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Revolutionizing Signal Transduction Assays in Drug Discovery: MSD's Multiplex

Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

o Abstract

Meso Scale Discovery (MSD) has introduced a novel, high throughput platform for multiplex analysis of phosphoproteins. The
platform utilizes arrays of anti-phosphoprotein antibodies that are immobilized at the bottom of microplates. In addition,
detection antibodies that harbor a common reporter moiety are included in MSD’s multiplex kits. The ability to combine any
given set of antibodies in an array provides maximum flexibility. It is advantageous to combine antibodies that will report the
phosphorylation status of various signal transducers known to be aligned in a pathway. In this manner, the point of action of
a novel inhibitor can be characterized. These “pathway screens” are a powerful means of characterizing compounds in primary
or secondary screens. Alternatively, targets from a pathway of interest can be combined with those in parallel pathways as a
means of determining the specificity of a compound or series of compounds. MSD multiplex phosphoprotein detection kits feature
antibodies from Cell Signaling Technology (CST). (ST is recognized as a world leader in the development and manufacture of
tools for signal transduction research. (ST anti-phosphoprotein antibodies are well-characterized with respect to their specificity
and their performance in conventional technologies. Here, we demonstrate the performance of (ST antibodies in MSD multiplex
assays that are focused on known signal transduction pathways. The combination of the MSD platform and (ST antibodies has
the potential to revolutionize signal transduction research in drug discovery.

@ [ranslational Control: Regulation of p/0 S6 Kinase

Growth Factors, Hormones, Cytokines,

Pathway Description: $6 kinase plays a critical role in Ve o
translational regulation. Several stimuli, including growth \
factors and cytokines, regulate p70 $6 kinase by
initiating a phosphorylation cascade involving the

sequential activation of PI3K, PDKI/2, Akt/PKB and / wl )
FRAP/mTOR kinase. FRAP/mTOR, together with an / /("D“'”’\
unidentified kinase, phosphorylates 4E-BP, leading to its @ U ( @
dissociation from and activation of elF4E. S
Phosphorylation of ribosomal protein $6 by p70 S6 N A AL / Trandiadon Or
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Revolutionizing Signal Transduction Assays in Drug Discovery: MSD's Multiplex

Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

@ [ranslational Control: Regulation of p/0 6 Kinase  (continued)

Multiplex Assay for Phospho-Akt and Phospho-p70s6K

N
i 12,000 — [ PMA-Treated
o pTA21/pS44 : o
// SULFO-TAG detection antibody pTIsEK BSA v el
¢ Stimulated/unstimulated cell lysate T
a Capture antibody g ]
3,000 —
BSA pSaT3 _ 1. L -
Akt ug Lyxateo I none 15 5.0 10.0 200 200 200 none 125 15 A
Spot 1:pERK Spot 2/3:B5A Spot 4:pAkt
PHA RP Ly
Western Blots ®spd | ¢ - Jurkat - RP-Treated” | [V-Treated®' [ S2/BI | SI/BI
) | O Backgrowd | 5 00 Spot | g Ave | %00 | Ave | %0V
0 g per lane £ TpT0s6 125 | 2573 699 814 9 | 32
1:p70s6K| 2.5 | 4,157 669 841 0.8 49
.-I-_LY PHA -EL.;. _ 1:p70s6K| 5.0 | 50855 591 182 0.8 15
ppT0s6K gﬁ‘:?ﬂ EE Ip10s6K_10.0 | 1,517 65 ] 08 | 86
l‘='_=-_-‘__| E :-’-o 1:p70s6K| 20.0 | I1,091 885 1,141 0.8 9.1
; %: 2BSA | 200 | 303 166 162 1.0 1.9
phkt ) .. = 2:BSA | 200 | 282 163 161 1.0 1.1
3:pAkt | 1.25 | 2,626 1,094 633 1.7 42
Logarithmically growing Jurkat cells were treated with LY, Rapamycin, and PMA. Whole cell S 25 | 5531 1,975 13 31| 90
T® 4 Soot 96-well Hioh Bind plat ted with cantur 3iphkt | 5.0 | 12,828 4,822 428 113 | 300
Iysa.tes were added to MSD MULT!-SPO © 4 Spot 96-well Hig plates coated with capture Sohkt | 100 26572 9.907 3% 395 | 792
antibody at two of the four spatially distinct electrodes per well. Phosphorylated proteins 3pAkt | 20.0 | 63463 21,935 334 658 | 1903

were detected with MSD SULFO-TAG™ detection antibodies.
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o |IAPK Signal Cascades

Pathway Description: Mitogen-activated protein kinases (MAPK) are a Stimlus ﬂ'{:’g‘:nféf{;’ .,,ﬂ,,:m,f ﬁ;ﬁnes‘
family of serine/threonine protein kinases widely conserved among | ) Y o es N
eukaryotes and are involved in many cellular programs such as cell HAPKIK ey 9 HEKLA
-Raf, c-Raf, B MLK3

proliferation, cell differentiation, cell movement and cell death. MAPK | ( vl ) ( — ) ( i )
signaling cascades are organized hierarchically into three-tiered modules. \ ' \
MAPKs are phosphorylated and activated by MAPK-kinases (MAPKKS), v @ =P €D
which in turn are phosphorylated and activated by MAPKK-kinases | ! | |
(MA!’KKKs). The MAPKKK is in turn actlvatgd b?’ interaction VYIth a - ;\\( — )/ - sl )
family of small GTPases and/or other protein kinases connecting the = == 6‘ ""’“‘”B/Y) = (wm 3
MAPK module to the cell surface receptor or external stimuli. l — l — \\ ’/ —

Biological Growth, Inflammation,

Response Differentiation, Apoptosis,

Development Growth,
Differentiation

Multiplex Assays for MAP Kinases: Up-regulation of pp38 and pJNK

A 12,000 | B UV-Treated
SR I Untreated
S TI80/pY182-
/ SULFO-TAG detection antibody P B _ e
“ P &

Stimulated/unstimulated cell lysate S

& Capture antibody = 3000 -

pTIB3/pY185- pT202p204- 0

INK ERK g Lysate .
Spot 1:pp38 Spot 2:BSA Spot 3:pJNK Spot 4:pERK
Western Blot w _ HEK293 S-B S/B
20 g per lane @ Signal 2 00 Spot | pg _
w O Badground | -3 00 1:pp38 | none 300
R . “ 1:pp38 | 1.25 | 1,600 553 1,047 | 29
I:pp38 | 25 [ 2356 636 1,720 | 3.7
38 | PP ) )
PP . e = l:pp38 | 5.0 | 3,809 644 3,164 | 59
E ; 1:pp38 | 10.0 | 6,538 681 5857 | 9.6
PERK gL I;pp38 | 200 | 8,163 78 7383 | 105
£ 2BSA | 200 | 297 Bl % | 13
pINK t - 3:pINK | none 13

SpINK | 1.25 | 3,180 481 2,700 | 6.6
SpINK | 25 | 4942 648 4294 | 1.6
L . SpINK| 5.0 | 6,246 680 5,566 | 9.2
Logarithmically growing HEK293 cells were treated +/- UV. Whole cell lysates were added to MSD MULTI-SPOT 3N | 100 | 9,808 844 8964 | 116
4 Spot 96-well High Bind plates coated with capture antibody at three of the four spatially distinct electrodes 3pINK | 200 | 13,437 1,064 12373 126
per well. Phosphorylated proteins were detected with MSD SULFO-TAG detection antibodies. ApERK | 200 | 437 461 25 | 09
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Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

© [IAPK Signal Cascades  (continued)

Multiplex Assays for MAP Kinases: Up-requlation of pERK

6,000 PMA-Treated "1

- T180/pY182: Untreated ~ .
/ SULFO-TAG detection antibody i B 50 -

“0 Stimulated/unstimulated cell lysate ¢ 3,000 4 I i
a Capture antibody 1,500

Mean Signal

PJI:WP““' Eﬁm"m“' g tyste’ |00 13 72575 Tio T 20 |00 T200] 00 T 13 T25 7 s Tio 20 o0 137257 5 "o 20
J Spot 1:pp38 Spot 2:BSA Spot 3:pJNK Spot 4:pERK
Western Blot i Jurkat | PMA-Treated Untreated S-B | /B
20 pg per lane ® Signal T 00 Spot | pg | Ave | %QV | Ave | %OV
PHA O Background g 00 |:Pp3s 0.0 300
- I:pp38 | 20 386 605 218 | 0.6
2:BSA | 20 197 203 -1 1.0
pp38 = 3pINK | 0.0 113
% = 3:pINK | 20 199 315 484 2.5
PERK - £ 4pERK | 0.0 169
gz 4:pERK | 13 | 2,903 319 2,584 | 9.1
pINK - 4:pERK | 2.5 | 3,516 363 3,154 | 97
4pERK| 5 5,214 368 4907 | 143
4:pERK | 10| 6,200 411 5790 | 5.1
Logarithmically growing Jurkat cells were treated with (+/-) PMA. Whole cell lysates were added to SPERT 20 | 5014 384 4990 WEH

MSD MULTI-SPOT 4 Spot 96-well High Bind plates coated with capture antibody at three of the four
spatially distinct electrodes per well. Phosphorylated proteins were detected with MSD SULFO-TAG
detection antibodies.
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Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

© |nsulin Receptor Signaling

IRS family of proteins. Tyrosine phosphorylated
IRS then displays binding sites for numerous
signaling partners. Among them, PI3K has a
major role in insulin functions, mainly via the
activation of the Akt/PKB. Activated Akt induces
glycogen synthesis, through inhibition of GSK-3.
Insulin signaling has also growth and mitogenic
effects, which are mostly mediated by the Akt

/ (_
\(’KC t;/x) N
cascade, as well as by activation of the Ras/MAPK \
*

pathway. A negative feedback signal emanating ;
Bad \—// (AIt ) (SGK) STRESS \\‘((M)

from Akt/PKB, PKCz, p70 S6K and the MAPK
cascades results in serine phosphorylation and o /‘/ - ol
inactivation of IRS signaling. T (csK-z) i) | fsc |,2
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Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

@ nsulin Receptor Signaling  (continued)
Multiplex Assay for pAkt, pGSK-3oc & pp70s6K

Lysate

Lysates | pAkt-positive | pAkt-negative | S-B §/B

ug Positive Cell Lysate Negative Cell Lysate " ng be T %0 | hve | %0V 20 g lyste per lane
l o473 BsA 00 | I3 | 5 | m | | [
03 |78 | 1 [ M | 1 | s | 32
125 [ 2995 | 2 | 360 | 2 | 2635 83
» 25 16834 2 | 40 | 1 | 645 | 167 B <« phke
s [16192] a0 | 548 | 4 |isesa| 295
pT0s6K GSK-3 10 | 47,195 4 130 9 46465 | 641
21524 perts [ 20 [116914] 4 | 1286 | 5 [115,628] 909

Lysates | pp70sék-positive | pp70sék-negative | §-B §/B
ug | Ae | %OV | Ave | %0V
0.0 | 136 n 105 6 32

03 | 486 0 175 0 312 | 28
125 | 1,585 | 31 | 1,348 | 6.1
15 3320 3 47 1 3073 | 134 .4— pp70s6K
5 589 2 285 0 | 555 | 205
0 10 | 9,557 | 260 1 9297 | 368
20 |18554) 5 269 1 | 18286 | 69.1

Lysates | pGSK-30t-positive |pGSK-3ct-negative| §-B §/B

Logarithmically growing Jurkat cells were treated with PMA (positive) or Mg | Ave | %OV | Ave | %OV
LY/Staurosporine (negative). Whole cell lysates were added to MSD MULTI-SPOT gg ;(2)2 I6I ;fg Z 2;9 o
4 Spot 96-well High Bind plates coated with capture antibody on three of 125 2559 | 4 | 306 | | | 2253 | 84 [ ‘-4_ pesk3or
the four spatially distinct electrodes per well. Phosphorylated proteins were 25 [ 1774 8 | 319 | 0 | 739 | 205
detected with MSD SULFO-TAG labeled detection antibodies. 5 [20866] 12 [ 392 | 2 |20414] 532 -
10 [5741] 2 [ 410 [ 3 [57,000] 1402
20 [134992] 5 315 24 [134,617] 360.0
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o Akt/PKB Signaling Pathways

- T N N tegrin okine o
Pathway Description: Since its discovery as a proto-oncogene o N "N Tl s
nearly ten years ago, the serine/threonine kinase Akt, also known . | 5 Wi ‘
as protein kinase B (PKB), has become a major focus of attention = ol Iad: ”‘?ﬁ @0, o i
because of its critical regulatory role in diverse cellular processes, 0 €D (Pm; 1 \ P
including cancer progression. The Akt cascade is activated by ( " = (m )
. H . : GLYCOGEN - Y @
recepFor tyrosine kinases, |ptegr|ns, B- and T-cell receptors, o oy — T Qx‘m; T
cytokine receptors, G-protein coupled receptors, and other stimuli. \ @ 19
The three Akt isoforms (Aktl, Akt2 and Akt3) thus mediate many ot pathvey 1 - ( o~ o —» CHDONSCILR
of the downstream events regulated by PI3K. For instance, Akt is f Cow ) \,( —
a major regulator of insulin signaling and glucose metabolism. Akt (,. T w \
controls cell growth through its effects on the mTOR and p70 S6 ,W \ 3 N
kinase pathways, as well as the cell cycle and cell proliferation v“°" v 1351 \
through its direct action on the (DK inhibitors, p21 and p27. / // >
Akt is also major mediator of cell survival by directly inhibiting L aae (lm ) W /"*\ \
different pro-apoptotic signals such as Bad and the Forkhead / € ! O\
family of transcription factors. Akt signaling in endothelial cells (L o D L oL
also plays critical roles in the regulation of vascular homeostasis e x
. . . e . YNTHESI
and angiogenesis. These findings have turned Akt/PKB into an CEL GRowTH
important therapeutic target for the treatment of cancer, diabetes
and stroke.
Multinlex Assay for Phosphorylated and Total Akt in the Same Well
prae Treated Jurkat Lysat Untreated Jurkat Lysat Phospho Akt
ke I I Eie'm - Lysates p-Akt Untreated p-Akt Treated B | B
l ‘ ug [ Ae [ S [ %00 | Ae | SD [ %OV
0.0 19 i 9 n 4 14 -30 0.9
0 S 65| M5 | 1 [ 92 [ 1| I [5640] 69
10 12,832 49 0 1,356 | 14 5 [11476] 95
0 [21964] 36 | 1 | 2086 | 124 | ¢ [19878] 105
BSA Total Akt
Total Akt
5 Lysates |  Total Akt Untreated Total Akt Treated Untreated/
ug | Ave SD | %CV | Ave SD | %QV | Treated
00 [ 154 [ 20 [ B3 [ B[ 1 [ | [ 12
| S [17347] 854 | 5 [ns71[3340 ] 15 | 08
’ 10 [26362] ISI | 1 [36862[ 9% | 3 | 07
0 [41392] 2000 5 [sased] 15| 3 | 08

Logarithmically growing Jurkat cells were treated with LY inhibitor for Ih. Whole cell lysates were added to
MSD MULTI-SPOT 4 Spot 96-well High Bind plates coated with Ot-phospho-Akt antibody and ct-total-Akt
antibody coated on spatially distinct electrodes in the same well. BSA was coated onto the remaining two
electrodes in each well. Phosphorylated and total Akt were detected with 10nM anti-total-Akt antibody
labeled with MSD SULFO-TAG. A titration of Jurkat cell lysates shows detection of increasing phosphorylated
Akt while total Akt remains constant
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Phosphoprotein Assays with Cell Signaling Technology’s Antibodies

o [onclusions

|. MSD provides kits for multiplex measurement of phosphoproteins
2. Arrays of anti-phosphoprotein antibodies empower “pathway screens” to characterize inhibitors

3. (ST antibodies, well-established for conventional measurements, are brought to high throughput multiplexing on the
MSD platform

4. The combination brings fast, accurate, multiplex measurement of phosphorylation status to signal transduction
research in drug discovery
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