECL 
assay, similar to the result in ELISA, when the results from the samples were much lower in 
the ECL assays. 
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Table 19. IGF-1 content in samples determined with ELISA and the ECL assay at coating concentration 15 µg/ml and 
120 µg/ml.   

Standard used: LONG IGF-1
Concentrations are in ng/ml

ELISA ECL Historical data

Samples 120 ug/ml

EX-CELL 302 new 2,3 0,76 -

EX-CELL 302 old 35,8 10 ~ 45 ng/ml

Sigma feed 17,0 7,2 -

Control low 1,9 1,6 1,8 - 2,4 ng/ml

Control high 3,9 3,4 ~ 4,7 ng/ml  

 

The concentrations obtained for the samples with ELISA using the standard LONG IGF-1 
were quite close to what was expected. With the ECL assay the concentrations obtained was 
very far from these results. Two variants of the sample EX-CELL 302 was tested, one old 
sample which had been stored at -20ºC for ~ 1 year and one fresh sample (called new).  

One explanation for the poor results may have been the quality of the Ab’s. When the same 
samples were analyzed by ELISA a much higher concentration was obtained that better 
correlated with expected concentrations. This suggests that the Ab’s used for the ECL assay 
may not have been optimal for the recombinant variant of IGF-1 that was present in the 
samples.   

The assay for IGF-1 is still incomplete and need to be further developed before it can be 
evaluated. Initially the ambition was to evaluate a multiplex assay with all three impurities, 
insulin, IGF-1 and HCP but since the IGF-1 assay was not in balance and the problem was 
difficult to resolve, only insulin and HCP were analyzed, in a duplex plate.  

4.4 Comparing the anti-CHO HCP Ab’s with Western blot 

In order to see which polyclonal Ab preparation against CHO HCP that recognized the most 
CHO HCP a Western blot comparing the two Ab preparations was made. Samples from 
different steps from the downstream process from the project BS were chosen as material to 
be analyzed. The samples from early steps in the purification should display many different 
HCP and a reduction of the HCP should be seen throughout the purification. 

4.4.1 SYPRO Ruby staining of the purification samples 

A SYPRO Ruby staining of the purification samples was made in order to see the total band 
protein stain versus the immuno-stained Western blots. The total amount of protein was to be 
compared with the amount of HCP which was visualized with a Western blot using the 
Cygnus anti-CHO HCP Ab preparations (C0016 and M0016). The staining was also 
important to confirm that the same amount of protein was loaded into the different lanes. The 
pre-stained marker, SeeBluePlus2, used as a reference does not stain with SYPRO Ruby, but 
instead shows as negative staining, the bands are lighter than the background, see Figure 15. 

Both the staining of the membrane and the gel produced good images. The bands were 
stronger on the picture of the gel but the membrane was also of high quality. The strongest 
band on the staining at ~ 98 kDa, represented the product protein, the band at ~ 70 kDa was 
also a part of the product (this had been verified with product specific blots, not shown here).  
The samples in lane 3-5 are samples run on a Heparin Sepharose column, lane 2 is the harvest 
sample loaded on the column, lane 3 the flowthrough from the column, lane 4-5 are the 
resulting samples from the column.  
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The purification samples, loaded on lane 6-8, the capture step, polishing step and the drug 
substance are the most important samples. In lane 2, 3 and 4 there were a lot of different 
bands representing proteins with different molecular weight, while in lane 6-8, the purer 
samples, the main band that could be seen was at 98 kDa, the product protein. The amount 
loaded of the samples in lane 2 and 3 should be equal, but the bands in lane 3 were much 
weaker, because of this the concentration of ‘BS harvest flowthrough’ (lane 3) should be 
adjusted to the concentration of ‘BS harvest load’ (lane2). 

 

 

Figure 15 SYPRO Ruby staining performed after electrophoresis of harvest and purification samples from the 
project BS. The strongest band at ~ 98 kDa is the product BS. 

 

4.4.2 A combination CHO HCP Ab’s recognize more HCP than the 
Ab’s find individually 

Even though the SYPRO Ruby staining only showed the product protein, the CHO HCP Ab 
preparations were able to find other proteins. This demonstrated that the Ab’s are extremely 
sensitive and also that the purest samples actually contained some impurities.  

In Figure 16 three blots representing a comparison between the polyclonal Ab preparations 
against CHO HCP can be seen. According to Cygnus technologies the Ab preparation C0016 
is derived from solubilized total CHO cell proteins while M0016 is derived from cell proteins 
from protein free media. 0,5 µg/ml of the primary Ab preparation was used when incubating 
the membrane, when using the mix of C and M the concentration 0,5 µg/ml was used for each 
Ab. The concentration of each Ab in the mix was supposed to be equal of the concentration of 
the Ab preparation by itself. The two Ab preparations are complementing and not enhancing 
eachother, a dilution effect would occur if the total protein concentration had been 0,5 µg/ml. 
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Figure 16. Western blots of harvest and purification 
samples from the project BS comparing two CHO HCP 
Ab preparations from Cygnus technologies. Interesting 
bands are marked with arrows. 

 

 

 

In the Figure 16 the contour of the product protein is shown as negative staining at ~ 98 kDa 
(verified with other product specific blots, not shown here). The marker SeeBluePlus2 was 
removed from the image, with just the sizes left. C0016 produced sharper bands than M0016. 
Also the blots easily demonstrated that the two anti-CHO HCP Ab preparations recognized 
different proteins, the pattern of bands varied a lot between the two blots, this is not that odd 
since the two Ab preparations have been generated using different antigens. The mix of C and 
M Ab preparations was able to recognize both the proteins that C0016 and M0016 find. In 
lane 8 and 9, the two purest samples, C0016 recognized two protein bands at ~ 60 kDa and 
one at ~ 75 kDa, which M0016 did not find, however all three were present on the membrane 
with the mix of Ab preparations. In lane 7 M0016 recognized a strong band at ~ 40 kDa 
which was absent on the blot produced with C0016. In lanes 7-9 a blurry band can be seen at 
200 kDa on the M0016 blot but not on the blot produced by C0016. M0016 also recognized a 
band at ~ 150 kDa which was very faint on the blot produced by C0016. All the bands were 
present and were also sharper on the membrane which had been incubated with the mix of 
C0016 and M0016.  

The experiments with Western blot demonstrate that the mix of C and M Ab preparations was 
able to recognize more HCP than either of them individually. This suggested that the optimal 
assay would employ a mix of the two Ab preparations. 
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5 Conclusions 

The ECL assay is a promising technique that has the possibility to replace ELISA. The 
handling of reagents and protocol are similar to ELISA with some differences. When coating 
capture Ab’s in the ECL assay the concentrations are not in the same range as in ELISA, this 
is explained by the fact that the two assays are performed in different kind of plates. In ELISA 
the capture Ab’s are coated onto the plastic of the wells in a microplate while in the ECL 
assay the Ab’s are spotted onto the carbon electrode in the bottom of each well.  

The detection principles for ELISA and the ECL technology are very different. The ECL 
technology utilizes a CCD-camera that counts photons sent out instead of measuring the 
absorbance of the change in colour as in ELISA, which makes the ECL assay more dynamic.  

5.1 Insulin 

For insulin analysis it would be possible to change the method of analysis from ELISA to the 
singleplex ECL assay after a qualification. It has been shown that the ECL assay is suitable to 
detect the impurity insulin in bioprocess samples. It correlates well to results of ELISA and is 
able to include a larger range of the standard curve and is increasing the sensitivity 200 times 
(the lowest standard point of ELISA 1,25 ng/ml and in the ECL assay 0,006 ng/ml). 

The duplex assay in regard of insulin need to be examined more since the signals are very 
high in the assay. High signals are not necessarily bad but since the background was high the 
analysis in the assay is not optimal. A suggestion would be to titrate the detection Ab’s and 
see if the signal could be reduced.  

5.2 HCP 

For HCP it is difficult to say anything conclusive about the ECL assay since the HCP analysis 
in-house is performed using the ELISA based on M0016 Ab’s or process specific ELISAs. 
However the C0016 ELISA recognized very low amounts of HCP. The ECL assay found 
more HCP but the concentrations obtained for the samples from the early steps of the 
downstream processing were still low. For example the projects RF and AF process specific 
Ab’s are able to find ~ 0,5 – 1,0 mg HCP /ml  

The ECL assay for HCP is consistent between the single and duplex plates. 

The comparison of the two Ab preparations in Western blot showed that a combination of 
C0016 and M0016 recognized all the HCP bands that the Ab’s found individually. This 
suggests that an optimal assay for HCP would be based on a mixture of C0016 and M0016. It 
would be interesting to see how such an assay behaves in the ECL format.   

5.3 Summary 

The conclusions can be summarized: 

• The ECL assay is suitable for insulin and more sensitive than the ELISA currently 
used. 

 

• The singleplex and duplex assay for HCP generate similar signals. 
 

• More CHO HCP are detected in Western blot when the two different anti-CHO HCP 
Ab preparations, C0016 and M0016, are mixed. 
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6 For the future 

 

• The duplex plate for insulin and HCP need to be optimized. 
- See if the high signals obtained for insulin can be reduced in order to get an 

assay that behaves in the same manner as the singleplex ECL assay.  
- Investigate what the positive result of the insulin controls in the HCP assay 

mean. 
 

• The IGF-1 assay still needs further development. 
- Monoclonal Ab’s against LONG IGF-1 was found, it would be interesting to 

analyze them, which would require a new ECL assay development.  
- It would be recommendable to start the development on high binding plates to 

be able to easily transform them to the multiplex format. 
 

• The results from the comparison of the CHO HCP Ab preparations showed that an 
optimal assay would employ both C0016 and M0016.  

- It would be interesting to investigate a HCP assay using both C0016 and 
M0016 in the ECL format, coating both C0016 and M0016 on the same spot.  
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Appendix A 
 

ELISA protocols 

Protocol for insulin ELISA using Mercodia’s Iso-Insulin kit 
1. Prepare buffers and wash solution.  
2. Bring all reagents as well as the strips to room temperature (except the conjugate), for the substrate take only 
the volume you need (not the whole tube). 
 
3. Dilute samples and standard. 
4. Load the assay plate: 

 - add 25 µl/ well of diluted samples and standards 
5. Dilute the peroxidase conjugate 1/11 by adding conjugate buffer to the peroxidase conjugate to monoclonal 
anti-insulin antibody. 
 - need 2 ml for 5 strips. 

 - add 50 µl/ well  
 
6. Incubate the strips for 1 hour at RT shaking at 400 rpm. 
7. Wash 6 times. 
 

8. Start the enzyme reaction by adding 200 µl/ well of the TMB substrate solution. 
 Start the clock when adding TMB to the first row. 
9. Incubate for 20 minutes at RT in the dark! 
 

10. Stop the reaction by adding 50 µl of the stop solution (2 M Sulfuric acid) to all wells. 
11. Measure the absorbance within 30 minutes. 
 - mix the plate carefully  
 - read at 450-595 nm 
 

Protocol for the IGF-1 ELISA supplied by R&D Systems 
1. Bring all reagents, except the IGF-1 conjugate, to RT. 
2. Prepare the wash solution, dilute it 25 times in MilliQ. 
3. Prepare sample diluent buffer, PBS-T by dissolving 1 PBS-T tablet in 1 l MilliQ-water 
4. Prepare standards and samples for dilutions. 
 

5. Add 150 µl assay diluent to each well. 

6. Add 50 µl standard/sample to each well according to the plate layout. 
 

7. Cover the plate and incubate it for 2h at 2-8°C (in the refrigerator). 

8. Wash 4 times with 400 µl wash solution in each well. 
 

9. Add conjugate: 200 µl cold IGF-1 conjugate solution (polyclonal Ab against IGF-1 conjugated to HRP). 

10. Incubate for 1h at 2-8°C (in the refrigerator). 

11. Wash 4 times with 400 µl wash solution in each well. 
 
12. Prepare the substrate: mix color reagent A and B, 1:1. (Have to be used within 15 minutes). 
 Color reagent A: stabilized hydrogen peroxide 
 Color regent B: stabilized chromogen (TMB) 

13. Add 200 µl of substrate to each well 
 - Maintain a repetetive timing sequence from well to well for the substrate and the stop solution to 
 ensure that the incubation time is the same for each well. 
14. Cover the plate with sealing tape and incubate 30 minutes in the dark, at RT. 

15. Add 50 µl stop solution (2M sulphuric acid) to each well. 
16. Measure the absorbance spectrophotometrically at 450 nm with wavelength correction at 570 nm. 
 



Protocol for the CHO HCP ELISA (Cat no F015) from Cygnus 
Technologies 
1. Dilute the wash concentrate 20x in MilliQ-water and then bring all reagents as well as the strips to room 
temperature. 
 
2. Dilute samples in Sample diluent (Cygnus Technologies). 
 

3. Pipet 200 µl of standards and samples into 1,5 ml propylene tubes. 

4. Then pipet 400 µl anti-CHO: Alk.phos conjugate into each tube 
5. Vortex and allow to incubate for 2h at RT. 
 

6. Transfer 200 µl of the reaction mixture to duplicate coated wells in the anti-CHO coated microtiter strips. 
7. Cover and incubate for 2h at RT shaking at 180 rpm. 
 
8. Dump contents of all wells and bang out any residual liquid. 

9. Wash 4 times with 350 µl of wash solution (supplied with the kit) . 
 

10. Pipet 200 µl substrate (p-nitrophenyl phosphate) into all wells. 
11. Cover and incubate for 90 minutes at RT (not shaking) 
 
12. Read the absorbance at 405/492 nm blanking on the zero standard. 
 



Appendix B 

Protocol for Sulfo-Tag conjugation 
Formula for calculating amount of SulfoTAG needed: 
 
1000 x conc[mg/ml] x ratio x volume [µl] = nmol SulfoTAG 
    MW 
MW(IgG) = 150 000 kDa 
 
IGF-1 antibodies 
A ratio of 12 SulfoTAGs/Ab is desired. 
Start amount Sulfo-TAG (MSD): 150 nmol, as a powder (stored at -20C) 
 
Affinity purified goat IGF-1, anti human IGF-1 polyclonal Ab (R&D Systems) 
Start amount: 250 µg 
 

•  Add 500 µl PBS, pH 7,9, to the 250 µg IGF-1 � conc = 0,5 mg/ml (optimal pH: 7,9) 

 

• Resuspend the Sulfo-TAG powder in 50 µl ice-cold MilliQ-water � 150/50 = 3 nmol/µl 
 
Want to label 250 µl: 
 
1000 x 0,5 x 12 x 250 = 10 nmol  �� 10 nmol/µl = 3,3 µl SulfoTAG  
 150 000              3 nmol    
 
3,3 µl SulfoTAG corresponds to 10 nmol SulfoTAG which is needed to get 12 SulfoTAGs/Ab 
 

• Immediately take 3,3 µl of the resuspent Sulfo-TAG and add it to the 250 µl Detection Ab. 

• Mix by vortexing and then leave it for 2h in the dark to attach. 

 

•    Turn on the centrifuge ~ 1h before it is needed (takes some time to reach 4°C). 

•    Prepare a Sephadex G50 Spin column.    To remove unbound Sulfo-TAG. 

 - Invert the column a few times - to mix it. 
 - Let the fluid pour off. 
 - Rinse the column with 3 x 3ml PBS pH 7.4. 

•    Spin column 4 min at 1000xg in a swing out centrifuge at 4°C. The gel will shrink a bit. 

•    Apply the sample onto the gel. 

•    Spin for 6 min at 1000xg at 4°C.  

•    Store the conjugate in foil (want to have it in the dark) at 4°C. 

 
Rememer to dilute the Ab-TAG prior to addition to the plate when using it: 
16 µl Ab-TAG + 4 ml Dil B (when protein concentration is 0.5 mg/ml) 

 


