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Applications of SPA to biological systems &

data visualization
What resolution do | need

to answer the question?

Structure = Function




LRRK2 & Parkinson’s Disease
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Paralysis Agitans, (After St. Leger.)

e Second most common neurodegenerative disease
* ~10 million affected worldwide

* 10-15% of cases have a direct genetic component



Leucine Rich Repeat Kinase 2 (LRRK2)
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| RRK2 is Rab kinase
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Steger et al (2016) PMID: 26824392, and Steger et al (2017) PMID: 29125462
Reviewed in Usmani et al. (2021) PMID: 33526455
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| RRKZ

ARM: Armadillo repeats

ANK: Ankyrin repeats ROC: Ras-Of-Complex
LRR: Leucine Rich Repeats
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Recruitment

Site 1

Vides et al., (2022) PMID: 36149401
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Vides et al., (2022) PMID: 36149401
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| RRKZ

West et al. (2007) PMID: 17200152

Guo et al. (2007) PMID: 17706965

Ito et al. (2007) PMID: 17260967

Greggio et al. (2009) PMID: 19733152
Taymans et al. (2011) PMID: 21858031
Webber et al. (2011) PMID: 21806997

Biosa et al. (2013) PMID: 23241358

Blanca Ramirez et al. (2017) PMID: 28453723
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How does the GTPase control LRRKZ2's activation?

An unbiased structural approach
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How to “score” activation

autoinhibited activated



Important Fact #1.
Purified LRRK2 is mostly autoinhibited and GDP-bound

autoinhibited

GDP




Important Fact #2.
Nucleotide stripping leads to activation
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Applications of SPA to biological systems &

data visualization
What resolution do | need

to answer the question?
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a structural bonanza...
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Applications of SPA to biological systems &
data visualization

Data visualization = hypothesis generation




Main hypothesis underlying the model
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Applications of SPA to biological systems &
data visualization

hypothesis generation

Data visualization =




WT vs. R1441C

WT - MLi-2 vs. GZD-824

R1441C- MLi-2 vs. GZD-824

Predictions for nucleotide exchange assays
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3D visualization is a powerful hypothesis-
generating/refining tool
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The Animation Lab creates information-rich and visually compelling animations that capture current hypotheses on
diverse molecular and cellular processes. These visualizations have broad applications in scientific research,

communication, education and outreach. We are also interested in creating new tools and workflows that will
enable researchers to more readily create dynamic visualizations of the processes they study.
Building visual hypotheses

We welcome new collaborations!
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A model for LRRK?2
activation and autoinhibition



LRRK2

Site #2

/ Site #1

Substrate

Vides et al., (2022) PMID: 36149401
Dhekne, Tonelli, Yeshaw, Chiang, et al., (2023) PMID: 37874635
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LRRK2

Animation by Janet lwasa
w/Andres Leschziner & Samara Reck-Peterson September 29, 2024



Some features of the animation that needed revision...
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GTP hydrolysis triggered by re-docking
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LRRK2
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Animation by Janet lwasa
w/Andres Leschziner & Samara Reck-Peterson November 2, 2025






The data behind the model
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Important Fact #1.
Purified LRRK2 is mostly autoinhibited and GDP-bound
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Activated LRRK2 is bound to GMPPNP or Apo
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GMPPNP GDP
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Activated LRRK2 undergoes
cvcles of GTP hydrolysis




Is the GTPase a timing mechanism
for autoinhibition?
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DARPIns

randomized
sequences

DARPin = Designed Ankyrin Repeat Protein



LRRK2RCKW

Dederer, Sanz Murillo, Karasmanis et al (2024) PMID: 38876305






Is the GTPase a timing mechanism for autoinhibition?
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New data we must incorporate into the animation

Binding ot Rab substrate promotes GTP
hydrolysis and GDP release




The GTPase
cycle




Rab substrate depletec Nucleotide-dependent conformational
changes in -COR control activation

and autoinhibition
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How does LRRK2 create a “burst” of pRab?
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PPM1H is a pRab phosphatase
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Adhikari et al., (2025) PMID: 40912655
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Another element we need to add to the animation

The role of PPM1H in resolving
the pRab burst
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LRRK2

Animation by Janet lwasa
w/Andres Leschziner & Samara Reck-Peterson March 14, 2026
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Applications of SPA to biological systems &
data visualization

Data visualization = hypothesis generation




\ PPM1H phosphatase is activated
@ when? by adecrease in [Rab] and

converts »Rab back to Rab
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