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Sammanfattning
När ett främmande ämne, s.k. antigen, kommer in i kroppen agerar immunförsvaret för
att skydda sig mot angreppet. Specifika antikroppar riktade mot antigenet bildas och kan
hjälpa kroppen att bli av med det okända ämmnet. I vissa fall vill man detektera dessa
specifika antikroppar. Det kan ge svar på om en patient har en infektion, om en
vaccinering har lyckats eller om ett läkemedel orsakar en oönskad immunrespons. Detta
kan man göra på olika sätt. Inom ramen för detta examensarbete har en s.k. ”bridging
assay” utvecklats och utvärderas.
Bridging assay bygger på den specifika bindningen mellan antigen och antikropp. För att
bestämma hur mycket specifika antikroppar som finns i ett prov låter man provet flöda
över stationärt antigen. Med ett annat antigen detekteras sedan hur mycket antikroppar
som har bundit det stationära antigenet. Antikroppen måste alltså ”bryggbinda” de båda
antigenen för att en signal ska fås. Alla analyserna i detta projekt utfördes i
mikrolaboratorium baserad på CD-teknik utvecklad av Gyros AB, Uppsala. Resultaten
från dessa körningar visar att specifika antikroppar mot porcint parvovirus (PPV) i mus
serum kan detekteras med hög prestanda. Responssignalerna uppvisade god
reproducerbarhet, hög precision och brett mätområde. Sammantaget pekar alla resultat
på att Bridging assay i Gyrolab TM har stor potential att utvecklas och användas i framtida
diagnostik undersökningar.
Examensarbete 20 p i Molekylär bioteknikprogrammet
Uppsala universitet maj 2005
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1. AIM
The aim with this degree project was to investigate the performance of the so-called
bridging immunoassay in Gyrolab Bioaffy TM. Biotinylated porcine parvovirus (PPV)
immobilized to a streptavidin column was used to extract specific antibodies from serum
sample and then detect the interaction with ALEXA-labeled PPV. Thus, the antibody
will “bridge” the two antigens. This method was evaluated with respect to general
performance and also with respect to successful quantification of mouse sera from
immunized mice.
In theory, the bridging assay type would neither depend on immunoglobulin class,
subclass nor species and could perhaps be made to function in a very specific manner. It
was hypothesized that controlled liquid flow of sample during the interaction phase
could be used to affect diagnostic sensitivity and specificity of the test.
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2. INTRODUCTION
2.1 Immunoassays

Immunoassays are widely used as a technique to quantify antigens. Often antibodies are
used as reagents because they can be highly specific to the compound of interest. The
interaction between molecules can be compared to a key in a lock. Assays with this
design can be very specific and allows for precise detection of an antigen. However,
sometimes the aim is not to detect antigens but to detect the antibodies formed as an
immunological response to challenge with antigen. The basic design of the technique is
the same regardless what type of analyte is being measured and the same interaction
between antigen and antibody is used in both types of assays.

2.2 Assays for antigen

2.2.1 Sandwich assay
In the sandwich assay antibodies are used both as capturing and detecting reagents.
Hence, the antigen is trapped in a “sandwich” between two reagents. It can be used for
many applications but only for multivalent antigens. However, the sandwich method is a
common approach for a number of assays, including ELISA (Enzyme Linked
ImmunoSorbent Assay). This method uses a biomolecule linked, or conjugated, to an
enzyme that together with its substrate can be used for detection. When the substrate is
added, a colour change can be measured using a spectrophotometer [1]. Different assays,
apart from the sandwich type, are being used in the ELISA format.
2.2.2 Competitive assay
If an antigen of interest happens to be monovalent and therefore cannot be detected in
the sandwich assay, the competitive assay could be an option instead. A surface is coated
with specific antibodies and the sample together with a labelled standard is added. The
detected signal is inversely proportional to the concentration of analyte assuming that the
analyte has the same affinity to the antibody as the standard has. If so, they can compete
on the same premises for binding sites [2].

2.3 Assays for antibody

2.3.1 Competitive assay
The competitive assay can also be used to detect antibodies. Instead of letting antigens
compete for antibody binding sites, specific antibodies in the sample can be allowed to
compete with conjugated antibodies for antigen binding sites. The change in response
after addition of sample indicates that specific antibodies are present and have been able
to bind to the immobilized antigen while displacing the conjugated antibody [1].
Many assays need to be calibrated using dilutions of analyte as a standard for
quantification. However, for the competitive assay only relative responses are measured
which makes it unnecessary to use a standard solution. No absolute quantification is
necessary in many cases e.g. the +/- result from a competitive type of assay is enough to
monitor antibodies specific to porcine parvovirus (PPV) as an immune response to
vaccination [3].
2.3.2 Indirect assay
Antibodies can be detected in other ways as well. Antigens can be immobilized on solid
phase to capture antibodies in solution. Labelled secondary antibodies are added and can
react with the antibody being bound (fig 1.). After washing away unbound antibodies the
signal is measured. The method depends on using reagents in excess or they will become
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a limiting factor for quantification. The indirect assay is a suitable approach if the relative
antibody content of sera or other biological fluids are being screened [1].
a)

b)

Figure 1. Antibody assay. a) Indirect assay. The antibody captures the biotinylated
antigen that has been immobilized to a streptavidin-coated particle. The detection is done
with an ALEXA-labelled antibody specific for the Fcportion of the analyte. b) Bridging
assay. The same method is used to isolate the antibody but the detection is done with an
ALEXA-labelled antigen. Used with permission from Gyros AB.
2.3.3 Bridging assay
There are a number of parameters to consider when working with conventional antibody
assays. Affinity, species of origin, class and even subclass are only a few antibody
characteristics that could affect the result. If the application does not depend on the
antibody class or species, the so-called bridging assay is an appealing alternative. This
type of assay uses the very specific binding conditions between antigen and antibody
both in the capturing as well as in the detecting stage (fig. 1). The basis for this method is
to use the analyte to bridge the labelled antigens in order to generate a detectable
response. Thus, the class and subclass of the analyte is becoming irrelevant and the assay
could optimally be more specific than the types mentioned above. Performance
characteristics of the bridging assay are closely investigated in this project.

2.4 Applications of antibody assays

2.4.1 Monitoring vaccination against infection
Porcine parvovirus (PPV) is widespread among swine and the virus is likely to cause
reproductive failure for pregnant sows. An infected sow carrying piglets could deliver
stillborn or mummified fetuses [4]. However, swine infected with the virus show few, or
even no, clinical symptoms, which can cause the infection to pass unnoticed until a sow
is about to deliver. Parvovirus is one of the most resistant viruses known and can survive
without a host for days, making it hard to eradicate [5]. Hence, PPV could create
difficulties and large economic losses for farmers making their living from pig breeding.
To prevent disease and to decrease rapid spreading of an infection, vaccination could be
an option [6]. Vaccination programs are common measures taken to avoid PPV-induced
reproductive failure. Before immunization and prior to breeding, it is recommended that
specific antibodies against the virus be monitored [3]. This creates a need for good
antibody assays to make sure that the sow has a sufficient immune protection against
PPV.
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2.4.2 Medical treatment
The objective for quantifying antibodies could vary widely. It could be to detect signs of
infection by examining the level of specific antibodies in a blood sample or to monitor
side effects of pharmaceuticals, specifically protein-based. Elevated levels indicate that
the individual has encountered a foreign antigen and appropriate measures could be
taken. In the case of medical treatment it is not desired that patients develop antibodies
against the drug. Anaemia patients are often treated with recombinant human
erythropoietin (rhEPO) to compensate for their own deficiency of red blood cells. Most
patients who develop antibodies against rhEPO also develop pure red cell aplasia, which
means that red blood cell precursors are lacking in the bone marrow weakening the
blood system even more [7]. Thus, with this knowledge, the need for assays to detect
anti-rhEPO is increasing. Tests are developed to examine if a patient shows increased
levels of anti-rhEPO in the blood and, hence, also run the risk of acquire pure red cell
aplasia [8].
2.4.3 Correct treatment for autoimmune diseases
An antibody assay could be used in autoimmunity situations when the immune system of
a patient reacts to self. In this case, the patient develops antibodies specific to selfantigens. It could be important to detect autoantibodies in order to select an appropriate
course of treatment. Some diseases may look similar but the optimum treatments may
differ. This is true in the case of neuromyelitis optica (NMO) that is hard to distinguish
from multiple sclerosis. It has been suggested that anti-NMO IgG could be used as a
biomarker to indicate the right treatment for the patient [9].
2.4.4 IgE mediated allergy
Allergy tests can also be performed using antibody assays. As a tool to establish the
substances that cause an allergic reaction in a patient, elevated levels of allergen specific
IgE could be detected. IgE is linked to hypersensitivity type I while IgG and IgM,
directed against self-antigens, are the main classes involved in autoimmunity [10]. Hence,
the antibody class, or even subclass, is central for some applications and demand a
suitable method for quantification. However, for some applications the class is irrelevant
as long as the antibody is specific for the antigen of interest.
In the above-mentioned applications there might not always be necessary to truly
quantify antibodies. For many purposes it is enough to determine whether a specific
antibody is present in a sample or not. Conclusions can most often be drawn with the
knowledge about the relative level of the antibody of interest. In many cases, the most
important feature is not whether an assay is truly quantitative or not, but how sensitive
and selective the method really is. It might be more important to identify the true
positives and the true negatives rather than to exactly quantify the antibody with high
accuracy.

2.5 Gyrolab Bioaffy TM

Gyros AB has developed and created a microlaboratory that uses only very small
volumes of reagents and samples. When sample availability is limited, or when many
analytes are to be measured, there is a strong need for restricted consumption of
reagents. With Gyrolab TM Workstation it is possible to generate many data points with
limited sample and reagent volumes.
Gyrolab Bioaffy TM was developed by Gyros AB and is used for protein quantifications.
Originally, it was developed for sandwich immunoassays but can be used for other types

4

of assays as well. The basic design of Gyrolab Bioaffy TM allows for various applications
as long as a biotinylated reagent can be immobilized on the streptavidin column and a
detecting reagent can be conjugated to a fluorescent substance to measure the
interactions. Gyrolab Bioaffy TM proved to be a suitable platform for this project and a
good choice when different assay model systems were used.

3. MATERIALS AND METHODS
3.1 Biological material for the PPV assay

3.1.1 Reagents
PPV was prepared and inactivated by Rivera et al [11]. Fractions of the inactivated virus
were kindly supplied by the SVA group. Pool II of the virus preparation was used in the
assay both as capturing and detecting reagents. Part of the fraction was labeled with
biotin to serve as capturing reagent, and another part was ALEXA labeled to function as
detecting reagent.
3.1.2 Reference antibodies
Rabbit polyclonal serum together with a mouse monoclonal antibody specific for PPV
were supplied by SVA. Instead of using valuable serum sample material, the rabbit serum
served as a reference to test the system and its behavior. In this way the sample material
could be saved. Besides the monoclonal mouse anti-PPV from SVA, another monoclonal
anti-PPV supplied by Svanova AB, was run with the aim to further study the system. The
antibody from Svanova AB is currently used as a conjugate in their competitive ELISA
to detect PPV [3].
3.1.3 Samples
The sample run in this study was not rabbit but mouse sera. Thirty mice divided in five
different groups were immunized with inactivated PPV together with different types of
adjuvants according to Rivera et al (2005; Table 1). The animals were immunized twice
within a time period of four weeks and blood samples were collected at nine different
occasions. The first sample was taken 24 hours after vaccination (24hI), the next 72
hours (72hI) and two weeks (2vI) after vaccination. After booster, blood was drawn at 24
hours (24hII), 72 hours (72hII), one week (1vII), two weeks (2vII), three weeks (3vII)
and five weeks (5vII). A total of 234 samples were analyzed.
Table 1. Immunization. The vaccination was done with porcine parvovirus and five
different adjuvants.
Group

Mouse
1
2
3
4
5

*

Adjuvant
1-5
PBS
*
FCA
5-10
Alum
10-15
26-27
17-20
Ginseng
22,24 Alum+Ginseng
28-30

Freund’s Complete Adjuvant

To be able to quantify unknown samples, known concentrations of the analyte are
normally used to create a standard curve. In this case there did not exist such a standard
but instead, five mouse sera were pooled together and diluted in steps of 5 from 1/5, 1/25
etc. to 1/78125 . This type of standard can quantify unknown samples in a relative manner
5

but cannot give values in absolute units. Throughout the project, dilutions of 1/125 were
set to correspond to100 arbitrary units.

3.2 Biological material for IgG assay

Apart from PPV as a model system, an IgG assay was also used. Human monoclonal
IgG1λ from a myeloma (Sigma) was labeled with biotin and ALEXA to function as
general reagents. One polyclonal antibody from Sigma (prod. nr 555784) and three
monoclonal antibodies specific for human IgG were used as analytes, where BD
Pharmingen supplied one clone (I9885) and Fitzgerald supplied the remaining two clones
(10-I21 and 10-I17).

3.3 Gyrolab Bioaffy TM

3.3.1 CDBA2
The analysis was carried out in a CD called CDBA2 1C developed by Gyros AB. It is
organized in 13 available segments with 8 microstructures in each. Every microstructure
contains a microcolumn pre-packed with streptavidin-coated particles. This gives 104
columns for every CD, which means that 104 data points can be generated from one
single CD [12].
Common channel for
liquid distribution
Individual inlet
Hydrophobic breaks stop
liquid flow

Volume definition chamber
(200 nl)
Overflow channel for
excess liquid

Capture column (15 nl)

Figure 2. Gyrolab Bioaffy TM 1C microstructure. One of the 104 structures on the CD
shows the different elements included in the structure. Picture used with permission from
Gyros AB.
It is of great importance in quantitative assays that the sample volume is constant to
avoid fluctuations in response values. Assays developed to quantify samples are always
dependent on the exact volume to perform well. If the volume is unknown a quantitative
assay will not be able to give informative results and the detectable signals can only
indicate whether an analyte is present or not. In CDBA2, a common inlet passes fluid to
the entire segment while an individual inlet is used to direct fluid to individual columns
(fig. 2). A volume definition chamber is integrated into the microstructure. Thus, 200nl is
being transferred to the column while excess fluid proceeds to an overflow channel (fig.
2). By incorporating the volume definition step into the CD good precision can be
obtained even with small volumes.
3.3.2 Liquid flow
The CD is positioned in the workstation that operates automatically. A robotic arm with
capillaries adds every solution at a certain moment and at a certain place on the CD.
6

Thus, the liquid is transferred to predetermined position on the CD in a controlled and
programmed manner.
Natural forces like capillary and centrifugal forces pass fluid through the structures.
Capillary force draws fluid into the microstructure and hydrophobic breaks prevent the
fluid from moving any further (fig. 2). The breaks are an important feature built into the
structure and enables parallel addition of samples. By spinning the CD, defined volumes
can be made to overcome the hydrophobic breaks and continue to subsequent parts of
the microstructure. Thus, centrifugal force is used to move fluid over the column.

3.4 Assay procedure

This project follows the suggested workflow as described in GyrolabTM Workstation User
Guide version 7.1 (fig. 3).
Prepare lists e.g. sample lists
Create batch
Prepare solutions and microplates
Start-up and prime Gyrolab Workstation
Prepare Gyrolab Control software to run batch
Load Gyrolab Workstation
Start run
Finish run and unload Gyrolab Workstation
Data analysis

Figure 3. Application workflow. Used with permission from Gyros AB
3.4.1 Initial preparations
Lists are created using already made Excel files as templates. Here samples are defined as
e.g. blank, standard and control, which makes it easier to trace and to make appropriate
use of the response value in the data analysis. The lists describe the reagents and the
order in which they will be transferred through the method.
The method to be used for the run is selected when creating the batch with the software.
In this step the lists are also imported. Before the run is started Gyrolab TM Workstation
has to be primed with Pump and Wash Liquid and the Control Software has to be
prepared. The workstation can then be loaded with appropriate microtiter plates and up
to 5 CDs. The run can be started at this stage.
3.4.2 Bioaffy 1C v2
Bioaffy 1C v2 was the method used throughout the project and in all runs on the
workstation. It includes steps with capture, analyte and detection transfers, different
washing steps and spin programs (Appendix 1).
First, the CDBA2 columns are washed twice with Wash liquid PBS-T (0.015M NaPO4
pH 7.4, 0.15M NaCl, 0.02% NaN3, 0.01% Tween-20) in order to recondition the
streptavidin-coated particles followed by a short spin. The second step is transfer of
biotinylated solution followed by a spin. The reagents are immobilized onto the solid
phase through the streptavidin-biotin interaction.
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After the immobilization of reagent, two wash steps are performed with Wash liquid and
with the same short spin as previous wash steps. The samples are added to the individual
inlet in the microstructures. For each run, standards and unknown samples are typically
run in triplicates together with at least one blank per segment. Subsequent spin makes
volume definition possible and 200nl of sample flows into the columns allowing
biotinylated antigens to interact with the analyte. Two wash steps are performed followed
by a very short spin to ensure liquid-filled columns during the fluorescence detection.
3.4.3 Detection
The detection is done with a laser-induced fluorescence (LIF) detector integrated in the
instrument. The laser light source is a HeNe laser at 632.8nm with a filter to control light
intensity. During the detection step the LIF detector scans the CD from the periphery
towards the center while the CD spins.
When the fluorescent signal has reached the LIF detector, the signal is amplified in a
Photo Multiplier Tube (PMT). The background fluorescence detection is performed at
three different PMTs, 1%, 5% and 25%. Recording the background signal is done in
order to control the effect of unbound, or unspecifically bound, detecting reagent that
does not contributing to the response of interest. Excess buffer is washed away by a
short spin before the addition of detection antigen. The detection antigen is allowed to
bind to the antibody during the following spin step and the bridging immunoassay is
formed. Specific antibody binds to immobilized antigen as well as to detecting antigen in
a bridge-like fashion. To remove all unreacted detection antigen before the final
detection, four wash steps are included. Also at this detection step, the LIF detector is set
at 1%, 5% and 25%.
3.4.4 Software
When the workstation is finished, it can be unloaded and data is analyzed using Gyrolab
Evaluator. It is the software to handle all the data, creating and displaying standard
curves and statistics for every run (fig. 4). Unknown sample concentrations are graphed
in histograms for simple analysis. The program also collects important information about
from which structure on the CD the sample response was measured. Thus, it is possible
to trace the sample back onto the CD if desired.
Another software program, Gyrolab Viewer, offers the possibility to further analyze the
microcolumn. This program presents colorful diagrams of the column profiles to allow
for visualization of the fluorescent signal distribution (fig. 4). The axis in the diagram
shows intensity of the signal, the radius direction and the angle direction of the column.
A purple-framed area denotes the area under which the algorithm integrates the obtained
signal. The integration volume is proportional to the amount of detected analyte on the
column. To be sure that the algorithm integrates under the specific signal, it is preferred
to have an enriched reaction at the top of the column (fig. 4).
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Direction of liquid flow

Curve Fit
Fit Cell
Detection Limit Formula
Subtracted Median of Blank Responses
Model Category
Model Number
2
2
r value (linear correlation coefficient )
Model Formula
Model Parameters

#Ok
Average of blank response + 2* standard deviation of blank re
Dose Response One Site
201
0.994114
(A+((B-A)/(1+((x/C)^D))))
A
5.346
B
299.4
C
369.2
D
-0.9156

Standard Curve
Chart Result

#Ok

Capture_Detection_Detect PMT 1%_1523

Observed Capture_Detection_Detect PMT 1%_1523
Predicted Capture_Detection_Detect PMT 1%_1523

Response

100

10

0.1

1

10
Concentration

100

1000

Figure 4. Software programs. Gyrolab Evaluator displays information from the run
e.g. standard curves (left). Gyrolab Viewer shows colored diagrams of the distribution of
fluorescence in a column (right). The arrow shows the direction of liquid flow.

3.5 ÄKTA FPLCTM

A number of different applications can be performed using chromatography and one of
them is separation and purification of biomolecules. This was done in this project in a
system delivered from GE Healthcare called ÄKTATM together with the software
UNICORNTM. The system design is based on FPLC (fast protein liquid
chromatography), which is said to be the standard for protein purification. The technique
can be used to separate molecules according to size, so called size exclusion
chromatography or gel filtration. A separation column is packed with porous particles
and sample is allowed to run through. Proteins that are smaller than the pore size can
enter the particles and therefore have a longer path and a longer transit time than larger
molecules that cannot enter the particles [1]. Thus, retention time will be proportional to
size. Large molecules will be collected close to the void volume and the smallest
molecules will leave the column last.
ÄKTA FPLCTM consists of an injection valve where samples are applied into the system,
a sample pump, P920, that moves eluent through the pump valve before the liquid enters
a 0.6ml mixer unit, M925. The eluent passes through a pre-packed column of Superdex
media and the UPC-900 monitor is able to measure UV-light at 254nm and 280nm.
When the eluent leaves the column fractions are automatically collected in microtiter
plates by Frac-950. UNICORNTM is the software to supervise the complete run and to
present the data obtained (GE Healthcare).
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4. EXPERIMENTS
4.1 Biotin labeling

For the biotin labeling procedure 50µg of the virus preparation was used. In order to
obtain a concentration of 1mg/ml, 500µl of the virus fraction was centrifuged in a
Nanosep 30K filter from Pall Corporations. Nanosep is a semipermeable membrane with
a cut off of 30kD that allows small molecules to pass while larger molecules, like PPV,
not are able not pass through. The EZ-Link-Sulfo-NHS-LC-Biotin produced by Pierce
was diluted to 10mM and used in 20 times molar excess. The solutions were mixed and
incubated in room temperature for 40 minutes. To remove free biotin the solution was
centrifuged in a Nano Sep 30K column at 13000rpm. A volume of 450µl PBS (0.015M
NaPO4 pH 7.4, 0.15M NaCl, 0.02% NaN3) was placed on the membrane of the tube
together with the reaction mixture and centrifuged until about 50µl remained. To be sure
that free biotin was removed another wash with 450µl PBS was performed. The final
volume was 60µl.
Bovine serum albumin (BSA) was also biotinylated. The same procedure with a few
alterations was carried out for this protein as described above for the PPV fraction. The
starting concentration was 1mg/ml in a volume of 300µl. The biotin reagent was used in
twelve times molar excess. The purification step was performed using protein desalting
spin columns from Pierce. The final volume was 330µl.

4.2 ALEXA labeling

For the ALEXA labeling reaction, 90µg the virus preparation was concentrated to
1mg/ml using Nanosep 30K filter from Pall Corporations. The labeling procedure was
carried out according to enclosed instructions from the manufacturer, Molecular Probes
[14]. Briefly, 0.1M sodium bicarbonate buffer was added to the protein solution before it
was transferred to the vial of reactive dye. The reaction was protected from light and
incubated in room temperature for 1h before the solution was purified. For the
purification step, the separation column included in the kit was packed with 1.5ml resin
and used to isolate the desired product from free dye. The final product had a volume of
90µl.

4.3 Titration of biotinylated reactants

In order for the virus to bind to antibodies in a detectable manner, biotinylated PPV (B1205) together with biotinylated Bovine Serum Albumin (BSA) was immobilized on the
solid phase. A suitable combination of concentrations had to be established so that the
antibody would be able to bind both the biotinylated and the ALEXA-labeled reagents
i.e. “bridging” the two antigen preparations. In a conventional antibody assay this
measure would not be needed as long as the column is saturated with antigen. However,
in a bridging assay the antibody is not allowed to bind with both arms to the immobilized
reagent and, hence, not be able to bind the detecting antigen. On the other hand, there
must be enough antigen immobilized on the solid phase to generate a response, or the
assay is not useful. If the reaction equilibrium between antigen and antibody were shifted
too much to either side, it would in theory be impossible to obtain a signal.
In order to find the best conditions for bridge binding, different combinations of stock
solutions of biotinylated PPV and biotinylated BSA in PBS-T were tested. The purpose
of using BSA together with the antigen is to fully saturate the streptavidin column with
protein and thus, avoid unspecific surface interactions between ALEXA labeled antigen
and streptavidin.
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4.4 Titration of ALEXA labeled reactant

The optimal concentration for the detection antigen was also determined. The aim was to
find the dilution where the background was kept at an acceptable level and the high end
of the standard curve would still be detectable. The large signal to noise ratio is desired
for a high performance method. The stock solution of fluorescence labeled antigen was
used at three different dilutions, 1/10, 1/20 and 1/40 in PBS with 1% BSA.
Rabbit anti-PPV serum supplied by the National Veterinary Institute (SVA) was serially
diluted and used as a reference sample to generate data points for all titrations. Thus, no
valuable sample material was wasted. The results obtained from these titration
experiments were used with minor alterations throughout the project.

4.5 Performance

Performance of the assay was evaluated with regard to the parameters below.
4.5.1 Precision
The term is used to describe how well the system can reproduce the same response for
the same sample [15]. A technique that shows great variability in signal for the same
sample is not reliable and conclusions drawn from it are not trustworthy. Therefore, it is
useful to test precision by running samples in muliplicates.
In this run, mouse serum was diluted 125 times in PBS with 1% BSA and aspirated in
twelve repeats.
4.5.2 Measuring range
Quantification methods may vary with respect to the range within which reliable results
can be generated. It is often convenient to have an assay that can measure within a large
concentration interval since samples containing high as well as low concentrations of
analyte can be quantified without additional dilutions or reruns. The term “measuring
range” refers to the interval in which the system can produce reliable results [15].
Measuring range was tested using the rabbit anti-PPV serum serially diluted in steps of
five from 1/5 to 1/390625. The series produced a curve used to determine the measurement
range for this particular system.
4.5.3 Reproducibility
Both intra-and inter CD reproducibility were investigated. Two series of rabbit anti-PPV
were made and run at two different days on two different CDs. One series were repeated
once on the same CD to illuminate any differences within the CD. The reagents used
were the same as above.

4.6 Sample dilution

To evaluate possible dilution factors for serum samples, six mice were selected on
previously shown anti-PPV titers. Two mice from group 1 with low antibody titers, two
mice from group 4 with intermediate levels of specific antibodies and, finally, two mice
form group 3 with high titers of anti-PPV were selected. All samples were taken at two
weeks after immunization. For the GyrolabTM run, the samples were diluted as ½, ¼, 1/8,
1
/16 and 1/32 and run in triplicates.
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4.7 Gel filtration

In order to prove that the bridging assay is independent of immunoglobulin class, a gel
filtration experiment was performed. Pools from five mouse sera were created to give
each a total volume of 100µl. Sera were taken two weeks after immunization (2vI) where
IgM could be expected and five weeks after booster (5vII) where mostly IgG is present.
Before the two separate runs were performed on the ÄKTA FPLCTM, the Superdex
column was washed three times with milliQ water. Then, degassed PBS was used for two
equilibrations before the sample could be injected. Fractions were collected in microtiter
wells.
Every second fraction within the detection range was run in Bioaffy TM with a denser
selection of fractions in the predicted IgM and IgG intervals. Every fraction gave one
data point.

4.8 Quantification of antibody levels in sera from mice

Sera from immunized mice were run in triplicates at a normal dilution of 1/25. This
dilution proved to be insufficient for samples with high antibody titers and Gyrolab
Viewer showed saturated columns (fig. 5). The same signal is obtained all along the
column from top until bottom. Samples displaying saturated profiles were rerun at higher
dilutions.

Direction of liquid flow

Direction of liquid flow

Figure 5. Saturated column. The figure shows a representative peak of a sample with
anti-PPV content high enough to saturate the system. The picture is taken from Gyrolab
Viewer with an added arrow to show the direction of liquid flow.

4.9 Monoclonal anti-PPV

To test if it would be possible to adjust the equilibrium between antigen and antibody on
the solid phase different combinations of biotinylated PPV and biotinylated BSA were
added as capturing reagent. The stock solutions were diluted as described below and
mixed with a 1:1 ratio.
1
/5 B*PPV
1
/25 B*PPV
with 1/50 B*BSA
1
/125 B*PPV
Two different monoclonal mouse anti-PPVs were serially diluted in steps of five to be
used as analyte. In order to obtain as much information as possible about the antibodies
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both the indirect assay and the bridging assay type were used. The detecting reagents
were therefore, ALEXA-PPV and ALEXA-antimouse IgG respectively.

4.10 IgG assay

The results from the monoclonal experiment led to the decision of testing another model
system to further study the relation between the dose of immobilized antigen and the
ability to fine-tune the response levels of different monoclonal antibodies displaying
differences in affinity for the antigen.
4.10.1 Labeling of reagents
Human IgG (hIgG) was labeled with biotin and ALEXA in the same manner as
described above for PPV. For the biotin reaction, the first step was to exchange buffers
since Tris in the storage buffer could interfere with the biotin reagent [16]. Nanosep 30K
filters from Pall Corporations were used for this purpose. With the removal of Tris, EZLink-Sulfo-NHS-LC-Biotin produced by Pierce was diluted to 10mM and added to 100µl
of antibody solution in 12 times molar excess. The solutions were mixed and incubated
in room temperature for 1h. Absorbance at 280nm was measure and the protein
concentration was determined.
The ALEXA-labeling reaction was carried out as described for PPV in 4.2. The starting
amount of hIgG was 100µg. The degree of labeling was determined by measuring
absorbance at 280nm and at 650nm and calculated according to the manufacture’s
instructions.
4.10.2 Titration of reagents
The reagents were titrated to find the optimal dilutions for the system before different
monoclonal antibodies were tested as analytes. The same procedure as before, with
different dilutions of the stock solutions of biotinylated IgG mixed in a 1:1 ratio with
biotinylated BSA, was analyzed. Dilutions of the detecting antigen was also tested to give
a large signal to noise ratio. ALEXA-labeled IgG was run with dilutions factors of 20, 40
and 80. For all titration experiments a polyclonal antibody was used as analyte reference.
4.10.3 Different amounts of biotinylated antigen
Three monoclonal mouse anti-human IgGs were tested with a combination of
biotinylated hIgG together with biotinylated BSA in a 1:1 ratio (see below).
1
/4 B* hIgG
with 1/64 B*BSA
1
/20 B*hIgG
with 1/64 B*BSA
1
/100 B*hIgG
with 1/64 B*BSA
1
/500 B*hIgG
with 1/16 B*BSA
To ensure that the streptavidin column would be saturated with protein and trying to
avoid unspecific interactions, a dilution of 1/16 BSA was used with the most diluted
antigen. The monoclonal antibodies were run with concentrations ranging from
5000ng/ml down to 8ng/ml generating curves from five data points. Detection was done
with 69nM ALEXA-hIgG.
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5. RESULTS

5.1 Titration of biotinylated reagents

In order to optimize detection conditions, reagents on the solid phase were first titrated.
To promote bridge binding, a mixture of biotinylated BSA and biotinylated PPV were
added in the capture transfer step. The signal ratio between blank and sample was
calculated for evaluation (Table 2). A large difference between background response and
sample response is desired for an assay with high performance and consequently the
conclusion was that PPV should be diluted between 80-160 times and BSA between 1664 times (Table 2a).
Table 2. Combinations of biotinylated PPV and biotinylated BSA. Stock solutions
of the biotinylated reagents were run at different dilutions as capturing reagents.
a) Positive/blank response. The response ratio between blank and sample was
calculated. The highest values were obtained for combinations within the shaded area.
B*PPV

B*BSA
1 1/4 1/8 1/16 1/32 1/64 1/128
1/10 54
76
53
50
1/40 31
73
81
62
1/80
117
100
1/160 16
50 46 120
103
95
43
1/320
48
53
1/640 7.1
10 14 24
28
39
14
1/1280
5.2
14

b) Absolute response values. The darkest shaded value represents the combination
with the highest response value.
B*PPV

B*BSA
1
1/10
33
1/40
12
1/80
1/160
4.2
1/320
1/640
1.2
1/1280

1/4
53
32

1/8

14

17

4.5

4.3
0.5

1/16 1/32 1/64 1/128
61
61
56
64
49
73
35
40
49
50
15
27
12
11
22
16
3.7
1.2
7.1
1.5

The absolute response values revealed a turning point at a dilution of 1/80 for biotinylated
PPV and 1/64 for BSA (Table 2b). At this point more antigens on the column did not
bring forth a higher signal. Diagrams from the Viewer were analyzed for a detailed
evaluation. It could be observed that more PPV on the column led to an enrichment of
the antibody at the top of the column and more BSA on the column gave the peak a
broader base and the profile appears to be collapsing (Appendix 2). Column profiles with
narrow peaks enriched at the top of the column were favored for the algorithm to
integrate as much of the signal as possible.
The evaluations combined, led to the final conclusion that the ratio between BSA and
PPV should be about 1.57. In the interest of saving reagents, the chosen dilutions were
1
/100 for PPV and 1/64 for BSA mixed together as 1:1. It turned out at a later stage,
however, that the column did not seem to be totally saturated with protein at this
dilution while the final combination was chosen as 1/80 for the PPV and 1/51 for the BSA
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preparation. A starting volume of 60µl for the limiting virus reagent would be enough to
give about 19200 data points with this dilution.

5.2 Titration of ALEXA-labeled reagents

For the detecting reactant different dilutions were tested in order to determine the
optimal one. It could be noticed that the background was lowered and the signal to noise
ratio increased with additional dilutions of the detecting antigen (fig. 6). With a low
background signal the standard curve could be made steeper which in turn means that
the measuring range increases and that the limit of detection also is improved. Thus, a
dilution factor of 40 was used in this study since it proved to generate the lowest
background. This dilution would generate about 7200 data points with a start volume of
90µl.

Response

During the project numerous runs were performed using the capturing and detecting
reagents, nonetheless only small volumes were used. For the biotinylated virus about
25µl and about 40µl of the fluorescent complex were consumed.

100

10

Dilutions Average signal to noise ratio
1/10
221
1/20
310
1/40
512

1/10

1
0.1

1/40
1

10
100
Concentration

1000

Figure 6. Different dilutions of ALEXA-PPV. The detecting reagent was diluted 10,
20 and 40 times. A concentration of 100 on the x-axis corresponds to a dilution factor of
125. The most diluted solution proved to give the lowest background signal and also the
highest signal to noise ratio (right).

5.3 Performance

5.3.1 Good precision
Twelve replicates of mouse serum were run to determine the precision of the assay.
Coefficient of variance (CV) was calculated to be 1.9% (fig. 7). This value belongs to the
low CV interval and implies that the system is very precise and can generates only
minimal variations in response value for the same sample.
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Figure 7. Precision. Replicates were done for mouse α-PPV diluted 125 times. CV was
1.9%.
5.3.2 Measurement range of more than 4 orders of magnitude
Rabbit serum was serially diluted and run in triplicates to generate a standard curve (fig.
8). It could be estimated that the linear part of the curve spans a concentration interval of
more than 4 orders of magnitude.
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Figure 8. Measuring range and inter/intra CD assays. a) Rabbit α-PPV was run
three times on the same day. Measuring range is over 4 orders of magnitude and both
inter- and intra CD shows good reproducibility. A concentration of 100 on the x-axis
corresponds to a dilution factor of 125. b) Plotting CVs in the range from 2.0 to 6.1.
5.3.3 Good reproducibility
In order to determine to what extent signals from the same sample differ between and
within CDs, reproducibility was examined. Good reproducibility could be demonstrated
and none of the three curves drift away or fluctuates compared to each other (fig. 8).
This is certainly a measure of good reproducibility.
For four days standard curves were generated from the same diluted solutions and were
used to quantify mouse sera in respect to anti-PPV. When comparing and analyzing these
curves it was concluded that they did not differ more than 10%, except at very high
dilutions (fig. 9).
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Figure 9. Reproducibility. a) Four standard curves from five mice pooled and serially
diluted. The run was repeated four days on the same instrument. By positioning the
standard curves on top of each other, good reproducibility could be demonstrated. A
concentration of 100 on the x-axis corresponds to a dilution factor of 125. b) Variations
are small with CVs ranging from 3.7 to 6.2.

5.4 Low dilutions of serum is technically feasible
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The same samples were analyzed at different dilutions without any technical difficulties.
As expected mice 2 and 3 had the lowest anti-PPV titer while mice 13 and 14 had the
highest. The least diluted samples could be measured for all mice and could, without any
doubts, be distinguished from the background signal. When the entire set of sample was
quantified later during the project, the normal dilution was set as 1:25 to avoid too many
cases of saturation.

mouse 18

Figure 10. Sample dilutions. Mouse sera at different dilutions were run with no
technical problems.

5.5 IgG and IgM can be detected

Two pools of mouse sera taken two weeks after immunization and five weeks after
booster were gel filtrated. Several peaks were obtained and when trying to determine
activity every other fraction was run in Gyrolab BioaffyTM. Activity was found at two
distinct peaks for the pooled samples taken two weeks after immunization (fig.11). When
mapping the fractions to the gel filtration diagram it was clear that the lower activity peak
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was close to the void volume while the higher activity peak was close to the albumin
retention volume (fig. 11). Hence, the molecular size of the analyte varied widely and it
seemed likely that specific IgM contributed to the low activity peak and the contribution
from specific IgG was seen in the high activity peak. For the sample taken five weeks
after booster only one activity peak could be seen. This peak was mapped to the area in
the chromatogram where IgG would be expected.
According to established immunological theory, IgM would be expected two weeks after
first vaccination [10]. This supports the finding of two peaks with a big difference in
molecular size for the earlier sample while for sample collected at a later time only one
peak could be detected.
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Figure 11. Gel filtration. The result from the gel filtration showed peaks of activity a)
two weeks after first immunization (2vI) and b) five weeks after booster (5vII). c) The
arrows show where in the chromatogram the activity peaks could be found for 2vI(left)
and 5vII (right).

5.6 Quantification of unknown sample concentrations

Quantification of sera from immunized mice was performed in this project. A total of
234 samples were analyzed in triplicates with a normal dilution of 1/25. This dilution factor
proved to be too low for individuals with high anti-PPV titers. Samples that showed
saturated column profiles had to be rerun at higher dilutions. The same method and
reagents as described above were used for all samples.
5.6.1 Before booster moderate levels of anti-PPV
Before booster, there were only very low response values for all groups (fig. 12).
However, two weeks after immunization the response levels increased. It was most
obvious that the specific anti-PPV titers were enhanced when using FCA or Alum or
Alum together with the ginseng fraction Rb1. Therefore, the conclusion is that these
adjuvants better can assist in eliciting a primary immune response than NaCl or Rb1
alone can do.
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Figure 12. Quantification of anti-PPV in mouse serum samples. Groups of five
mice were immunized with PPV together with five different adjuvants and run against a
standard curve.
5.6.2 After booster levels of anti-PPV increase
After booster vaccination, on the other hand, the specific antibody titer increased
significantly for all five groups (fig. 12). Considerably higher concentration of specific
antibody levels one week after second immunization is in perfect agreement with
immunological theory. According to theory, memory B-cells are differentiated after first
encounter with an antigen. When the cell encounters the antigen for the second time the
response is faster and more efficient, leading to an increased production of specific
antibodies [10].

Indirect assay

The results clearly show that the five mice immunized with Freund’s Complete Adjuvant
(FCA) generally have the highest concentration of specific antibodies followed by mice
vaccinated with Alum (fig. 12). The group using Rb1 together with Alum seems to
experience the same effect as the mice vaccinated with 0.9% NaCl.
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Figure 13. Correlation between two antibody assays. Antibody assays with different
detection methods were used to quantify the same serum samples (Karin Skoglund). The
results from the bridging assay (concentrations) are compared to the results generated
from Skoglund’s assay (responses).
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5.7 Comparison between assays

In 2004 Karin Skoglund was using Gyrolab BioaffyTM to study the same mouse sera as in
this project but with an indirect assay approach. In her study the detecting agent was not
a labeled antigen but ALEXA-conjugated antibodies specific for different IgG
subclasses. The assays differ in their design but the same analyte was quantified and it is
interesting to compare the two strategies; the indirect assay with respect to total IgG
specific to PPV and the bridging assay with respect to any antibody class specific to PPV.
In general, the two assays seem to agree producing an R-value of 94.3% (fig. 13).
In Skoglund’s project absolute response values are presented while data from the
bridging assay were quantified against a standard and, hence, presented as concentrations.
This explains the big numerical differences in detection range (fig. 13).
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Figure 14. Two mouse anti-PPV in different assays. The diagrams from the
monoclonal from SVA (top) and from Svanova AB (bottom) were tested with 1/10, 1/50
and 1/250 of biotinylated PPV and 1/50 of biotinylated BSA on solid phase. A
concentration of 100 on the x-axis corresponds to a dilution factor of 125. Both
diagrams show low responses and could not support the theory that by adding more
capturing antigen it would be possible to detect the antibodies.

5.8 Monoclonal anti-PPVs give response values at blank level

So far, only polyclonal analytes had been tested but it is also interesting to study the
behavior of monoclonal antibodies in the system. The two monoclonals kindly donated
to this project by SVA and Svanova AB, were both tested in the indirect assay type as
well as in the bridging assay type. The result from the experiment turned out to be
unexpected since it did only give responses at blank levels. This result was, at first,
explained with the quality and age of the antibodies.
However, another line of thought was that with an increased dose of antigen on the solid
phase, also low affinity antibodies could perhaps be detected. This hypothesis was tested
with the addition of different dilutions of biotinylated antigen to the column. The
outcome of the experiment did not give any convincing evidence to verify the hypothesis
since the amount of immobilized antigen did not seem to alter the shape of the standard
curve for any of the monoclonals (fig. 14).
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5.9 IgG assay

5.9.1 Titration of reagents
For a more detailed study of the possibility to manipulating the capture mixture for
various purposes, a new model system was required. Different assays were considered
but the most straightforward system seemed to be an IgG assay where in-house reagents
could be used and a set of monoclonals could be compared.
hIgG was labeled as described and the absorbance of the biotinylated product was 0.073,
measured at 280nm. According to instructions from the biotin reagent supplier, the
protein concentration was calculated to be 3.45µM.
To promote bridge-binding of the antibodies, different combinations of biotinylated
hIgG and biotinylated BSA were tested. The response ratio between signal and blank was
calculated and gave the highest values at 1/10 B*IgG and 1/16 B*BSA. The column
profiles showed that 1/160 B*IgG gave peaks with the most narrow base. Figure 15 was
the basis for the final selection of combination of reagents and in the interest of saving
material, 1 /100 of biotinylated hIgG and 1 /64 of biotinylated BSA were chosen.
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Figure 15. Combinations of biotinylated IgG and biotinylated BSA. Dilutions of
the stock solutions were mixed as 1:1 and run as capturing reagent. The response ratio
between blank and sample was calculated (top) and the column profiles were evaluated
(bottom).
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Figure 16. Different dilutions of ALEXA-hIgG. The detecting reagent was diluted 20,
40 and 80 times. The most diluted solution gave the lowest background signal but did
not differ much from the 1/40 curve.
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The degree of labeling of was calculated to be about 7 moles ALEXA-dye per mole
protein with a final concentration of 2.76µM. The stock solution was diluted 20, 40 and
80 times in order to establish the most suitable dilution for the detecting reagent. Due to
only minor difference between a dilution of 40 and a dilution of 80, the former dilution
factor was chosen (fig. 16).
5.9.2 Possible to reduce the response from low affinity antibodies
The dosage of antigen on solid phase was varied, producing satisfying results that are
presented in Appendix 3. The column profiles show higher response levels with more
antigen in the capture reagent mixture than when less antigen is added to the column.
The peaks of all three antibodies seem to collapse when less biotinylated antigen is
present and there is a tendency for more plateau-like peaks as well. It actually seems to be
possible that by adding less antigen in the capture phase, antibodies with low affinity to
the antigen will fade away and eventually approach blank levels.

6. DISCUSSION

The aim of this project was to investigate the bridging assay in more detail. The PPV
assay showed good reproducibility and good precision with typical CVs for triplicates
below 10%. Mouse serum samples could be run and quantified against a standard curve,
which supports the belief that the assay format could be a possible alternative in future
projects.

6.1 Performance

The overall performance of the bridging assay was high. A CV of 1.9% for twelve
replicates is very low considering that 25% for triplicates often is acceptable for
biological samples. The measuring range of 4 orders of magnitude is equivalent to what
can be achieved at best using Gyrolab BioaffyTM for ordinary sandwich assays. Putting
the assay performance in a global perspective, it could be compared to normal ELISA
assays that typically have a measuring range of 2 orders of magnitude [1].
When evaluating the reproducibility of the assay four standard curves were studied and
they did not differ more than 10%, except at high dilutions were the difference was
greater. However, it should be taken under consideration that at low concentrations the
signal-to-noise ratio is low. This means that only small variations between curves will
give the impression of large deviations when analyzing relative differences. Therefore,
data points in the low concentration interval will be less significant and should not be
given the same weight as the rest of the points of the curve. The general conclusion is
that high-quality reproducibility can be achieved with this assay.

6.2 Standard

The thought of using a master curve to quantify samples is appealing considering the
pleasing precision and reproducibility of the PPV assay. When comparing standard
curves from different runs at different days, they seem to agree very well. However, a
detailed analysis of the possibility of using one master curve to quantify samples run at
different occasions is more complex and time consuming than the boundaries of this
project could allow for. Therefore, it could perhaps be a project for the future.
In most antibody assays dilution of analyte need to be used as standard for
quantification. In this project a pool of five mice with unknown concentrations was used
for calibration why the samples could not be quantified in absolute terms. This could
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possibly be an inconvenience if the stock standard solution only exists in a limited
amount. However, Gyrolab TM uses very small volumes and, hence, shortage of standard
solution would only be a problem in the extreme cases, an enormous amount of samples
or a need for countless runs to be performed.
For most assays the detection limit is an important parameter and a measure of how low
sample concentration the assay is able to handle [15]. In this case no such limit could be
determined due to lack of analytes with known concentrations. The measurement range
indicates that the assay can be used within a large concentration interval and it is most
likely that even low titers can be measured. Additionally, even though the normal dilution
was set to 1/25, it could be demonstrated that samples could be run at dilutions ½.
Therefore, it is hypothesised that the assay would be able to detect very low amounts of
antibodies. Exactly how low is yet to be established.

6.3 Immunoglobulin class

The possibility to measure low diluted samples is particularly good when low titers are
suspected. Thus, with less diluted samples the probability to be above the limit of
detection increases. The response is expected to reduce in a linear fashion upon dilution
but the results from this project showed that the response values did not seem to
correspond to the dilution factor (fig. 10). This could be due to IgM contribution. The
samples used in the experiment were taken at a time when an elevated level of IgM is
expected and the pentameric molecules could be the reason for the unexpected
proportionality between response and dilution.
Experiments demonstrate that the assay was able to detect specific IgM as well as
specific IgG. It is advantageous with a detection method that is independent of
immunoglobulin class because it could assist in giving a more comprehensive picture of
the elicited immune response.

6.4 Monoclonal antibodies

The monoclonal anti-PPVs did not give response values above blank levels and this was
an unexpected result since the antibodies had been working well in other assays. The data
could not be fully explained by poor quality or old age. The final hypothesis was
therefore that the tested monoclonals had too low affinity for the antigen to give any
signals. This seemed likely considering that one of the antibodies were used in a
competitive anti-PPV assay as a conjugate [3]. Using a low affinity antibody in this way
could indicate that sample anti-PPV has a better chance to “win” when competing for
antigen binding sites. The antibody application supports the theory of low affinity.
The hypothesis, that varying the amount of capturing antigen on the column could be
used to reduce responses from serum antibodies with very low affinity, was supported.
Due to the limit in reagent supply, another model system had to be used to test this
theory. An IgG assay was chosen because of easy access to reagents but also because of
easy labelling. It could be shown that by adjusting the protein combination on solid
phase, selected antibodies could be made to approach the background response, which
supports the initial hypothesis. Response values from low affinity antibodies could be
made to decrease by shifting the equilibrium between antibody and antigen on the solid
phase. A simple procedure if cross-reactivity from low affinity antibodies of less
significance is a problem. Additionally, the method could be important for clinical use. It
could aid in creating a more comprehensive picture of an analyte in a sample by
removing distracting signals of irrelevant antibodies.
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6.5 Evaluation of the method

The bridging assay has a few possible disadvantages that could create challenges and one
crucial step is the labeling of reagents. For some antigens the biotinylation could be very
difficult and the purification could also be more complicated than when labelling
antibodies. The same is true for ALEXA-labelling. The kit used in this project is made
for antibodies and the included separation column is not optimal for ALEXA-antigen
complexes. Using other methods to separate unreacted dye from the labeled product
could solve this problem but would probably need more labour intensive and more time
consuming. However, none of these problems affected this project.
To promote bridge-binding between specific antibody and antigen reagents, biotinylated
BSA was used in the capturing mixture. The idea was that the protein would occupy
streptavidin binding sites that biotinylated antigen did not use and thereby saturate the
column. This would prevent antibody to unspecifically stick to the column but also
create favourable conditions for the antigen to capture only one of the arms of the
antibody. If both arms of the antibody would bind to the immobilized antigen it would
be impossible to detect an accurate signal. The approach to titrate BSA together with
antigen proved to generate response signals as desired and a simple way to quench the
response of low affinity antibodies.
It has been shown that the bridging assay can be specific with good reproducibility and is
independent of antibody class. Mouse serum samples were quantified successfully. Large
standard deviations could be observed within all immunized mouse groups, yet CV from
a representative sample was typically under 10%. Small differences between replicates
imply that variations between individuals are nor a result of the analytical conditions but
were instead an effect of biological variations.
When comparing the method with an indirect assay type used to quantify the same
samples (Skoglund) a linear trend could be plotted with data points distributed at both
sides. It was obvious that some samples gave the same response in Skoglund’s indirect
assay but different concentrations in the bridging assay. When looking closer at those
serum samples no trend could be seen. No trend could be observed for the opposite
situation either, when samples giving different responses in the indirect assay generated
the same concentration in the bridging assay. Hence, such differences could not be
associated with the immunization process leaving only methodological differences as an
explanation.
In conclusion, this project has been a part of the initial development of the bridging
assay in Gyrolab Bioaffy TM. It has generated desirable results and useful knowledge
about the system and its behaviour has been obtained. The indication that, with simple
measures, low affinity antibodies can be made to approach blank levels is one of the
promising characteristics of the assay. Also, the high performance of the bridging assay
gives it a great potential to be a strong competitor to other antibody assays. In the future
the bridging assay will certainly be an option to consider when selecting the best method
to use for detecting antibodies.
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Appendix 1. Operation sequence for Bioaffy 1C v2.
Initial needle wash
Particle wash 1
Particle wash spin 1
Particle wash 2
Particle wash spin 2
Capture
Capture
Capture
Capture
Capture
Capture

reagent
reagent
reagent
reagent
reagent
reagent

addition
spin
wash 1
wash spin 1
wash 2
wash spin 2

Analyte
Analyte
Analyte
Analyte
Analyte
Analyte

addition
spin
wash 1
wash spin 1
wash 2
wash spin 2

CD alignment 1
Detect background PMT 1%
Detect background PMT 5%
Detect background PMT 25%
Spin out
Detection reagent addition
Detection reagent spin
Detection reagent wash 1
Detection reagent wash spin 1
Detection reagent wash 2
Detection reagent wash spin 2
Detection reagent wash 3
Detection reagent wash spin 3
Detection reagent wash 4
Detection reagent wash spin 4
CD alignment 2
Detect PMT 1%
Detect PMT 5%
Detect PMT 25%
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Appendix 2. Titration of capturing reagents. Different combinations of biotinylated
BSA (vertically) and biotinylated PPV (horizontally) were tested. More diluted BSA is
shown in the rightward direction and more diluted PPV is shown in the downward
direction. The final combination was chosen as 1/102 for biotinylated BSA and 1/160 for
biotinylated PPV. In order to demonstrate the basis for the final decision a selection of
column profiles are shown here.
1/32 B*BSA

1/64 B*BSA

1/80 B*PPV

1/160 B*PPV

1/320 B*PPV
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1/128 B*BSA

Appendix 3. Different amounts of capturing antigen on the solid phase. a) Two
antibody concentrations, 1000ng/ml and 200ng/ml, are presented in the column profiles
with three different dosages of biotinylated antigen. b) The standard curves are displayed
for three different amounts of biotinylated antigen.
a) Antibodies with a concentration of 1000ng/ml:

Antigen dosage:
¼ B·IgG

1/20 B·IgG

Antibody 1523

Antibody 1560

Antibody 1561
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1/500 B·IgG

b) Antibodies with a concentration of 200ng/ml:

Antigen dosage:
¼ B·IgG

1/20 B·IgG

Antibody 1523

Antibody 1560

Antibody 1561
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1/500 B·IgG

c)

1/4 IgG and 1/64 BSA as capture
Observed IgG_1561
Predicted IgG_1561
Observed IgG_1523

Predicted IgG_1523
Observed IgG_1560
Predicted IgG_1560

Response

100
10
1
0.1
0.01

10

100
Concentration

1000

1/20 IgG and 1/64 BSA as capture

Observed IgG_1523
Predicted_IgG_1523
Observed IgG_1561

Predicted IgG_1561
Observed IgG_1560
Predicted IgG_1560

Response

100
10
1
0.1

10

100
Concentration

1000

1/500 IgG and 1/16 BSA as capture
Observed IgG_1561
Predicted IgG_1561
Observed IgG_1523

Predicted IgG_1523
Observed IgG_1560
Predicted IgG_1560

Response

10

1

0.1

10

100
Concentration
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1000

