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The Protein Interaction Coupling (PICO) technology is an ultra sensitive 
immunoassay for the detection and quantification of proteins, protein 
interactions, and post-translational modifications. Our technology 
combines the advantages of immunoassays with digital PCR technology, 
by translating protein status into DNA barcodes. PICO enables previously 
unimaginable assays in the field of protein and interactomics research.

What is PICO?

With PICO you can...

… detect and quantify proteins and protein interactions, e.g. 
biomarkers in serum or interacting proteins in cells.

… detect post-translational modifications, from acetylation through 
phosphorylation to ubiquitylation, to understand functions of proteins.

… measure all of the above in parallel providing an unprecedented 
view on cellular processes.
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What is the interplay between proteomics and interactomics?
Each human cell contains around 19,000 to 21,000 protein 
coding genes that are translated into approximately 100,000 
different proteins. At any given time and condition the total sub-
set of the expressed proteins is called the proteome. Proteins 
are part of complex and post-translationally highly regulated 
protein interaction networks, also termed the interactome. The 
potential complexity of the interactome is estimated to be an 
order of magnitude larger than the complexity of the proteome 
itself. The proper functionality of the proteome and interactome 
and their regulation is crucial for cellular physiology and ex-
plains the rise of the scientific interest that investigates them. 
PICO is at the intersection of proteomics and interactomics 
research and offers a highly sensitive assay for detecting pro-
teins, protein interactions and post-translational modifications 
with a simple and productive workflow.

What are the advantages of digital PCR?
The digital PCR (dPCR) technology is an extension of the classical 
PCR method that allows compartmentalized, single-molecular am-
plification and highly precise and sensitive quantification of DNA and 
RNA. The key extension of the dPCR technology is the partitioning of 
the sample into ten thousands of minuscule, nanoliter-sized individual 
compartments, each containing less than a single target molecule on 
average. The PCR reaction is carried out in each compartment individ-
ually and during amplification a fluorescent signal is generated that 
is detected by the dPCR instrument making the positive amplification 
reactions countable. The low volume of each compartment ensures 
amplification from a single DNA molecule and by applying Poisson 
statistics the original and absolute target DNA concentration can be 
very precisely calculated without an external calibration curve. Thus, 
dPCR enables absolute quantification of macromolecules.

The dPCR concept was first described in 1992, how-
ever in recent years the dPCR technology has been 
extensively improved resulting in a recent exponential 
increase in the number of scientific publications us-
ing dPCR. Is dPCR technology only limited to analyz-
ing DNA and RNA? We at Actome developed PICO, 
a unique technology that allows the detection and 
quantification of proteins and protein interactions 
with a dPCR instrument. 
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How does PICO work in a nutshell?
The PICO workflow eliminates many potential pitfalls of classical immunoassays, such as western blotting or 
ELISA, by having ultra high sensitivity, quantitative, zero background, and high parallelism potential. The main 
innovation of PICO is the compartmentalized conversion of an antibody binding-based protein detection assay 
into a dPCR-based DNA detection event.

What can be a PICO target?
For the PICO assay a pair of antibodies of your choice is required per target. The target can be 1) a single 
protein, 2) a protein interaction or, 3) a post-translational modification of a protein. A target bound by the two 
different antibodies, termed ‘couplex’, is the molecular detection unit of the assay. The couplexes are detected 
and counted using QIAGEN’s QIAcuity Digital PCR System and the number of target molecules are calculated by 
our web-based AMULATOR software. 

How to choose the two antibodies?
1. To detect and quantify a single protein, select two antibodies, each targeting a different, concurrently acces-

sible epitope on the target protein.
2. To target a protein interaction, one antibody per interacting partner is required, assuming that the epitopes 

are not hindered by the interaction itself.
3. To investigate a post-translational modification (PTM) of a target (e.g. phosphorylation, acetylation, or 

methylation), a PTM-specific antibody and an antibody directed against the PTM bearing protein is required.

The major steps in the PICO assay:
I. Two different antibodies of your choice are 

labeled with PICO DNA Labels. 
II. The labeled antibodies are mixed with the 

lysed sample to enable specific binding 
between the target and the antibody. The 
‘couplexes’ are formed.

III. To ensure single molecule dPCR analysis, the 
sample is highly diluted, and the PICO Probes 
and the dPCR master mix are added. Finally 
the mixture is loaded into a dPCR assay plate.

IV. In the QIAcuity Digital PCR System the sample 
is partitioned into 26 thousand compartments 
followed by the amplification of the PICO DNA 
Labels associated with the antibodies. During 
amplification specific fluorescent signals 
are generated that are detected by the dPCR 
instrument. Compartments containing the 
couplexes will have two fluorescent signals 
(e.g. yellow AND blue, thus depicted with green 
color in the image on the right).

V. The raw dPCR data is uploaded to our web-based AMULATOR software for data analysis.
VI. AMULATOR generates a comprehensive boxplot graph containing the number of couplexes in a control mea-

surement and the sample.
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What are the main features of PICO?
PICO is designed to outperform existing protein detection and quantification solutions (e.g. western blot, co-
immunoprecipitation, and ELISA) and to introduce powerful experimental possibilities. PICO has the following 
features that positions PICO above the classic immunoassay technologies: 

High sensitivity Homogenous assay
Many proteins, especially those with regulatory 
function, have a very low expression level, which 
translates into as low as 100 copies of protein 
molecules per cell. The PICO assay championed 
femtomolar sensitivity to detect the so far 
undetectable.

PICO has a simple, low risk workflow, using a mix & 
dilute & detect principle. There are no washing steps 
and no solid phase in the workflow resulting in no 
possible loss of sample material. The homogeneous 
environment highly contributes to the non-disturbed, 
solution-based binding of the antibodies, keeping the 
targets in natural conformation and consequently 
having quantitative detection. 

Wide range of assay targets Single molecule detection
Any soluble biological sample such as cells, 
serum or tissues can be assayed. The PICO assay 
employs antibodies, thus PICO can be exploited 
in any biological material containing proteins. The 
main targets of PICO are single proteins, protein 
interactions, and post-translationally modified 
proteins. Importantly, PICO also allows the 
measurement of the above three simultaneously in 
a single assay.

The PICO workflow applies a high dilution to the 
sample before compartmentalization. The high 
dilution, in combination with the high sensitivity of the 
dPCR reaction, enables single molecule detection of 
proteins and protein interactions. High dilution also 
offers almost unlimited volume for further assays. 

Zero background noise Low input sample amount
Background reactions (signal generation without 
antibody binding) is a major issue for other highly 
sensitive immunoassays, such as proximity ligation 
assay (PLA). PICO is free from it: during the dPCR 
step the sample is compartmentalized to exclude 
the possibility of target-independent background 
reactions. Therefore, there is zero signal in case no 
target is present in the dPCR reaction.

PICO can measure from as little as 0.1 µL lysate. 
However, for practicality, our protocol recommends to 
start with 2 µL of lysed sample.

dPCR based detection Parallelism
dPCR provides an exceptional environment for 
single-molecular detection. PICO applies a ground-
breaking principle to count couplexes precisely 
even in the presence of a large number of unbound 
antibodies.

The QIAcuity dPCR System can detect five 
fluorescent colors meaning five different antibodies 
with different PICO DNA Labels. Thus, PICO has great 
flexibility in designing parallel assays. For example 
measurement of a phosphorylation dependent protein 
interaction is possible in one PICO experiment. 
Actome offers four different PICO DNA Labels, and 
the corresponding 4 PICO Probes, allowing 4-color (4-
plex) PICO experiments.
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What does PICO measure exactly?
The standard PICO workflow employs two PICO DNA Labeled 
antibodies. If the two antibodies concurrently bind to the same 
target a couplex is formed. After the overnight incubation of 
the lysed sample with the labeled antibodies (termed ‘binding 
reaction‘), the sample is highly diluted and the dPCR master 
mix, together with the PICO Probes, is added. The dPCR instru-
ment partitions the sample into thousands of compartments 
resulting in individual compartments with either unbound 
targets, labeled antibodies only, targets with only a single anti-
body bound, or couplexes (see image on the right). The dPCR 
instrument amplifies the PICO DNA Labels in each compart-
ment and reveals their presence by fluorescent colors. Com-
partments with a single antibody, containing only one PICO 
DNA Label, generate a single fluorescent color (e.g. yellow OR 
blue). Compartments with two PICO DNA Labels generate two 
fluorescent colors (e.g. yellow AND blue). Next, we count the double positive (green) compartments. PICO has a 
formal mathematical solution that uses a new principle to calculate the number of couplexes by separating the 
false double positive compartments, which arise from the accidental co-compartmentalisation of two differ-
ent antibodies, from the real double positive couplex containing compartments. The final result, calculated by 
AMULATOR, is the concentration of couplexes detected in the full dPCR volume.

How sensitive is PICO?
Since dPCR is used as the readout technique for PICO assays, all ad-
vantages of the dPCR technology such as high precision, sensitivity, 
and absolute quantification, are also implied for the detection and 
quantification of proteins by PICO. The LOD (limit of detection) is approx-
imately 10 couplexes per dPCR reaction (one well in a 24-well QIAcuity 
Nanoplate). Additionally, only a very small input sample volume (0.1 - 2 
µL) is required ensuring high absolute sensitivity as well.

The targets are detected with femtomolar sensitivity, meaning PICO is 
able to detect approximately 600 - 60,000 molecules in 1 µL of sample 
depending on the affinities of the antibodies used. This calculates back 
to a total of 0.5 to 50 zeptomoles (5 x 10-20) of protein molecules. 

Therefore, compared to established immunoassays such as western blot or ELISA, PICO can detect proteins 
100 - 10,000 fold more sensitively. This allows the user to generate reproducible and highly sensitive measure-
ments even if the sample volume is very limited or proteins are of low abundance.
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What needs to be considered regarding sensitivity?
Due to the utmost sensitivity of the PICO assay, the binding 
reaction needs to be highly diluted to be measurable by 
dPCR. The number of couplexes per dPCR reaction needs to 
be between 10 and a couple of thousands. Additionally, the 
amount of labeled antibodies per dPCR reaction, which is at 
best 5,000 (or a lambda of ~0.2#), is also of importance. The 
usual range of dilution to achieve this lambda value is from 
1 to 5,000 fold, depending on the affinities of the antibod-
ies used. In special cases even no dilution is necessary. 
Importantly, the dilution affects the number of couplexes 
that can be detected, too high dilution can result in less than 
10 couplexes per reaction.

# lambda is calculated by dividing the number of mole-
cules by the number of partitions, in case of a 26k QIAcuity 
Nanoplate and the example above: 5,000/26,000 = ~0.2

Which antibodies can I use?
For the PICO assay a pair of antibodies is required for each target and the user is free to choose any antibody 
pair for their PICO assays. However, the affinity of antibodies counts toward the sensitivity of the reaction. Usual 
antibodies have a range of affinities, termed in KD (dissociation constant of antibody), between 10-9 and 10-13. In 
general it is advisable to choose antibodies with comparable KD values, as the antibody with a lower affinity limits 
the achievable sensitivity. If the animal host of the antibody is rabbit, generally, these antibodies show higher 
affinities (lower KD values) and correspondingly higher PICO assay sensitivity. 

The PICO assay works with both monoclonal and polyclonal antibodies. However, if possible, we recommend 
using monoclonal antibodies, since they are often better characterized and defined by the antibody producer and 
the batch-to-batch variabilities are minimal. On the other hand polyclonal antibodies usually have higher affinities, 
and are more readily available for less studied proteins.

The PICO sample preparation ensures the detection of proteins in their native, non-denatured conformation, 
which can be recognized by most of the commercially available antibodies. However, there can be scenarios 
when the epitope is not available for antibody binding due to the native conformation of the protein burying the 
epitope or in case the protein interaction itself sterically hinders the antibody binding. Therefore, employing 
antibodies confirmed in non-denaturing applications such as immunofluorescence (IF) or flow cytometry are 
advised. 

Importantly, antibodies directed against a protein tag (e.g. HA, FLAG, Myc, GFP, etc.) can also be used and 
allows flexibility to detect and analyze tagged proteins.
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The PICO workflow
Sample
PICO can analyze any soluble biological sample, e.g. supernatant, blood serum, as well as 
lysed cells. PICO provides an optimized lysis buffer, which can be used to lyse eukaryotic cells 
and tissues. The lysis buffer ensures the proper dispersion of the target proteins, which is a 
general prerequisite for a successful PICO assay. Due to the high sensitivity of the PICO assay 
only a very small sample amount (0.1 - 2 µL) is required. To detect transient and low affinity 
protein interactions, fixation of the sample is mandatory. PICO offers fixation using chemical 
crosslinkers, which effectively but mildly stabilizes protein interactions. In case of single protein 
detection, fixation of the sample can be omitted. 

Antibody
For the PICO assay a pair of antibodies per target is required. It is recommended to purify the 
antibodies with our PICO Antibody Purification (AP) Kit initially to ensure the best labeling 
efficiency. The AP Kit efficiently removes all non-antibody proteins (e.g. BSA), primary amines 
and other chemicals (e.g. azide, TRIS). For a more detailed description of the antibody selection 
please refer to the section “Which Antibodies can I use?”.

Labeling
For the PICO assay the antibodies of your choice have to be labeled with unique DNA oligonu-
cleotide labels (PICO DNA Labels). The first step in the labeling process, the Actomidin conju-
gation reaction, is carried out by the PICOact Antibody Conjugation (PICO aAC) Kit. With this 
kit you can carry out a total of 4 conjugation reactions. The conjugation efficiency is up to 90%, 
which can be tested by using Agilent’s Bioanalyzer. With a minimum hands-on time (<40 min as 
a two-day procedure) the antibodies are ready for the next step. The conjugated antibodies are 
stable for at least six months.

In the second step of the labeling process, the PICO DNA Labels are loaded onto the conjugated 
antibodies with the PICOact Conjugated Antibody Label Loading (aCALL) Kit. We offer four dif-
ferent PICO DNA Labels (PICOact BL, P8, N6 and O7 Label), which enables the detection of up to 
two targets simultaneously. Washing steps during the labeling process ensure that the unbound 
labels are removed, resulting in a free label content below 3%. The kit contains material for 8 
loading reactions. The labeled antibodies are stable for at least six months. The concentration 
of the labeled antibodies are determined by dPCR using the contents of the PICO Amplification 
Core (AMC) Kit and the corresponding PICO Probes.

Sample

AntibodyPICO Antibody Purification (AP) Kit 
See PICO AP manual

PICOact Antibody Conjugaction (aAC) Kit 
See PICO aAC manual

PICOact Conjugated Antibody Label Loading (aCALL) Kit 
PICOact BL, P8, N6 & O7 Label
See PICO aCALL manual

Labeling

https://firebasestorage.googleapis.com/v0/b/actionist-56b88.appspot.com/o/download%2FUser%20manuals%2FPICO_AP_manual.pdf?alt=media
https://firebasestorage.googleapis.com/v0/b/actionist-56b88.appspot.com/o/download%2FUser%20manuals%2FPICO_aAC_manual.pdf?alt=media
https://firebasestorage.googleapis.com/v0/b/actionist-56b88.appspot.com/o/download%2FUser%20manuals%2FPICO_aCALL_manual.pdf?alt=media
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PICO
The main part of the PICO assay is carried out using the PICO Amplification Core (AMC) 
Kit. The lysed sample is mixed with the labeled antibodies and incubated overnight to allow 
equilibrium binding between the labeled antibodies and their targets. Next day, the sample 
is highly diluted and mixed with the dPCR Master Mix (containing QIAGEN’s QIAcuity Probe 
Master Mix and the PICO Probes). The mixture is then transferred to a QIAcuity Nanoplate 26k 
24-well and mounted in QIAGEN’s QIAcuity dPCR System for partitioning and amplification. 

dPCR
In QIAGEN’s QIAcuity dPCR System each well, containing the sample, is partitioned into 26,000 
individual compartments. Since the sample is highly diluted, the partitioning results on average 
less than a single protein molecule per compartment. The PICO DNA Labels, bound by the PICO 
Probes, are amplified and the fluorescent signal is generated. Differently colored fluorescent 
signals are generated from each PICO DNA Label. For example, the PICOact BL Label, bound by 
the PICO BL Probe, generates a yellow fluorescent signal in the HEX channel during amplifica-
tion. The QIAcuity dPCR System counts the amount of compartments with fluorescent signals 
and produces a binary output (signal vs. no signal). After the dPCR reaction the raw data is 
exported from the QIAcuity Software Suite and uploaded to AMULATOR, Actome‘s web-based 
software for data analysis.

AMULATOR
AMULATOR is offered as Software-as-a-Service (SaaS) and is used to process the raw data 
generated by the QIAcuity dPCR System. Once registered, you are able to upload your data 
and calculate the number of couplexes based on the fluorescent readings obtained from each 
compartment. The processed data is stored in a personal cloud-based workspace and remains 
accessible for further evaluation.

Result
AMULATOR provides a graphical output of your data with a basic statistical evaluation. A 
boxplot graph, based on the technical replicates, is created for easy data interpretation that 
can be customized in the personal workspace. The final output data can be downloaded as a 
spreadsheet (in csv format) and the boxplot graph can be retrieved as a vector or raster graph-
ics file.

PICO

dPCR

See AMULATOR

actome.de

AMULATOR

Results

PICO Amplification Core (AMC) Kit 
PICO BL, P8, N6 & O7 Probe 
See PICO AMC manual

https://observablehq.com/@actome/amulator
https://firebasestorage.googleapis.com/v0/b/actionist-56b88.appspot.com/o/download%2FUser%20manuals%2FPICO_AMC_manual.pdf?alt=media
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Exciting new PICO developments
In November, 2022 Actome released two additional PICO DNA Labels and the corresponding two new PICO 
Probes increasing the flexibility and the scope of the PICO assay! With the total of 4 PICO DNA Labels you can 
measure two targets simultaneously in one single PICO experiment. The two additional PICO DNA Labels are 
recorded in the orange and red channel of the QIAcuity dPCR instrument respectively. 

With a 4-color PICO experiment you can detect..

... two different protein interactions. One pair of 
antibodies per protein interaction is required.

... one protein interaction in combination with a 
single protein. One antibody pair is required for the 
protein interaction and two antibodies are required for 
the single protein.

... a protein interaction in combination with 
measuring the protein level of one of the interacting 

partners (termed ‘triangular measurement’). Altogether 
three antibodies are required (one against one of the 

partner and two against the other partner).

Stay tuned for more amazing PICO products and 
developments coming in the near future!

... a post-translational modification together with the 
amount of the protein. Three antibodies are required (two 
against the protein and one against the modification).

... two different proteins. Similar to 2-color PICO, two 
antibodies per protein are required.

P
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Getting started with PICO
Do you want to get acquainted with the PICO workflow and want to explore the 
ultra-high sensitivity of the PICO assay? For this purpose we offer the PICO Protein 
Detection Trial Kit. The kit contains a recombinant protein as a sample, two PICO DNA 
Labeled antibodies and all the reagents necessary to perform a PICO assay.

Or do you want to carry out the first PICO experiment with your own antibodies and 
sample? The PICO All-in-One Set (2 colors) contains all the individual PICO Kits to 
carry out the entire PICO workflow, from the antibody purification and labeling, to 
the PICO assay and dPCR reaction.

Visit our shop to purchase our products 
or contact us to receive a quote!

Notes

https://shop.actome.de/
mailto:info%40actome.de?subject=
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Lets explore PICO together!

Watch our PICO technology video:
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