High throughput screening of small molecules that inhibit LRRK2 phosphorylation on

Serine 935 reveals novel inhibitors and cellular pathways that affect LRRK2
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Abstract Figure 4. Tocris Mini Library Screen Using LRRK2 pSer935 Cellular Assay

LRRK2 is phosphorylated on Serines 910, 935, 955 and 973, which has been shown to be likely regulated Toetis Lbrary Hit Profile in LRRK2 Cellular Assay

by cellular kinases. These sites are modified in an apparent feedback mechanism where LRRK2 kinase
activity potentiates the kinase activity against these sites or perhaps negatively regulates the phosphatase
of these sites (Figure 1). Acute inhibition of LRRK2 leads to rapid dephosphorylation of the cellular|
phosphosites. Inhibition of Serine 935 may indicate perturbation of the signaling pathway upstream or
direct inhibition of LRRK2. Immunological detection of Serine 935 phosphorylation has been adapted to a
homogenous TR-FRET based high-throughput cellular assay for LRRK2. This assay was applied to a small
compound library to assess applicability of the assay to screening against a larger compound library. We
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identified ~20 compounds that led to the cellular dephosphorylation of LRRK2 Serine 935 in SH-SY5Y cells. Percent Inhibition Percent Inhibition Replicate 1
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that LRRK2 kinase activity potentiates a
kinase activity towards these cellular
phosphosites. Conversely, - LRRK2  may
negatively regulate a phosphatase that
dephosphorylates LRRK2.

Figure 5. Testing Library hits against LRRK2 and the Inhibitor desensitized mutant A2016T in
HEK293 cells and against endogenous LRRK2
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Figure 2. BacMam Enabled Expression of LRRK2 in multiple cell lines
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e Figure 5. A. Inhibitors revealed to affect LRRK2
apsoiof——  — _— 7} phosphorylation at Ser935 in the LanthaScreen assay
were tested in the HEK-293 T-Rex cells stably, inducibly
B e =] expressing Nterm GFP LRRK2. The indicated compounds
L] PO R Sp——— were assayed at 20uM in GFP-LRRK2 expressing cells.
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D. A. U2 05 cells, SH-SYSY Cells and human ~ ® o s o o s &
astrocytes were - transduced with BacMam R ot T MBP s e+ e e
DMSO LRRK2-IN1 viruses of GFP tagged LRRK2 and the indicated J -
mutants. Cells were exposed to 20% virus for 24
hours, media was exchanged and cells were s E
{ allowed to incubate an additional 24 hours =
& before imaging by fluorescence microscopy. B. e
g Cellular phosphorylation of LRRK2 GFP tagged at — A
H the carboxy and amino termini is compared. C. il | -
3 Cellular phosphorylation of LRRK2 and the
2 indicated mutants were evaluated in the context X G
Z of LRRK2-IN1 treatement in U20S cells and SH- 2
] SYSY cells. D. Bacmam delivered LRRK2-GFP Figure 6. GST-LRRK2 (aa882-1300) (A) or MBP (B) were subjected to in vitro kinase assay with the indicated kinases in the presence of 32P-
Ts‘l‘j;?)':es ”af‘e’ acute inhibition with LRRK2-IN1 ATP. Reaction products were visualized by autoradiography and colloidal blue staining (A) and immunoblot with anti-GST (Green) and anti-
in cells.

phosphoserine 910, 935 & 973 antibodies (Red) (C). Similar units of kinase activity were used as assessed against the non specific substrate
myelin basic protein (MBP) shown in B. AutoP=autophospohrylation

Figure 3. HTS Amenable Cellular Assay for Monitoring the Phosphorylation of Figure 7. In Vivo Evaluation of Kinase Activity against LRRK2 Ser910/935/973
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inhibitors and concentrations for 90min. Where indicated, 30min into treatment, cells were co-
Using Time-Resolved Forster Resonance Energy Transfer (TR-FRET) technology, we developed a high- treated with LPS treatment for 1hr.
throughput compatible homogenous cellular assay for monitoring LRRK2 phosphorylation at Ser935. .
LRRK2-GFP fusion proteins were transiently expressed in a variety of cell backgrounds via BacMam gene OCanlusions;

delivery system, and were then plated in 384-well assay plates (Schematic in A). The phosphorylation at

Ser935 in these cells was detected using a terbium labeled anti-Ser935 phosphorylation specific antibody *BacMam gene delivery systems efficiently express LRRK2 in muiltiple cell lines.

that generates TR-FRET signals between terbium and GFP. B. A variety of LRRK2 expression constructs were *TR-FRET based detection of phospho935 LRRK2 with a Terbium labeled antibody-GFP pair was
evaluated in U20S and SH-SYSY cells against a titration of the selective LRRK2 inhibitor LRRK2-INL. successfully adapted to multiwell assays to create a LanthaScreen cellular assay for LRRK2
Consistent with previgyshteports and our western blot results, wild type and G20195 LRGKY are «The LanthaScreen cellular assay is amenable to high throughput screening for direct inhibitors as well

constitutively phosphorylated at Ser935 in cells measured by TR-FRET. The phosphorylation level was

reduced for R1441C mutant and little could be detected for the kinase activity-dead mutant D1994A*. as for b|o|0g|ca| inputs.

TABLE 1. The TR-FRET cellular assay was further validated with reported LRRK2 inhibitors including LRRK2- eFactors that activate NFkB also induce LRRK2 phosphorylation at Ser935, revealing that LRRK2 is not
IN1 in U20s, SH-SY5Y cells and HEK293 cells demonstrating an applicability to multiple systems. Cellular fully phosphorylated in these cells.
1C50 valagSarg reported for each inhibitor. nd=not determined. *Repression of the CHK1 & CDC25 expression results in a decrease in LRRK2 phosphorylation.
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