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Endosomes act as sorting platforms for multiple membrane traffics in eukaryotic cells.
Endocytic pathway begins with internalization of extracellular or plasma-membrane proteins. The
internalized proteins rapidly enter into endosomes and finally deliver to lysosomes, or recycle back
to the plasma membrane. Newly synthesized lysosomal proteins are delivered from the endoplasmic
reticulum via Golgi apparatus and endosomes to lysosomes. Furthermore, there is convergence
between endocytic pathway and autophagy, a membrane-bound transport process delivering
cytoplasmic contents to lysosomes. Thus, complicated sorting transports occur in endosomes and
endosomes serve many cellular functions and structure by these transports. However, in contrast to
detailed analyses on the process from cell surface to early endosomes, the events in endosomes is
still unclear. To attain more understanding of role of endosomes and molecular mechanisms
underlying sorting transport in them, he started the analysis of the mouse SKDI1 protein at the
graduated school. SKD1 is a member of the AAA (an ATPase associated with cellular activities)
family whose yeast homologue, Vpsdp, is implicated as a molecuie regulating endosome-vacuole
membrane trafficking in yeast. SKD1, therefore, is a candidate for a new molecule involved in
endosomal trafficking in mammalian cells.

To investigate the function of SKD1, he constructed the mutant SKD1 (SKD1%2%9) by
exchanging the conserved ATPase hydrolysis site, from glutamié acid to glutamine. The mutation
was expected to insert dominant negative effects from studies on other AAA proteins. While green
fluorescent protein (GFP)-tagged SKD1 localized over the cytoplasm, GFP-SKD15%5? showed not
only diffused pattern but also punctate pattern in the perinuclear region. These GFP-SKD15%352.
positive compartments (named E235Q-compartments) accumulated transferrin receptor (TfR) that
recycles from endosomes to the surface, endocytic tracers such as dextran, and various endosomal
membrane markers. In electron microscopy, the E235Q-compartment was an exaggerated and
tubulo-vesicular membrane structure, decorated with SKD15%5? proteins. These results suggest that
overexpression of SKD15%%5Q causes a dominant negative effect on structure and transport functions
of endosomes. |

After internalization into cells, epidermal growth factor (EGF) was delivered to lysosomes
via endosomes and degraded. By fluorescence microscopy, he found that the endocytosed EGF was
also accumulated in the E235Q-compartments and its degradation was inhibited. This rose a
possibility that overexpression of the mutant SKD1 affects the transport to lysosomes from
endosomes. To examine this quantitatively, he established high expression system mediated by
recombinant adenovirus. Consistent with the result of morphological analysis, ['*I]-EGF
intracellular degradation was severely inhibited in the mutant protein-overexpressing cells.
Internalization of ['*I]-EGF was normal, suggesting that transport of EGF to lysosomes was
inhibited or degradation of ['*I]-EGF delivered to lysosomes was inhibited. To determine which is
true, he established the endosome-lysosome transport assay system using HRP-biotin as a marker
for lysosomes and streptavidin as an endocytosed cargo marker. Compared with control cells,

transport of streptavidin from endosomes to lysosomes was clearly inhibited in cells overexpressing
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the mutant SKD1.

These results indicate that SKD1 regulates sorting and/or outgoing transport in endosomes.
His several experiments suggest that the overexpressed mutant SKD1 forms a complex with
endogenous SKD1 and the complex is tightly associated with endosomal membranes, resulting in
the dominant negative effects. Perhaps, oligomers consisting of wild-type SKD1 are transiently
associated with endosomes to play a role in the sorting transport.

He pext discovered inhibition of autophagic degradation in cells overexpressing the GFP-
SKD1*%%¢ In autophagy, autophagosomes transiently emerge and surround a portion of the
cytoplasm and organelles, and then autophagosomes fuse with lysosomes to degrade the contents.
Accumulation of autophagosomes in cells overexpressing GFP-SKD152**? was observed by electron
microscopy, whereas few autolySosomes were formed. These results suggest that fusion of
autophagosomes with lysosomes is inhibited in cells overexpressing the mutant SKD1. Since
distribution of the mutant SKD1 was distinct from that of autophagosomes, it is unlikely that SKD1
directly act on autophagosomes. One possibility for inhibition of autolysosome formation is that
overexpression of the mutant SKD1 causes blockade of the endosome-autophagosome transport,
which supplies some component essential for autophagosome-lysosome fusion. To investigate this
possibility, he examined localization of the lysobisphosphatidic acid (LBPA), which is mainly
distributed in late endosomes and becomes associated with autophagosomes if autophagy was
induced. In cells overexpressing the mutant SKD1, LBPA was not colocalized with autophagosomes
but accumulated in the E235Q compartments. This suggests that LBPA is delivered to
autophagosomes depending on SKD1 function. The effect of the mutant SKD1 on endosomal
transport was detected at 1.5 hours prior to autophagosome accumulation, supporting that inhibition
of autophagy is due to impairment of endosomal functions.

Altogether, he concluded that SKD1 is a novel regulatory protein in endosomal sorting
transport of various cargoes. Moreover, he produced a first functional evidence that that transport

from endosomes to autophagosomes is required for the autophagic process.
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