A CLN6-CRMP2-KLC4 complex regulates anterograde, ER-derived vesicle trafficking in cortical neurites
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CLN6 interacts with CRMP2 and KLC4 to regulate axonal
transport of ER-derived vesicles

CLN6 colocalizes with COPII proteins

Lay Summary: The specific vulnerability of neuronal populations in Batten disease suggests that CLN6
and other Batten proteins may have neuron-specific functions. Here we describe a unique function of
CLN6 in regulating the transport of axonal cargoes. CLN6, together with CRMP2 and KLC4, forms a
complex that regulates anterograde axonal transport in developing neurons. Our work identifies a
neuron-specific function of CLN6 that has direct implications in disease pathogenesis and suggests
potential avenues for treatment in Batten disease and other neurodegenerative disorders.

Stabilization of CRMP2 via LKE rescues some CLN6related deficits
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The colocalization of CLN6 (green) and SEC31A (red) in primary
neurons demonstrates the presence of CLN6 at the ER exit sites
within axons. SEC31A is a crucial protein the formation of COPII
vesicles used for axonal anterograde vesicle transport.

Image modified from: Ramirez, O.A., Hartel, S. & Couve, A. (2011). Location
Matters: the endoplasmic reticulum and protein trafficking in dendrites. Biol
Res 44: 17-23
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CLN6 is required for axonal vesicle entry
and synaptic lysosome function

Left: A: Using the N-terminal cytosolic domain of CLN6 as a bait protein, yeast 2-hybrid screening identifies novel interaction
between CLN6 and KLC4. B: KLC4 coimmunoprecipitates with CLN6-myc and CRMP2 in PC12 cells. C: Loss of CLN6 in the Cln6nclf
mouse model leads to enhanced KLC4-CRMP2 coupling, suggesting CLN6 may negatively regulate this process. Right: Colocalization of
CRMP2, CLN6-GFP, and KLC4 in neuronal processes of cultured primary cortical neurons.

Network Analysis of CLN6 BioID
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Left: The absence of CLN6 in the Cln6nclf mouse model leads to
significantly fewer ER-derived vesicles within axons and an accumulation
of ER-tracker signal in the neuronal soma, indicating a dysfunction in
transporting ER-derived vesicles out of the soma. Right: The Cln6nclf mouse
model exhibits reduced synaptic activity of multiple lysosomal enzymes.
Mean ±SEM, unpaired student’s t-test for all graphs. *p<0.05, **p<0.01,
****p<0.0001. Left: Scale bar Top: 5μm; Bottom: 50μm

Proximity-dependent biotin identification (BioID) screen in a neuron-like cell line elucidated the interactome of hCLN6. Through
GO cellular compartment analysis, we identified networks involved in the transport of axonal vesicles.

CLN6 is required for neurite morphogenesis

Summary
 CLN6 is a critical regulator of axonal entry of ER-derived vesicles in cortical neurons, likely
through interactions with key mediators of vesicle trafficking such as KLC4 and CRMP2.
 Disruption of the CCK complex leads to impaired neuronal health and alters CRMP2’s
interactions with other proteins.

DAVID GO Biological Process
analysis of CLN6 BioID screen
highlighted the role of CLN6 in
transport
processes
(blue)
throughout the cell.
Table
displays the gene symbols that
contributed to
the terms
“vesicle-mediated transport” and
“protein transport“.

Check out Meyerink et. al. “Interactor and pathway analysis of CLN3, CLN6, and CLN8
using proximal biotinylation” for more BioID results (NCL Congress Poster).

A-F: When we applied LKE (100 µM) to cultured Cln6nclf cortical neurons, the number of ER-derived vesicles moving along the
axon was restored to wild type levels, as were the levels of ER-tracker signal in the neuronal soma. G: However, LKE was unable to
rescue the levels of PPT1 lysosomal enzyme activity in the synaptic fraction, indicating remaining deficits in the transport of lysosomal
cargo. H-N: Axonal morphology, as assessed by Sholl analysis, was partially rescued by LKE administration (axon length). However, LKE
did not rescue other axonal deficits in Cln6nclf cortical neurons, specifically the number of axon nodes and ends. Mean ± SEM, Twoway ANOVA with Bonferroni’s post hoc test for Sholl analysis, ordinary one-way ANOVA with Tukey post-hoc for all other graphs.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. Scale bar a-c: 5μm; d: 50μm

 Stabilization of CRMP2 via LKE corrects some Cln6nclf phenotypic deficits.
 The CLN6-CRMP2 interaction is important in a neurodegenerative disease and is a potential
new therapeutic target for CLN6-Batten disease.
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