Multiplex Assays for Ubiguitous Signal Transduction
Cascades: MAPK, Apoptosis and Akt/mTOR
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Protein phosphorylation is the major cellular mechanism used to regulate protein function including
enzyme activity, protein-protein interactions, subcellular distribution, stability and degradation. These
functions in turn control cell growth, death, differentiation, inflammation and apoptosis among other
responses. The ability to assay phosphorylation status throughout signaling cascades is paramount to
drug discovery and life science research. Ideally, multiplex assays allow simultaneous interrogation of
multiple members of a signaling cascade. We have developed MULTI-ARRAY™ assays that simultaneously
interrogate the phosphorylation state of key components of MAPK (ERKI/2, p38 and |NK), Apoptosis
(Caspase-3, PARP, Bdl-2, BAD and p53) and Akt/mTOR (Akt, p70S6K, GSK-3cx, GSK-3[3 and MEKI/2)
signaling pathways. Furthermore, the percentage of protein that is phosphorylated at a given site can
be estimated by simultaneously measuring the phosphorylated and total pools. The results closely
mimic those seen in western blots. MULTI-ARRAY assays offer the advantages of multiplexing while
being very sensitive and rapid. The combination of multiplexing and rapid protocols results in
tremendous gains in productivity compared to conventional western blot and ELISA analyses.

o Meso Scale Discovery Applications
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IS0 MULT-ARRAY Technology and MULTI-SPOT® Plates
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|. MULTI-SPOT 4 Spot 96-Well Plates precoated with capture antibodies are blocked with
100 WL of MSD Blocker-A for | hr and washed with TBST.

2. 25 L of cell lysates are added to the wells and incubated for -3 hr with shaking,
followed by washing with TBST.

3. 25 L MSD SULFO-TAG™ labeled antibodies (in antibody dilution buffer) are added to
the wells and incubated for | hr with shaking, followed by washing with TBST.

4. 150 pL MSD Read Buffer T (with surfactant) are added to the wells and analyzed on
the SECTOR™ 6000 instrument,
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MAPK Signaling Pathway
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Multiplexed Phospho-p38 and Total p38 Assay in HEKZ93 Whole Cell Lysates
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0 w0 | 18 Logarithmically growing HEK293 cells were treated with UV +
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s [sw | 1 [ems| o+ [os| were added to MSD MULTI-SPOT 4-spot plates (pre-coated with
9,558 3 1,165 | 3 09 . . . .
W Twer| o [oes| 2 [Tes| capture antibody) and analyzed in a multiplexed sandwich assay.
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Multiplexed Phospho-ERK1/2 and Total ERK1/2 Assay in Jurkat Whole Cell Lysates
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25 3,580 133 4 6,588 | 316 5 0.5 . . . .

S0 amo [ [ 3 Tose s |« og capture antibody) and analyzed in a multiplexed sandwich assay.
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0 303 4
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0.63 2,421 1 507 4 48
pINK 1.25 4,303 2 554 0 18
25 1,582 1 575 2 132
5 10,187 14 640 2 15.9
10 15,167 | 31 0 20.8
0 193 4
0.02 1,003 3 198 9 5.1
0.04 1,731 3 206 | 8.4
0.08 2,569 5 213 5 12.1
0.16 4,857 2 236 | 20.6
PERKI/2 031 7,694 2 283 | 27.2
0.63 9,391 3 356 4 26.4
1.25 8,828 4 341 | 254
2.5 10,067 6 291 4 34.0
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Multiplexed MAPK Panel: Phospho-pa8, Phospho-JNK and Phospho-ERK1/2 in HEKZ93 Whole Cell Lysates
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MSD Experimental
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1.5 ug lysate per well

Logarithmically growing HEK293 cells were treated with UV +
Calyculin A (positive) or rapamycin (negative). Whole cell lysates
were added to MSD MULTI-SPOT 4-spot plates (pre-coated with
capture antibody) and analyzed in a multiplexed sandwich assay.



Apoptosis Pathways
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Multiplexed Phospho-Akt, Phospho-pha, Phospho-G6SK-3cx, and Phospho-BAD in Jurkat Whole Cell Lysates
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Logarithmically growing Jurkat cells (positive) were treated with 1Y294002 (50 M)
+ staurosporine (1 M) for 2.25 hr (negative). Whole cell lysates were added to
MSD MULTI-SPOT 4-spot plates (pre-coated with capture antibody) and analyzed in a

multiplexed sandwich assay. pSen per5
GSk-3ar pS3

in HT-29 Whole Cell Lysates
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Growing HT-29 cells (negative) were harvested | hr after UV irradiation (40 mj/cm?)
(positive). Whole cell lysates were added to MSD MULTI-SPOT 4-spot plates
(pre-coated with capture antibody) and analyzed in a multiplexed sandwich assay.
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Multiplexed Phospho-ph3, Total-p53, Cleaved Caspase-3 and Cleaved PARP in Jurkat Whole Cell Lysates
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Multiplexed Phospho-ERKT/2, Phospho-Akt, Phospho-MEK1/2 and Total ERK1/2 Assay in Jurkat Whole Cell Lysates

Traditional Western Blots
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s Jwe| 2 [ww | o [an| o fuadiea] analyzed in a multiplexed sandwich assay.
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Traditional Western Blots
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Logarithmically growing Jurkat cells were treated with PMA

(200 nM; 15 min)(positive) or LY294002 (50 wM; 2.25 hr)
(negative). Whole cell lysates were added to MSD MULTI-SPOT
4-spot plates (pre-coated with capture antibody) and analyzed in
a multiplexed sandwich assay.
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Quantification of the % Phosphoprotein in a Sample: Phosphorylated and Total Assay in the Same Well

* For demonstration purposes calculations for % phosphoprotein are shown here using data
from the MSD MULTI-SPOT Phospho/Total Akt assay.

* The untreated cell lysates used here were derived from growing Jurkat cells and are expected
to express phosphorylated Akt. Treating the cells with the LY294002 inhibitor is
expected to inhibit phosphorylated Akt production but not affect the level of total Akt.

MSD MULTI-SPOT Phosphorylated and Total Akt Assay

Jurkat pAkt Untreated pAkt Treated UT T Total Akt Untreated ‘ Total Akt Treated UT T
DRGNS Average StdDev | %CV  Average StdDev %V Average | StdDev | %CV | Average StdDev ~ %(V
0 89 16 18 112 16 14 220 44 20 243 44 18
0.3 584 87 15 158 15 9 426 3.1 1,705 255 15 3,241 255 8 -1,537 0.5
0.6 983 170 17 169 21 12 815 5.8 3,286 89 3 5,853 89 2 -2,567 0.6
1.3 1,373 208 15 269 12 4 1,105 5.1 5,629 1,109 20 10,390 | 1,109 11 -4,162 0.5
2.5 3,124 142 24 294 28 9 2,830 10.6 11,701 | 1,050 9 19,325 | 1,050 5 -1,624 0.6
5 6,087 | 3,088 51 485 11 2 5,602 12.6 | 21,189 | 3,072 14 34,547 | 3,072 9 -13,359] 0.6
10 15,169 | 3,718 25 132 60 8 14,438 | 20.7 | 33,731 | 4,094 12 52,575 | 4,094 8 -18,844| 0.6
20 29,258 | 4,939 17 1,173 189 16 28,085 | 25.0 | 44,540 14 0 71,846 14 0 -27,307] 0.6
Serd13 BSA : I I I
prt ysates (1) R R Due to the difference in protein abundance
n 0] 6 in a particular sample, determination of
T z : the linear assay range for each protein is
13 39 5 recommended. The linear range determined
BSA Total 2.5 42 3 . e e
e 5 5 8 for Akt in Jurkat cell lysates is highlighted.
Phospho-Akt & Total Akt 10 61 3
Capture in the Same Well 20 19 3

Calculation: (2X phospho signal*/phospho signal+ total signal**) X 100

% The numerator is 2X the phospho signal since the phosphorylated species is captured by both antibodies; only 1/2 on the phospho spot.

%% The denominator is “phospho signal + total signal” since the actual “total” is all of the material detected on both spots.
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Conclusions

|. - We present highly specific multiplexed assays for simultaneous detection of
phosphorylated protein members of MAPK, apoptosis and Akt/mTOR pathways. The
methods we present are general. Thus, multiple phosphoprotein and apoptosis members
of signaling pathways can be assayed simultaneously in a single well in short (I-3 hr)
incubation periods. The assays combine specific antibodies immobilized on MSD
MULTI-SPOT plates combined with cocktails of detection antibodies labeled with
electrochemiluminescent reporters.

2. Simultaneous quantification of the phosphorylated and total protein in the same well
results in a simple, high-throughput method for estimating the percentage of the pool
that is phosphorylated in a sample.

3. MULTI-ARRAY technology-based assays are powerful replacements for established methods
because the assays are highly quantitative and save time and labor compared to existing
techniques.




