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p32: A new player in autophagy
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ABSTRACT

Unc-51 like kinase-1 (Ulk1) is essential for autophagy induction. We recently reported that p32/C1QBP is
crucial for the induction of autophagic flux upon starvation and the clearance of damaged mitochondria
through the regulation of Ulk1 stability and kinase activity. Our results underscore the importance of p32
in fine-tuning the stress response and mitochondrial homeostasis via Ulk1.

Autophagy is an evolutionarily conserved catabolic process in
eukaryotic cells and represents one of the major intracellular
degradation pathways for protein and organelle turnover.
There are 3 major types of autophagy in eukaryotic cells: mac-
roautophagy, microautophagy, and chaperone-mediated
autophagy. The most remarkable event in macroautophagy is
the formation of cytosolic double-membraned vesicles that
sequester portions of the cytoplasm to form autophagosomes,
which subsequently fuse with lysosomes for degradation.
Mitophagy is a selective form of autophagy by which dysfunc-
tional mitochondria are cleared in lytic compartments. Mitoph-
agy has important roles in mitochondrial quality control and
homeostasis under normal growth conditions and in the
response to cellular stress.

In the last decade, genetic studies in yeast have characterized
a number of autophagy-related (atg) genes involved in all three
types of autophagy, and mammalian homologs of many of
these genes have subsequently been identified. Extensive studies
have shown that Unc-51 like kinase-1 (Ulkl), a serine/threo-
nine kinase and the mammalian functional homolog of yeast
Atgl, has a crucial role in the initiation step of autophagy and
also functions in mitophagy induction. Post-translational mod-
ifications on Ulkl, including K63-linked ubiquitylation' and
phosphorylation,”* have been reported to modulate the rates of
Ulkl turnover and kinase activity in different cellular contexts,
providing insights into how the cell modulates autophagy.

Previous studies have showed that p32 (C1QBP/gClqR/
HABP1, best known as p32) is a biologically important, widely
distributed, multiligand-binding, and multifunctional protein.
Maintenance of mitochondrial membrane potential and oxida-
tive phosphorylation is one of the fundamental functions of
P32 in eukaryotic cells. Depletion of p32 in human cancer cells
strongly shifts their metabolism from oxidative phosphoryla-
tion toward glycolysis and reduces their tumorigenicity.
Although oxidative phosphorylation has been reported to
enhance mitophagy to promote mitochondrial renewal,” little is
known about how the bioenergetics of mitochondria are linked
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to mitophagy. In addition, the relationship between p32 and
mitochondrial homeostasis has not been addressed.

We identified p32 and Ulkl from a stable protein complex
independent of Ulkl kinase activity and nutrient conditions
(Fig. 1).° Previous reports have claimed that p32 functions as
chaperone protein, required for the localization of ARF to
mitochondria.” Interestingly, Ulkl was found to translocate to
mitochondria that were damaged by either hypoxia or mito-
chondrial uncoupler to induce mitophagy.® We showed that a
subset of ectopic Ulkl was distributed to mitochondria in cells
expressing p32, suggesting that Ulkl may translocate to mito-
chondria upon binding to p32. Whether this translocation leads
to initiation of mitophagy needs further investigation.

Ulkl is a relatively stable protein with a half-life close to
24 h. We found that p32 is crucial for maintaining the steady-
state levels and activity of Ulkl by blocking its proteasomal
degradation. In the absence of p32, the turnover rate of Ulkl1 is
profoundly increased, which in turn compromises its kinase
activity toward Atgl3. Previous studies reported that Ulkl is a
K63-linked, but not K48-linked, ubiquitylated protein." Unlike
previous studies, we found that Ulkl is subject to both K48-
linked and K63-linked ubiquitylation in our experimental set-
tings. Furthermore, we found that p32 depletion potentiated
K48-linked, but impaired K63-linked, polyubiquitination of
Ulkl. These data indicate that p32 may prevent the proteaso-
mal degradation of Ulkl by interfering with its polyubiquityla-
tion. We excluded the possibility that p32 works in concert
with TRAF6 signaling to regulate K63-linked ubiquitylation of
Ulkl. Currently, the E3 ubiquitin ligase for Ulkl, which is capa-
ble of generating K48-linked ubiquitin chains, remains
unknown. We propose that p32 exerts a positive effect on Ulkl
stability and activity through 2 possible mechanisms. First, p32
may crosstalk with the unidentified ubiquitylation/deubiquity-
lation processes targeting Ulkl. Alternatively, p32 has been
proposed to act as a multifunctional chaperone protein, as evi-
denced by its participation in different biological processes. It is
likely that the chaperone-like activity of p32 is essential for
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Figure 1. p32 regulates autophagy by interfering with the polyubiquitination of Ulk1. By forming complex with Ulk1, p32 prevents K48-linked but facilitates K63-linked
polyubiquitination of Ulk1. Therefore, p32 depletion results in increased degradation of Ulk1. p32-mediated Ulk1 stabilization and subsequent activation is essential for
starvation-induced autophagy and the clearance of damaged mitochondria caused by mitochondrial uncoupler.

Ulkl regulation, through a process similar to Hsp90-Cdc37
complex-dependent regulation of Ulkl.”

Ulkl is essential for starvation-induced autophagy and
mitochondrial uncoupler-induced mitophagy. In line with the
crucial role of p32 in regulating Ulkl steady-state levels and
activity, we found that silencing p32 resulted in autophagy
defects. Autophagy is a prosurvival mechanism that is engaged
by metabolic stress. Cells defective for autophagy tend to
undergo apoptosis after stress stimuli that normally would acti-
vate autophagy to promote cell survival.'” We found that p32
ablation augmented cell death following treatment with Earle’s
balanced salt solution (EBSS), which could be partially but sig-
nificantly rescued by Ulkl reconstitution. This suggests that
p32 exerts a protective effect under starvation conditions by
both inducing Ulkl-dependent autophagy and maintaining
oxidative phosphorylation. p32 is often aberrantly overex-
pressed in human tumor tissues. Consistent with this, we found
that p32 protein levels were upregulated in human colon cancer
tissues, and that Ulkl proteins levels significantly correlated
with p32 status. On the basis of our data, it is reasonable to
speculate that the p32-Ulkl-autophagy axis may provide a sur-
vival advantage when nutrients are scarce that ultimately pro-
motes tumorigenesis.

Previous studies showed that p32 has a crucial role in main-
taining mitochondrial membrane potential and oxidative phos-
phorylation. However, the molecular mechanism underlying
this p32-mediated metabolic regulation remains completely
unknown. Our findings that damaged mitochondria induced
by treatment with the protonophore CCCP failed to be cleared
in p32-deficient HeLa cells stably expressing parkin unveiled
an unexpected role of p32 in mitophagy. Reconstitution with
WT p32, but not the Ulkl-binding defective mutant, rescued
the mitochondrial degradation defect associated with p32
depletion, indicating that the ability of p32 to regulate CCCP-
induced mitophagy is mediated through its interaction with
Ulkl. Consistent with this notion, introduction of ectopic Ulkl
effectively restored mitochondrial clearance in p32-ablated cells
treated with CCCP. Thus, p32 could act upstream of Ulkl in
mitochondrial homeostasis. It has been reported that stimula-
tion of mitochondrial oxidative phosphorylation enhances
mitochondrial renewal by increasing the degradation rate. This
indicates that mitochondrial homeostasis and oxidative phos-
phorylation might be mutually beneficial and mitochondrial
quality control may serve as an important mechanism for
maintaining cellular energy homeostasis. Thus, our results
provide a plausible explanation for the previously reported



e1061097-3

p32-mediated regulation of mitochondrial bioenergetics. Col- 4.
lectively, our findings underscore the importance of p32 in
fine-tuning mitochondrial quality control and mitochondrial
metabolism via Ulkl under physiologic conditions.
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