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Abstract

Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative disease characterized by loss of
upper and lower motor neurons. We have previously reported that autophagosome-like structures with membrane

whorls are accumulated in the spinal axons of a SOD

H46R
1

transgenic mouse ALS model as disease progresses.

Further, several recent studies on the pathogenesis of familial ALS caused by mutations in SOD1, ALS2, SOSTM1,
TDP-43, and OPTN have revealed deficits in the autophagy-endolysosomal pathway. These findings suggest that
defects in autophagy might be implicated in the pathogenesis of ALS. However, the exact causal relation between
neuronal deficit and inefficient autophagosome transport in diseased neurons is still unknown. In this study, we
used a microfluidic device that allows simultaneous detection of vesicular transport in multiple axons to

precisely monitor the axonal transport and dynamics of acidic vesicles including autophagosomes in living

neurons. Our results suggest that there is a deficit in acidic vesicle transport in ALS-diseased neurons.
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Fig.1 Autophagosome dynamics in WT and ALS diseased neurons.
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(A) Bright-field image (B) Fluorescence image

Fig.2 Primary cultured neurons on a dish. (A) : Bright-field image
of primary cultured cortical neurons (DIV7) . (B) : Fluorescence
image of Fig.2 (A) . Red signals show actin (cytoskeleton) . Scale

bar =20 pm.
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(D) Microfluidic device

Fig.3 Microfluidic device controlling nerve outgrowth. (A)
(B) : High
magnified image of compartments and maicroslits. (C)
Cross-section diagram of Fig.2 (B) . (Maicroslits : width = 10 um,
1,000 pm, height
compartment : width = 1.5 mm, length = 7 mm, height = 190 um) .

(E)

Design of microfluidic device nerve outgrowth.

length = 4.5 pum, Axonal and somal

(D) Image of microfluidic divice. Scale bar =500 um.
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High magnified micrograph of compartments and maicroslits.
Scale bar = 1.0 mm.
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Fig.4 Confirmation of diffusion in microslit. (A)
(B)

intensity every 1 hour in axonal compartment, somal compartment

: Image series of
diffused Dextran Texas Red in a microslit. : Graph of signal

and microslits.
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Fig.5 Confirmation of axonal elongation into axonal compartment
through microslits. (A) : Observed area of compartments and
(B-1)
fluorescence image of Axonal compartments. Scale bar = 10 um.

(B-2) : High magnified fluorescence image of Somal
compartments. (B-3)

microslits.

microslits. Scale bar 1.0 mm.
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Fig.6 Acidic (LysoTracker positive) vesicles in microfluidic device.

(A) : Acidic vesicles in axons in axonal compartment. Scale bar =
(B)

somal compartment similar to culture dishes condition.

10 pm. : Acidic vesicles in axons in neurites in middle of

(A) Observed area

(B) ROI

(C) Image series of ROI (D) Kymograph
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Fig.7 Kymograph generated from image sequence. (A) : Observed
area of axonal compartment by BZ-9000 (KEYENCE) . Scale bar =
10 um. (B) : Region of interest. (C) : Image series of ROIL. Each
acidic vesicles which shrouded with triangle, inverted triangle and
circle are identification. (D) : Kymograph generated from image

sequence.
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Fig.8 Analysis of axonal transport WT and SOD1"**® neurons
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