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SPR-based method for concentration determination of a protein 

in a complex environment 

 

Emma Ekström 

 

Populärvetenskaplig sammanfattning 

 

Proteiner är en bred grupp av ämnen som är involverade i många viktiga funktioner i kroppen 

och är ibland även inblandade i vissa sjukdomstillstånd. Detta har lett till att proteiner har 

blivit ett stort och växande område inom bioteknisk forskning och som proteinläkemedel. För 

att få användas som ett läkemedel ställs höga krav på renhet och själva reningen av 

proteinerna. Det är därför viktigt att noggrant kunna mäta koncentrationen av ett protein i 

olika typer av lösningar. Dels för att kunna följa en reningsprocess, men även för att jämföra 

uttrycksnivåerna av ett protein i olika system. Det finns i nuläget inte någon metod som klarar 

detta samtidigt som den är snabb och enkel att använda för att mäta koncentrationen av ett 

specifikt protein i en komplex lösning. Detta examensarbete handlar om att utveckla en 

generell metod för att mäta koncentrationen på ett protein med His- och GST-tag i komplexa 

lösningar. Metoden som utvecklas baseras på surface plasmon resonance. För inledande 

modell studier har fokus lagts på fyra proteiner, som används mycket i det dagliga arbetet på 

avdelningen. För dessa proteiner sattes standard kurvor upp för att kunna mäta 

koncentrationen av rent protein, men även koncentrationen av proteinet i olika lösningar som 

innehöll andra proteiner. En jämförelse med andra alternativa metoder gjordes, samt en 

utvärdering av metodens riktighet och noggrannhet. En undersökning av hur andra faktorer 

påverkar metoden utfördes också.    
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Terminology and abbreviations 
Accuracy  The proximity to the true value 

Analyte  The molecule that is injected 

BCA  Bicinchoninic Acid 

ELISA  Enzyme-linked immunosorbent assay 

Fc  Flow cell 

GFP  Green fluorescent protein 

GST  Glutathione S-transferase 

IMAC  Immobilized metal ion affinity chromatography 

Ligand The immobilized molecule on the sensor surface that binds the analyte 

Linear range The concentration range in which the a straight line is formed when the 

response is plotted against the concentration. 

mAb  Monoclonal antibody 

MBP  Maltose binding protein 

MW  Molecular weight 

Precision A measurement of how close repeated measurements are to each 

other.  

SEC Size exclusion chromatography 

Sensorgram  A graph that displays the response over time 

Specificity  The ability to measure a single analyte in a mixture of others 

SPR  Surface plasmon resonance 

SQC  The pooled standard deviation 

Regeneration Removal of bound analyte from the sensor surface, after an analysis 

cycle. 

Repeatability The precision of a method when the same sample is analyzed under the 

same operating conditions in a short period of time.  

Reproducibility The precision of the method when it is done at different times or at 

different locations. 

RSD Relative standard deviation 

RU Response unit 
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1 Introduction 
The task of measuring the concentration of a specific protein in complex solutions is not an easy one, 

but none the less there are many situations in which the concentration of a specific protein in these 

complex solutions is important to know. Being able to measure the concentration of a specific 

protein in lysate will have many purposes. It could be used to compare the expression levels in 

different systems and it could possibly also be used to follow a protein purification process. A reliable 

analysis method for the concentration that can meet all the demands is desired and it needs to be 

able to analyze sample that have very different composition. The method would also need to have a 

high precision, i.e. be robust. The selectivity should be high so that other substances in the sample 

will not interfere with the measurement and also have good accuracy (1). 

1.1 Background 

There are many different methods used today in laboratories to determine protein concentrations, 

UV spectroscopy, the Bradford method, the Lowry method and BCA (Bicinchoninic Acid) method. 

They all have their advantages and disadvantages and there is no absolute method that yields a 

100 % accurate concentration (2, 3). A short description of these methods will be given together with 

ELISA and how surface plasmon resonance can be used as an alternative for these methods for 

measuring protein concentration, followed by the difference between determining the total and 

specific protein concentration. 

1.1.1 Methods for total protein concentration determination  

Both the Lowry and BCA assay are based on chemical reactions, in multiple steps. The first reaction 

for both the Lowry and the BCA assay is the Biuret reaction where proteins react with Cu2+ and 

reduces them to Cu1+. The copper ion then forms a complex with the bicinchoninic acid, the formed 

complex has a strong absorbance at 562 nm and can therefore be detected with spectrophotometry. 

The Lowry assay is also based on two different reactions, the first being the Biuret and the second 

reaction is a reduction of an added reagent.  The product from this reaction is blue and detectable 

between 500-750 nm, most often a wavelength of 660 nm is used for detection (2, 4).  

The Bradford assay is based on protein-dye binding. It uses Commassie brilliant blue G-250 which 

binds to arginine, tryptophan, tyrosine, histidine, and phenylalanine residues in proteins. These 

complexes have an absorbance maxima at 595 nm compare to that of the free dye which as a 

maxima at 470 nm. The concentration is therefore determined using spectrometry at a wavelength 

of 595 nm (2, 4). 

Protein concentration can also be determined with UV measurements at 280 nm. At this wavelength 

it is the absorbance of the aromatic residues in the proteins that is measured (2). 

1.1.2 Biacore and surface plasmon resonance 
Biacore is a biosensor based on an optical technique called surface plasmon resonance, SPR. This is a 

label free technique that measures an interaction in real-time (5, 6). The surface plasmon resonance 

is a phenomenon that happens in a thin conducting gold layer at the interface of different refractive 

indexes. In Biacore this is the glass slide and the buffer/solution (7). 
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The response from Biacore comes from a change of the refractive index, this change is due to a 

change in the solute concentration at the sensor surface of the chip (8). The response will be 

proportional to the bound mass on the surface of the sensor chip. On this surface a ligand has been 

immobilized, the ligand will then bind/interact with an analyte and this will result in a response (7).  

With Biacore it is possible to study many different types of analyte ranging from the smaller analytes 

such as drug candidates and other small molecules relevant for food safety and environment 

protection, to larger analytes as well as medium analytes. These might be carbohydrates, cells, 

viruses, nucleic acids membrane proteins and of course the most common different protein 

interactions (5, 9). 

The signal is recorded in a sensorgram and in a typical sample analysis cycle there are four different 

stages, figure 1. First is the baseline in which it is only buffer running over the surface. Then the 

injection of sample starts and the analyte binds with the ligand. This phase is called the association 

and is seen in the sensorgram as an increase of the signal. After the injection has stopped and the 

buffer is running over the surface again the dissociation begins and the signal decreases. This is 

followed by the regeneration, in which regeneration solution removes the bound sample and the 

signal is returned to baseline and a new analysis cycle can begin (10). 

 

Figure 1 Overview of a sensorgram and the different phases in an analysis, in this experiment the injected sample was 

GFP-His with a concentration of 10 µg/ml over a sensor surface with anti -His antibody immobilized. 

 

The Biacore instrument can be used for many purposes, depending on how the experiment is 

constructed. Information about the specificity, kinetics, and affinity of the interaction can be 

determined. It can also be used also be used for concentration analysis (5, 10). 

In a concentration assay different concentrations of the analyte is injected (figure 2) and the 

response from the different concentrations can then be plotted against the concentration of each 

sample. From this a calibration curve is calculated and used to determine the concentration in a 

sample with unknown concentration (10). 
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Figure 2 Overlay of sensorgrams from a concentration assay for GFP-His, the concentration varies between 0.2-6.0 µg/ml. 

 

Depending on the analyte to be studied different binding assays can be used, the most common 

assays are direct detection, sandwich assay and inhibition assay. The direct detection is the most 

straightforward of the assays, where the response is a measurement of the analytes binding to the 

ligand. In inhibition assays, a type of competitive assays, the sample is mixed with an inhibitor and 

the solution is allowed to reach equilibrium. Then it is injected over the sensor surface on which the 

analyte is immobilized and unbound inhibitors can bind to the surface. This means that a low 

response indicates a high concentration of analyte in the solution. The sandwich assay is an assay 

used when the response from the analyte is low or a higher specificity is wanted e.g. when the 

non-specific binding is high and needs to be decreased. The assay can be divided into two steps, first 

the analyte is injected and it binds to the ligand on the sensor surface, then a second antibody is 

injected which binds to the analyte this will lead to an increase in the response (9, 11).  

1.1.3 ELISA 

Another method that is often used in laboratories is ELISA (Enzyme-linked immunosorbent assay). 

With ELISA it is possible to detect and measure the concentration of the target protein in complex 

solution. ELISA is based on antigen-antibody detection and includes many steps such as, blocking, 

wash and detection. In ELISA experiments usually two antibodies are used, they can be monoclonal 

or polyclonal depending on the cost (12, 13). 

The disadvantage with ELISA in comparison with an SPR based method is that it is an end-point assay 

and many different steps are involved in the assay. This makes it difficult to localise any errors that 

might occur during the assay. It also makes it a more time consuming assay as well as a more 

expensive, due to the consumption of more antibodies. 

1.1.4 Total protein concentration vs. specific protein concentration 

There is a big difference between the previously described assays, the Lowry, BCA and Bradford 

assay, and ELISA and a SPR based method. The Lowry, BCA and Bradford assay measures the total 

protein concentration in a solution. ELISA and a SPR based method measures the concentration of a 

specific protein in a solution, hence with these methods it is possible to measure the concentration 

of a specific protein even in complex solutions.  
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1.1.5 Matrix effect and non-specific binding 
The standard addition method, in which a known concentration is added to a sample as a standard, is 

a useful tool for measuring concentrations of a particular substance in a complex solution or if the 

solution has any influence on the analytical signal. For example it can be used for measuring the 

concentration of a specific protein in lysate and if there is anything else in the lysate that influences 

the signal. If the solution has an influence on the signal it is called a matrix effect and then the 

standard addition method is required for determining the concentration in the solution. However if 

there is no matrix effect a standard curve can be used to calculate the concentration in the solution 

(14). 

Non-specific binding is the binding of components in the sample that is not the substance of interest 

and these will interfere with the analysis since the response from them cannot be separated from 

the real response. When developing an assay the goal is the have no non-specific binding or at least 

be able to minimize it (7). 

1.2 Objective of the study 
The aim with the project was to develop a general method with which it is possible to measure the 

specific concentration of His- and GST-tagged proteins in complex solutions. The method is based 

upon SPR-technique using anti-His and anti-GST antibodies. 

1.2.1 Specific goals 

The following parts will be involved in developing the method 

 Purification of proteins that can be used in developing the method 

 Set up standard curves for the proteins and find the linear range 

 Measure the concentration of the protein in lysate and check for non-specific binding 

 Assessment of the precision and accuracy of the method 

2 Materials and methods 

2.1 Materials 
His Capture Kit (Monoclonal Anti-histidine antibody, immobilization buffer, and regeneration 

solution), GST Capture Kit (Polyclonal Goat anti-GST antibody, 0.8 mg/ml in 75 µl coupling solution, 

5 ml positive control: recombinant GST (Schistosoma japonicum), 0.2 mg/ml in 100 µl HBS-EP 

regeneration solution, 70 ml), Amine Coupling Kit, Sensor chip CM5, HisTrap FF crude 1 ml, HiTrap 

TALON crude 1 ml, Superdex 200 Increase 10/300, Resource Q  1 ml, Low Molecular Weight 

Calibration Kit for SDS Electrophoresis (LMW), ExcelGel SDS gradient 8-18, ExcelGel SDS buffer strips. 

All materials were supplied by GE Healthcare 
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2.1.1 Proteins and lysate 
An overview of the proteins used and some of their properties can be seen in table 1. 

Table 1 The proteins and lysate used and some of their properties. 

Proteins and lysate Start material Extinction coefficient 
(ml*cm-1*mg-1) 

MW (kDa) pI 

GFP-His Purified protein 0.84 28 6.1 

MBP-His Purified protein 1.48 43.8 5.4 

GST-GFP-His Purified protein  1.2 55 6.0 

GST-His lysate 1.56 26.8 6.8 

APB30 lysate 0.33 47 4.8 

E.coli non transformed lysate N/A N/A N/A 
 

2.1.2 Chemicals 
Summary of the chemicals used can be seen in table 2. 

Table 2 Overview of the chemicals used 

Chemical Supplier Article number 

NaOH Merck 1.06469.1000 

HCl Merck 1.00317.1000 

Sodium chloride Merck 1.06580.1000 

Tris Amersham BioScience 17-1321-01 

NaH2PO4 (x 1 H2O) Merck 1.06346.1000 

Na2HPO4 (x 2 H2O) Merck 1.06580.1000 

Imidazole Merck 1.04716.0250 

Boric acid Merck 1.00165. 

PBS Medicago 12-9423-5 

HBS-EP GE Healthcare BR-1001-88 

Deep purple GE Healthcare RPN6305 

TCEP Thermo Scientific 77720 

EDC Included in Amine Coupling Kit N/A 

NHS Included in Amine Coupling Kit N/A 

Ethanolamine Included in Amine Coupling Kit N/A 

10mM Glycine-HCl, pH 1.5 GE Healthcare BR-1003-54 

10mM Glycine-HCl, pH 2.1 Included in GST Capture Kit N/A 

bisTris Sigma-Aldrich B9754 

Ethanol Kemetyl 10014482 

SDS 20% USB Affymetrix 75832 

Acetic acid Merck 1.00063.1011 

Citric acid Merck 1.00244.0500 

Bromophenol blue GE Healthcare 17-1329-01 
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2.1.3 Buffers 

 Electrophoresis,  
o 4x NSB, 19 oct 2012: 100 mM Tris–Hac, 4 % SDS, Bromophenol blue, pH 7.5 
o Fixation solution: 15 % ethanol, 1 % citric acid, pH 2.3 
o Wash solution: 15 % ethanol 
o Staining solution: Deep Purple in a 1:200 dilution in 100 mM sodium borate buffer 

pH 10.5  
 

 Biacore 
o HBS-EP buffer: 0.01 M HEPES, 0.15 M NaCl, 3 mM EDTA, 0.005 % Surfactant P20 pH 

7.4 
o Regeneration solution:  

 10mM Glycine-HCl, pH 1.5 
 10mM Glycine-HCl, pH 2.1 

 

 Chromatography  
o Anion exchange buffer (GST-GFP-His) 

 50 mM Tris pH, 7.5 (A buffer) 

 50 mM Tris, 1 M NaCl, pH 7.5 (B buffer) 

o Anion exchange buffer (APB30) 

 20 mM bisTris pH 6.5 (A buffer) 

 20 mM bisTris, 1 M NaCl, pH 6.5 (B buffer) 

o IMAC HiTrap TALON buffer 

 IMAC A: 50 mM sodium phosphate, 300mM NaCl, pH 7.4 
 IMAC B: 50 mM sodium phosphate, 300 mM NaCl, 500 mM imidazole, pH 7.4 

o IMAC HisTrap buffer 

 IMAC A: 20 mM phosphate, 500mM NaCl, 6 mM KCl pH 7.4 
 IMAC B: 20 mM phosphate, 500 mM NaCl, 6 mM KCl 500 mM imidazole, pH 

7.4 
o PBS: 140mM NaCl, 10mM phosphate, 2.7mM KCl 

 

2.2 Methods 
Figure 3 displays a 
flowchart over the 
method development 
process. Purified 
protein is needed to 
set up standard 
curves and the 
project therefore 
began with 
purification of the 
lysate and an analysis 
of already purified 
proteins. If the purity  

 

was more than 90 %, the method development was continued otherwise further purification was 

required. Before the standard curves could be set up, the anti-His and GST-His antibodies had to be 

immobilized on the sensor surface. This was followed by setting up standard curves for each of the 

protein and then standard addition method for determination of the protein concentration in the 

Figure 3 Flowchart over the method development. 
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lysate. Verification of the concentration in the lysate was done with other methods, as well as a 

validation of the standard curves. The unspecific binding to the immobilized sensor surface was also 

checked. 

2.2.1 Purification and analysis 

A summary of the purification and analysis of the proteins can be seen in table 3, followed by a more 

detailed description of the purification for each protein. 

Table 3 Summary of the purification and analysis of the proteins. 

Protein Starting material Purification technique Analysis 

GST-His Lysate IMAC & SEC Gel electrophoresis 

APB30 Lysate IMAC, SEC  & ion 
exchange 

Gel electrophoresis 

GST-GFP-His Purified protein SEC & ion exchange Gel electrophoresis & 
analytical SEC 

MBP-His Purified protein N/A Analytical SEC 

GFP-His Purified protein N/A Analytical SEC 
 

2.2.1.1 Two-step purification of GST-His 

The purification of GST-His from the lysate was done in two steps, first by IMAC on a 1 ml HiTrap 

TALON column, 1 ml of lysate was loaded. The flow rate was 1 ml/min, after the sample was loaded, 

unbound sample was washed out with 10 CV HiTrap TALON IMAC A buffer. Then the bound protein 

was eluted using step elution 5 CV HiTrap TALON IMAC B buffer. Flow through fractions were 

collected and then pooled together. Fractions were collected during the elution. The proteins were 

detected with UV with a wavelength of 280 nm. 

The IMAC was followed by size exclusion chromatography on Superdex 200 Increase 10/300 where 

500 µl of sample, from pooled fractions under main peak from IMAC, was loaded. The flow rate was 

set to 0.5 ml/min, the sample was eluted with 1.2 CV PBS buffer and fractions of 0.5 ml were 

collected. The proteins were detected with UV with a wavelength of 280 nm. The fractions with 

proteins from the size exclusion chromatography and the pooled fractions from IMAC was then 

analysed with gel electrophoresis.  

2.2.1.2 Purification of APB30 

The purification of APB30 from the lysate was done in two steps, first by IMAC on a 1 ml HisTrap 

column, 6 ml of lysate was loaded. The flow rate was 1 ml/min, after the sample was loaded 

unbound sample was washed out with 10 CV HisTrap IMAC A buffer. Then the bound protein was 

eluted using a gradient elution 15 CV from 0-500 mM imidazole. Flow through fractions were 

collected and then pooled. Fractions were collected during the elution. The proteins were detected 

with UV with a wavelength of 280 nm. 

The IMAC was followed by size exclusion chromatography on Superdex 200 Increase 10/300 where 

500 µl of sample, from pooled fractions under main peak from IMAC, was loaded. The flow rate was 

set to 0.5 ml/min, the sample was eluted with 1.2 CV PBS buffer and fractions of 0.5 ml were 

collected. The proteins were detected with UV with a wavelength of 280 nm. The fractions with 

proteins from the size exclusion chromatography and the pooled fractions from IMAC was then 

analysed with gel electrophoresis.  
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APB30 was also purified using ion exchange chromatography, after IMAC and SEC, on Resource Q 

1ml, the sample was diluted 10 times in 20 mM bisTris buffer before it was loaded onto the column. 

The flow rate was set to 0.5 ml/min and after the sample was loaded unbound sample was washed 

out with 10 CV of 20 mM bisTris buffer. The protein was then eluted using a gradient elution of 20 CV 

and the target concentration of 60 %, of 20 mM bisTris 1 M NaCl,  that is a gradient from 

0-0.6 M NaCl. Fractions was collected during the elution, the protein was detected using UV at 

280 nm. The collected fractions was analysed with gel electrophoresis. 

2.2.1.3 Purification GST-GFP-His 

From the analytical size exclusion chromatography, described later, it was seen that GST-GFP-His 

required further purification. The purification was continued with a size exclusion chromatography as 

described earlier in the two-step purification of GST-His. This was followed by ion exchange 

chromatography Resource Q 1 ml as described in the purification of APB30, but with different 

buffers. The samples of GST-GFP-His were analysed with gel electrophoresis. 

2.2.1.4 Analytical size exclusion chromatography for purity analysis 
Analytical size exclusion chromatography was done on the already purified proteins, MBP-His, 

GFP-His and GST-GFP-His, to determine if their purity was good enough, 90 % or more, for them to 

be used for setting up standard curves on Biacore. 100 µl of the sample was loaded onto the 

Superdex 200 Increase column. It was eluted using 1.5 CV PBS as running buffer with a flow rate of 

0.5 ml/min, the proteins were detected using UV with a wavelength of 280 nm. GFP-His was detected 

using a second wavelength of 490 nm as well. The chromatogram were analysed by integration of the 

peaks and the purity estimated from the ratio between the main peak and the total peak area 

expressed as a percentage. 

2.2.1.5 Gel electrophoresis 

2.2.1.5.1 Excel gels on Multiphor II with Deep Purple staining 
The 4x NSB was diluted to 2x NSB and TCEP was added as reducing agent to a concentration of 

20 mM. All samples were mixed 1:1 with buffer to a final concentration of 25 mM Tris-Hac, 1 % SDS 

and 10 mM TCEP in the samples. Before the samples were loaded to the gel they were heated for 

5 min at 95°C. The gel and gel strips were placed on the Multiphor II, which had been cooled to 15 °C, 

and the protective film of the gel was removed. The samples were loaded using a SDS sample 

applicator, 10 µl of LMW and 20 µl of each of the samples were loaded. The electrodes were 

connected to the EPS and the gel was run at 600 V, 50 mA and 30 W, it was run until the blue band of 

bromophenol had reached the anode buffer strip. 

The gel was stained with Deep purple in multiple steps, fixation, staining, wash and lastly 

acidification. Started with the fixation by moving the gel into a plastic box with a lid and then fixation 

solution was added so that it covered the gel. The box was placed on a rocking table for at least 1.5h 

or overnight/over the weekend. Poured off the solution and added the staining solution, the gel was 

incubated for 1h in the dark on a rocking table. The staining solution was then poured of and washing 

solution was poured on. The gel was washed for 1h in the dark on a rocking table. The staining was 

then finished by replacing the washing solution with fixation solution for acidification of the gel. The 

gel was again placed in the dark on a rocking table for 30 min.  
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The gel was then scanned in an EDI scanner and analyzed using ImageQuant 5.2 and ImageQuant TL 

v2003.03. 

2.2.1.6 Concentration measurement 
The concentration of the purified proteins was determined by measuring the absorbance with UV 

spectroscopy and by using Lambert Beers law (see appendix A). The concentration can be calculated 

from the measured absorbance and with the extinction coefficient (table 1), for the wavelength used 

for measuring the absorbance, of the protein (15). The extinction coefficient had previously been 

determined theoretically from the amino acid sequence. 

2.2.2 Method development on Biacore 

2.2.2.1 Immobilization 
The immobilization was done by following the instructions for the His Capture Kit and GST Capture 

Kit, this involves three steps activation, immobilization and deactivation. The activation was done by 

injection of a mixture of EDC and NHS. For the immobilization the antibodies were mixed with the 

immobilization buffer and injected to the flow cell. The deactivation was done by injection of 1 M 

ethanolamine. Anti-His antibodies was immobilized on two chips, the first chip had the antibody 

immobilized on Fc1. On the second chip the anti-his antibodies were immobilized on Fc2 and Fc1 was 

used as a reference surface. The immobilization time for both chips was 7 min. Anti-GST antibodies 

were immobilized on Fc2 and Fc3 on one chip. The immobilization time for Fc2 was 5 min, Fc3 had a 

longer immobilization time, of 12.5 min, and hence also more immobilized anti-GST antibodies on 

the surface. Fc1 was used as a reference surface for Fc2. The reference surface was treated in the 

same way as the surface with immobilized antibodies, with the exception that during immobilization 

only buffer was run over the surface. 

2.2.3 Non-specific binding 
Non-transformed E.coli lysate was diluted 50, 500 and 3000 times. The response from the samples 

were analysed by running them on Biacore in the same way as the samples when setting up the 

standard curves for the proteins. 

2.2.3.1 Standard curve 
For each of the proteins standard curve was set up using proteins that had been purified with a 

satisfactory purity. After the concentration measurement with UV, dilution series were made for 

each of the proteins (see appendix B). They were analysed by running a method on Biacore in which 

the input of protein name, concentration and position on the rack was changed between the 

proteins (see appendix C). This method was used for all analyses with modification in the input of 

protein, concentration and position. Multiple dilutions series had to be made for the proteins to find 

the linear range for them and for improvement of the standard curves. The response used for 

plotting the standard curve was from a report point in the method 30 sec after the injection was 

stopped. 

2.2.3.2 Standard addition method 
Two dilution series in the linear range of the standard curves were set up and to one of the dilution 

series lysate was added, see appendix B. Standard addition curves could then be set up in the same 

way as for the standard curve described earlier. A comparison between the two curves was done to  

reveal any matrix effect from the lysate. 
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2.2.4 Validation 
The validation was done to make an assessment of the method’s reproducibility, repeatability and 

accuracy, these are important parameters of how good a method is. The reproducibility and 

repeatability can also be called precision and it is most often expressed as the standard deviation. 

The reproducibility will be a measure of day-to-day variation of the method and the repeatability 

measures the variation of duplicates analyzed under the same operating conditions and under a 

short period of time. The accuracy will be expressed as a confidence interval.  

The validation was done for pure MBP-His on the anti-His chip and for pure GST-His on the anti-GST 

chip. The set up for the validation was the same for the two proteins, the only difference was in the 

concentration of the dilution series. For each protein three dilutions series, all with the same 

concentrations were made. The first dilution series was analysed at three separate occasions. The 

two other dilutions series were analysed at the first analysis occasion (see table 4). Duplicates of the 

sample were run at each analysis occasion.  

The collected data was then used to calculate the standard deviation, coefficient of determination 

and the confidence interval. The standard deviation represents the spread from the mean value and 

is an assessment of the precision of the method and this will also be expressed as relative standard 

deviation (RSD). The confidence interval defines the range in which the true value can be assumed to 

be in, this is an assessment of the accuracy of the method (see appendix D). Coefficient of 

determination is also called R2 and is a value of how good the fit is of the data point to the curve (16, 

17).These values were calculated using JMP (18), the standard deviation was calculated for the whole 

method, SQC and also between the different dilutions, analysis time and between the analyses in the 

run.  

Table 4 Overview of how the validation was carried out. 

Std preparation Analysis occasion Analysis nr 

1 1 1 

1 1 2 

1 2 1 

1 2 2 

1 3 1 

1 3 2 

2 1 1 

2 1 2 

3 1 1 

3 1 2 
 

2.2.5 Storage study  

A storage study was carried out by comparison of the standard curves before and after the chip was 

taken out and stored in the fridge in running buffer overnight. When the chip was docked in Biacore 

a new standard curve was set up and run together with a dilution of lysate as verification.  

2.2.6 Alternative methods for estimation of target protein concentration in lysate  
Two different methods were used to verify the concentration estimated from the standard curve and 

standard addition curve from Biacore. 
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2.2.6.1 IMAC purification for estimation of target protein in lysate 
By assuming 100 % recovery and 100 % purity of a protein purified from lysate on HisTrap 1 ml an 

estimation of the concentration of the target protein in the lysate was done. 1 ml of lysate was 

loaded to the column and it was purified in the same was as described earlier for the two step 

purification. The fractions under the peak were pooled together and the absorbance was then 

measured on the spectrophotometer at a wavelength of 280 nm. Then by using Lambert Beers law 

the concentration of the protein in the pooled fractions was calculated, since the extinction 

coefficient of the proteins were known. From here the target protein concentration in the lysate was 

calculated, since the volume loaded to the column was known as well as the volume of the pooled 

fractions. 

2.2.6.2 Gel electrophoresis with quantitative Deep Purple staining 

Dilutions of pure protein with known concentration were made and run on a gel electrophoresis, 

together with dilutions of lysates containing the target protein. A standard curve could be set up 

from the pure protein, by quantification of the bands, and used to calculate the concentration of 

target protein from one of the dilutions of the lysate.   

3 Results 

3.1 Protein purification and analysis 

3.1.1 Analytical size exclusion chromatography 
The purity of the already purified proteins, MBP-His, GFP-His and GST-GFP-His, was analysed by an 

analytical size exclusion chromatography. The calculated purity of these proteins can be seen in 

table 5. MBP-His and GFP-His had a purity above 95 % and that was pure enough for setting up 

standard curves and other analyses on Biacore. GST-GFP-His only had a purity of 77.4 % (figure 4) and 

needed further purification before it was used to set up a standard curve. 

  
Figure 4 Chromatogram of analytical SEC of GST-GFP-His 
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Table 5 Overview of the purity of previously purified proteins, from an analytical size exclusion chromatography 

Protein Purity % 

MBP-His 99.4 

GFP-His 99.3 

GST-GFP-His 77.4 

3.1.2 Purification GST-GFP-His 
GST-GFP-His was further purified by size exclusion chromatography and ion exchange 

chromatography, and after gel electrophoresis the purity of GST-GFP-His was estimated to 90 % and 

the preparation could be used as a standard on Biacore (data not shown). 

3.1.3 Purification GST-His 

GST-His was purified from lysate in a two-step purification. Analysis of the fractions from the 

purification are showed in figure 5 (table 6 describes the contents in each lane) and the purity of 

GST-His was estimated to be 95 % by gel electrophoresis and could now be used as standard on 

Biacore.  

 

Figure 5 Analysis of GST-His by gel electrophoresis, the purity was estimated to be 95 %. 

 

Table 6 Description of the content in each lane in figure 5, lane 4-8 contains fractions from SEC. 

Lane Sample Dilution factor 

1 Extract 50 

2 Flow through pool 20 

3 IMAC pool 10 

4 A12 1 

5 B7 1 

6 B10 1 

7 B11 10 

8 B12 1 

9 LMW marker set 1 

 

  

1   2    3     4    5   6    7     8    9  

97 
66 
45 
30 
20.1 
14.4 
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3.1.4 Purification APB30 
APB30 was purified from lysate in a two-step purification, IMAC and SEC. Analysis of the fractions 

from the purification seen in figure 6 (table 7 describes the contents in each lane), showed that there 

were still some bands, indicating impurities in the fractions and not a good enough purity. Further 

purification was done by ion exchange chromatography, but no improvement was achieved (data not 

shown). Additional analysis of the bands is required before it can be used to set up a standard curve 

and therefore no further work was performed on APB30. 

 

 

Figure 6 Analysis of APB30 by gel electrophoresis 

 

Table 7 Description of the content in each lane in figure 6, lane 5-10 contains fractions from SEC. 

Lane Sample Dilution factor 

1 LMW marker set 1 

2 Extract 20 

3 Flow through pool 20 

4 IMAC pool 5 

5 B2 1 

6 B5  1 

7 B6 1 

8 B7 1 

9 B8 1 

10 C7 1 

 

3.2 Method development on Biacore 

3.2.1 Immobilization 
The immobilization of the anti-His mAb to the sensor chip surface worked fine (figure 7) and an 

immobilization level of 13 559 RU was achieved (table 8). The immobilization levels of anti-His mAb 

to the other chip was 12 281 RU. The immobilization of polyclonal anti-GST antibodies had an 

immobilization level of 10 221, Fc2, respective 24 196 RU, Fc3 (data not shown). 

 1   2   3    4   5   6    7    8    9   10 

97 
66 
45 
30 
20.1 
14.4 
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Figure 7 Sensorgram of the immoblization of anti-His mAb to Fc2. 

 

Table 8 Overview of the steps and change in response of the different steps during the immobilizationof anti-His mAb. 

 Response RU Step 

1 0 baseline 

2 — Activation 

3 198 EDC/NHS level 

4 — Immobilization 

5 14984 anti-His level 

6 — Deactivation 

7 13559 Immobilization level 

 

3.2.2 Standard curves 
The linear range of the proteins was unknown and therefore the first dilution series for the standard 

curves were wide and from the plot of the response against the concentration (figure 8) of the whole 

dilution serie the linear range could be found. From this a new dilution serie surrounding the 

expected linear range was performed to set up a standard curve. 

 
Figure 8 Standard curve for GFP-His, the dilution of the pure protein varied between 50-200 000 ng/ml. 
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A linear relationship between the concentration and response was found for each of the purified 

proteins. The slope and the linear range vary between the proteins. GFP-His was linear between 

0.2-5.0 µg/ml, MBP-His between 0.1-10 µg/ml, GST-His and GST-GFP-His between 0.1-0.5 µg/ml, see 

figures 9-12. The result from the standard curves was then used for the standard addition 

experiment. 

 
Figure 9 Standard curve of pure GFP-His 0.2-5 µg/ml. Chip immobilized with anti-His mAb. 

 

 
Figure 10 Standard curve of pure protein of MBP-His 0.1-10 µg/ml. Chip immobilized with anti-His mAb. 

 

 
Figure 11 Standard curve of pure protein of GST-His 0.1-0.5 µg/ml. Chip immobilized with anti-GST antibodies, reference 

surface used. 
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Figure 12 Standard curve of pure protein of GST-GFP-His 0.1-0.5 µg/ml. Chip immobilized with anti-GST antibodies, 
reference surface used. 

 

3.2.3 Standard addition method 

The parallel lines of the standard curve and the standard addition curve show no matrix effect for 

GFP-His, MBP-His and GST-GFP-His, see figures 13-15. GST-His shows signs of a matrix effect with the 

difference in the slope between the two curves (figures 16 and 17), on both the anti-GST chip and the 

anti-His chip. 

 
Figure 13 Standard curve and standard addition curve of GFP-His on a chip with immobilized anti-His mAb, reference 

surface used. The lysate is diluted 4000 and 2000 times. 
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Figure 14 Standard curve and standard addition curve of MBP-His on a chip with immobilized anti-His mAb, reference 

surface used. The lysate is diluted 4000 and times.  

 

 
Figure 15 Standard curve and standard addition curve of GST-GFP-His on a chip with immobilized anti-GST antibodies, 

reference surface used. The lysate is diluted 10 000 times.  

 

 
Figure 16 Standard curve and standard addition curve of GST-His on a chip with immobilized anti-GST antibodies, 
reference surface used. The lysate is diluted 20 000 times.  
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Figure 17 Standard curve and standard addition curve of GST-His on a chip with immobilized anti-His mAb, reference 
surface used. The lysate is diluted 4000 times.  

 

3.2.3.1 Estimation of target protein concentration in lysate with Biacore method 
The concentration of GFP-His in lysate was calculated with the equation from the standard curve, 

since no matrix effect is observed, y=0.3838x + 0.1664 where y is the response measured and x the 

concentration. From the response of the two different dilutions of the lysate, 2000 and 4000, (figure 

13) it was estimated that the concentration of GFP-His in the lysate was between 1.5-1.7 mg/ml. 

The same calculations was done for MBP-His and GST-GFP-His as for GFP-His and the estimated 

concentration of MBP-His in the lysate was calculated to 7 mg/ml (figure 14). For GST-GFP-His, its 

concentration in the lysate was estimated to be 5 mg/ml (figure 15).  

For GST-His the standard addition curve had to be used and the concentration was calculated with 

the equation y= 0.316x + 125.85. The standard addition method was done on both immobilized anti-

His and immobilized anti-GST for GST-His figure 16 and 17. From the anti-GST chip the concentration 

was estimated to 8.0 mg/ml in the lysate and from the anti-His chip it was estimated to be 8.6 mg/ml 

in the lysate. 

3.2.4 Non-specific binding of non-transformed E.coli lysate 
The response from the diluted non-transformed E.coli when run over an anti-His surface (table 9) 

was low, i.e. the non-specific binding of the non-transformed E.coli to the immobilised chip was low.  

The same experiment was performed on an anti-GST surface. The response from the 

non-transformed E.coli was higher even for high dilutions of the E.coli lysate (table 10). This indicated 

that there was significantly more non-specific binding to immobilised anti-GST.  

Table 9 The response from duplicates of diluted E.coli 
lysate to an anti-His surface. 

Dilution factor Response RU 

3000 2.5 0.5 

500 3.9 -0.5 

50 6.4 1.8 
 

Table 10 The response from duplicates of diluted E.coli 
lysate to an anti-GST surface. 

Dilution factor Response RU 

5000 9.8 9.8 

3000 11.5 10.6 

500 32.9 29.0 

50 86.6 80.8 
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3.3 Validation  
The validation was performed by setting up three standard dilutions, which were analysed at the 

same occasion and one of the standard dilutions were analysed on three separate occasions. The 

collected data was then used for an assessment of the accuracy and precision of the method.  

3.3.1 MBP-His 
The standard curves from the three different dilution analysed the same day were similar (figure 18). 

Also the standard curves from the first standard dilution analysed over three days were similar 

(figure 19). The standard deviation between the standard dilutions, the analysis occasions, the 

analysis of the duplicates and also for the whole method was calculated. This was done as an 

assessment of the precision of the method.  The standard deviation for between the different 

standard dilutions was 5.11, for the analysis occasions it wass 2.58 and for the duplicates it was 

10.25. The SQC (total standard deviation) for the method was 9.24 and expressed as RSD it was 2.88 % 

(table 11). For the assessment of the accuracy of the method a 95 % confidence interval was 

calculated and it wa    ±140 ng/ml. From the analysis of the data a value of the coefficient of 

determination for the method was calculated to 99.9 %.  

 

 
Figure 18 Comparsion of the standard curves of three different dilution series of MBP-His run at the same analysis 

occasion, with the equation of the respective standard curve. 

 

 
Figure 19 Comparsion of the standard curves of three different analysis occasions of the same standard dilution of 

MBP-His, with the equation of the respective standard curve. 
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Table 11 The standard deviation for the different factors and the SQC for them all, for MBP-His. 

 Standard deviation 

Standard dilution 5.11 

Analysis occasion 2.58 

Duplicates 10.25 

SQC 9.24 

Relative Std deviation 2.88 % 
 

3.3.2 GST-His 

The standard curves from the three different dilution analysed the same day were similar (figure 20). 

Also the standard curves from the first standard dilution analysed over three days were similar 

(figure 21). The standard deviation for between the standard dilutions, the analysis occasions, the 

analysis of the duplicates and also for the whole method was calculated. The standard deviation for 

the different dilution was 2.24, for the analysis occasions it was 1.57 and for the duplicates it was 

2.17. The total standard deviation for the method was 3.13 and expressed as RSD it was 6.62 % (table 

12). The confidence interval was calculated the same way as for MBP-His and it wa    ±21 ng/ml. The 

coefficient of determination for GST-His was 99.8 %. 

 

 
Figure 20 Comparsion of the standard curves of three different dilution series of GST-His run at the same analysis 

occasion, with the equation of the respective standard curve. 
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Figure 21 Comparsion of the standard curves of three different analysis occasions of the same standard dilution of 

GST-His, with the equation of the respective standard curve. 

 

Table 12 The standard deviation for the different factors and the total of them all , for GST-His. 

 Standard deviation 

Standard dilution 2.24 

Analysis occasion 1.57 

Duplicates 2.17 

SQC 3.13 

Relative Std deviation 6.62 % 
 

3.4 Storage study, immobilization levels 
The three standard curves in figure 22 are made from the same standard dilution of MBP-His, 

between each analysis the chip had been removed from the biosensor. The slope of the standard 

curve decreases for each time it has been removed. As a reference sample a dilution of lysate was 

run together with the standard dilution. This response also decrease and the same concentration of 

target protein in the lysate of 6 mg/ml were obtained from all three measurements. 

 
Figure 22 Comparison of standard curves of MBP-His, the chip has been out of the biosensor between each analysis. 
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The response from GST-GFP-His was low on the surface with the lower immobilization levels 

(10 221 RU) of anti-GST antibody. With a higher immobilization level (24 196 RU) it was possible to 

increase the response from GST-GFP-His (figure 23). Together with the standard dilution a dilution of 

GST-GFP-His lysate was analyzed and used as reference. The concentration of GST-GFP-His in the 

lysate was calculated from the two standard curves and differs. For the standard curve, on the flow 

cell with higher immobilization level the concentration was estimated to be 7 mg/ml. For the 

standard curve, on the flow cell with the lower immobilization level it was estimated to be 5 mg/ml 

(data not shown).  

  
Figure 23 Comparison of two standard curves of GST-GFP-His one on a surface with higher immobilization levels and 
another surface with lower immobilization levels and a reference surface subtracted. 

 

3.5 Estimation of target protein concentration in lysate  
Two different experiments were performed for estimation of target protein concentration in lysate 

first a gel electrophoresis and then an estimation from purification of the lysate. 

3.5.1 Gel electrophoresis with quantitative Deep Purple staining 
A gel was run with dilutions of the pure protein, used to set up a standard curve and with diluted 

lysate for the estimation of specific protein in lysate. This was done for MBP-His and GST-His and the 

result of this can be seen in figure 24 (table 13 describes the contents in each lane) for MBP-His and 

figure 25 (table 14 describes the contents in each lane) for GST-His. 
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Figure 24 Estimation of the MBP-His concentration in 

lysate by a standard curve on gel electrophoresis 
 

Table 13 Description of the content in each lane in figure 

24 

Lane Conc. (µg/ml) Sample Dilution factor 

1  LMW  

2 10 MBP-His  

3 8.75 MBP-His  

4 7.50 MBP-His  

5 6.25 MBP-His  

6 5.00 MBP-His  

7 2.50 MBP-His  

8 1.25 MBP-His  

9  Lysate 500 

10  Lysate 1000 

11  Lysate 2000 

12  Lysate 4000 
 

 
Figure 25 Estimation of the GST-His concentration in lysate 

by a standard curve on gel electrophoresis 
 

Table 14 Description of the content in each lane in figure 

25 

Lane Conc. (µg/ml) Sample Dilution factor 

1  LMW  

2 10 GST-His  

3 8.75 GST-His  

4 7.50 GST-His  

5 6.25 GST-His  

6 5.00 GST-His  

7 2.50 GST-His  

8 1.25 GST-His  

9  Lysate 500 

10  Lysate 1000 

11  Lysate 2000 

12  Lysate 4000 
 

 

From the graph and equation in figure 26 and figure 27 an estimation of the concentration of 

MBP-His respective GST-His was done. The results of these estimations are shown in table 15 and 

table 16. For MBP-His the lysate in lane 9 was not diluted enough and the concentration of it was out 

of range and thus it was excluded. The concentration of MBP-His in the lysate was estimated to 

6.1-8.5 mg/ml. 

 
Figure 26 Standard curves for the estimation of MBP-His in 

lysate from gel electrophoresis with different 
concentrations of pure MBP-His, the values used for the 

standard curve were 1.25-10 µg/ml. 

 

 
Figure 27 Standard curves for the estimation of GST-His in 

lysate from gel electrophoresis with different 
concentrations of pure GST-His, the values used for the 

standard curve were 10 µg/ml, 7.5 µg/ml, 6.25 µg/ml and 

5 µg/ml. 
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Table 15 Estimation of the concentration of MBP-His in the lysate from the standard curve set up from a gel 
electrophoresis, the concentration in lane 9 was outside linear range and therefore excluded.  

Lane Dilution factor Conc. (µg/ml) Conc. undiluted (mg/ml) 

9 500 Out of range — 

10 1000 7.43 7.43 

11 2000 3.06 6.12 

12 4000 2.12 8.48 

 

There were fewer values used to set up the standard curve (figure27) for GST-His (due to some 

leakage when loading the gel), for this reason only the 1 000 times dilution of the GST-His lysate was 

in the range that was used to set up the standard curve. The rest of the dilutions were therfore 

excluded. This gave an estimation of 10 mg/ml of GST-His in the lysate.  

Both concentration estimation of MBP-His and GST-His were higher than the estimation from the 

measurements on Biacore. 

Table 16 Estimation of the concentration of GST-His in the lysate from the standard curve set up from a gel 

electrophoresis, the concentration in lane 9, 11 and 12 was outside linear range and they are therefore excluded. 

Lane Dilution factor Conc (µg/ml) Conc undiluted (mg/ml) 

9 500 Out of range — 

10 1000 10.03 10.03 

11 2000 Out of range — 

12 4000 Out of range — 

 

3.5.2 IMAC purification for estimation of target protein in lysate 
The estimation by IMAC purification on HiTap TALON 1 ml was performed for all four proteins. The 

absorbance measurement from this experiment, the pooled eluate, can be seen in table 17 together 

with an estimation of the concentration in the lysate. First the concentration in the eluate was 

calculated and then this was used to calculate the concentration in the lysate.  One thing common for 

all proteins was that the estimated concentration was lower than the results obtained on Biacore. 

Table 17 Estimation of target protein concentration in lysate by measuring absorbance on eluate form IMAC purification 

and then calculate back to concentration in the lysate. 

Protein A280 Dilution factor Conc. (mg/ml) volym frac (6) conc. lysate (mg/ml) 

GST-His 0.35 5 1.13 3.5 3.94 

MBP-His 0.85 2 1.15 2.5 2.87 

GST-GFP-His 0.2 2 0.33 3 1.00 

GFP-His 0.25 2 0.60 2.5 1.49 
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4 Discussion 

4.1 Standard addition method 

From the standard addition method it was concluded that for MBP-His, GFP-His and GST-GFP-His 

there was no matrix effect, since the standard curve and standard addition curves were parallel. This 

meant that the standard addition curve does not need to be set up for the calculation of the 

concentration of target protein in the lysate.  It was sufficient to use their respective standard curve 

for calculating the concentration in the lysate and to only do a measurement of the response of 

diluted lysate for the calculation. For GST-His a matrix effect was observed and therefore the 

“normal”  tandard curve cannot be u ed,  ince the standard curve and standard addition curve were 

not parallel. This meant that for calculating the concentration of GST-His in lysate the standard 

addition method had to be used.  

4.2 Non-specific binding  
The low response from the E.coli lysate indicates that there were no proteins from E.coli that had any 

significant interaction with the anti-His sensor surface. There was a little higher response when it was 

diluted only 50 times (table 9), but this was still comparable to the response from the buffer.  

There seemed to be some type of interaction between the anti-GST surface and the E.coli lysate. 

When the lysate was diluted 50 times the response was very high (table 10) and when it was diluted 

5000 times it was a little bit over that of the buffer. The high non-specific response on the anti-GST 

chip could be due to that it was polyclonal antibodies immobilized on the surface and these 

recognize more than one epitope. They will hence be less specific than monoclonal antibodies that 

only recognize one epitope. 

4.3 Validation 

The coefficient of determination, R2 , for both GST-His and MBP-His was very high almost 100 % and 

this means that the data points fits very well with the curve and explains it in a good way. For both 

MBP-His and GST-His, the standard deviation of between the analysis occasion was the lowest value 

(table 11 and 12), this value was a measurement of the reproducibility of the method and this 

indicates that it was precise and the random errors were small. The repeatability, the precision 

within the runs i.e. precision between the duplicates was very high for MBP-His and this was a 

measurement of how much the measured value varied when the same the measurement was made 

again in a short period of time  under the same working conditions and on the same sample. GST-His 

has a lower value of the repeatability and the values of duplicates will differ less for GST-His. It would 

be expected that the standard dilutions would have the highest standard deviation, since this could 

be compared to be a measurement of the human error from when the standard dilutions are made 

and how good the pipetting was. For GST-His the standard deviation was comparable to that of the 

repeatability and for MBP-His the standard deviation was about half of that for that of the duplicates. 

In summary the total standard deviation for MBP-His was 9.24 and 3.13 for GST-His or expressed as 

the relative standard deviation, RSD, 2.88 % for MBP-His on chip with anti-His antibody and 6.62 % 

GST-His on chip with anti-GST antibody.  
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The confidence interval for MBP-His was ±140 ng/ml, this means that a calculated value using the 

standard curve can differ with 140 ng/ml. For GST-His the confidence interval was ±21 ng/ml. This 

means that a concentration of MBP-His lysate calculated from a standard curve can differ 0.56 mg/ml 

for 4000 times dilution of the lysate and for GST-His the concentration of the lysate can differ 

0.42 mg/ml, for a 20 000 times dilution of the lysate. 

4.4 Comparison of methods for protein concentration determination in 

lysate 

The observed difference in target protein concentration in the lysate from the estimation after 

purification with IMAC and the calculation from the standard curves and standard addition curves 

(table 18), was probably due to the assumption that the recovery of the purification step was 100 %. 

When it in reality was lower than that, this method therefore gave an underestimation of the 

concentration of the target protein concentration. With this said this method for calculating an 

estimation of the target protein concentration was not very good, the accuracy of it was also 

dependent on each protein since they have different recovery of the purification depending on how 

well it bound to the column. 

Table 18 Summary of the concentration in the lysate from the different methods, all concentrations are in mg/ml.  

 Standard curves/standard 
addition curves 

IMAC 
purification 

Gel 
electrophoresis 

MBP-His 7.0 2.9 6.1-8.4 

GFP-His 1.5-1.7 1.5 N/A 

GST-His 8.0-8.6 3.9 10.0 

GST-GFP-His 5.0 1.0 N/A 
 

The other alternative estimation method of target protein concentration in the lysate, the standard 

curve run on gel electrophoresis, there was an overestimation of the concentration. This was 

because it was very hard to separate all the proteins and only measure on the band of the target 

protein in the lysate, and there might also be other proteins in the lysate close to this size. If there 

are insoluble target protein molecules, they will show no signal on Biacore but will be solubilized by 

SDS buffer and show on SDS-PAGE.  All of this contributed to the intensity of the band and in the end 

also to the estimation of the concentration of target protein in the lysate. From table 15 it can also 

be seen that the concentration of MBP-His in the lysate varied a lot between the different dilutions, 

this indicated that the estimation was not very precise. The method was also complicated and time 

consuming. 

4.5 Immobilization levels and the importance of a reference surface 
The two different immobilization levels of anti-GST antibodies clearly influenced the response levels. 

This was seen for GST-GFP-His which had a very low response of around 20 RU from the highest 

concentration in the dilution series (figure 23). A response this low was not good, since the 

measurement will be very sensitive to small changes in the response. By increasing the 

immobilization levels it was possible to obtain a higher response from GST-GFP-His (figure 23). This 

could be an alternative for GST-GFP-His, to use a chip with a higher immobilization level so that the 

response will be higher and error be lower.  Another alternative would be to use another type of 

interaction method for example a sandwich method in which a second analyte is injected to increase 

the response (7). 
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From the two runs of the same dilution series of GST-GFP-His, one on the flow cell with lower 

immobilization levels and a reference surface, and the other on the flow cell with higher 

immobilization levels, it was clear that the immobilization levels influenced the response levels. A 

higher immobilization level will also result in a higher response. This results in two standard curves 

with different slopes. Diluted GST-GFP-His lysate was also run together with the dilution series. 

Ideally the response from the lysate would result in the same concentration from calculations of the 

respective standard curve. This did not happen the concentration from the surface with lower 

immobilization levels and a reference surface was 5 mg/ml and from the surface with higher 

immobilization levels it was 7 mg/ml. When looking closer to the result from these runs it was found 

that there also were some interactions on the reference surface, these interactions would then also 

occur on the surface with lower immobilization levels, but will be subtracted from the response level 

and thus give a more accurate response. The surface with higher immobilization levels on the other 

hand did not have a reference surface and any non-specific binding would have increased the 

response. This would in the same time have contributed to a higher value of the concentration of 

GST-GFP-His in the lysate than what was actually true.  So a comparison of the lysate concentration 

from these two runs does not tell you anything, since a reference surface would have been needed 

for the higher immobilization levels to do any comparisons.  

4.6 Storage study  
From figure 22 a trend was seen that each time the chip had been removed and then put back in the 

instrument a decrease in the slope of the standard curve occured. That is the response for the same 

concentration was now lower. This indicated that something happens to the chip sometime between 

the undocking and docking of the chip, therefore a new standard curve should be set up for each 

time the chip has been removed from the instrument. 

5 Conclusions 
For the His-tagged proteins MBP-His and GFP-His on chip with anti-His antibody the standard curves 

were linear and had a good dynamic range, with high response levels. There was also no observed 

matrix effect, seen from the parallel lines in figure 13 and 14. It was possible to measure the 

concentration of the protein in the lysate from a standard curve. The variation from multiple runs in 

different days was low (RSD was 2.88% for 10 measurements of MBP-His). The response from 

non-transformed E.coli lysate was very low, comparable to the response from buffer.  It was also 

seen that the response levels decreased when the chip had been removed from the instrument. It is 

therefore recommended to set up a new standard curve if the chip has been removed from the 

instrument.  

The standard curves for the GST-tagged proteins were linear, but with lower dynamic range than for 

the His-tagged proteins, MBP-His and GFP-His. The measured response was a little lower than 

desired this can partly be compensated by higher immobilization levels. The response level from the 

non-transformed E.coli lysate was high, which might be due to the polyclonal antibodies. More work 

is needed before the method can be used and possibly try with other antibodies or a different set of 

the assay, maybe a sandwich assay.  
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6 Future work 
The next step for the method for measuring the concentration of His-tagged proteins, GFP-His and 

MBP-His, would be to continue with the verification of the method. This would involve setting up 

mass balances for them i.e. using the method to analyse fractions from a chromatographic 

purification process. 

The method for measuring the concentration of GST-tagged proteins require some more work which 

includes to investigate the options for increasing the response for GST-GFP-His and how to decrease 

the response from non-transformed E.coli, this includes looking for alternative antibodies that could 

be used.  
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Appendix A      Lambert Beers law 
A = ελ * c * l 

A=absorbance (no unit often AU is written, absorbance unit) 

c=concentration (M or mg/ml) 

l= light path, often length of a cell (cm) 

ελ= extinction coefficient at a specific wavelength (λ) (cm-1 * M-1 or ml * cm-1 * mg-1) 

Appendix B      Dilutions series of the proteins 
GFP-His 

Standard curve: 200, 100, 50, 20, 10, 5, 2, 0.5, 0.1 and 0.05 µg/ml 

Improved standard curve: 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.5, 0.4, 0.3 and 0.2 µg/ml 

Standard addition curve: 6, 5, 4, 3, 2, 1, 0.5 and 0.2 µg/ml 

Lysate diluted 4000 and 2000 times 

MBP-His 

Standard curve: 200, 100, 50, 20, 10, 5, 2, 0.5, 0.1 and 0.05 µg/ml 

Standard addition curve: 10, 7.5, 5.0, 2.5 and 0.1 µg/ml 

Validation: 10, 8, 6, 4, 2, 0.5 and 0.1 µg/ml 

Storage study: 10, 7.5, 5.0, 2.5 and 0.1 µg/ml 

Lysate diluted: 4000 times 

GST-His 

Standard curve: 20, 15, 10, 8, 6, 4, 2, 1, 0.5 and 0.2 µg/ml 

Improved standard curve: 0.5, 0.45, 0.4, 0.35, 0.3, 0.25, 0.2, 0.15 and 0.1 µg/ml 

Standard addition curve: 0.55, 0.50, 0.40, 0.30, 0.20, 0.10 and 0.05 µg/ml 

Validation: 0.6, 0.5, 0.4, 0.3, 0.2 0.1 and 0.05 µg/ml 

Lysate diluted: 20 000 times  

Standard addition: 10, 8, 6, 4, 2, 0.5 and 0.1 µg/ml 

Lysate diluted curve on anti-His: 4000 times  
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GST-GFP-His 

Standard curve: 150, 100, 50, 20, 10, 5, 2, 0.5, 0.1 and 0.05 µg/ml 

Improved standard curve: 2, 1.5, 1, 0.5, 0.45, 0.4, 0.35, 0.3, 0.25, 0.2, 0.15 and 0.1 µg/ml 

Standard addition curve: 0.55, 0.50, 0.45, 0.40, 0.35, 0.30, 0.25, 0.20, 0.15,  0.10 and 0.05 µg/ml 

Standard curve Fc3: 0.6, 0.4, 0.2, 0.1 and 0.05 µg/ml 

Lysate diluted: 10 000 times  

Appendix C      Method used on Biacore  
These are the steps in the method for a cycle; 

1. Flow was set to 30 µl 

2. Wait 30 sec 

3. 60 µl of sample was injected using KINJECT 

4. Dissociation 2 min 

5. Regeneration was started by injecting 30 µl of regeneration solution using QIUCKINJECT 

6. Wait 30 sec (buffer is running) 

7. New cycle starts 

The following report points were taken, two baseline measurements before the injection, five points 

were taken of the association and dissociation and two point of the regeneration one before and one 

after the injection (table 19). 

Table 19 Summary of the report points collected during an analysis.  

Id report point Description report points 

s_basel1 15 sec before injection 

s_base2 5 sec before injection 

s_eq1 30 into the injection of sample 

plateau 2 sec before end of sample injection 

s_diss1 5 sec after the injections stopped 

s_diss2 30 sec after the injections stopped 

s_diss3 80 sec after the injections stopped 

before_regen 5 sec before regeneration 

after_regen 10 sec after regeneration 

Appendix D      Equations used in validation 

Total Standard deviation:       √      
          

      
 

 
 

Confidence interval:     ̅    
   

√ 
 

Relative standard deviation:      
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