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Populärvetenskaplig sammanfattning 

 

Proteiner reglerar de flesta av de biologiska processer som styr våra celler. Genom att 

interagera med varandra skapar proteiner ett nätverk av signaler som styr en mängd avgörande 

funktioner som t.ex. hur celler utvecklas och specialiseras samt dör (apoptosis). Ibland uppstår 

fel i detta nätverk och olika sjukdomar t.ex. cancer kan uppkomma. För att kunna förstå och 

behandla sjukdomar är det därför viktigt att studera proteiner och protein interaktioner. In situ 

Proximity Ligation Assay (PLA) är en ny teknik för detektion av proteiner och protein 

interaktioner som kommersialiserats av Olink Bioscience.  I den här studien har nya sekundär 

reagens för PLA undersökts. Streptavidin samt primära antikroppar har utvärderats och 

jämförts med sekundärantikroppar, som är det sekundär reagens som används idag. Båda 

uppställningarna visar lovande resultat men vidare optimering krävs för att erhålla lika hög 

signal som standardmetoden.  
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1 Introduction 

1.1 Why proteins? 

Proteins are involved in most of the biological processes in our cells. They form intrinsic 

signaling pathways that regulate cellular events like proliferation, differentiation and 

apoptosis. When these processes go wrong cancer or other diseases may occur. Major efforts 

were put into mapping the entire human genome, a project completed by the Human Genome 

Organization (HUGO) in 20031. The next challenge is to discover and map the function of the 

gene products, the proteins. The Human Proteome Organization (HUPO) was created in 2001 

aiming at identifying all proteins encoded in the human genome2. The genome is rather stable 

in cells and over time but the proteome is constantly changing, which aggravates proteome 

mapping. One single protein can exist in a wide variety of versions and considering the fact 

that one lymphocyte (blood cell) contains approximately 100 000 000 protein molecules gives 

an idea of the multitude in the task5. The straight forward idea that one gene leads to the 

generation of one protein has proven to be a bit more complex. Alternative splicing i.e. 

cutting and joining different parts of the mRNA, creates different forms of the same protein. 

After translation and folding, the protein can become glycosylated, phosphorylated, 

acetylated, proteolytically processed, joined to carbohydrates or lipids or undergo other sorts 

of post-translational mechanisms (PTMs)3,4. Additional variables also affect protein structure 

and function e.g. the sub-cellular localization and protein expression levels, which depend on 

time and tissue type. Different pathological states also influence protein expression and 

interaction. Therefore it is important to study proteins, to know how proteins interact and talk 

to each other, to be able to elucidate disease mechanisms. Even if focus has shifted from 

genomics to proteomics during the last couple of years, there is still a lack of good protein 

analysis methods. 

 

1.2 Protein analysis methods 

There are two basic ways of analysing proteins. Proteins can either be separated according to 

their physical properties, size, charge, mass, or detected by using a binder that recognizes the 

protein of interest. For in situ analysis the two most commonly used methods are 

immunohistochemistry (IHC) and immunofluorescence (IF). Both methods use antibodies as 
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Figure 1. Illustration of protein detection methods that allow detection of protein complexes in cells. In fluorescence 

resonance energy transfer (FRET) an acceptor fluorophore and a donor fluorophore are genetically fused to the 

proteins of interest and only upon interaction the signal can be transmitted and detected. Bimolecular fluorescence 

complementation (BiFC) also involves genetically fusion of each half of a fluorescent protein to the proteins of interest 

that upon interaction complement each other and emits a signal. Proximity Ligation Assay (PLA) differs in using 

antibodies as binders of the protein of interest that upon interaction generates a long DNA sequence that can 

hybridize to fluorescently labeled probes, thereby creating an amplified signal. 

 

binders that are detected with enzyme-driven color reactions or fluorophores. In IHC the 

antibody is conjugated to an enzyme, e.g. horse-radish-peroxidase (HRP) that when reacting 

with its substrate e.g. DAB (3,3’-diaminobenzidinetrahydrochloride) produces a brown end 

product which can be detected in a bright field microscope6. IF staining uses antibodies 

conjugated to fluorophores that emits light with different wavelengths that can be visualised 

in a fluorescence microscope. There are few techniques for protein interaction studies in situ. 

Examples of such technique are fluorescence resonance energy transfer (FRET), 

bioluminescence resonance energy transfer (BRET) and bimolecular fluorescent 

complementation (BiFC) that all uses the creation of a signal as proof that two protein 

interact7. The two proteins of interests are fused to each half of a signal molecule that emits 

energy if joined together (Figure 1).  

        FRET                                          BiFC                                                 PLA 
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1.2 Proximity Ligation Assay – PLA 

PLA is a novel method for detection of proteins and protein-protein interaction. It is one of 

the first methods that can detect single protein molecules in situ.  Combining characteristics 

from protein and nucleic acid molecules this technique offers 

specific binding and an amplified detection signal. The PLA 

technique was developed in the laboratory of Ulf Landegren at 

Rudbeck laboratory, Uppsala and has been commercialized by 

Olink Bioscience4,8,9. The protein or protein complex of interest 

are first detected by two primary antibodies targeting epitopes on 

the same protein or on adjacent proteins (Figure 2A). Secondary 

antibodies conjugated to a DNA sequence, so called PLA probes, 

then bind to the primary antibodies (Figure 2B). When the PLA 

probes recognize their primaries the attached DNA sequences are 

in proximity of each other and can promote the formation of a 

DNA circle (Figure 2C). The circle is amplified by rolling circle 

amplification (RCA) creating a long concatamer containing 

repeats of a sequence complementary to the circle (Figure 2D). 

Fluorescence labelled oligos are then allowed to hybridize to the 

repeated sequence which make the RCA-product visible in a 

fluorescence microscope (Figure 2E). One signal in the 

microscope corresponds to one protein or protein interaction 

detected by the PLA probes. The need for two specific binders 

reduces background signals tremendously and renders this assay 

highly specific7. Proteins and cell systems can be used without any 

modifications to the proteins which gives a more accurate picture 

of how it works in real life.  

Figure 2. Illustration of the PLA technique. A. Addition of two primary antibodies targeting the protein or proteins of 

interest. B. Addition of two PLA probes. C. Formation of the DNA circle by addition of connector oligos. D. Rolling 

circle amplification (RCA). E. Hybridization of fluorescent detection probes. (Illustration used with permission from 

Olink Bioscience) 
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1.4 PLA and the ErbB receptor family 

Membrane spanning cell surface receptors plays pivotal roles in signalling pathways by 

responding to extern stimuli and transmission of the signal into the cell. There are eight 

generic signalling pathways that dominate embryonic development, normal physiology and 

numerous diseases10. One of these is the receptor tyrosine kinase (RTK) pathway to which the 

epidermal growth factor receptors (ErbBs) belong. The ErbB family consists of four receptors 

EGFR (also termed HER-1/ErbB-1), HER-2 (ErbB-2, HER/neu), HER-3 (ErbB3) and HER-4 

(ErbB4) that when deregulated are associated with a number of human cancers, e.g. breast 

cancer and prostate cancer11, 12, 13. Upon ligand-binding these receptors dimerize, 

phosphorylate and affect cell proliferation and apoptosis. The cell material used in this study 

has well-characterized expression of EGFR and HER2 receptors. The PLA technique offers a 

suitable tool for detection of both homo- and hetero dimerization of these receptors and thus 

serves as a good model system for evaluation of the technique.    

 

1.5 Project description 

In this project different assay setups have been investigated using streptavidin as secondary 

reagent. Direct conjugated primary antibodies have also been evaluated as probes for in situ 

Proximity Ligation Assay. The standard PLA probes used at Olink Bioscience today are 

secondary antibodies conjugated to a DNA sequence. This assay requires two primary 

antibodies raised in different species, for example rabbit and mouse, targeting the 

protein/proteins of interest which are subsequently detected by the PLA probes, Duolink anti-

Mouse PLUS and Duolink anti-Rabbit MINUS. Any pair of primary antibodies from two 

distinctive species can be used opening up for a multitude of analytes. An alternative of using 

secondary antibodies is to simply conjugate the DNA sequence directly to the primary 

antibody. No secondary step is therefore necessary and the assay is less time-consuming. Such 

an assay is antigen specific, depending on the specificity of the antibody. A third setup is to 

use biotinylated antibodies and conjugate the DNA sequence to a streptavidin (SA) molecule. 

Streptavidin-biotin is one of the strongest non-covalent binding found today and is widely 

used in molecular biology14. Biotinylated antibodies are commercially available and are also 

easy to conjugate in the laboratory, rendering the SA-PLA assay highly generic. An advantage 

with both the SA assay and the direct-conjugated assay is that two antibodies from the same 

species can be used. These two assays permit studies of homodimers which previously has 

been difficult to analyse with available methods.   
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1.6 Aim 

The aim with this study was to evaluate different assay setups for in situ PLA;  

• Analyse streptavidin-conjugated probes 

• Analyse direct-conjugated primary antibody probes 

• Compare the above analyses to the standard secondary antibody PLA probes  
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2 Materials and Methods 

2.1 Cell lines 

A431, a human epithelial carcinoma cell line was used to study epidermal growth factor 

receptor (EGFR) both in EGF-stimulated and unstimulated cells. The receptor becomes 

activated and dimerize upon EGF-stimulation. Well-characterized HER2-expressing breast 

cancer cell-lines, SK-BR-3, MDA-175, MDA-231 were used to look at the expression of 

HER2 receptors. These cell lines are included in the HercepTestTM from Dako Cytomation for 

characterization of breast tumors, for more information see 

http://www.dako.ca/prod_downloadpackageinsert.pdf?objectid=114972002.  

2.2 Cell preparation 

A431 cells were cultured, harvested, centrifuged onto glass slides (3H Biomedical, Uppsala) 

and fixed in paraformaldehyde (PFA). The cell membrane was permeabilized by incubation in 

0,2% Triton-X for 3 min at room temperature (RT) followed by 2 min wash in PBS. HER2 

expressing cell lines were cultured, harvested, fixed in formalin and resuspended in agarose 

gel and finally histoprocessed as described by Andersson et al 15. Four µm sections from the 

paraffin blocks containing all three cell lines in duplicates were received from Ulrica Larsson 

at the Academic Hospital Uppsala. Prior to antibody incubation glass-slides were incubated in 

xylene to remove the paraffin and then rehydrated in graded alcohols. Antigen retrieval was 

performed using HIER (Heat Induced Epitope Retreival) in citrate buffer pH 6.0. An outline 

for each cell array was drawn using a hydrophobic pen (ImmedgePen, Vector Laboratories, 

Burlingame, CA) to prevent diffusion of reagents over the glass slide.  

2.3 Blocking 

Glass slides were either blocked in a non-BSA based blocking buffer X or in BSA-containing 

Duolink Blocking Solution for 30 minutes at 37˚C in a humidity chamber. HIER treated 

samples were first blocked in 1M Glycin in PBS for 2x5 min. For the SA experiments glass 

slides were additionally blocked in SA (0,1mg/ml) for 15 minutes, washed 3x10 min in TBS-

Tween, blocked in 2 mM D-biotin for 30 min and washed again 3x10 min in TBS-Tween.  

2.4 Antibodies  

Antibodies were diluted in Duolink Antibody Diluent Stock and incubated at RT or at 37˚C 

according to the manufacturer’s recommendation. Thereafter the samples were washed in 

TBS-Tween for 2x5 minutes. Antibodies were applied to the sample either in a combination  
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of two antibodies which is the standard Duolink reaction or alone for a single Duolink 

reaction. For an overview of antibodies used in the study see table 1. 

Antibody Manufacturer Prod nr Species Modification 

A45 ERBB2 Chemicon CBL755 Mouse mAb none 

A54 ERBB2 DAKO A0485 Rabbit pAb none 

A98 ERBB2 Santa Cruz sc-31153 Goat pAb none 

A94 p-EGFR (Tyr 1086) Cell Signaling Technology #2234 Rabbit pAb none 

A106 EGFR Abcam ab24284 Mouse mAb biotinylated 

A108 p-EGFR (Tyr1086) Zymed (Invitrogen) 36-9700 Rabbit pAb biotinylated 

A40b ERBB2 DAKO A0485 Rabbit pAb biotinylated 

A45b ERBB2 Chemicon CBL755 mouse mAb biotinylated 

A45D PLUS ERBB2 Chemicon CBL755 mouse mAb direct-conjugated 

A45D MINUS ERBB2 Chemicon CBL755 mouse mAb direct-conjugated 

A54D PLUS ERBB2 DAKO A0485 rabbit pAb direct-conjugated 

Table 1. Antibodies used in the study. 

 

2.5 Probe conjugation 

All PLA probes used in this study were produced at Olink Bioscience by conjugation of an 

oligonucleotide to a purified antibody or streptavidin molecule. Two thiol-modified 

oligonucleotides were used for the conjugations, one non-priming for making the so called 

MINUS probe and one priming for the PLUS probe. Formation of the nucleotide circle for 

RCA requires proximity binding of both one PLUS probe and one MINUS probe. A 

purification step was performed separating free oligos from PLA probes. Probes were stored 

in a stabilizing buffer solution.    

2.6 SA-probe preparation 

Biotinylated antibodies were separately mixed with either one (for a standard Duolink 

reaction) or both Duolink SA probe PLUS and Duolink SA probe MINUS (for a single 

Duolink reaction) for 1h at RT. Different ratios [ab]:[SA-probe] were tested. When 
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performing the standard Duolink reaction with two antibodies, a probe dilution buffer was 

added to prevent unwanted mixing of the different SA probes and antibodies. To occupy free 

SA probes, probe dilution buffer D or D2 containing free biotin was used. To block free biotin 

molecules on the antibodies probe dilution buffer D3 containing free SA was tested, see Table 

2. Buffer D was produced at Olink Bioscience. All probe dilution buffers were incubated 20 

min at RT prior to mixing the two reagents. The antibody/SA probe mixture was incubated 

with the sample as recommended by the antibody manufacturer. SA probes were diluted in 

Duolink Antibody Diluent Stock when applied to samples after addition of the biotinylated 

antibodies.     

Buffer D Buffer D2 Buffer D3 

1x PBS pH 7.4 2.5x Duolink Antibody Diluent Stock 1x Duolink Antibody Diluent Stock 

1% BSA 1mM D-biotin 0,1 mg/ml SA 

1mM Biotin     

0,02mg/ml PolyA sheared     

0,02% N3Na     

Table 2. Buffers used as probe diluents buffers in SA experiments.   

2.7 Direct-conjugated PLA probes 

Homodimerization of the HER2 receptor was studied using a mouse monoclonal antibody 

targeting a cytoplasmic domain of the receptor. The antibody was conjugated to a 5’ oligo or a 

3’ oligo creating batches of PLUS and MINUS probes separately. Samples from each batch 

were incubated simultaneously on the sample. The total amount of HER2 receptor in the 

sample was detected by using one HER2 antibody PLUS together with a Duolink PLA anti-

Mouse probe MINUS. A second setup used for measuring total amount of HER2 receptors 

was a HER2 antibody PLUS together with a rabbit polyclonal antibody targeting an 

intracytoplasmic part of HER2 which was detected by a Duolink PLA anti-Rabbit probe 

MINUS. 

2.8 Standard PLA probes 

The standard Duolink PLA probes are secondary antibodies conjugated to an oligonucleotide. 

The probes were diluted in Duolink Antibody Diluent Stock prior to adding the solution to the 

glass-slide and incubating for 2 hrs at 37˚C. PLA probes used in the study are shown in table 

3. 
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Description Article nr. 

Duolink PLA probe anti-Rabbit PLUS 90302 

Duolink PLA probe anti-Rabbit MINUS 90202 

Duolink PLA probe anti-Mouse PLUS 90301 

Duolink PLA probe anti-Mouse MINUS 90201 

Duolink PLA probe anti-Goat PLUS  90303 

Table 3. Duolink PLA probes used in the study.  

2.9 Controls 

To investigate background signals different setups were tested. By omitting the primary 

antibodies cross reactivity of the PLA-probes was tested. Adding the primary antibodies but 

eliminating one of the PLA-probes showed if only one probe could generate a circle and 

thereby a signal. The cell material used in this study was chosen due to the well-characterized 

expression of EGFR and HER2 receptor respectively, and could therefore be used as positive 

control. The estimated number of HER2 receptors in SKBR3 is 1 000 000 receptors / cell, 

100 000 receptors / cell in MDA-175 and 20 000 receptors / cell in the ‘negative’ cell line 

MDA-231.  

2.10 PLA protocol 

Hybridization: Glass slides were incubated 15 min at 37˚C in Olink Hybridization Stock that 

contains synthetic oligonucleotides for hybridization to the two PLA-probes. Ligation: 

Duolink Ligation Stock, a buffer containing ATP were mixed with Ligase, applied to the 

sample and incubated at 37˚C for 15 min. Amplification:  Rolling circle amplification (RCA) 

was performed by adding DNA Polymerase to Duolink Amplification Stock conatining free 

nucleotides, following 90 min incubation at 37˚C. The oligonucleotide arm of one of the PLA 

probes acts as a primer for the RCA reaction using the ligated DNA circle as a template. The 

RCA results in a long concatamer extending from one of the oligonucleotide arms on the PLA 

probes. Detection: Duolink Detection Stock containing TexasRed (excitation 595 nm, 

emission 615 nm) labeled oligonucleotides that hybridize to the RCA product was added to 

the sample and incubated in a dark, humidity chamber for 1h at 37˚C. The Detection Stock 

contains Hoechst 33342 nuclear stain (excitation 346 nm, emission 460 nm) for visualization 

of the cell nuclei. 
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2.11 Imaging 

Image acquisition was made at 20X (Zeiss Plan-Apochromat, 20X/0,8NA dry) with the Zeiss 

Axio Imager M1 fluorescence microscope and the AxioVision 4.5 software (Carl Zeiss). 

Images were captured with an AxioCam MRm-camera with an extension tube of 1X (Zeiss 

60N-C 1” 1x). Filters used were 575/605 nm for visualization of Duolink signal and 350/461 

nm for Hoechst nuclear stain. Approximately five images per sample were taken. In order to 

get as accurate result as possible, a stack of 20 images was taken at an optimal distance of 

0,475µm between the images.  

 

Figure 3. Example of a Blobfinder analysis image. Raw image of in situ PLA signals (red) 

representing HER2 in MDA-175 cells.  A. Numbers are arbitrary identifiers of the cells based 

on the nuclear stain (blue). B. Yellow circles represents nuclei, green circles cytoplasm. The 

diameter is defined by the user. PLA signals are encircled in red.  

2.12 Image analysis 

Cell images acquired using the AxioVision software was exported in TIFF format for 

subsequent analysis in the BlobFinder V2.5 ML7.3 image analysis software. The BlobFinder 

software was developed by the Centre for Image Analysis, Uppsala University and is 

available for download as a freeware from http://www.cb.uu.se/~amin/BlobFinder. The 

analysis program defines the number of nuclei in the image based on the Hoechst nuclear 

stain and counts the number of PLA signals from the signal channel (figure 3). Output from 

the analysis contains data showing the number of nuclei, number of PLA signals and intensity 

of the signals. The analysis can be made with single cell mode or with average mode. The 

single cell analysis measures number of PLA signals per individual cell and the average mode 

measures total number of PLA signals and cell nuclei in the image. The average number of 

PLA signals / cell was calculated from the average mode used for analyses in this study. One 

image typically contains 150 cells. Three to five images per experiment were included in each 

analysis.   
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3 Results 

3.1 SA probes 

3.1.1 Blocking 

The biotin/SA blocking step reduced background signals from 10-30 PLA signals/cell, caused 

by unspecifically bound SA probes, to a background level of not more than 0-2,4 PLA 

signals/cell (Figure 4, data not shown).  

 

Figure 4. Effect of SA/biotin blocking step. SKBR3 cells incubated with SA-probe PLUS and 

SA-probe MINUS, no primary antibodies added. With (A) and without (B) SA/biotin blocking. 

Blobfinder analysis, average number of PLA signals/cell: A. 0,1 PLA signals/cell. B. 12,0 PLA 

signals/cell.  

 

3.1.2 Controls 

Incubating both SA probes PLUS and MINUS with the sample without any primary 

antibodies resulted in low background (0-2 PLA signals/cell).  Using two biotinylated 

antibodies and only one SA-probe PLUS gave unexpectedly many signals, 13 PLA 

signals/cell. Combining a Duolink PLA probe anti-Rabbit PLUS with a Duolink SA-probe 

MINUS omitting primary antibodies did not cause any unspecific signals (1 PLA signal/cell). 

 

3.1.3 SA probe preparation 

Ensuring coupling of biotinylated antibodies and SA probes, the best results were obtained 

when SA probes were in excess in relation to antibodies, molar ratio 3 to 1 (data not shown). 

When mixing the two SA probe/antibody solutions on the sample there is a risk that the SA 
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probes are attracted by the biotin on the opposite antibody creating a signal from one single 

antibody. To avoid such ‘jumping’ we tested different probe dilution buffers (see table 2). Our 

first hypothesis to add free biotin in solution (Buffer D and D2) to occupy any unbound SA 

probes strongly reduced the number of signals (data not shown). Compared to Duolink 

Antibody Diluent Stock, Buffer D reduced the number of signals with up to 80 % (data not 

shown). The second approach was to add free SA to the probe dilution buffer to occupy any 

unbound biotin on the antibodies, Buffer D3. This strategy was successful for maintaining a 

good signal level. An unexpected result was that the number of signals seemed to increase 

when adding the free SA. Allowing the biotinylated antibody to incubate with the sample 

before adding the SA probes increased the number of signals tremendously (Figure 5). 

 

Figure 5. A. Comparison of different incubation methods for SA probes. Allowing the antibody to bind 

to the HER2 receptor prior to adding the SA-probes resulted in saturated signals in MDA-175 cells. B. 

When SA-probe/ab complexes are formed in solution before adding the mixture to the sample, the 

antibody seem to have difficulties binding the antigen.  

 

3.1.4 Comparison SA probes and standard PLA probes 

The conversion rate (ratio available epitopes/detected events) for SA probes were lower than 

for the standard PLA probes. As can be seen in figure 6, using the same biotinylated antibody, 

SA probes reported fewer events than the standard PLA probes.  
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Figure 6. Detection of EGFR in EGF stimulated A431 cells with a biotinylated mouse 

monoclonal ab (ab24284) using A. SA-probes B. Duolink anti-Mouse probes. Blobfinder was 

unable to generate accurate analysis results due to saturation of signals in B. 

 

3.2 Direct conjugated PLA probes 

3.2.1 Blocking 

The antibodies that were chosen for direct-conjugation have been carefully tested previously 

and did not give any background signal when using the Duolink Antibody Dilution Stock 

(data not shown).   

3.2.2 Controls 

Analysis of the background signal caused by only one direct-conjugated antibody was 

negligible (0,2 PLA signals/cell). 

3.2.3 HER2 dimerization studies 

The relative amount of HER2 receptors was detected by one direct-conjugated antibody 

targeting a cytoplasmic domain of the receptor together with a PLA anti-Mouse MINUS 

probe for formation of the circle. 38+/-3 and 21+/-2 PLA signals/cell were detected in MDA-

175 and MDA-231 cells respectively. HER2 homodimers were detected by using a direct-

conjugated mouse monoclonal antibody i.e. one HER2 PLUS probe and one HER2 MINUS 

probe. The number of detected events was 14+/-2 and 6+/- 1 in MDA-175 and MDA-231 

cells (Figure 7).  
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Figure 7. HER2 homodimer detection. Graph showing average number of PLA signals / 

cell for both single recognition of HER2 receptor and HER2/HER2 complexes detected 

with direct conjugated primary antibodies. 14±2 PLA signals / cell were detected in 

MDA-175 cells and 6±1 PLA signals / cell in MDA-231 cells. These results show that it is 

possible to analyse HER2 homodimerization events using direct conjugated antibodies. 

The experiment was performed once. Data from BlobFinder analysis includes five 

images per sample with approximately 150 cells per image. 

 

3.2.4 Comparison direct-conjugated and standard PLA probes 

The direct-conjugated PLA probes resulted in lower conversion rate than experiments with 

the same primary antibodies detected with standard PLA probes (Figure 8). Combining one 

direct-conjugated PLA probe with a standard secondary PLA probe improved the amount of 

signals (data not shown).  

 

Figure 8. Comparison of three PLA assay setups. Detection of endogenous levels of HER2 receptors in SKBR-3 cells 

with antibodies CBL755 (mouse) and A0485 (rabbit) using  A. Standard Duolink anti-Mouse/anti-Rabbit probes.  B. 

Direct-conjugated probes. C. SA probe MINUS and Duolink anti-Rabbit PLUS. The breast tumor cell line SKBR-3 

express large amounts of HER2 receptors. Using the standard PLA probes many of these receptors were detected as 

depicted in (A) where the PLA signals lies too close to each other to be recognized as individual signals. When the 

same primary antibody pair was used as direct-conjugated probes the result was fewer PLA signals / cell (B). 

Biotinylation of the primary antibody pair following detection with SA probes yielded same amount of PLA signals / 

cell as the direct-conjugated probes as seen in image C. 
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3.3 Standard PLA probes 

3.3.1 Blocking 

The non-BSA based blocking buffer X was a better blocking agent for goat antibodies but for 

rabbit and mouse antibodies Duolink Blocking Solution worked well. 

3.3.2 Controls 

Unspecific binding of PLA-probes was neglectible, omitting the primary antibodies resulted 

in approximately 0,1 PLA signals/cell. Excluding one of the PLA-probes resulted in about 4 

PLA signals/cell which is rather high but corresponds to only 3% of number of PLA 

signals/cell in the positive control (data not shown).  
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4 Discussion 

 

4.1 Advantages with the PLA technique 

In the post-genomic era focus has shifted towards protein biology and understanding of the 

proteome. After the comprehensive mapping of the human genome scientists are left with a 

huge amount of gene data but lack the tools to study the gene product - the proteins. The 

proximity ligation assay is a new and suitable tool for investigation of proteins, protein 

interactions and protein modifications. By visualising singular events this technique is more 

sensitive than most other available techniques. The need for double recognition of the antigen 

renders the method highly specific. The BlobFinder software program provides detailed 

information of sub-cellular localization, number of detected events/cell and provides 

quantifiable data. A drawback with other techniques such as immunohistochemistry (IHC) or 

immunofluorescence (IF), is the subjective evaluation of images. Any antibody-based 

technique is dependent on the quality and performance of the antibody. An antibody that bind 

exclusively to the target and is able to detect rare targets in a sample i.e. has good specificity 

and high sensitivity is desirable. Finding sensitive and selective antibodies is not always easy 

and problems with high background staining are common. Background staining due to 

unspecific antibodies is reduced with the PLA Duolink technique. The chance that two 

antibodies unspecifically bind something close to one another is very small. On the other hand 

if the single Duolink assay using one primary antibody binds unspecifically we can see it due 

to the high precision in visualizing singular events.  

In this study different probes were tested as secondary reagent for in situ PLA. Both the 

direct-conjugated probes and the SA probes worked well in the two model systems tested 

here. Although, the standard PLA probes generated higher levels of PLA signals / cell when 

compared to the new systems.   

 

4.2 SA probes 

The SA-probe assay offers several advantages compared to the standard PLA probes. 

Antibodies from one single species can be used which reduces the problem of finding two 

good antibodies from different species. This is because the antibody-probe complexes are 

formed separately. Capability of using any biotinylated antibodies retains the generic 
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properties of the assay. One problem working with SA/biotin system is the endogenous biotin 

found in many tissues and cell lines. The SA can thus stick randomly to the sample causing 

high background signals. To avoid such background signals the samples were incubated with 

free SA to occupy all endogenous biotin and thereafter with free D-biotin to prevent the SA 

from binding the biotinylated antibodies. This protocol was successful in eliminating 

background signals in the cell lines tested here. Future experiments should include validation 

on tissue as some tissues contain large amount of endogenous biotin.  

 

4.2.1 Jumping 

SA-biotin is one of the strongest non-covalent interactions yet observed between a protein and 

a small ligand in aqueous solution. The complexes are stable over a wide range of temperature 

and pH and are widely used in molecular biology. All non-covalent bindings are dynamic 

interactions that go on and off, so also the SA-biotin interaction. When mixing the two SA 

probe/antibody solutions on the sample there is a risk that the SA-probes are attracted by the 

biotin on the opposite antibody creating a signal from one single antibody. To avoid such 

‘jumping’ we tested different probe dilution buffers (see table 2). Our first hypothesis to add 

free biotin in solution (Buffer D and D2) to occupy any unbound SA-probes strongly reduced 

the number of signals. Probably the free biotin was a too strong appellant for the already 

bound SA-probes resulting in an increased number of free antibodies. Free antibodies are 

lighter and less bulky and bind to their target antigen faster than the SA-probe/antibody 

complexes. With buffer D3 we turned the concept around and added free SA to occupy any 

unbound biotin on the antibodies. This strategy was successful for maintaining a good signal 

level. An unexpected result was that the number of signals seemed to increase when adding 

the free SA. More experiments have to be done to confirm this, maybe the excess of SA cause 

SA-probes to lump together and so forth increase the number of signals. There are different 

double staining protocols that could not be tested here due to time limitations but could be an 

alternative to using probe dilution buffers.   

 

4.3 Direct conjugated probes 

Quite surprisingly, the direct-conjugated antibody probes gave not as good result as the 

standard secondary PLA probes. The concept is the same for the two methods; the only 

difference is the type of antibody that is linked to the DNA sequence. This conjugation is a 
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rather tough procedure and it is hard to measure how much it affects antibody performance. 

Secondary antibodies are generally less sensitive to external stress as their antigen, the 

primary antibody, is quite large and often exposed on the surface. Epitopes in tissues and cells 

are not as exposed and puts higher demand on the primary antibody. An antibody is quite a 

big molecule making it possible for several secondary antibodies to bind to the same antigen 

thus increasing the possibility for a PLUS and MINUS probe to be at the same spot and 

template a circle. This is a mechanism lacking in the direct-conjugated system where, 

depending on the size of the antigen, probably one probe /spot can fit. Only two different 

direct-conjugated antibodies were available at the time for these experiments. For a proper 

evaluation more antibodies should be tested targeting other epitopes and more material should 

also be included for stronger statistical analysis.  

5 Conclusions 

Both the SA assay and the direct-conjugated assay proved functional in detecting single 

protein or protein complexes in situ. Compared to the standard system used today, both assays 

show lower conversion rate in number of detected events. This is a pilot study and 

optimization of protocols as well as mileage on more sample material is needed for a better 

evaluation. There are many advantages to gain in optimizing the assays. The possibility to use 

any two antibodies in the SA assay is valuable for many laboratories. Time-saving is also an 

important factor due to elimination of one incubation step in the standard protocol where 

secondary antibodies are used. Receptor dimerization has become a hot topic in cancer 

research due to the importance to study receptor transmitted signals in cancer development. 

An exciting feature with both the SA assay and the direct-conjugated assay is the novel ability 

to detect homodimers which until now has been little investigated due to poor analysis 

methods. The PLA technique might hereby admit access to a new field of research.  
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