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AAK1-mediated phosphorylation of PDLIM5 and
Talinl promotes focal adhesion disassembly to
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proximity to phosphorylated T2270, thereby biasing the equilibrium toward the autoinhibited state.
Interestingly, T2270 is located next to other reported R12 phosphosites (PhosphoSitePlus also lists
S2273 and T2281), raising the possibility that other phosphorylation events could further modulate
the charge of this helix. Consistent with this hypothesis, our live-cell analysis shows that
preventing phosphorylation at T2270 increases Talinl retention at FAs. This suggests that
phosphorylation at this site promotes Talinl turnover/dissociation and its functional engagement
with the PM, integrins, and the actin cytoskeleton, ultimately influencing FA dynamics. More
broadly, these findings fit a growing view that Talinl integrates multiple kinase inputs acting on
distinct rod domains to tune adhesion mechanics and dynamics across different cellular contexts
(60). For example, CDK1 binds Talinl via an LD-motif interaction with the R8 domain and
phosphorylates Talinl at S1589, which reduces KANK adaptor binding and alters the
mechanosensitivity of the R7R8 module, providing a route for cell-cycle control of adhesion

remodeling (61).

Our findings also suggest evolutionary divergence between AAK1 and BMP2K. While AAK1 has
specialized to regulate FA dynamics and cell migration in RPE cells, BMP2K remains critical in
CME. The emergence of the AAK1 C-terminal LIDL motif in jawed vertebrates likely reflects
evolutionary pressures linked to cell migration processes, such as neural crest development and/or
mesodermal cell migration (62). In C. elegans, SEL-5, a distant ortholog of AAK1 and BMP2K,
functions independently of its kinase activity to regulate EGL-20/Wnt signalling during the
migration of QL neuroblast daughter cells (63). Yeast NAK orthologs (Prk1, Arkl, and Akl1)
localize to actin patches, where they phosphorylate actin-related substrates to disassemble these
structures after CCP scission. This resetting allows new rounds of endocytosis and actin assembly,
which are critical for efficient vesicle trafficking in yeast. While vertebrate AAK1 and yeast
Ark1/Prkl both regulate actin dynamics through kinase activity, their varying biological contexts

demonstrates the evolutionary adaptability of these regulatory mechanisms.

This work opens two promising avenues for future exploration. First, the identified feedback loop,
in which PDLIMD5 accumulates at FAs, recruits AAK1, and subsequently becomes phosphorylated,
suggests a coupling between actomyosin-generated tension and AAK1-mediated signaling. Given
that our data indicate PDLIMS5 is not the sole interactor responsible for AAK1 recruitment to FAS
(Fig. 5), it will be important to elucidate the broader set of mechanosensitive pathways involved

in regulating AAK1 localization. Furthermore, recent phosphoproteomic analyses reveal that
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the reaction at final concentrations of 0 mM (to assess ATPase activity), 0.03 mM, 0.07 mM, 0.14
mM, 0.21 mM, 0.29 mM, 0.43 mM, 0.71 mM, 1.14 mM, and 1.34 mM. The reaction, with a total
volume of 210 ul, was initiated by adding ATP to a final concentration of 0.43 mM. The microplate
was then placed into a Clariostar spectrophotometer (BMG Labtech), shaken for 30 seconds at 100
RPM, and the decrease in absorbance was recorded at RT. Data were processed using MARS Data
Analysis Software (BMG Labtech), analyzing the linear portion of the reaction to obtain the initial
substrate conversion rate. This was achieved by fitting the absorbance decrease over time to a
linear regression and calculating the reaction velocity. These data were subsequently analyzed in
GraphPad Prism by fitting the initial velocities at all measured substrate concentrations to a
nonlinear regression curve using the Michaelis-Menten equation. This analysis identified peptides
phosphorylated by either AAK1 or BMP2K, where the decrease of NADH absorbance grew with
higher peptide concentrations. In contrast, for non-phosphorylated peptides, the NADH
absorbance decrease remained low and constant across all concentrations, reflecting the ATPase

activity of the kinases.
Experimental design - MS experiments

The workflow began with testing the presence of phosphorylated peptides with the consensus
sequence L/IXXQXTG via PRM-MS after in vitro kinase assays with AAK1 and BMP2K kinase
domains (experiments 6045 and 6138, Fig. 1H, I). Building on this, PRM-LC-MS experiment 5488
was conducted to test the presence of phosphorylated forms of the potential AAKL/BMP2K
substrates in RPEWT cells. The abundance of these phosphopeptides was subsequently quantified
in RPEWT and RPEAAKUBMPZK/\which revealed that phosphosites on PDLIM5
(ILAQIpTGTEHLK) and Talinl (QQLpTGHSK) were responsive to AAK1 and BMP2K deletion
(Fig. 1 J, K). To orthogonally validate these findings and to enhance signal detection, co-IP of
PDLIMS and Talinl was followed by PRM-LC-MS quantification of ILAQIpTGTEHLK and
QQLpTGHSK (experiment 5759). Label-free LC-MS/MS and data-independent acquisition (DIA)
analyses complemented this workflow, providing a complete overview of AAK1/BMP2K-related
proteome and phosphorylation changes (experiment 5488, Fig. 2 C,D). Quantitative proteome and
phosphoproteome profiling following acute AAK1/BMP2K inhibition was performed in
experiment 5235 (Fig. 2 A, B). Unless stated otherwise, cells were grown on plates coated with rat
tail collagen | (Gibco A10483-01; 100 pg/mL in 20 mM acetic acid; 30 min at 37 °C), which were
then washed with PBS. All experiments included at least four independent biological replicates.
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mobile phase B; mobile phase A: 0.1% formic acid in water; mobile phase B: 0.1% formic acid in
80% ACN). Columns were heated to 40°C.

MS data were acquired using DDA (cycle time 2.5s). Survey scan was set to m/z 320-2000 with
the resolution of 120,000 (at m/z 200), normalized target value of 250 % and maximum injection
time of 500 ms. HCD MS/MS spectra (isolation window m/z 1.2, 30% relative fragmentation
energy) were acquired from 120 m/z with a relative target value of 100 % (intensity threshold
1x10%), resolution of 30 000 (at m/z 200) and automatic maximum injection time. Targeted Mass
Difference method node was used to define presence of the SILAC pairs (delta masses 8.0142 and

6.0201, 5ppm tolerance).

Raw data from both phosphopeptide enriched as well as non-enriched solutions were evaluated
together using MaxQuant software v2.0.3.0 (68) with inbuilt Andromeda search engine (69) using
default parameters unless otherwise noted. Fractions design was set to enable MBR among all
replicates of individual solutions type. Phosphopeptide enriched solutions analyses were set to a
different parameter group and PTM tag was set to True. Search was done against the previously
mentioned protein databases of Homo Sapiens and cRAP. Multiplicity of 2 was set, using Lys8
and Argb6 as heavy labels. Modifications were set as follows for database search: oxidation (M),
deamidation (N, Q), acetylation (Protein N-term) and phosphorylation (S, T, Y; only for the Ti and
IM analyses) as variable modifications, with carbamidomethylation (C) as a fixed modification.
Enzyme specificity was set to tryptic with 2 allowed miscleavages. Only peptides and proteins
with FDR threshold under 0.01 were considered.

The txt report files were further processed using the software container environment. Processing
workflow is available upon request. Protein level information processing steps were as follows: a)
reverse hits and cRAP removal; b) individual channels protein intensities calculation using total
protein intensity per raw file (Intensity columns) and corresponding normalized H/L ratios (Ratio
H/L columns); c) protein group intensities log2 transformation, normalization (loessF) and back
log2 transformation; d) inhibitor/DMSO ratios calculation; e) statistical evaluation of
inhibitor/DMSO log2 ratios difference from 0 using limma R package, with Benjamini-Hochberg

correction.

Phosphopeptides were processed from evidence.txt, Phospho(STY)Sites.txt and proteinGroups.txt

tables: a) evidences filtering for those with at least 1 phosphorylation; b) removal of peptides from
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ensuring uniform expression across the selected cell lines. Consistent and equal expression levels

of PDLIMS5 and its mutants were confirmed by Western blot analysis (Fig. S1E); n=2.

AAK1, PDLIM5, or AP2u mRNAs were depleted using two rounds of siRNA-mediated
knockdown (Lipofectamine RNAiMax) at 16 and 36 hours post-plating; assays were performed
on day four. AAK1 was targeted with an ON-TARGETplus siRNA pool (Dharmacon; sequences:
CCUCGGACCUCUCAACAAA, ACAAAAGGCCGAUAUUUA,
GGAAGGUGGAUUUGCUAUU, GCGUAUUCUCAGUGACGUA). PDLIM5 was targeted
with the SiRNA sequence CAACAUGCCUCUGACAAUC. Ectopic PDLIM5 constructs
(including phosphomimetic/phosphoablated variants) were rendered siRNA-resistant by mutation
to CAACATGCCCCTGACTATT. AP2u was targeted in its 3' untranslated region with siRNA
5'CCUACUCUGCUUUGGGAUAUUSZ' (Dharmacon). Knockdown efficiencies (typically ~90%
for AAK1, 95% for PDLIMS5, ~80% for AP2) were confirmed via western blotting in parallel
with each experiment (Supplementary Fig. 1D, E, H); n=2. Antibodies used are listed in
Supplementary Table 7, all were used in 1:1000 dilution.

Cell migration assay

Imagelock 96-well plates (Sartorius, BA-04856) were coated with Collagen I, Rat tail (Gibco,
A10483-01; 100 pg/mL in 20 mM acetic acid; 30 min at 37 °C) and washed once with PBS. Wild-
type or siRNA-treated cells were seeded to form uniform monolayers ON at the following
densities: 35,000 cells/well (RPE), 25,000 cells/well (SAOS2 and A-431), 90,000 cells/well (SH-
SY5Y), and 30,000 cells/well (MDA-MB-231). Consistent scratches were created using the Essen
Bioscience WoundMaker®, and wells were washed twice with PBS to remove debris. Complete
DMEM (100 ul) was added to each well, and the plate was equilibrated in the Incucyte® (for 5
min to stabilize CO2 and temperature. IncuCyte S3 Live Cell Analysis System (Sartorius) was
equipped with a Basler Ace 1920-155um compact camera and 10X objective. Images were
captured every 30 minutes, and wound width was analyzed using the Incucyte® Scratch Wound

Module. Percentage wound closure after 6 h was calculated relative to the initial scratch width.

Drug pre-treatments were applied as follows: LP-935509 inhibitor (10 uM, MedChemExpress
LLC) and LX-9211 (10 pM, MedChemExpress LLC) for 6 h, and CK666 (100 uM,
MedChemExpress LLC) for 2 h prior to scratch formation, with all inhibitors maintained in the

media throughout the experiment. Statistical analysis was performed from three independent
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The MS DDA and DIA data have been deposited to the ProteomeXchange Consortium via the

PRIDE (83) partner repository with the dataset identifiers:

5488:
5235:
5295:
5816:
54809:
5563:
5880:

PXD055851 [https://www.ebi.ac.uk/pride/archive/projects/PXD055851]
PXD055831 [https://www.ebi.ac.uk/pride/archive/projects/PXD055831]
PXD055980 [https://www.ebi.ac.uk/pride/archive/projects/PXD055980]
PXDO055873 [https://www.ebi.ac.uk/pride/archive/projects/PXD055873]
PXD056027 [https://www.ebi.ac.uk/pride/archive/projects/PXD056027]
PXD056013 [https://www.ebi.ac.uk/pride/archive/projects/PXD056013]
PXD055912 [https://www.ebi.ac.uk/pride/archive/projects/PXD055912]

The MS PRM data have been deposited to Panorama Public and are available at:
https://panoramaweb.org/AAK1-BMP2K-substrates.url

Source data are provided with this manuscript. The raw live-cell imaging and immunofluorescence

datasets generated in this study are available from the corresponding author upon request.

Code availability

Python code created by Adam Harmanec for fixed cell or live-cell quantitative TIRFM analysis is

available on Github: https://github.com/harmanea/AAK1 in cell migration

Code for in-silico screen for [L/IJXXQXTG created by Stephanie J Spielman is available on

Github: https://github.com/sjspielman/endocytosis-slims-screen and the resulting CSV file which

is in the repository as Supplementary Data 1: https://github.com/sjspielman/endocytosis-slims-

screen/blob/main/results/motif-results.csv
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