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Mitochondria organize the cellular proteostatic response
and promote cellular senescence
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Mitochondria have relatively independent protein
quality control systems, including their own chaper-
ones for protein folding and AAA proteases for protein
degradation. Accumulating evidence has shown that
cytosolic proteins and disease-causing misfolded pro-
teins can be translocated into mitochondria and then
impinge upon their function. It is important to under-
stand the interplay between cellular proteostasis and
mitochondria, as impaired proteostasis and mitochon-
drial dysfunction are causally linked with aging and
age-related disorders. This review highlights our recent
finding showing that the outer mitochondrial mem-
brane protein FUNDC1, a previously reported mitoph-
agy receptor, interacts with the chaperone protein
HSC70 to mediate the mitochondrial translocation of
cytosolic proteasomal substrates via the TOM/TIM
complex into the mitochondrial matrix where they can
be degraded by LONP1 protease. Excessive accumula-
tion of unfolded proteins within mitochondria triggers
the formation of Mitochondrion-Associated Protein
Aggregates (MAPAs), which are subsequently au-
tophagically degraded in a FUNDC1-dependent man-
ner. We suggest that mitochondria actively organize
the cellular proteostatic response and that the interac-
tion between FUNDC1 and HSC70 may represent a new
link between impaired proteostasis, mitochondrial
dysfunction and cellular aging.

Timely disposal and degradation of misfolded proteins and
their aggregates is critical for cellular proteostasis and the
well-being of a cell. During evolution, cells have acquired a
sophisticated system to monitor protein quality and main-

tain protein homeostasis. This system consists of chaper-
ones and two proteolytic pathways, the ubiquitin-
proteasome pathway and the autophagy-lysosome path-
way [1, 2]. Chaperones are able to recognize misfolded
proteins to assist their refolding. If this fails, chaperones
will facilitate the degradation of terminally misfolded pro-
teins through the ubiquitin-proteasome system (UPS) [3].
Alternatively, chaperones may induce the misfolded pro-
teins to form protein aggregates, which can be subse-
quently delivered to auto-lysosomes for degradation [4].
The proteasome and autophagy pathways share substrates,
effectors and regulators, which allows cross-talk between
them and compensation for one another in time of need
[3]. One of the major functions of chaperones is to select
the proteolytic pathway their client will follow, based on
the other chaperones or co-chaperones they bind and the
properties of their substrates [3]. The repertoire of chap-
erones includes members of the heat shock protein (HSP)
families HSP100, HSP90, HSP70, HSP60, HSP40 and the
small HSPs (sHSPs) [5]. HSP70-family proteins are the best
characterized chaperones in cells to date, and HSP70 and
HSC70 are two cytosolic members of this family which
share 85% homology [6].

Mitochondria are multitasking cellular organelles that
are essential for diverse cellular functions including energy
production, redox signaling, immune responses and pro-
grammed cell death. Mitochondria have their own genome
(mtDNA), which encodes less than 1% of the mitochondrial
proteome [7]. To maintain their vital and diverse functions,
mitochondria require the import of nuclear DNA-encoded
proteins via the TOM/TIM complexes, coordinated expres-
sion and integration of nuclear DNA- and mtDNA-encoded
OXPHOS subunits, and timely and extensive communica-
tion between nuclei and mitochondria [8]. Mitochondria
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have quality control systems that are relatively independ-
ent from the rest of the cell. They are well equipped with
numerous chaperones, such as HSP60, HSP10, Mortalin,
TRAP1 and CLPX, and AAA proteases, including LONP1,
CLPP, OMI, AFG3L2, APG7 and YMEI1L1, to monitor, as-
semble or degrade excess or misfolded mitochondrial pro-
teins [9]. The protease LONP1 is localized in the mitochon-
drial matrix and is able to degrade oxidized or misfolded
proteins within this compartment [10]. Defective mito-
chondrial protein homeostasis activates the mitochondrial
unfolded protein response (mtUPR), which activates nucle-
ar transcription of the genes encoding the proteins re-
quired for degradation or refolding of misfolded proteins in
mitochondria [11]. In Caenorhabditis elegans, nuclear
translocation of a subset of transcription factors or chro-
mosome modifiers, including ATFS-1, DVE-1, LIN-65 and
MET-2, is required for transcriptional activation of the
genes encoding mitochondrial chaperones or proteases [12,
13]. Interestingly, mitochondrial stress in neurons can
evoke mtUPR in distal tissues in C. elegans, and this re-
sponse is called cell non-autonomous mtUPR. Several “mi-
tokines” including serotonin, the Wnt ligand EGL-20, and
the neuropeptide FLP-2 have been reported to trigger such
a response [14-16]. In mammalian cells, ATF5 is required
for the activation of mtUPR in response to oxidative and
mitochondrial proteotoxic stress [17]. The cytosolic UPS is
also involved in the quality control of mitochondrial pro-
teins, especially the mitochondrial precursor proteins and
outer membrane proteins. Cdc48 (known as p97 in mam-
mals), a core protein in ER-associated degradation (ERAD),
is suggested to function in extracting damaged proteins
from mitochondrial membranes and delivering them to the
proteasome for degradation; this process is called mito-
chondrion-associated degradation (MAD) [18]. At the or-
ganellar level, damaged mitochondria can be segregated
through mitochondrial fission, and subsequently degraded
by mitochondrial autophagy, or mitophagy [19]. Accumula-
tion of misfolded proteins at the site of mitochondria may
trigger cell senescence or apoptosis (programmed cell
death).

Several cytosolic E3 ligases play roles in the quality con-
trol of outer mitochondrial membrane (OMM) proteins and
in mitophagy. The best characterized example is Parkin, an
E3 ligase whose mutation causes juvenile Parkinson’s dis-
eases [20]. Parkin plays crucial roles in mitophagy and the
degradation of both mitochondrial and cytosolic proteins.
Parkin can ubiquitinate itself or other specific substrate
proteins in the cytosol for subsequent proteasomal degra-
dation [20]. Some disease-associated cytosolic proteins,
including septin5, synphilin-1, alpha-synuclein, Drpl, p62
and cyclin E, have been identified as Parkin substrates [20-
23]. Parkin can also form a complex with HSP70 and
HSC70-Interacting Protein (CHIP), which can enhance Par-
kin-mediated ubiquitination of PAELR [24]. Upon cellular
insult and mitochondrial depolarization, Parkin cooperates
with PINK1 to mediate mitophagy. When mitochondria are
depolarized, PINK1 fails to reach the inner mitochondrial
membrane and accumulates on the OMM, leading to the
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phosphorylation of ubiquitin and Parkin. Phosphorylated
Parkin is recruited to the OMM through binding to phos-
pho-ubiquitin, which leads to the extensive ubiquitination
of OMM proteins, such as MFN1/2, MIRO and VDAC1 (Volt-
age-dependent anion-selective channel 1), as well as mito-
chondrial fission and rupture of the outer membrane [25].
USP30, a mitochondrial deubiquitinase, counterbalances
Parkin activity to prevent mitochondrial protein degrada-
tion and mitophagy [25]. PINK1 can directly recruit NDP52
and OPTN to mitochondria. These receptors are involved in
the recruitment of the autophagy core components ULK1
(Unc-51-like kinase 1), DFCP1 (Double FYVE-containing
protein 1) and WIPI1 (WD repeat domain phosphoinosi-
tide-interacting protein 1) toward mitochondria for mi-
tophagy [26]. Some other ubiquitin E3 ligases have also
been shown to function in mitochondrial quality control. A
recent study in neurons suggested that CHIP is also recruit-
ed to mitochondria and is required for mitophagy in re-
sponse to bioenergetic stress [27]. In addition, a genome-
wide siRNA screen identified SMURF1 as another E3 ligase
required for the autophagic degradation of damaged mito-
chondria in cultured cells and in vivo [28].

Several mitophagy receptors have also been identified
to play roles in mediating mitophagy through their direct
interaction with the autophagy machinery. These receptors
contain the classic LIR motif that directly interacts with LC3
for the initiation of mitophagy. We have previously identi-
fied an OMM protein, FUNDC1, as a novel mitophagy re-
ceptor that functions under hypoxia [19]. In normoxic con-
ditions, the Tyr-18 and Ser-13 residues of FUNDC1 are
phosphorylated by SRC kinase and CK2 respectively, which
prevents its binding to LC3., The activity of PGAM5, a mito-
chondrially localized phosphatase that can dephosphory-
late FUNDC1 at Ser13, is inhibited through its interaction
with BCI-xL [29]. When cells are challenged by hypoxia or
other mitochondrial stresses, dephosphorylation of
FUNDC]1, likely due to the dissociation of the FUNDC1-SRC
and FUNDC1-CK2 complexes and release of PGAM5 from
rapidly inactivated Bcl-xL, enhances its interaction with LC3
to initiate mitophagy [29, 30]. Interestingly, a mitochondri-
ally localized E3 ligase, can directly interact with FUNDC1
to mediate its ubiquitination and degradation, and there-
upon tune down mitophagy at the early stage of mito-
chondrial stress [31].

We found that p62 is recruited to mitochondria when
FUNDCL1 is expressed, even in the absence of the FUNDC1
LIR motif that is required for mitophagy [32]. In an effort to
understand the role of p62 in FUNDC1-mediated mitopha-
gy, we uncovered that FUNDC1 interacts with HSC70 to
actively promote protein translocation to the mitochondria.
Under normal protein homeostatic conditions, cytosolic
proteins can be eliminated by CHIP-dependent pro-
teasomal degradation [32]. Under proteostatic stress con-
ditions, excessively accumulated cytosolic proteasomal
substrates can be imported into the mitochondrial matrix
via the TOM/TIM complex. Some of these proteins can be
degraded by the mitochondrial protease LONP1; the rest
are concentrated in certain regions and then segregated
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from the mitochondrial network in a FIS1-dependent man-
ner [32]. Interestingly, we observed that the FUNDC1-
HSC70 interaction promoted the formation of Mitochon-
drion Associated Protein Aggregates (MAPAs). MAPAs are a
new type of protein aggregate, distinct from aggresomes
which are formed at the microtubule organizing center
(MTOC) under the influence of HSP70 [32] (Figure 1). They
are not localized at the MTOC and have their own proper-
ties. Specifically, MAPAs are membrane-enclosed and con-
sist of ubiquitinated proteins, the ubiquitin binding protein
p62 and mitochondrial proteins, including mitochondrial
membrane proteins and unfolded proteins in the mito-
chondrial matrix [32]. FUNDC1 is also incorporated into
MAPAs and mediates their autophagic degradation
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through its interaction with LC3 [32] (Figure 1). The re-
cruitment of proteasomal clients to mitochondria and their
accumulation within mitochondria are important for trig-
gering the formation of MAPAs. HSP70 shares 85% homol-
ogy with HSC70, but it has limited capacity to interact with
FUNDC1, and it negatively regulates the mitochondrial
translocation of proteasomal substrates and the formation
of MAPAs [32]. Although the exact composition of MAPAs
remains to be defined, our results uncovered an unex-
pected contributory role of mitochondria in maintaining
overall proteostasis in cells, by employing their own AAA
protease or mitophagy machinery. A previous study in
yeast also suggests that cytosolic misfolding-prone proteins
are imported into the mitochondrial matrix via the TOM-
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FIGURE 1: lllustration of the compensatory degradation of proteasomal substrates. The cytosolic chaperones HSP70 and HSC70 take their
clients to the proteasome for degradation. If proteasomal activity is inhibited, HSP70 proteins take their clients to the microtubule organi-
zation center to form aggresomes, which may facilitate the autophagic degradation of the client proteins. HSC70 proteins, however, take
their clients to mitochondria through the interaction of HSC70 with FUNDC1. Some of the client proteins are then imported into the mito-
chondrial matrix via the TOM/TIM complex and degraded by LONP1. The remains of the client proteins imported into the mitochondrial
matrix may concentrate in certain region and become segregated from the mitochondrial network in a FIS-dependent manner to form
MAPAs. The HSC70 clients at the surface of mitochondria can be ubiquitinated by the E3 ligase CHIP, which endows them with the ability
to recruit p62 proteins. The ubiquitinated proteins and p62 at the surface of mitochondria and some of the mitochondrial membrane pro-
teins, including FUNDC1, are all incorporated into the MAPAs. FUNDC1 can mediate recognition of the MAPAs by autophagosomes via its
interaction with LC3. If the proteasomal client proteins imported into the mitochondrial matrix are not cleared in time, excessive accumu-
lation of these proteins may disturb the mitochondrial function, consequently resulting in cellular senescence.
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TIM complex and degraded by the mitochondrial protease
PIM1 (yeast homolog of Lon protease) [33]. Additionally, a
study in Drosophila showed that downregulation of Tom40
(translocase of outer membrane 40), a key subunit of the
translocase of the OMM complex, resulted in the accumu-
lation of ubiquitin-positive protein aggregates, probably
due to disturbed fusion between autophagosomes and
lysosomes [34]. These results are consistent with our find-
ings in human cells, and suggest that mitochondria have a
conserved organizational role in the cellular proteostasis
network from yeast to human.

Loss of proteostasis and mitochondrial dysfunction are

both causally linked with cellular senescence and aging [35].

Deposits of conformationally altered proteins cause cell
morbidity in common human neurodegenerative patholo-
gies and other aggregation-related diseases. Some of the
disease-causing proteins which are prone to misfolding,
such as alpha-synuclein, mutated mitochondrial HSP60,
SOD and protease SPG7, and expanded polyQ Huntingtin
aggregates, were found to be associated with impaired
proteasomal activity and mitochondrial dysfunction [36,
37]. A wealth of reports have suggested that the pro-
teasome contributes to the clearance of OMM proteins
and mistargeted mitochondrial proteins [18], which may
help to explain the correlation between impaired proteo-
stasis and mitochondrial dysfunction. Our results suggest
that when proteasomal function is inhibited, mitochondria
are directly targeted through the interaction between
FUNDC1 and HSC70 and are actively involved in handling
the unfolded cytosolic proteins. Additionally, the cellular
senescence induced by proteasomal inhibition is highly
correlated with the mitochondrial accumulation of pro-
teasomal substrates, as they are both positively regulated
by FUNDC1 and HSC70, and negatively regulated by Bcl-xL,
HSP70, LONP1, and FIS1 [32]. This suggests that mitochon-
drial accumulation of misfolded cytosolic proteins may act
as a primary cause of the cellular senescence under condi-
tions of proteotoxic stress or during aging. It is possible
that in healthy cells, some of the unfolded cytosolic pro-
teins are degraded by the proteasome while others are
actively transported through the FUNDC1-HSC70 interac-
tion into mitochondria where they are degraded by LONP1.
In this scenario, only the age-related decline in the proteo-

REFERENCES

1. Hartl FU, Bracher A, Hayer-Hartl M (2011). Molecular chaperones in
protein folding and proteostasis. Nature 475(7356): 324-332. doi:
10.1038/nature10317

2. Koga H, Kaushik S, Cuervo AM (2011). Protein homeostasis and
aging: The importance of exquisite quality control. Ageing Res Rev
10(2): 205-215. doi: 10.1016/j.arr.2010.02.001

3. Kaushik S, Cuervo AM (2015). Proteostasis and aging. Nat Med
21(12): 1406-1415. doi: 10.1038/nm.4001

4. Johnston JA, Ward CL, Kopito RR (1998). Aggresomes: a cellular
response to misfolded proteins. J Cell Biol 143(7): 1883-1898. doi:
10.1083/jcb.143.7.1883

OPEN ACCESS | www.cell-stress.com 113

Mitochondria regulate cellular proteostasis

stasis network and mitochondrial quality control systems
provokes the accumulation of misfolded proteins and mi-
tochondrial dysfunction that lead to disease. It is also quite
possible that some of the above-mentioned disease-
causing proteins, such as mutant alpha-synuclein and
polyQ Huntingtin proteins, are recruited to mitochondria
through the FUNDC1-HSC70 interaction, and then result in
mitochondrial damage, cell morbidity and diseases.

In sum, our study offers a mechanistic link between
impaired proteostasis, mitochondrial dysfunction and cel-
lular senescence. We further suggest an active role of mi-
tochondria in proteostasis, including protein degradation,
aggregate formation and auto(mito)phagic disposal of pro-
tein aggregates. Further work is underway to investigate
the role of the FUNDC1-HSC70 interaction in MAPA for-
mation and age-related aggregation diseases.

ACKNOWLEDGMENTS

This project was carried out with funding support from the
National Natural Science Foundation of China (31790404),
the National Natural Science Foundation of China
(91849201), Fund for Strategic Pilot Technology Chinese
Academy of Sciences (XDPB1002) to Quan Chen, the Na-
tional Natural Science Foundation of China (91854105) to
Lei Liu and the National Natural Science Foundation of Chi-
na (91754114) to Yushan Zhu.

CONFLICT OF INTEREST
Authors declare no conflict of interest.

COPYRIGHT

© 2019 Li et al. This is an open-access article released un-
der the terms of the Creative Commons Attribution (CC BY)
license, which allows the unrestricted use, distribution, and
reproduction in any medium, provided the original author
and source are acknowledged.

Please cite this article as: Yanjun Li, Lei Liu, Yushan Zhu and Quan
Chen (2019). Mitochondria organize the cellular proteostatic
response and promote cellular senescence. Cell Stress 3(4): 110-
114. doi: 10.15698/cst2019.04.181

5. Hartl FU, Hayer-Hartl M (2002). Molecular chaperones in the cyto-
sol: from nascent chain to folded protein. Science 295(5561): 1852-
1858. doi: 10.1126/science.1068408

6. Liu T, Daniels CK, Cao S (2012). Comprehensive review on the HSC70
functions, interactions with related molecules and involvement in
clinical diseases and therapeutic potential. Pharmacol Ther 136(3):
354-374. doi: 10.1016/j.pharmthera.2012.08.014

7. Chacinska A, Koehler CM, Milenkovic D, Lithgow T, Pfanner N
(2009). Importing mitochondrial proteins: machineries and mecha-
nisms. Cell 138(4): 628-644. doi: 10.1016/j.cell.2009.08.005

Cell Stress | APRIL 2019 | Vol. 3 No. 4



Y. Li et al. (2019)

8. Ryan MT, Hoogenraad NJ (2007). Mitochondrial-nuclear communi-
cations. Annu Rev Biochem 76: 701-722. doi:
10.1146/annurev.biochem.76.052305.091720

9. Fischer F, Hamann A, Osiewacz HD (2012). Mitochondrial quality
control: an integrated network of pathways. Trends Biochem Sci
37(7): 284-292. doi: 10.1016/j.tibs.2012.02.004

10. Ngo JK, Pomatto LC, Bota DA, Koop AL, Davies KJ (2011). Impair-
ment of lon-induced protection against the accumulation of oxidized
proteins in senescent wi-38 fibroblasts. J Gerontol A Biol Sci Med Sci
66(11): 1178-1185. doi: 10.1093/gerona/glr145

11. Lin YF, Haynes CM (2016). Metabolism and the UPR(mt). Mol Cell
61(5): 677-682. doi: 10.1016/j.molcel.2016.02.004

12. Nargund AM, Pellegrino MW, Fiorese CJ, Baker BM, Haynes CM
(2012). Mitochondrial import efficiency of ATFS-1 regulates mito-
chondrial UPR activation. Science 337(6094): 587-590. doi:
10.1126/science.1223560

13. Tian Y, Garcia G, Bian Q, Steffen KK, Joe L, Wolff S, Meyer BJ, Dillin
A (2016). Mitochondrial Stress Induces Chromatin Reorganization to
Promote Longevity and UPR(mt). Cell 165(5): 1197-1208. doi:
10.1016/j.cell.2016.04.011

14. Berendzen KM, Durieux J, Shao LW, Tian Y, Kim HE, Wolff S, Liu Y,
Dillin A (2016). Neuroendocrine Coordination of Mitochondrial Stress
Signaling and Proteostasis. Cell 166(6): 1553-1563 e1510. doi:
10.1016/j.cell.2016.08.042

15. Shao LW, Niu R, Liu Y (2016). Neuropeptide signals cell non-
autonomous mitochondrial unfolded protein response. Cell Res
26(11): 1182-1196. doi: 10.1038/cr.2016.118

16. Zhang Q, Wu X, Chen P, Liu L, Xin N, Tian Y, Dillin A (2018). The
Mitochondrial Unfolded Protein Response Is Mediated Cell-Non-
autonomously by Retromer-Dependent Wnt Signaling. Cell 174(4):
870-883 e817. doi: 10.1016/j.cell.2018.06.029

17. Fiorese CJ, Schulz AM, Lin YF, Rosin N, Pellegrino MW, Haynes CM
(2016). The Transcription Factor ATF5 Mediates a Mammalian Mito-
chondrial UPR. Curr Biol 26(15): 2037-2043. doi:
10.1016/j.cub.2016.06.002

18. Livnat-Levanon N, Glickman MH (2011). Ubiquitin-proteasome
system and mitochondria - reciprocity. Biochim Biophys Acta 1809(2):
80-87. doi: 10.1016/j.bbagrm.2010.07.005

19. Liu L, Feng D, Chen G, Chen M, Zheng Q, Song P, Ma Q, Zhu C,
Wang R, Qi W, Huang L, Xue P, Li B, Wang X, Jin H, Wang J, Yang F, Liu
P, Zhu Y, Sui S, Chen Q (2012). Mitochondrial outer-membrane protein
FUNDC1 mediates hypoxia-induced mitophagy in mammalian cells.
Nat Cell Biol 14(2): 177-185. doi: 10.1038/ncb2422

20. von Coelln R, Dawson VL, Dawson TM (2004). Parkin-associated
Parkinson's disease. Cell Tissue Res 318(1): 175-184. doi:
10.1007/s00441-004-0924-4

21. Shimura H, Schlossmacher MG, Hattori N, Frosch MP, Trocken-
bacher A, Schneider R, Mizuno Y, Kosik KS, Selkoe DJ (2001). Ubiquiti-
nation of a new form of alpha-synuclein by parkin from human brain:
implications for Parkinson's disease. Science 293(5528): 263-269. doi:
10.1126/science.1060627

22.Song P, Li S, Wu H, Gao R, Rao G, Wang D, Chen Z, Ma B, Wang H,
Sui N, Deng H, Zhang Z, Tang T, Tan Z, Han Z, Lu T, Zhu Y, Chen Q
(2016). Parkin promotes proteasomal degradation of p62: implication
of selective vulnerability of neuronal cells in the pathogenesis of Park-
inson's disease. Protein Cell 7(2): 114-129. doi: 10.1007/s13238-015-
0230-9

23. Wang H, Song P, Du L, Tian W, Yue W, Liu M, Li D, Wang B, Zhu Y,
Cao C, Zhou J, Chen Q (2011). Parkin ubiquitinates Drpl for pro-

OPEN ACCESS | www.cell-stress.com 114

Mitochondria regulate cellular proteostasis

teasome-dependent degradation: implication of dysregulated mito-
chondrial dynamics in Parkinson disease. J Biol Chem 286(13): 11649-
11658. doi: 10.1074/jbc.M110.144238

24. Imai Y, Soda M, Hatakeyama S, Akagi T, Hashikawa T, Nakayama
Kl, Takahashi R (2002). CHIP is associated with Parkin, a gene respon-
sible for familial Parkinson's disease, and enhances its ubiquitin ligase
activity. Mol Cell 10(1): 55-67. doi: 10.1016/s1097-2765(02)00583-x

25. Rub C, Wilkening A, Voos W (2017). Mitochondrial quality control
by the Pink1/Parkin system. Cell Tissue Res 367(1): 111-123. doi:
10.1007/s00441-016-2485-8

26. Itakura E, Kishi-ltakura C, Koyama-Honda |, Mizushima N (2012).
Structures containing Atg9A and the ULK1 complex independently
target depolarized mitochondria at initial stages of Parkin-mediated
mitophagy. J Cell Sci 125(Pt 6): 1488-1499. doi: 10.1242/jcs.094110

27. Lizama BN, Palubinsky AM, Raveendran VA, Moore AM, Federspiel
ID, Codreanu SG, Liebler DC, McLaughlin B (2018). Neuronal Precondi-
tioning Requires the Mitophagic Activity of C-terminus of HSC70-
Interacting  Protein. J Neurosci 38(31): 6825-6840. doi:
10.1523/JINEUROSCI.0699-18.2018

28. Orvedahl A, Sumpter R, Jr., Xiao G, Ng A, Zou Z, Tang Y, Narimatsu
M, Gilpin C, Sun Q, Roth M, Forst CV, Wrana JL, Zhang YE, Luby-Phelps
K, Xavier RJ, Xie Y, Levine B (2011). Image-based genome-wide siRNA
screen identifies selective autophagy factors. Nature 480(7375): 113-
117. doi: 10.1038/nature10546

29. Wu H, Xue D, Chen G, Han Z, Huang L, Zhu C, Wang X, Jin H, Wang
J, Zhu Y, Liu L, Chen Q (2014). The BCL2L1 and PGAMS5 axis defines
hypoxia-induced receptor-mediated mitophagy. Autophagy 10(10):
1712-1725. doi: 10.4161/auto.29568

30. Chen G, Han Z, Feng D, Chen Y, Chen L, Wu H, Huang L, Zhou C, Cai
X, Fu C, Duan L, Wang X, Liu L, Liu X, Shen Y, Zhu Y, Chen Q (2014). A
regulatory signaling loop comprising the PGAMS5 phosphatase and CK2
controls receptor-mediated mitophagy. Mol Cell 54(3): 362-377. doi:
10.1016/j.molcel.2014.02.034

31. Chen Z, Liu L, Cheng Q, Li Y, Wu H, Zhang W, Wang Y, Sehgal SA,
Siraj S, Wang X, Wang J, Zhu Y, Chen Q (2017). Mitochondrial E3 ligase
MARCH5 regulates FUNDC1 to fine-tune hypoxic mitophagy. EMBO
Rep 18(3): 495-509. doi: 10.15252/embr.201643309

32.LiY, XueY, Xu X, Wang G, Liu Y, Wu H, Li W, Wang Y, Chen Z, Zhang
W, Zhu Y, Ji W, Xu T, Liu L, Chen Q (2019). A mitochondrial
FUNDC1/HSC70 interaction organizes the proteostatic stress response
at the risk of cell morbidity. EMBO J 38(3). doi:
10.15252/embj.201798786

33. Ruan L, Zhou C, Jin E, Kucharavy A, Zhang Y, Wen Z, Florens L, Li R
(2017). Cytosolic proteostasis through importing of misfolded proteins
into mitochondria. Nature 543(7645): 443-446. doi:
10.1038/nature21695

34. Liu W, Duan X, Fang X, Shang W, Tong C (2018). Mitochondrial
protein import regulates cytosolic protein homeostasis and neuronal
integrity. Autophagy 14(8): 1293-1309. doi:
10.1080/15548627.2018.1474991

35. Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G
(2013). The hallmarks of aging. Cell 153(6): 1194-1217. doi:
10.1016/j.cell.2013.05.039

36. Federico A, Cardaioli E, Da Pozzo P, Formichi P, Gallus GN, Radi E
(2012). Mitochondria, oxidative stress and neurodegeneration. J Neu-
rol Sci 322(1-2): 254-262. doi: 10.1016/j.jns.2012.05.030

37. Dahlmann B (2007). Role of proteasomes in disease. BMC bio-
chemistry 8 (Suppl 1): S3. doi: 10.1186/1471-2091-8-51-S3

Cell Stress | APRIL 2019 | Vol. 3 No. 4



