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Simultaneous Detection of Akt and MAPK Signaling Pathway Targets
Reveals Reciprocal Regulation of Phospho-Akt(S473) and Phospho-
S6RP(S235/236 and S240/244) as a Function of Cell Density

Nisar Pampori, Laura K. Schaefer, Sheldon Grove, Robert M. Umek, Paula D. Eason and Jacob N. Wohlstadter

Cell density is a potent regulator of the cell cycle during exponential growth and thus affects gene
expression. Many recent studies have characterized cell-density as a controlling factor for cell-cell
interactions and the binding of surface-associated adhesion molecules to the cytoskeleton. We examined the
impact of cell density on two distinct signal transduction pathways, Protein kinase B (Akt) and
Mitogen-activated protein kinases (MAPK). These pathways regulate cell proliferation, differentiation, and
apoptosis, and exhibit cross-talk. Downstream, the MAPK and Akt pathways requlate p70Sékinase (p7056K)
and its substrate S6 ribosomal protein (S6RP). Whereas levels of phospho-S6RP are known to be regulated
by phosphorylated Akt, our findings suggest that in Jurkat cells this is dependent upon the cell density. We
show that maximum phosphorylation of S6RP(5235/236 and S240/244) is observed at lower cell densities
(0.5x10° cells/mL). In contrast, levels of phosphorylated Akt increase with higher cell densities (1.3x10°
cells/mL). In order to study the impact of cell density over a wide range of targets in the two pathways, we
have developed highly sensitive multiplex assays that detect multiple phosphoproteins simultaneously in a
single well with low microgram levels of cell lysate protein. Low and high density Jurkat cells were
interrogated for the phosphorylation status in multiplex panels of Akt/p70S6K/GSK-33 and ERK/JNK/p38; the
results from these studies will be presented.
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1. MULTI-SPOT 4 Spot 96-Well Plates precoated with capture antibodies are blocked with 100 L of
Blocker-A for 1 hr and washed with TBST.

2. 25 ul of cell lysates are added to the wells and incubated for 1-3 hr with shaking, followed by
washing with TBST.

3. 25 ulL MSD SULFO-TAG™ labeled antibodies (in antibody dilution buffer) are added to the wells
and incubated for 1 hr with shaking, followed by washing with TBST.

4. 150 ul Read Buffer T (with surfactant) are added to the wells and analyzed on the SECTOR™ 6000
instrument.

Cell Culture

Jurkat cells were seeded at various cell densities and grown 20 hours to achieve cell densities of 0.5, 0.7, 1.0
and 1.3 x 108 cells / mL. Whole cell lysates were prepared in MSD Tris Lysis Buffer and stored frozen until
further analysis. Whole cell lysates were either added to MSD MULTI-SPQT 4 Spot plates (pre-coated with
capture antibody) and analyzed in multiplexed sandwich assays, or analyzed by traditional western blots.




Modulators of Phosphoprotein Accumulation in Jurkat Cells Including Cell Density
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Multiplexed Phospho-S6RP(S235/236), Phospho-Akt(S473) Assay Reveals Reciprocal Regulation

of Constitutive Phosphorylation as a Function of Cell Densit

Traditional Western
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An Ultra-Sensitive Multiplex SGRP Assay Shows that (S235/236) and (S240/244) are Both Regulated in a Cell
Density Dependent Manner

Traditional Western
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Two Phosphorylation Sites on S6RP Remain Sensitive to Rapamycin Inhibition at a Fixed Jurkat Cell Density
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to MSD MULTI-SPOT 4 Spot plates (pre-coated with capture antibodies) and analyzed in a
multiplexed sandwich assay. Data was obtained using whole cell lysates prepared from
Jurkat cells at a fixed density of 1x10°/mL.
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Additional Downstream Targets of Akt are not Regulated as a Function of Cell Density

Traditional Western
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Bar graphs shown above derived from an MSD multiplex assay in which pAkt(S473), pp70S6K(T421/5424) and pGSK-3[(S9) were monitored
simultaneously in the same well. The amount of cell lysate remained fixed at 20 ug per well.

A Multiplex Assay Quantifies Inhibition of pAkt and pp70S6K by LY294002 and pGSK-3(3 by Staurosporine
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Logarithmically growing Jurkat cells were treated with LY294002
+ staurosporine (negative), or PMA (200 nM; 30 min)(positive).
Whole cell lysates were added to MSD MULTI-SPOT 4 Spot
plates (pre-coated with capture antibodies) and analyzed in a
multiplexed sandwich assay. Data shown for the control lysates
was obtained using whole cell lysates prepared from Jurkat cells
at a fixed density of 1x10%/mL.
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Multiplexed MAPK-Signaling Panel Reveals Phosphorylated ERKT/Z is Regulated by Jurkat Cell Density
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The MSD MAPK Multiplex Assay Quantifies Phosphoproteins at Sub-microgram Levels of HEK293 Whale Cell Lysate

pp38 BA P Fuie Negatve [P Growing HEK293 cells were treated with rapamycin
(TI80/Y182) Average| Y40V Average (Y . ) )
0 s | 16 (1 uM; 3 hr)(negative), or UV + calyculin A (50 nM; 30 min)
e R T (positive).  Whole cell lysates were added to MSD
25 L4817 |65 7 LI MULTI-SPOT 4 Spot plates (pre-coated with capture
s 0] s [ ns | 3 | 48 T . ! .
" R 0 [si86] 9 | im0 | 0 |44 antibodies) and analyzed in a multiplexed sandwich assay.
P P 0 33 [ 4
(TI83/7185) (1202/1204) CE TR T T T
0.63 2417 1 507 4 48
125 4303 2 554 0 18
25 1582 1 515 2 132
5 10,187 | 14 640 2 159
10 15,167 | Bl 0 208
0 193 4
0.08 2,569 5 3 5 121
0.16 4,857 )] 236 | 206
ﬂ?l?;f"zﬁ) 031 16 | 2 |3 | 1 | 212
0.63 9391 3 356 4 24
125 8,828 4 347 | 254
25 10,067 6 291 4 40




0600
Both T421/5424 and 1389 Phosphorylation Sites on p/0SGK are Not Regulated by Jurkat Cell Density
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Bar graphs shown above were derived from MSD multiplex pp7056K assays in which the amount of cell lysate remained fixed at 20 ug
per well. Constitutive phosphorylation was monitored in logarithmically growing cells at various densities.

Constitutive Phosphorylation of p70SGK at T421/5424 and 1389 is inhibited by Rapamycin at a Fixed Cell Density
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Growing HEK293 cells were treated with rapamycin (1 uM; 3 hr)(negative), or calyculin A (50 nM; 30 min)(positive). Whole cell lysates
were added to MSD MULTI-SPQOT 4 Spot plates (pre-coated with capture antibodies) and analyzed in a multiplexed sandwich assay.
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Conclusions

1. We show reciprocal requlation of the constitutive phosphorylation of Akt and S6RP in mitotically growing
Jurkat cells, where low cell density correlates with maximal phosphorylation of S6RP, while high cell
density correlates with maximum phosphorylation of Akt.

2. The cell density dependent regulation described here does not fit a simple model for regulation in the Akt
and MAPK pathways (panel 3). We conclude that there are additional requlators of the phosphoproteins
studied here that account for the cell density dependent effects on phosphorylation. °

3. ERK1/2 exhibits regulation similar to Akt being maximally phosphorylated at high cell density.

4. The effect of cell density was studied using MSD multiplex assays where MAPK and Akt pathway
phosphoproteins were monitored simultaneously in the same well using whole cell lysates.

5. The data shown reveal highly sensitive assays obtained at a fixed Jurkat cell density. The sub-microgram
levels of lysate input makes these multiplex assays easily amenable to 384-well cell culture applications.




