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The ubiquitin-proteasome system (UPS) and autophagy are two 
major degradative pathways of proteins in eukaryotic cells. As 
about 30% of newly synthesized proteins are known to be 
misfolded under normal cell conditions, the precise and timely 
operation of the UPS and autophagy to remove them as well 
as their tightly controlled regulation, is so important for proper 
cell function and survival. In the UPS, target proteins are 
labeled by small proteins called ubiquitin, which are then 
transported to the proteasome complex for degradation. 
Alternatively, many greatly damaged proteins are believed to 
be delivered to the lysosome for autophagic degradation. 
Although these autophagy and UPS pathways have not been 
considered to be directly related, many recent studies 
proposed their close link and dynamic interconversion. In this 
review, we’ll focus on the several regulatory molecules that 
function in both UPS and autophagy and their crosstalk. 
Among the proposed multiple modulators, we will take a 
closer look at the so-called main connector of UPS-autophagy 
regulation, p62. Last, the functional role of p62 in the 
mitophagy and its implication for the pathogenesis of Parkinson's 
disease, one of the major neurodegenerative diseases, will be 
briefly reviewed. [BMB Reports 2020; 53(1): 56-63]

INTRODUCTION

The ubiquitin-proteasome system (UPS) and autophagy are two 
major degradative pathways in eukaryotic cells (1). They are 
considered to act in a complementary manner. Although small 
misfolded and damaged proteins are generally modified by 
ubiquitin and destined for the proteasomal degradation, many 
large and damaged proteins are delivered to the lysosome for 

autophagic degradation (2). Protein ubiquitination is a kind of 
post-translational modification and plays a central role in both 
degradative pathways. Ubiquitination of target proteins acts as 
a signal either for the substrates to be degraded by proteasome 
or lysosome or as an indicator for modulating their 
non-proteolytic processes (3). Ubiquitin is a 76-amino-acid 
long protein, and a single or a chain of ubiquitin can be 
conjugated mainly to lysine residues on the protein substrate 
via an isopeptide bond. Secondary ubiquitin molecules are 
linked to one of the seven lysine residues (K6, K11, K27, K29, 
K33, K48, and K63) or to the N-terminal methionine of the 
previous ubiquitin molecule (4, 5). In the UPS, polyubiquitin 
chains determine the degradation mode. With K48-linked 
chains, the protein target tends to be degraded by the UPS, 
and the K63-linked chain or monoubiquitinated substrates are 
modified by autophagy (6).

Like the UPS, autophagy is also essential for accurate 
cellular and energy homeostasis. There are three main types of 
autophagy, namely, macroautophagy, microautophagy and 
chaperone-mediated autophagy (2). They are mediated by the 
autophagy-related genes and their associated enzymes (2). 
Among them, macroautophagy is then divided into bulk and 
selective autophagy, which proceeds in several stages: 
initiation, nucleation, elongation, maturation, and fusion with 
the lysosome (7). Autophagy can be triggered by various 
adverse conditions, such as nutrient starvation, infection, 
oxidative stress, protein aggregation, or the inhibition of the 
mTOR pathway. As well, formation of the protein complex 
including Unc-51-like autophagy activation kinase 1 (ULK1), 
RB1-inducible coiled-coil 1 (RB1CC1; also known as FIP200), 
and the autophagy-related gene 101 (ATG101) protein induces 
the autophagy (7). The next nucleation step, including the 
formation of phagophore, starts with the release of Beclin1 and 
AMBRA1 from Bcl-2. The participation and activation of 
phosphoinositide 3-kinase, vacuolar protein sorting 34 
(VPS34), multiple ATG products, and VPS15 then follows in 
the nucleation of autophagic vesicles (8). 

In the elongation stage many ubiquitin-like conjugation 
moieties are produced and facilitate the formation of the 
macromolecular complexes. This step is initiated by the 
combined action of ATG7 (having the ubiquitin-activating E1 
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Gene Reported cellular function Regulatory role between UPS and autophagy References

USP14 Deubiquitinates K48 for downregulating 
ubiquitin-proteasome system

Modulates autophagy through K63 
deubiquitination

Xu D et al. (2016)

EI24 Suppresses cell growth and induces apoptosis, acts 
as tumor suppressor

Induces autophagy-dependent degradation of 
RING E3 ligases

Zhao YG et al. (2012)
Devkota S et al. (2016)

p62 Acts as a signaling mediator that located in late 
endosome and lysosome

Targets ubiquitinated proteins to the 
autophagosome entry

Hou B et al. (2019)
Matsumoto G et al. (2011)

ATG16 Localized in the cytosol and plays role in 
autophagosome formation

Binds with proteasome component PSMD1 or 
PSMD2 for degradation in lysosome

Kuma A et al. (2002)
Xiong Q et al. (2018)

HDAC6 Promotes autophagy and regulates fusion 
autophagosome to lysosome

Targets ubiquitinated proteins and leads to form 
aggresome for autophagic degradation

Lee et al. (2010)
Kawaguchi Y et al. (2003)

Table 1. List of currently known and key modulators to regulate and fine-tune both the UPS and autophagy-mediated proteolytic processes

enzyme activity), which then activates the ubiquitin-like 
protein ATG12. The ATG7-ATG12 complex is then transferred 
to ATG10 (acting as the ubiquitin-conjugating E2 enzyme-like) 
and is covalently linked to ATG5. The ATG5-ATG12 complex 
is ultimately conjugated with ATG16 for the elongation of the 
phagophore (9). Next, the microtubule-associated protein 
1A/1B light chain 3B (LC3) is conjugated to phosphatidyletha-
nolamine, which is mediated by ATG3 and ATG7. LC3 
remains attached to the lipid, while ATGs are dissociated after 
the autophagosome formation (10). After being transported 
along with microtubules, soluble NSF attachment receptor 
(SNARE)-like proteins, including STX17, SNAP29, and 
VAMP8, stimulates the fusion of autophagosomes and 
lysosomes into autophagolysosomes (11). 

Recent studies have suggested the possibility of crosstalk 
between the UPS and autophagy. Several molecules are 
shared either as the regulators or common substrates of the 
UPS and autophagy pathways (12). One well-known regulator 
that marks the target for degradation via both pathways is the 
ubiquitin (13). In the UPS, the target protein is conjugated with 
a polyubiquitin chain destined for proteasomal degradation. In 
autophagy, a polyubiquitin chain is also recognized by the 
autophagy adaptor protein, p62, for fusion and subsequent 
targeting into the autophagosomes (14). Many protein factors 
have now been shown to regulate these two intracellular 
proteolytic pathways (Table 1).

THE UPS AND AUTOPHAGY ARE TIGHTLY 
ASSOCIATED

In the UPS, the ubiquitin chain acts as a signal that promotes 
the polyubiquitination of the target protein, enabling its access 
to the proteasome, where it is degraded and recycled as amino 
acids (15). Deubiquitinating enzymes (DUBs) play vital roles 
in the UPS by removing ubiquitin from substrate proteins and 
regulating their proteasomal degradation as well as sub- 
localization (16). On the other hand, autophagy is a cellular 
response and becomes activated when cells are subjected to 
serum starvation. Autophagy pathway promotes a vesicular 

trafficking to the lysosome (17). To date, the UPS and 
autophagy have been considered mutually irrelevant (18). 
However, there are several reports that autophagy is activated 
when the UPS is dysregulated. In addition, several proteins, 
such as USP14, EI24, p62, and HDAC6, have been proposed 
as regulating both autophagy and the UPS (19).

Ubiquitin-specific protease 14 (USP14), which belongs to 
one of the five subgroups of DUBs, deubiquitinates the 
ubiquitin moiety from the target protein at the K48 residue and 
inhibits the UPS. In addition, USP14 negatively controls the 
K63-linked ubiquitination of Beclin1 to regulate the autophagy. 
When Akt phosphorylates USP14 at Ser432, it augments both 
K48- and K63-linked deubiquitination activity of USP14, 
affecting autophagy negatively. Another study suggests that 
Akt-regulated USP14 activity modulates both the UPS and 
autophagy (20). USP14 can interrupt the association between 
TRAF6 and Beclin1 to suppress autophagy. Upon TLR4 
stimulation, TRAF6 interacts with Beclin1 to induce the 
ubiquitination of Beclin1, which leads to the activation of the 
autophagic pathway. In this condition, USP14 competitively 
interacts with Beclin1, which then impedes the ubiquitination 
of Beclin1 by TRAF6 (21). Moreover, USP14 is required for the 
fusion of autophagosomes. When USP14 activity is inhibited, 
intracellular proteasome activity is correspondingly increased 
(22), whereas the autophagy flux is impeded at the step of 
autophagosome-lysosome fusion (22). Furthermore, treatment 
of cultured cells with a small chemical inhibitor of USP14, 
IU1, considerably inhibits the oligomerization of microtubule- 
associated protein tau protein (22). In contrast, the blockage of 
USP14 activity significantly upregulates the level of huntingtin 
with 97-polyglutamine repeats (22). These diverse outcomes 
imply that the effect of USP14 inhibition largely depends on 
the selective cellular context and appears to be substrate- 
specific. 

Etoposide-induced protein 2.4 homolog (EI24) was first 
identified as a tumor suppressor gene and its expression is 
primarily regulated by p53 (23). The EI24 protein prominently 
reduces cell growth in COS-7 cells (23). EI24 also inhibits cell 
growth and promotes apoptosis in several cancer cells (24). 
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However, a few studies have reported that EI24 is an essential 
component of macroautophagy, acting as a tumor promoter 
(24). This role is contrary to those from many previous reports. 
Involvement of EI24 in autophagy was first reported in 
Caenorhabditis elegans (25), followed by the finding that it is 
also an essential component of autophagy in mammals (26). 
For example, knockdown of EI24 by using siRNA in pancreatic 
tumor cells impaired autophagy, causing the inhibition of cell 
proliferation. However, this effect was not seen in other cell 
lines (24). Overexpression of EI24 attenuated NK-B activity 
by interacting with TRAF2. Furthermore, the RING domain of 
TRAF2 is an essential part of its binding to EI24 and 
subsequent autophagy-dependent protein degradation (27). 

EI24 also binds to E3 ubiquitin ligase TRIM41 to be 
degraded, but its detailed mechanism was not well elucidated 
(28). Whereas TRIM41 is usually autoubiquitinated and 
undergoes proteasome-dependent degradation (29), EI24 
overexpression reduced the level of ubiquitinated TRIM41, 
and induced autophagy-dependent degradation. To examine 
whether the RING domain of TRIM41 is required for 
EI24-mediated auto-degradation, several proteins either 
including the RING domain or not were screened for their 
binding to EI24 and subsequent proteolysis. The results 
revealed that some proteins were degraded (TRAF6, 
BIRC2/CIAP1, and MDM2), but not others (PARK2, XIAP, and 
BIRC3/CIAP2), irrespective of the presence of the RING 
domain (30). These results indicated that EI24-mediated 
autophagy and subsequent degradation may affect the E3 
ligases activity via the RING domain but the RING domain is 
not the only requirement for EI24-mediated degradation (30).

It was originally found that p62/SQSTM1 (or referred to as 
sequestosome 1) is a signaling mediator and is located in late 
endosome and lysosome (31). It can act as a multifunctional 
adaptor protein that regulates numerous cellular functions, 
such as nutrient sensing and apoptotic modulation (32). 
Several recent studies revealed the new functional role of p62. 
Although autophagic protein degradation was thought to be a 
compensatory mechanism of the UPS, p62 can link these two 
cellular degradation pathways. The p62 protein is selectively 
degraded by autophagy, whereas it can also act as the cargo 
receptors or adaptors for the autophagic degradation of 
ubiquitinated substrate proteins (33). When p62 is phosphorylated 
at the Ser403 residue in the UBA domain, it stabilizes the 
structure of sequestosome as a cargo of ubiquitinated proteins 
for the entry of autophagosomes. However, p62 itself was not 
degraded by the proteasome (34).

The core autophagy protein ATG16 also appears to play a 
modulatory role between the UPS and autophagy. ATG16 was 
known to be an essential component of the ATG complex, and 
the ATG12-ATG5 complex binds to ATG16 for the phagophore 
formation (35). ATG16 is thought to be regulated possibly by 
the UPS, based on the finding that treatment of MEFs with 
proteasome inhibitor led to an increase of ATG16 (36). 
Moreover, ATG16 seems to be crucial for the function of the 

UPS in the Dictyostelium discoideum, because the proteasome 
activity was remarkably down-regulated in the ATG16-KO 
mutant of Dictyostelium (37). Interestingly, PSMD1 and 
PSMD2, the components of the 19S regulatory particle in the 
proteasome complex, directly interact with ATG16. When 
ATG16 is bound to PSMD1 or 2, it is degraded by the 
lysosomes, and ATG16 was an essential component of 
autophagy progression (38). 

The histone deacetylase-6 (HDAC6) has emerged as an 
important player in the cellular management of protein 
aggregates (39). It acts as the major regulatory component of 
autophagy-dependent clearance of misfolded-proteins. HDAC6 
directly interacts with polyubiquitinated proteins and binds to 
dynein motor proteins for the recruitment of the misfolded 
proteins to the aggresome (40). In addition, HDAC6 recognizes 
the ubiquitinated protein aggregates and transports the cargo 
to the microtubule organizing center to form aggresomes for 
autophagic degradation (39, 40). HDAC6 also functions 
together with p62/SQSTM1 in the mitophagy (41, 42). In 
addition, a recent study unveiled the autophagy regulation 
function of HDAC6. A UPS-impaired fly model displayed the 
compensatory activation of the autophagic activity in an 
HDAC6-dependent manner. Furthermore, when the fly model 
of neurodegeneration generated by proteasome impairment 
was overexpressed with HDAC6, the decrease of cell viability 
was rescued in an autophagy-dependent manner (43). These 
results verified the dual-regulatory role of HDAC6 between the 
UPS and autophagy.

THE MAIN CONNECTOR BETWEEN THE UPS AND 
AUTOPHAGY, p62, ALSO REGULATES THEIR 
CROSSTALK

About 30% of newly synthesized proteins are known to be 
misfolded in normal cell conditions (44). Because these 
misfolded proteins form aggregates and interfere with the 
normal cell function (45), they must be removed quickly and 
accurately. In such a protein-quality control, both the UPS and 
autophagy and their precise control play a crucial role (39, 
46). As described previously, the UPS and autophagy can 
affect each other rather than operate independently, and there 
are several control proteins that work together on both 
pathways in a cooperative and complementary manner. 

Several studies have demonstrated that autophagy is 
activated when the proteasome could not properly remove the 
polyubiquitinated target proteins (47-49). Inhibition of the 
intracellular proteasome complex with diverse types of 
inhibitors were found to induce the compensatory autophagic 
pathway. The activation of the autophagy pathway can be 
largely divided into the process of compensatory activation in 
cytosol to remove the ubiquitinated proteins, as well as the 
process of proteasomal inhibition in ER, sequentially resulting 
in ER stress and unfolded protein response, and the induction 
of multiple ATG genes (50). On the other hand, the inhibition 
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Fig. 1. The inhibition of autophagy results in the inactivation of 
UPS. Autophagy inhibition causes the accumulation of the p62 
complex, including protein aggregates, resulting in the delayed 
transport of ubiquitinated protein substrates to proteasomes.
Moreover, the abnormal protein aggregates with p62 can inactivate
the multiple regulators of the UPS, such as p97/VCP. The p62- 
aggregates also contained inactive components of the 26S 
proteasome complex as well as ubiquitinated proteins and the 
autophagosome. Accumulation of those inactive proteasome 
components would suppress the removal of ubiquitinated target 
proteins through the UPS. Thus, the inhibition of autophagy 
consequently reduces the proteasome degradation of ubiquitinated 
targets through various p62-regulated pathways.

Fig. 2. The inhibition of the UPS results in the activation of 
autophagy. Inhibition of proteasomal degradation of target proteins 
increases the autophagy by the compensatory activation. Unfolded 
or misfolded proteins caused the ER stress, subsequently increasing
the expression of ATG genes. In addition, the accumulation of 
unfolded or misfolded proteins stimulates the phosphorylation of 
p62 by ULK1. Phosphorylation of p62 positively modulates the 
binding of p62 to polyubiquitinated proteins and the recruitment 
of autophagy machinery to the target protein. Deficiency of 
proteasome components or the suppression of its activity was 
known to induce the transcriptional and translational expression of 
p62 and the p62 protein through the activation of transcription 
factor Nrf2. In summary, Nrf2 increases the transcription of p62, 
and the increased p62 binds to and stabilizes Nrf2, which then 
continually regulates the levels of p62 and Nrf2 through the 
positive feedback mechanism.

of autophagy can impair the UPS (34, 51, 52). Many studies 
have suggested that this difference results from the novel 
regulatory function of p62 between these two systems. 

It is well known that p62 is a multi-functional protein that 
plays an important role in autophagy (14, 53, 54). It consists of 
a variety of domains that can bind to different proteins (55). 
Several domains, including the UBA, LIR, and PB1 domains, 
allow the binding of p62 to the ubiquitin, LC3, and many 
other proteins (56). It also has the signal sequence domain of 
nuclear localization (NLS) and nuclear export (NES), so it can 
rapidly shuttle between the nucleus and cytosol (32). In 
particular, the PB1 domain allows p62 to directly bind to the 
proteasome complexes. It also allows the p62 to form 
oligomers with other PB1 domain-containing proteins. The 
p62 level is regulated by means of several pathways, such as 
the signal transduction pathways activated by starvation or 
oxidative stress, the Ras/MAPK pathway, and the JNK/c-Jun 
pathway (57). Proteasome inhibition is also known to increase 
the p62 level (58). Treatment of proteasome inhibitors, such as 
epoxomicin and MG132, increases the p62 transcription (59). 
Because the p62 is a proteolytic substrate during the 
autophagic process, the amount of intracellular p62 also 
decreases as the extent of the autophagy reaction is increased 
(60). 

p62 was initially known as an adapter protein of autophagy 
(14, 53). However, further studies have shown that p62 can 
bind to the Rpt1 and Rpt10 of the 26S proteasome complex 

through the PB1 domain (59, 61). It also binds to the 
ubiquitinated protein via the UBA domain, and then drags 
them toward the proteasome, which in turn promotes their 
degradation via the UPS. This action occurs not only in the 
cytosol but also in the nucleus. In this process, p62 uses the 
NLS and NES to shuttle between the cytosol and the nucleus, 
and carry the target protein from the nucleus to the proteasome 
in the cytosol (32, 62, 63). In addition to unmodified protein, 
p62 can recruit and transport the ubiquitinated proteins from 
nucleus to cytosol during this process (62, Fig. 1).

Long-term inhibition of autophagy reduces the proteasomal 
degradation of ubiquitinated proteins, which involve p62 (52). 
Autophagy inhibition causes accumulation of the complex 
consisting of p62 and protein aggregates, which results in the 
delayed migration of ubiquitinated substrates to the proteasomes 
(52). In addition to the failure of transport of proper ubiquitinated 
protein targets and so resultant positional isolation, abnormal 
p62 aggregates can also functionally inactivate the regulators 
of the UPS, such as the p97/VCP (64). In this process, the 
binding between the PB1 domain and UBA domain of p62 
and the proteasome regulator is critically required.

The p62 aggregates also contain inactive proteasome 
components as well as the ubiquitinated proteins and 
autophagosome (59). Many recent studies have shown that 
inactivated proteasome components are ubiquitinated and 
migrate to the autophagosomes for the lysosomal degradation 
under cellular stress, such as nutrient starvation (65, 66). Aged 
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or inactivated proteasomes and their subunits are degraded by 
selective autophagy, where p62 recognizes the polyubiquitin 
chains of targets formed on the proteasome surface and 
induces their degradation (66). Removal of these inactive 
proteasomes plays an important role in maintaining a constant 
pool of normal proteasomes in the cell. If the inactive 
proteasome is not properly removed because of the inhibition 
of autophagy, the accumulation of inactive proteasome will be 
resulted, which would then reduce the removal of ubiquitinated 
proteins through the UPS. Thus, the inhibition of autophagy 
reduces the UPS-mediated degradation of the ubiquitinated 
proteins through various p62-related pathways (Fig. 2).

In contrast, the inhibition of proteasomal degradation of 
ubiquitinated proteins causes the increase of autophagy, in 
which p62 play a role. Increase of intracellularly unfolded or 
misfolded proteins because of the proteasome inhibition 
triggers the phosphorylation of p62 at S405 (equivalent to 
S403 in humans) and S409 by ULK1. This modification of p62 
stimulates its ability to directly bind to the polyubiquitinated 
target proteins (67). In particular, the phosphorylation of p62 
at the S409 residue is essential for the recruitment of 
autophagy machinery to the targets, promoting the phosphory-
lation of p62-S405 by ULK1 and CK2 (68).

In addition, the deficiency of proteasome components 
increases the transcription and protein synthesis of p62 by 
increasing the transcription of the Nrf2 protein (57). Nrf2 is a 
transcription factor that regulates the expression of several 
anti-oxidant genes and is degraded by the proteasome in a 
normal condition. On the other hand, Nrf2 increases the 
transcription of p62 under stress, and the increased p62 binds 
to Nrf2 and stabilizes Nrf2, which regulates the levels of p62 
and Nrf2, continually, through the positive feedback 
mechanism (69, 70).

THE CENTRAL ROLE OF p62 IN MITOPHAGY AND THE 
PROGRESSION OF PARKINSON’S DISEASE

Parkinson’s disease (PD) is one of the most common 
neurodegenerative diseases; about 2% of the population over 
age 65 is affected. The causes of PD are diverse and not yet 
clearly elucidated, but mutations in numerous genes, including 
PINK1 and parkin, are known to be closely associated with the 
development of familial forms of PD. The Ser/Thr protein 
kinase PINK1 and ubiquitin E3 ligase parkin induce mitophagy 
through a process known as the PINK1-parkin pathway, 
promoting mitochondrial quality control (71, 72). In mitophagy, 
parkin ubiquitinates the mitochondrial outer membrane 
proteins, and p62 recognizes these ubiquitinated proteins and 
initiates the formation of autophagosomes by recruiting LC3. 
Phosphorylation of parkin by PINK1 also promotes the binding 
of p62 to LC3 via the LIR domain. Involved in the formation of 
autophagosomes, p62 acts as a key component of the 
PINK1-parkin pathway. In a recent study, parkin was shown to 
bind directly to and to ubiquitinate p62, promoting its 

proteasomal degradation (73). These data suggested that 
parkin, a key component of the PINK1-parkin pathway, and 
p62, a key component for eliminating intracellular toxic 
protein aggregates, are closely linked functionally. Moreover, a 
defective function of 62 or/and its altered modulation 
somehow contributes to the pathogenesis of PD via the action 
of parkin.

In addition, p62 was commonly detected in the 
ubiquitinated protein aggregates of Lewy bodies from PD 
patients (74). Since p62 plays a role in the degradation of 
misfolded or unfolded proteins, dysregulation of the p62 
function in CNS leads to an increase of the protein aggregates, 
consequently causing the neurodegenerative pathology. A 
defect in proper p62 function was also associated with 
increased aggregate formation of -synuclein, with a resultant 
toxic effect. For example, rotenone treatment increased the 
aggregation of -synuclein in the substantia nigra and 
degradation of dopaminergic neurons, coupled with increased 
expression of p62 (75). It is also known that p62 plays an 
important role in autophagic degradation of -synuclein 
inclusions. In this process, p62 binds to NBR1 and acts 
together as adaptor and cargo receptors for selective autophagy 
of ubiquitinated targets (33). As described previously, p62 was 
detected within the ubiquitinated protein aggregates of the 
Lewy bodies from PD patients. Increased protein aggregation 
resulted in increased expression of p62, which then stimulates 
the autophagy pathway to protect cells in a counteractive way. 
However, autophagic processes for the degradation of these 
aggregates did not work properly in PD. As a result, toxic 
protein aggregates containing -synuclein and p62 accumulate 
in the neuronal cells, causing the synucleopathy, cell death, 
and the progression of PD, including cognitive deficits, and 
motor symptoms.

CONCLUSION

The UPS and autophagy were previously thought to be 
completely and independently operating and not related to 
each other. However, recent studies have shown a close link 
between them. For example, both systems employed ubiquiti-
nation on the target, and there are common modulators that 
operate on both systems. For example, USP14, known to 
inhibit protein degradation via the UPS by cleaving the 
K48-linked ubiquitin chain from the target, could also modulate 
the autophagy by promoting the K63-linked deubiquitination 
of specific targets, such as Beclin1. In addition to USP14, 
several other proteins, such as EI24, p62, ATG16, and 
HDAC6, are known to regulate both the UPS and autophagy. 
In particular, p62 participates in many different cellular 
processes pertaining to protein homeostasis and plays an 
important role in regulating both activities between the UPS 
and autophagy. Furthermore, p62 interacts with the parkin to 
remove the protein aggregates as well as to stimulate the 
mitochondrial quality control, and alteration of this interaction 
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or their regulation somehow contributes to the pathogenesis of 
Parkinson's disease. Despite the advances in understanding 
the molecular mechanism of the UPS and autophagy, there are 
still many questions to address about the detailed relationship 
and precise underlying control mechanisms between the two 
pathways under the specific cell context. Among the 
numerous questions, the crucial one is how to specifically find 
out whether the ubiquitinated target is degraded by either the 
UPS or autophagy, and how to control the relative activities of 
the UPS or/and autophagy. Because the UPS and autophagy 
play various important roles in cells and are linked to multiple 
diseases, understanding these complicated systems would 
contribute a novel but promising therapeutic development to 
these diseases.
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