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INTRODUCTION
Multiplexing can accurately measure multiple proteins of interest in a single well,
which drastically reduces the amount of sample required and the time to acquire
results, and increases the overall information received from an assay. While this
technology is often used to assess panels of proteins that are related in function or
disease, there is much less data when attempting to quantify phosphorylated vs
total (phosphorylated + non-phosphorylated) proteins.
The project described here was undertaken to utilize the available MSD U-plex
technology to determine the potential for multiplexing 2 pairs of phosphorylated
and non-phosphorylated proteins (pProtein2, Protein2, pProtein3, Protein3) and
answer two key questions:
1) Is it feasible to accurately measure both phosphorylated and total protein
concentration in one well?
2) Can proteins of similar structure be analyzed along with their phosphorylated
subset simultaneously?

METHOD
• HeLa cells were treated with vehicle or TGFβ to stimulate the phosphorylation of
Protein2/3, and lysates were collected. Following determination of protein
concentration for each control sample, the lysates were then analyzed with antibody
pairs reported to be speciﬁc for the phospho-epitope versus total protein in
question.
• Utilizing the MSD U-PLEX technology, capture antibodies were linked to a
corresponding Spot at a concentration of 10µg/mL. First, the signal was measured
for each protein with only one antibody linked/well (single-plex) to determine the
baseline signal received for each protein independently. This experiment was also
designed to replicate current methods for determining levels of these proteins and
ratios between pProtein and total Protein.
• Subsequent experiments were performed to measure the signal received from
2-plex and 4-plex assay formats to determine if there were any antibody/protein
interactions that would disrupt detection by each speciﬁc capture antibody; i.e.
pairwise checkerboard of all combinations of pProtein2, Protein2, pProtein3 and
Protein3 were tested to determine if any speciﬁc interactions would interfere with
the signal measured.

METHODS (cont’d)

Table 1: Comparison of Signal Results

Results were calculated as ratio of phosphorylated: total protein signal. The ratio
between phosphorylated and total protein was considered the primary output to
compare these various multiplexes and dilutions.

RESULTS
The single-plex methods were optimized for the appropriate dilution of each of the
four biotinylated capture antibodies and the ruthenylated Protein2/3 detection
antibody. When tested in the single-plex format, an expected increase in
pProtein/Protein ratios for both Protein2 and Protein3 from TGFβ stimulation was
observed compared to the non-treated cells.
In the subsequent 2-plex experiments it was observed that the addition of a second
antibody to each well did not aﬀect the signal produced; however, there was an
interaction between Protein2 and the pProtein3 capture antibody that resulted in a
decrease in signal >20% over the Protein2 signal in the signal-plex. This was
observed in the TGFβ stimulated cells but not the non-treated cells. This diﬀerence
in signal resulted in an artiﬁcially higher pProtein2/Protein2 ratio but did not greatly
aﬀect pProtein3/Protein3 ratios. The 4-plex experiments revealed similar results.
The % diﬀerence was >20% between the single-plex signal and 4-plex signal for
Protein2 but not for the other 3 proteins, which was likely due to the pProtein3
antibody capturing some of the Protein2 as observed in the 2-plex experiment. This
again produced an artiﬁcially higher pProtein2/Protein2 ratio. Further investigation
revealed that reducing the dilution factor from 1:10 to 1:2 greatly reduced the %
diﬀerence for pProtein2/ Protein2 but drastically increased the pProtein3/Protein3
% diﬀerence ratio to levels >20%.

Most consistent ratio results are obtained from protein concentrations ranging
from approximately 100-500 µg/ml

CONCLUSIONS
The results of these experiments answered both driving questions.
• First, it was determined that phosphorylated and total protein can be analyzed
together in a 2-plex setup. Acceptable results were generated for
pProtein3/Protein3 and pProtein2/Protein2 in both experimental control conditions
(TGFβ stimulated or vehicle treated). Using the 2-plex method, a measurable
increase in the pProtein/Protein ratio was observed for both Protein2 and Protein3
in response to TGFβ treatment, indicating that this method can be used to reliably
measure activation of Protein2/3.

Additional experiments were performed to determine the eﬀect of protein
concentration on signal and protein ratios by testing a serial dilution of the HeLa cell
lysates. As expected, the signal decreased with further dilution of HeLa cell lysate.
Similar ratios were observed at higher protein/well concentrations; however, the
greater the dilution, the less consistent the calculated ratio.

• However, accurate and reproducible results in the assay are dependent upon
normalization of samples for protein content prior to multiplexing analysis.

Figure 2: Single-Plex Signal Ratio
Single-plex (orange highlight), 2-plex and 4-plex results in all combinations to
determine possible interactions. % Diﬀerence in signal from single-plex >20% are
highlighted in red.
Table 2: Comparison of Ratio Results

• Raw signal was obtained from the MSD s600 and analyzed to provide the %
diﬀerence in signal between antibody combinations, the signal to noise ratios, and
the pProtein: total Protein ratio.

• Future studies will investigate the use a house-keeping protein that is not
inﬂuenced by TGFβ to normalize samples as well.
• The answer to the second question is less clear, as speciﬁcity of the pProtein3
antibody is less than optimal. Further optimization of the capture antibodies is
necessary before attempting to quantify Protein2 and Protein3 in the same well and
to provide further conﬁdence in all the results discussed above.
• Future studies will investigate the potential of using antibodies with greater or
distinct speciﬁcity.

• Serial dilutions were also performed to determine the eﬀect of sample protein
concentration on signal.

Despite the need for further experiments to optimize this method, the results
presented here outline a novel protocol to accurately measure pProtein and total
Protein within a single well, reducing the sample volume, analysis time and
resources required to generate results. Furthermore, by combining the
measurement of pProtein and Protein into one well, potential error is reduced by
decreasing experimental variables.

Figure 1: In-Well Multiplex Complexes

Initial HeLa Cell Lysate (control vs TGFβ treated) results for comparison with
multiplex assays
4-plex results indicate interaction between Protein2 and Protein3. %Diﬀerence in
the ratio versus to Single-Plex ratio >20% highlighted in red.
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Figure 3: Impact of Protein Concentration on Ratio

