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1. INTRODUCTION 

Advancements in technology have resulted in more 

reliable and reproducible scientific results. Proteomics 

being one of the fastest growing fields is witnessing new 

techniques being added to its basket every year. Each 

new technique is developed in an attempt to overcome 

the shortcomings of the existing techniques. While it is 

natural for all the techniques to have its own pros and 

cons, it is imperative for any researcher to be able to 

assess them appropriately and take meaningful 

inferences depending on their needs. Proximity Ligation 

Assay (PLA) is a new addition to the proteomics toolbox 

that has made significant contributions in different fields 

of Lifesciences. This review is a small attempt to 

encompass different aspects of the technique and its 

applications. 

 

Proximity Ligation Assay is an immunochemical method 

to detect biomolecules. The technique can detect 

proteins, protein –protein interactions and post 

translational modifications in a seamless way. It utilises 

epitope-antibody interactions to detect biomolecules and 

their interactions based on their proximity. Beijer 

Laboratory in collaboration with Ludwig Institute of 

Cancer Research of Sweden developed this technique in 

2002 to detect platelet derived growth factor – B chain 

(PGDF-BB) in solution phase. The cytokine PGDF-BB 

is a homodimer with growth and differentiation 

promoting effects.
[1]

 Slight modifications enabled its use 

for the detection of other cytokines. Further 

modifications to the same resulted in the development of 

a technique that could detect protein complexes in tissue 

samples, now called In-situ Proximity Ligation Assay.
[2-

3]
 Commercial kits are now available for this technique 

by companies like Sigma-Aldrich to simplify the 

process. 

 

2. Mechanism 

The technique works on the principle of simultaneous 

recognition of protein molecules by a pair of probes that 

generates an amplifiable signal. The target protein may 

be a complex protein with different recognition regions 

or two different proteins that interact closely. The probes 

in this case are specifically called proximity probes or 

PLA probes which are the key components of the 

process. Proximity probes are a pair of antibodies 

attached to a sequence of oligonucleotide. The antibodies 

are specific against special recognition regions or 

epitopes on the target protein. Oligonucleotides of 40-

100 base pairs length are attached to the constant region 

of the antibodies.
[1]

 These antibodies can be 

functionalised by either direct covalent coupling of an 

oligonucleotide or non-covalently by incubating 

biotinylated antibodies with streptavidin-modified 

oligonucleotides.
[4]

 In some cases where development of 

a proximity probe is not feasible with a single antibody, 

SJIF Impact Factor 6.044 Review Article ejbps, 2021, Volume 8,  Issue 7, 111-114. 

European Journal of Biomedical 
AND Pharmaceutical sciences 

 

http://www.ejbps.com 

 
 

ISSN 2349-8870 

Volume: 8 

Issue: 7 

111-114 

Year: 2021 

*Corresponding Author: Dr. Ashwani Sharma 

Department of Biotechnology, RV College of Engineering – 560059. 

 

ABSTRACT 

The field of proteomics is growing at a very fast pace and new techniques are being introduced almost every year 

and modifications to the existing ones are underway. Proximity ligation Assay (PLA) is one such 

immunochemical method to detect proteins, protein-protein interactions and post translational modifications. The 

technique is based on the interaction of epitope of the target protein and antibodies. Antibodies bound to 

oligonucleotides that form proximity probes, which when in close proximity undergo a ligation event followed by 

amplification by PCR or Rolling circle amplification to produce a detectable signal. The assay is highly sensitive, 

with detection ranges in zeptamolar levels and specific as it is enabled by antigen-antibody interaction. With 

different variants, the technique will help in native and localized detection of protein-protein interactions as in the 

case of in-situ PLA and even protein-nucleotide interactions as in the case of ISH-PLA. Going forward this review 

also emphasizes on varied applications in multiple areas like cancer biology, neuroscience, diagnostics and 

pharmacology. Upcoming variants like multiplex PLA and 3PLA are also discussed giving insights about potential 

revolutions this assay could bring in the near future. 
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two antibodies are be used. The primary antibody is used 

to recognize the epitope of the target while a secondary 

antibody is used to recognize the primary antibody. In 

such cases, the secondary antibody acts as a proximity 

probe binding to the oligonucleotide. However it is 

important for the primary antibodies to be raised in 

different species to enable easy distinction by the PLA 

probes. 

 

The epitope of the target protein and the paratope of the 

proximity probe interact thereby bringing about a 

recognition event. Since the recognition is 

immunological by antigen-antibody reaction, the 

technique is highly specific. Dual recognition events 

enhance its specificity. Special oligonucleotides called 

the connector nucleotides are added which are 

complementary to the oligonucleotides of the PLA 

probe. This leads to a ligation event resulting in a 

circularized DNA that acts a template for amplification. 

If the two probes are in close proximity (<40nm) the 

connector oligonucleotide binds to both the probes. The 

logic is that if the two PLA probes are close together, 

then the corresponding target proteins are also in close 

proximity and interact. The amplification can be brought 

about by multiple ways like Polymerase Chain Reaction 

(PCR) or Rolling Circle Amplification (RCA). The 

amplification helps in better visualization of the protein. 

While PCR is used to in cases of in-vitro solutions, in-

situ PLA uses RCA. Quantitative PCR (qPCR) amplifies 

and visualizes the results simultaneously by measuring 

the variation in intensity of the signal.
[5]

 With time, PLA 

has undergone numerous modifications and stands as a 

parent to a number of techniques. Some of the variants of 

PLA are as listed below. 

 

3. Variants 

3.1 In-situ Proximity Ligation Assay 

This is the most popular and widely used variant of PLA. 

The technique is very important for localized study of 

proteins and their interactions. The principle and 

mechanism of action remains the same PLA except that 

it is uses in-situ tissue samples and the amplification is 

brought about by the process of rolling circle 

amplification. When the two proximity probes are in 

close proximity or within a specific distance, the 

connector oligonucleotide ligates to both the PLA 

probes. It forms a circular DNA that acts a template for 

RCA. DNA polymerase phi29 catalyses the amplification 

process. This resultant of rolling circle amplification is 

called the Rolling circle product (RCP), which is single 

stranded DNA amplified 1000 times.
[6]

 Fluorescent 

probes complementary to single stranded RCP hybridize 

with the RCP. This resultant product is then visualized 

using fluorescence microscopy. Since the proteins are 

visualized in their native localized form, this technique 

helps in better visualization of proteins and protein-

protein interactions. In-situ PLA also provides a better 

edge for visualizing proteins as compared to techniques 

like hybridisation with Green Fluorescent proteins which 

prove effective only for engineered proteins.
[7]

 Post 

translational modifications (PTM) like glycosylation and 

phosphorylation can also be detected by using one PLA 

probe against the core protein and the other against the 

PTM residue. Simple sample preparations (fixation on 

the slide and permeabilization) as compared to other 

techniques like Mass spectroscopy also add to the 

advantage. 

 

3.2 Three PLA or 3-PLA 

Specificity of PLA can be enhanced by incorporating 

three recognition events instead of two. The technique 

involves three proximity probes specific to three epitopes 

of the protein complex. Connector oligonucleotide 

ligates to all the three probes provided they are in close 

proximity and forms a template for amplification. The 

resultant amplified product is then visualised using 

suitable techniques like fluorescent microscopy or flow 

cytometry.
[8]

 3-PLA can be implemented to both in-vitro 

and in-situ means. Increased selectivity and specificity 

are some the added advantages along with the other 

advantages of regular PLA. However, the drawback of 

the technique is that proportion of the detected molecules 

will decrease because of the likelihood of antigen bound 

by all 3 antibodies is reduced due to low Kd (dissociation 

constant).
[4]

 

 

3.3 Multiplex PLA 

It is an upcoming modification of PLA that will enable 

detection of multiple protein-protein interactions and 

PTMs in a single go. This technique will be useful in 

determining the activities and levels of different proteins 

in a sample mixture. Utilisation of this technique will 

give a better understanding of complex interactions and 

signal cascading reactions in a cell by studying the 

transient variations in the levels of different proteins. 

This technique could also facilitate the generation of 

biomarker profiles of diseases in the same serum sample. 

This technique has the potential to revolutionize the 

current diagnostic testing by increasing the accuracy and 

reducing the time and costs involved.
[4]

 

 

3.4 In-situ hybridisation – Proximity Ligation Assay 

(ISH-PLA) 

This technique is a combination of In-situ hybridisation 

and proximity ligation assay that enables visualisation of 

the co-localisation of DNA sequences and proteins and 

with single cell resolution. In this technique proximity 

probes bind to the target DNA sequence and the 

corresponding DNA binding protein (DBP) to study their 

interaction patterns. The target region of single stranded 

DNA is hybridised with Biotimylated DNA probes. 

Antibodies specific to this biotinylated region is utilised 

for recognition. PLA probes, one specific to the target 

DBP and one specific to the biotin residue are bound to 

their specific regions.
[9]

 If the two PLA probes are in 

close proximity, the connector oligonucleotide manages 

to ligate to both the probes and enables amplification by 

RCA. The amplified DNA is easily detected by 

fluorescence microscopy where the RCP can be easily 

distinguished as a bright spot. Such a technique becomes 
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extremely important in gene regulation studies, where it 

is not just the DNA but the proteins as well that are 

involved in the mechanism. It helps derive important 

conclusions in epigenetic analysis.
[10]

 It was recently 

established using this technique that di-methylation of 

lysine 4 of histone H3 (H3K4me2) at the MYH 11 locus 

was restricted to the smooth muscle cell lineage in 

human and mouse tissue sections.
[11]

 

 

3.5 RNA In-situ Hybridisation – Proximity Ligation 

Assay (rISH-PLA) 

The technique is similar to ISH-PLA except that it uses 

RNA instead of DNA strands. Biotinylated RNA 

sequences along with the cognate RNA binding protein 

(RBP) are bound by specific PLA probes, which upon 

ligation and amplification form a detectable product. The 

technique is very useful in understanding the interactions 

of proteins and RNA. In a complex mixture of cells, the 

technique helps understand the activity of RNA binding 

proteins (RBP).
[10] 

 

Like any other proteomics technique, PLA also exhibits 

its own advantages and disadvantages. The technique is 

highly sensitive with detection levels as low as 

zeptamoles (10-21 moles). Since the technique is based 

on the interaction of antigen and antibody the technique 

is highly specific and selective as compared to other 

techniques and thus reduces the problems of cross-

reactivity. Utilisation of very low quantities of the 

sample makes it very useful for the analyses of scarce 

sample sources. The technique allows detection of 

proteins in its native localized form. As each of the target 

protein is bound by a probe and produces a signal, single 

molecule resolution is obtained. This also provides scope 

for relative quantification of proteins. Ability for the 

technique to be used for both in-vitro and in-situ studies 

make it advantageous. Because of its high sensitivity, 

small transient interactions and post translational 

modifications can also be detected. Detection of the 

amplified signal can be done in a number of ways like 

fluorescent microscopy, qPCR, and flow cytometry and 

microarray analysis. This flexibility allows the 

implementation of the technique in versatile ways. 

However, the technique comes with a drawback of 

background signals. During binding of the antigen and 

the antibody, there is a possibility of production of a 

coincidental signal merely because of its proximity to the 

target protein. This background signal can be reduced by 

keeping the concentration of proximity probes low as the 

antigen-antibody reaction depends on dissociation 

constant, Kd and the relative concentration of antigen 

and antibody.
[4]

 Although the background signal cannot 

be eliminated altogether, this strategy helps minimize it 

to great extent. Also all proteins that do not necessarily 

have unique recognition regions and such proteins may 

not very well be suited for this assay.
[6]

 

 

 

 

 

4. Applications 

4.1 Cancer Biology 

Several cancer studies employed this technique to screen 

different kinds of carcinomas and human tumours. 

Identification of several types of potential biomarkers 

from serum and plasma samples has never been easier. In 

people suffering from choroid plexus tumours, activation 

status of receptor kinase was directly dependent on its 

phosphorylation status. This was established by the 

technique of PLA. Interaction between specific proteins 

of a known signalling pathway which was previously 

proved in-vitro was also demonstrated in-situ in human 

glioblastoma samples.
[2]

 

 

4.2 Neuroscience 

Neuroscience is yet another field where the method of 

PLA has been put in use extensively. A special 

neurochemical called Aβ-aggregates acts as an early 

biomarker for neurodegenerative diseases like 

Alzheimer’s and Parkinson’s. As the size of these Aβ-

aggregates increases, it results in the formation of 

amyloid fibrils because the structure is more stabilized. 

A 25-fold increase in the sensitivity was observed in the 

detection of Aβ-aggregates in PLA as compared to 

sandwich ELISA.
[12]

 Subcellular co-localization of a 

newly identified transporter protein of the SLC 

superfamily with presynaptic marker proteins such as 

synaptophysin was validated in cell-line-based material 

by PLA following an immunohistochemical approach.
[2]

 

A special protein found in Parkinson’s patients, α-

synuclein is a major component of the Lewy bodies. 

Interaction between α-synuclein and dopamine 

transporter protein was demonstrated in-situ using 

PLA.
[13]

 

 

4.3 Molecular biology 

Molecular biology forms the basis for all the derived 

complex fields like neurology and oncology. PLA 

technique has managed to have wide spread applications 

in the field of molecular biology as well. Myc is a family 

of regulator genes and proto-oncogenes that code for 

transcription factors. Heterodimerization of c-Myc and 

its binding partner Max to identify inositol 1, 4, 5-

triphosphate receptors and protein kinase B/Akt was 

demonstrated using in-situ PLA. This also led to the 

revelation of a complex three-part interaction between c-

Myc, Max and RNA polymerase II.
[6]

 Interaction 

between Golgi resident glycosyl transferases and 

nucleotide sugar transporters in N-glycan biosynthesis 

was visualized using in-situ PLA in adherent cultures of 

mammalian cells.
[14]

 

 

4.4 Clinical Diagnostics and Pharmacology 

Pharmacology and clinical diagnostics is one of many 

areas where developments are taking place at a very fast 

pace. PLA has been able to contribute significantly to 

this development. Influence of a drug molecule on 

different pathways can be studied using in-situ PLA. The 

technique is also useful in developing screening assays 

that evaluate the molecular effects of candidate drugs 
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directly in patient materials.
[4]

 Scale-up of numerous 

diagnostic methods for various diseases can be enabled 

using PLA. Selection of drugs for clinical trials becomes 

easier using this technique by conducting pulse-chase 

experiments. 

 

5. CONCLUSION AND FUTURE PROSPECT 

Although there have been multiple techniques for 

detection of proteins, no technique can provide all the 

necessary information in a seamless way. Each technique 

has its own advantages and disadvantages. However it all 

lies in the hands of the researcher to exploit a particular 

technique to its fullest. PLA being one of the new 

techniques has been able to fill up some of the gaps that 

other techniques could not. With its sensitivities as low 

as zeptamoles concentration, the technique has created a 

new ripple in the pond of proteomics. Advantages like 

high specificity and single molecule resolution has given 

more insightful results. Small sample size and reduced 

processing times, makes protein detection even easier. 

Modifications like in-situ PLA have enabled 

visualization and co-localization of proteins like no other 

technique. While ISH-PLA and rISH-PLA give an 

opportunity to better understand the interactions between 

proteins and nucleotides, multiplex and 3-PLA help 

determine protein interactions in a holistic and specific 

manner. With its applications in numerous fields like 

pharmacology and molecular biology, the technique will 

find its applications in many new fields as well. 

Improvements in the technique of multiplex PLA can 

result in a faster and seamless experience in protein 

detection. PLA being young in the field of proteomics is 

on its way for a lot of adaptations. With time, this 

technique has a potential to grow breaking all the barriers 

and revolutionize science like never before. 
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