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ABSTRACT

Cellular and organismal survival depend on the ability to maintain the
proteome, even under conditions that threaten protein integrity.
BCL2-associated athanogene 3 (BAG3) is essential for protein
homeostasis (proteostasis) in stressed cells. Owing to its multi-
domain structure, it engages in diverse processes that are crucial for
proteome maintenance. BAG3 promotes the activity of molecular
chaperones, sequesters and concentrates misfolded proteins,
initiates autophagic disposal, and balances transcription, translation
and degradation. In this Cell Science at a Glance article and
the accompanying poster, we discuss the functions of this
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multi-functional proteostasis tool with a focus on mechanical stress
protection and describe the importance of BAG3 for human
physiology and pathophysiology.
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Introduction

Living organisms maintain their proteome in a dynamic equilibrium
by balancing gene expression, protein translation and protein
degradation (Balch et al., 2008; Hartl, 2016). Coordinated changes
of this equilibrium enable the organism to adapt to abiotic factors
and physiological cues. At the same time, the proteome is threatened
by mutations, transcriptional and translational errors, and
proteotoxic stress (Balchin et al., 2016; Sala et al, 2017).
Disturbing the structural integrity of proteins results not only in
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Table 1. Integration of BAG3 in the cellular chaperone and co-chaperone network

Network protein

Role

References

Chaperone and co-chaperone partners of BAG3

HSPA8 (HSC70, HSP73)

HSPA1A (HSP72)

DNAJA1, DNAJA2,
DNAJB1, DNAJB4
DNAJB6

CHIP (STUB1)

Parkin (PRKN)

HSPB2, HSPB5, HSPB6
HSPB8

CCT/TRIC

Competitors of BAG3
BAG1

BAG2
BAG4
BAG5

HSPBP1

HSP105 (HSPH1), APG-1

(HSPA4L) and APG-2
(HSPA4)
HIP (ST13)

Constitutive member of the HSP70 family member in the mammalian
cytosol and nucleus, cooperates with BAG3 in client processing
and autophagic degradation

Main stress-inducible HSP70 family member in the mammalian
cytosol and nucleus, cooperates with BAG3 in proteostasis under
stress conditions

Stimulate ATP hydrolysis on HSP70, cooperate with BAG3 in the
HSP70 chaperone cycle

Stimulates ATP hydrolysis on HSP70, cooperates with BAG3 in
muscle proteostasis

HSP70-associated ubiquitin ligase, cooperates with BAG3 during
cargo selection for autophagic degradation

HSP70-associated ubiquitin ligase, cooperates with BAG3 in
mitophagy

Small heat shock proteins that bind with weak or moderate affinity to
BAG3

Small heat shock protein with high affinity for BAG3, cooperates with
BAG3 in muscle proteostasis and stress granule organization

Cytosolic chaperonin, cooperates with BAG3 in actin folding

Competes with BAG3 for binding to the HSP70 ATPase domain,
nucleotide exchange factor (NEF) of HSP70, stimulates
proteasomal degradation, changing the cellular BAG1/BAG3 ratio
provides a switch between chaperone-assisted proteasomal and
autophagic degradation

Competitive binding to the HSP70 ATPase domain, NEF, inhibits
HSP70-assisted protein degradation

Competitive binding to the HSP70 ATPase domain, NEF, regulates
apoptotic cell death and participates in P-body organization

Competitive binding to the HSP70 ATPase domain, NEF, inhibits
HSP70-assisted protein degradation

Competitive binding to the HSP70 ATPase domain, NEF, inhibits
HSP70-assisted degradation

members of the HSP110 chaperone family, competitive binding to the
HSP70 ATPase domain, NEF, prevent client aggregation and
promote refolding

Competitive binding to the HSP70 ATPase domain, antagonizes NEF

Rauch and Gestwicki, 2014; Arndt et al., 2010;
Gamerdinger et al., 2009

Rauch and Gestwicki, 2014; Minoia et al., 2014

Rauch and Gestwicki, 2014

Sarparanta et al., 2012

Ulbricht et al., 2013; Arndt et al., 2010; Zhang and
Qian, 2011; Crippa et al., 2010

Tahrir et al., 2017

Rauch et al., 2017; Fuchs et al., 2010

Rauch et al., 2017; Ganassi et al., 2016; Arndt et al.,
2010; Fuchs et al., 2010, Carra et al., 2008;

Fontanella et al., 2010

Rauch and Gestwicki, 2014; Minoia et al., 2014;
Gamerdinger et al., 2009; Sondermann et al., 2001;
Liders et al., 2000

Rauch and Gestwicki, 2014; Arndt et al., 2005:

Taipale et al., 2014; Briknarova et al., 2002

Kalia et al., 2011; Briknarova et al., 2002

Alberti et al., 2004

Rauch and Gestwicki, 2014;

Hohfeld et al., 1995; Kanelakis et al., 2000

activity, stabilizes the ADP-bound state of HSP70 to promote client

binding

the loss of individual functional entities, but can also generally impair
cellular and organismal health. Misfolded polypeptides often
sequester other essential proteins into aggregates, thereby causing
severe pathology as observed in many neurodegenerative diseases
(Olzscha et al., 2011; Woerer et al., 2016). Consequently, all
organisms have protein quality control systems, which recognize non-
native proteins and facilitate protein folding or — if the damage is
terminal — mediate protein degradation. Molecular chaperones and
their regulating co-chaperones are key players in these quality control
systems (Balchin et al., 2016). They bind non-native proteins, prevent
aggregation and promote folding, whenever possible. Moreover,
driven by specialized co-chaperones, some chaperones cooperate
with degradation machineries to initiate the disposal of damaged
proteins (Kettern et al., 2010). Here, we discuss the importance of the
co-chaperone BCL2-associated athanogene 3 (BAG3) for protein
homeostasis in mammalian cells and tissues.

BAG3 promotes chaperone activity

BAGS3 is closely integrated in the cellular chaperone network, in
which competition and cooperation among co-chaperones is
essential for the formation of functionally distinct chaperone
complexes (Alberti et al., 2004; Arndt et al., 2005; Fontanella
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etal., 2010; Hohfeld et al., 1995; Kalia et al., 2011; Kanelakis et al.,
2000; Kettern et al., 2010; Liders et al., 2000; Rauch and
Gestwicki, 2014; Taipale et al., 2014) (Table 1). BAG3 belongs
to a family of co-chaperones that possess a BAG domain for binding
to the N-terminal ATPase domain of 70 kDa heat shock proteins
(HSP70s) (Bracher and Verghese, 2015; Briknarova et al., 2002;
Takayama et al., 1999) (see poster). HSP70s are highly versatile
chaperone proteins that recognize non-native proteins through an
ATP-regulated transient association with exposed hydrophobic
regions (Kityk et al., 2015; Riidiger et al., 1997). BAG domain
co-chaperones operate as nucleotide exchange factors (NEFs) of
HSP70 to promote client release and to accelerate the chaperone
cycle together with J-domain co-chaperones, such as DNAJB6
(Bracher and Verghese, 2015; Brehmer et al., 2001; Kityk et al.,
2015; Rauch and Gestwicki, 2014; Sarparanta et al., 2012,
Sondermann et al., 2001). Importantly, BAG3 exerts its HSP70-
regulating activity within multi-component chaperone complexes
(Arndtetal., 2010; Carra et al., 2008; Fontanella et al., 2010; Rauch
etal., 2017) (see poster). Two IPV motifs mediate binding of BAG3
to small heat shock proteins (sHSPs), such as HSPB6 and HSPB8
(Carra et al., 2008; Fuchs et al., 2010; Morelli et al., 2017). sHSPs
form oligomeric assemblies, which sequester misfolded proteins in
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a state that allows refolding or further processing (Haslbeck et al.,
2005; Ungelenk et al., 2016; Zwirowski et al., 2017). The
interaction of sHSPs with BAG3 provides the means to couple
their holding function with the folding activity of the versatile
HSP70s (Arndt et al., 2010; Crippa et al., 2010; Rauch et al., 2017).
Recent work illustrates the importance of this coupling for stress
recovery by showing that BAG3 stimulates the cooperation between
HSPB8 and HSP70 during the disassembly of stress granules
(Ganassi et al., 2016).

BAG3 facilitates aggresome formation

The concentration and sequestration of misfolded proteins
represents an important cellular defence strategy against the toxic
consequences of protein aggregation (Escusa-Toret et al., 2013;
Kaganovich et al., 2008; Miller et al., 2015). BAG3 contributes to
this sequestration not only through regulation of sHSPs, but also by
promoting the intracellular trafficking of misfolded proteins
(Gamerdinger et al., 2011; Xu et al., 2013; Zhang and Qian,
2011). Two RSQS motifs and a proline-rich PxxP domain
contribute to association of the co-chaperone with the
microtubule-motor dynein; this involves 14-3-3 adaptor proteins
and appears to be regulated by co-chaperone phosphorylation
(Gamerdinger et al., 2011; Xu et al., 2013). Association with the
dynein motor enables BAG3 to induce the retrograde transport of
HSP70 clients along microtubules to perinuclear sites, so called
aggresomes (see poster). The deposition of misfolded conformers in
aggresomes minimizes toxic interference with essential cellular
processes and promotes efficient aggregate clearance through
macroautophagy (Chin et al., 2010; Kawaguchi et al., 2003;
Kopito, 2000; Minoia et al., 2014).

BAGS3 initiates a macroautophagy pathway

Macroautophagy (hereafter called autophagy) is a pathway for the
degradation of surplus or damaged cell components by lysosomal
hydrolytic enzymes (Lamb et al., 2013; Yorimitsu and Klionsky,
2005). Cellular content becomes engulfed by double membranes,
leading to the formation of autophagosomes, which ultimately fuse
with lysosomal vesicles to achieve content degradation. Autophagy
was first identified in starving cells as a rather unselective process
(Ohsumi, 2014). However, in recent years, more and more selective
autophagy pathways have been described, which rely on the specific
selection of cargo for autophagic delivery to the lysosome
(Khaminets et al., 2016). Selection often involves an initial
labelling of cargo with the degradation marker ubiquitin and its
subsequent recognition by autophagic ubiquitin adaptors that
provide a link to autophagosome precursor membranes, so called
phagophores. BAG3 induces such a selective, ubiquitin-dependent
autophagy pathway for the disposal of chaperone clients in
cooperation with the HSP70-associated ubiquitin ligase CHIP
(also known as STUBI1) (Arndt et al., 2010; Carra et al., 2008;
Gamerdinger et al., 2009; Zhang and Qian, 2011) (see poster). CHIP
interacts with the C-terminus of HSP70, which covers the peptide
binding site of the chaperone, and cooperates with ubiquitin-
conjugating enzymes (UBCs) in the ubiquitylation of HSP70-bound
clients (Jiang et al., 2001; Stankiewicz et al., 2010; Zhang et al.,
2005, 2015). In this situation, the chaperone HSP70 is turned into a
degradation factor. Indeed, CHIP-mediated ubiquitylation has been
shown to direct a broad range of HSP70 clients onto diverse
degradation pathways (Arndt et al., 2007). Cytosolic clients are
usually targeted to the proteasome, a protease complex specialized
in the turnover of ubiquitylated proteins (Asano et al., 2015; Esser
et al., 2005; Paul et al., 2013; Schmidt and Finley, 2014), whereas

plasma membrane proteins are subjected to endocytic uptake and
lysosomal  degradation  following  their =~ CHIP-mediated
ubiquitylation (Okiyoneda et al., 2010; Tawo et al., 2017).
However, when CHIP ubiquitylates clients that are presented by
HSP70-BAG3-HSPB8 complexes, their autophagic degradation is
favoured (Arndt et al., 2010; Crippa et al., 2010; Zhang and Qian,
2011) (see poster). The reason for this is not completely understood,
but efficient recruitment of the autophagic ubiquitin adaptor
SQSTM1 (previously known as p62) appears to be a decisive
step, which promotes client loading onto phagophore membranes
(Carra et al., 2008; Gamerdinger et al., 2009). Of note, other
chaperone-associated ubiquitin ligases, such as the quality control
ligase parkin (PRKN), may substitute for CHIP during the initiation
of autophagy (Imai et al., 2002; Morishima et al., 2008). Indeed, a
recent study reveals a cooperation of BAG3 with parkin in the
autophagic clearance of damaged mitochondria (Tahrir et al., 2017).
It is also important to note that the pathway induced by BAG3 is
distinct from chaperone-mediated autophagy (CMA). CMA does
not depend on autophagosome formation, but instead involves a
direct transfer of HSP70 clients across the lysosomal membrane
(Kaushik et al., 2011). To emphasize this distinction, we coined the
term chaperone-assisted selective autophagy (CASA) for the
BAG3-induced pathway (Arndt et al., 2010).

BAGS3 is essential for proteostasis in post-mitotic cells
BAG3-mediated autophagy significantly contributes to protein
homeostasis in post-mitotic cells, such as differentiated neurons
and muscle cells (Behl, 2016; Ulbricht et al., 2013). In neurons,
BAG3 mediates the autophagic degradation of aggregation-prone
proteins linked to neurodegenerative diseases (Carra et al., 2008,
Gamerdinger et al., 2009, 2011). This includes pathological variants
with extended poly-glutamine stretches of the huntingtin protein,
which cause Huntington’s disease, and of the androgen receptor,
leading to spinal bulbar muscular atrophy (Carra et al., 2008; Rusmini
et al,, 2015). BAG3 promotes the degradation of mutant and
misfolded forms of the superoxide dismutase SODI1, which are
causative agents of amyotrophic lateral sclerosis (Gamerdinger et al.,
2011). Moreover, BAG3 facilitates the clearance of the microtubule-
regulating protein tau in primary neurons (Lei et al., 2015), apparently
counteracting the accumulation and aggregation of hyper-
phosphorylated tau, which is observed in Alzheimer’s disease and
some other neuropathologies (Kriiger and Mandelkow, 2016).
Intriguingly, protein clients destined for turnover by the proteasome
are directed towards autophagy by BAG3 when proteasome activity
becomes limited, as a result of pharmacological intervention or
proteotoxic stress (Minoia et al., 2014). Indeed, induction of BAG3
expression and CASA activity in ageing rodent brains provides a
switch from proteasomal to autophagic degradation for improved
clearance of damaged proteins (Gamerdinger et al., 2009). In contrast,
reduced expression of BAG3 contributes to neurodegeneration in
cellular models of Alzheimer’s disease (Renziehausen et al., 2015).
Furthermore, mutations in human BAG3, and its partner proteins
HSPB8 and DNAJB6, give rise to motor axonal neuropathy
(Echaniz-Laguna et al., 2017; Ghaoui et al., 2016; Jaffer et al.,
2012; Kostera-Pruszczyk et al., 2015), emphasizing the central role of
BAGS3 in neuronal proteostasis.

BAG3 mediates quality control of filamin

Also in muscle cells, BAG3 initiates the autophagic clearance of
pathological, aggregation-prone protein variants (Banerjee Mustafi
et al., 2014; Nivon et al., 2016; Ruparelia et al., 2016). In addition,
the co-chaperone exerts an important housekeeping function by
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monitoring the mechanical unfolding and damage of cytoskeleton
components (Fuchs et al., 2015; Ulbricht et al., 2013; Varlet et al.,
2017). In striated muscle, BAG3 as well as its Drosophila
melanogaster counterpart Starvin (Stv) are associated with actin-
anchoring structures, so-called Z-disks, which limit the contractile
sarcomeric units (Arndt et al., 2010; Homma et al., 2006). Animal
models that are deficient for BAG3 or Stv display normal muscle
development during embryogenesis, excluding a role in initial
muscle assembly. However, when muscles are put to work
after birth or eclosion, a rapid, force-dependent deterioration of
Z-disks is observed (Arndt et al., 2010; Homma et al., 2006). The
resultant muscle weakness leaves mutant fly larvae and knock-out
mice unable to take up food, and the mice die shortly after
birth because of heart and lung failure. Of note, BAG3 mutations
also cause severe muscle weakness in humans, characterized by
the deterioration of Z-disks and the accumulation of protein
aggregates (Béhin et al., 2015; Kley et al., 2016). For example, a
proline to leucine exchange at position 209 gives rise to
rapidly progressing muscle dystrophy and cardiomyopathy in
children (Kostera-Pruszczyk et al., 2015; Selcen et al., 2009).
Thus, it is clear, that BAG3-mediated proteostasis represents an
evolutionarily conserved mechanism for muscle maintenance.

The observed contraction-dependent disintegration of Z-disks in
the absence of functional BAG3 or Stv points to the existence of at
least one Z-disk protein that needs to be recognized by the CASA
machinery following mechanical damage, so that it can be released
from the actin-anchoring structure and targeted for autophagic
degradation to maintain muscle architecture. In an unbiased
biochemical approach, in which the BAG3-dependent release of
proteins from isolated cytoskeleton was monitored, we identified
the actin-crosslinking protein filamin as such a CASA client (Arndt
etal., 2010) (see poster). Filamin is a rod-like protein comprising 24
immunoglobulin (Ig) domains and a terminal actin-binding site. It
forms large homodimeric complexes ~250 kDa in size, which
crosslink actin filaments at the sarcomeric Z-disk (Nakamura et al.,
2011). Importantly, filamin unfolds under mechanical force, which
involves the disruption of an interdomain interaction between Ig
domains 20 and 21 (Ehrlicher et al., 2011; Nakamura et al., 2014,
Rognoni et al.,, 2012). This unfolding provides the structural
flexibility required for maintaining contacts between actin filaments
under mechanical strain. BAG3 binds to the mechanosensitive
region of filamin and recruits its partner chaperones to monitor the
conformational status of the actin crosslinker (Ulbricht et al., 2013).
Mechanically damaged forms of filamin are extracted from the
Z-disk and targeted for autophagic degradation. Indeed, mice with
impaired autophagy, such as those deficient for the lysosomal
membrane protein LAMP2, display severe muscle weakness
accompanied by filamin aggregation (Arndt et al., 2010; Tanaka
et al., 2000).

Our recent study on the physiological responses to strength
training in humans confirmed that CASA is a force- and exercise-
induced autophagy pathway (Ulbricht et al., 2015). We showed that
strenuous resistance exercise leads to an immediate transcriptional
induction of filamin, BAG3 and HSPBS in human leg muscle, while
at the same time the corresponding protein amounts in the muscle
tissue decrease, consistent with increased turnover. Of note, BAG3
and HSPB8 are degraded together with filamin following the
engulfment of client-loaded chaperone complexes by autophagic
membranes (Arndt et al., 2010; Ulbricht et al., 2013). We also
observed that repeated exercise during four weeks of training
resulted in an upregulation of the basal levels of CASA components
(Ulbricht et al., 2015). In human skeletal muscle, the autophagy
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pathway thus appears to act as a central adaptation mechanism,
responding to acute and repeated mechanical stimulation. With
regard to the underlying molecular mechanisms, it is important to
note that BAG3 expression is controlled by the heat shock
transcription factor HSF1 (Du et al., 2009; Franceschelli et al.,
2008). Accordingly, BAG3 is induced under heat stress or when
non-native proteins accumulate, for example, following proteasome
inhibition (Minoia et al., 2014). The mechanical unfolding of
cytoskeleton proteins constitutes a comparable physiological
stimulus, which results in the activation of HSF1 and, in turn,
triggers BAG3 expression and CASA activity (Ulbricht et al.,
2013). So far, very few publications have described exercise- or
force-induced autophagy, and findings have often been attributed to
an increased demand for autophagic degradation owing to its
contribution to energy metabolism and glucose homeostasis (He
et al., 2012; Hohfeld, 2016; King et al., 2011; Wang et al., 2016).
Establishing autophagy as an essential quality control mechanism
for mechanically damaged cytoskeleton proteins significantly
extends our understanding of the physiological importance of this
degradation pathway.

BAG3-mediated cytoskeleton maintenance is not restricted
to striated muscle

In smooth muscle cells and non-muscle cells, filamin is associated
with actin stress fibres that form when force is applied either
from outside or generated inside the cells during adhesion and
migration (Nakamura et al., 2011) (see poster). Stretching of
smooth muscle cells as well as adhesion, spreading and migration
of lymphoblasts result in an induction of BAG3 and is
accompanied by increased autophagic turnover of filamin
(Ulbricht et al., 2013). Moreover, BAG3 is essential for the
motility and adhesion of diverse cancer cells (Antonietti et al.,
2017; Iwasaki et al., 2007, 2010). Protein quality control mediated
by the CASA machinery thus appears to represent a wide-spread
and common mechanism to maintain the cytoskeleton in muscle as
well as non-muscle cells. Notably, HSPB8 and BAG3-dependent
autophagy is also essential in dividing cells at stages when
profound changes in cell tension occur, for instance during proper
spindle orientation and the disassembly of the actin-based
contractile ring during cytokinesis (Fuchs et al., 2015; Varlet
et al., 2017). Although it remains to be seen, whether filamin is a
relevant target in these processes, the findings emphasize the
importance of CASA for quality control of cytoskeleton networks
under mechanical strain.

BAG3 coordinates transcription, translation and degradation

To obtain additional insights into BAG3-mediated proteostasis at a
molecular level, we performed a screen for human proteins able to
interact with its WW domain (Ulbricht et al., 2013). The WW
domain is an interaction module that binds PY motifs (Sudol and
Harvey, 2010). In vertebrates, about 70 WW domain-containing
proteins associate with a plethora of about 2000 PY proteins to
establish large signalling and interaction networks (Meng et al.,
2015), and BAG3 also utilizes its WW domain to contact multiple
PY proteins (Chen et al., 2013; Iwasaki et al., 2010; Merabova et al.,
2015; Sariyer et al., 2012; Taipale et al., 2014; Ulbricht et al., 2013).
One of these is synaptopodin-2 (SYNPO2, also known as
myopodin), another Z-disk protein (Ulbricht et al., 2013).
SYNPO2 links BAG3 to a membrane tethering and fusion
complex, which includes the vacuolar protein sorting (VPS)
factors VPS18 and VPS16 as well as syntaxin-7. This complex
facilitates the fusion of phagophores and thereby promotes the
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membrane engulfment of BAG3-containing chaperone complexes
(Ulbricht et al., 2013). SYNPO?2 is thus an integral part of the Z-
disk-associated CASA machinery, which drives autophagosome
formation (see poster). Yet, the expression of SYNPO2 is more
restricted than that of BAG3, and it is not readily detectable in
neuronal cells (www.genecards.org). The close coupling of client
recognition and autophagosome formation, which is mediated by
SYNPO?2 at the actin cytoskeleton, may thus represent a specific
adaptation in cells that are particularly exposed to mechanical stress.

Other BAG3-interacting PY proteins are the kinases LATS1 and
LATS2, and the angiomotin-like proteins 1 and 2 (AMOTL1/2),
which all belong to the growth- and proliferation-regulating Hippo
signalling pathway (Salah and Ageilan, 2011), as well as the
mechanistic target of rapamycin (mTOR) inhibitor tuberous
sclerosis 1 (TSC1) (Kathage et al., 2017; Ulbricht et al., 2013).
Through these interactions, BAG3 participates in the regulation of
transcription and translation, thereby significantly extending its
proteostasis function. LATS1/2 and AMOTL1/2 possess PY motifs,
which contact the WW domain-containing transcriptional
coactivators YAP (also known as YAP1) and TAZ (also known as
WWTRI1) to prevent their nuclear translocation and thereby
attenuate transcription (see poster). However, association of the
WW domain of BAG3 with the PY motifs of LATS1/2 and
AMOTL1/2 abrogates the inhibitory interactions with YAP and
TAZ. The coactivators enter the nucleus and stimulate the
transcription of their target genes (Ulbricht et al.,, 2013).
Remarkably, filamin is among these targets (Dupont et al., 2011).
Therefore, BAG3 not only mediates the autophagic degradation of
damaged filamin, but in addition stimulates a compensatory de novo
synthesis of filamin through YAP-TAZ activation (Ulbricht et al.,
2013) (see poster).

The interaction of BAG3 with the mTOR inhibitor TSC1 adds
another intriguing aspect to this scenario (see poster). mTOR is a
kinase that is present in two distinct complexes: mTORCI and
mTORC2 (Betz and Hall, 2013; Saxton and Sabatini, 2017).
mTORCI acts as a master regulator of anabolic and catabolic
processes in mammals. In the presence of nutrients and growth
factors, mTORC]1 is active and stimulates translation, whereas
autophagy is inhibited. In contrast, under starvation or stress
conditions, inactivation of mTORCI causes a shutdown of protein
translation and stimulates autophagy (Dunlop and Tee, 2014;
Laplante and Sabatini, 2012). Inactivation is brought about by the
TSC1-containing TSC complex, which acts as a GTPase-activating
factor on the small GTPase RHEB, thereby driving RHEB into the
GDP-bound form that inhibits mTORC1 (Menon et al., 2014,
Zhang et al., 2003). Notably, TSC1 possesses a PY motif that is
recognized by the WW domain of BAG3 (Kathage et al., 2017). In
mechanically strained adherent cells, this interaction enables BAG3
to recruit TSC complexes to actin stress fibres, where they inhibit
mTORCI to initiate CASA at sites of filamin unfolding (Kathage
etal., 2017). At the same time, BAG3-mediated sequestration of the
TSC complex relieves mTORCI inhibition throughout the
remaining cytoplasm, and, as a consequence, protein translation is
stimulated (Kathage et al., 2017) (see poster). In contrast to the
established mTORCI-mediated ‘all-or-none’ switch between
anabolism and catabolism in response to the nutritional status, the
spatial regulation of mTORC1 by BAG3 provides the means to
simultaneously induce autophagy and protein translation in
mechanically strained cells. Only in this way can autophagic
disposal of damaged cytoskeleton proteins be compensated with the
synthesis of new functional molecules to maintain the cellular
architecture.

Box 1. Role of BAG3 in tumour cells

Since their initial identification as binding partners of the anti-apoptotic
protein BCL-2, BCL-2 associated athanogene (BAG) domain co-
chaperones have been studied in the context of cell death regulation
and tumour progression (Behl, 2016; Takayama et al., 1999). Elevated
expression of BAG3 has been observed in different tumour cells,
including small-cell lung cancer cells, urothelial cancer cells, pancreatic
adenocarcinoma cells and chronic lymphocytic leukaemia cells, and is
accompanied by reduced apoptotic cell death, increased resistance to
chemotherapy and poor prognosis (reviewed by Behl, 2016; Rosati et al.,
2012). BAG3-mediated proteostasis in response to mechanical stress
also appears to be relevant for tumour cells that rely on mechanical
signals during migration, invasion and metastasis (Antonietti et al., 2017;
lwasaki et al., 2007, 2010). However, other functions of BAG3 beyond
protection from mechanical stress are also observed in tumour cells. In
breast cancer cells, for example, an estrogen receptor a-induced and
BAG3-dependent autophagy pathway provides resistance to oxidative
stress (Felzen et al., 2015). Moreover, the HSP70-BAG3 complex exerts
anti-apoptotic and pro-survival functions by modulating the activity of
diverse transcription factors [e.g. NF-xB and HIF1a (HIF1A)] and cell
cycle regulators [e.g. p21 (CDKN1A) and survivin (BIRC5)] (Colvin et al.,
2014; Rapino et al., 2015; Rosati et al., 2012). BAG3 even fulfils
signalling functions in cell-cell communication, as the co-chaperone was
shown to be secreted by adenocarcinoma cells, which activates
macrophages and stimulates the secretion of cancer-promoting factors
(Rosati et al., 2015). Consequently, BAG3 is considered to be a
promising drug target for cancer treatment (Antonietti et al., 2017; Behl,
2016; Rosati et al., 2012; Sherman and Gabai, 2015). Indeed, a small-
molecule inhibitor, which disrupts the HSP70-BAG3 interaction, as well
as anti-BAG3 antibodies were found to suppress tumour growth in mice
(Colvin et al., 2014; Rosati et al., 2015).

Conclusions

The co-chaperone BAG3 acts as a key proteostasis factor because it
combines in a unique manner highly diverse activities ranging from
the enhancement of chaperone function and the sequestration of
misfolded proteins to the balancing of transcription, translation and
autophagy. Besides its role in proteostasis, BAG3 has also gained a
lot of interest because of its involvement in the regulation of
apoptotic cell death and oncogenic transformation (Antonietti et al.,
2017; Behl, 2016; Colvin et al., 2014; Felzen et al.,, 2015;
Franceschelli et al., 2008; Iwasaki et al., 2007; Merabova et al.,
2015; Rapino et al., 2015; Rosati et al., 2011, 2012, 2015; Sariyer
et al., 2012; Sherman and Gabai, 2015) (see Box 1). The BAG3
chaperone machinery thus operates at several protein hubs crucial
for cell maintenance and cell fate decisions. Further deciphering the
modes of action and areas of operation of this multi-functional
co-chaperone will certainly make many more exciting headlines.

Acknowledgements
We apologize to colleagues whose work could not be included due to space
limitation.

Funding

Work in the authors’ laboratory was supported by the Deutsche
Forschungsgemeinschaft (DFG SFB 645 TPC6, FOR 1352 P10 and HO 1518/9-1 to
J.H.).

Cell science at a glance
A high-resolution version of the poster and individual poster panels are available for
downloading at http:/jcs.biologists.org/lookup/doi/10.1242/jcs.203679.supplemental

References

Alberti, S., Bohse, K., Arndt, V., Schmitz, A. and Hohfeld, J. (2004). The
cochaperone HspBP1 inhibits the CHIP ubiquitin ligase and stimulates the
maturation of the cystic fibrosis transmembrane conductance regulator. Mol. Biol.
Cell 15, 4003-4010.

2785

()
Y
C
ey
()
(V]
ko]
O
Y=
(©)
‘©
c
—
>
(®)
-



http://www.genecards.org
http://jcs.biologists.org/lookup/doi/10.1242/jcs.203679.supplemental
http://jcs.biologists.org/lookup/doi/10.1242/jcs.203679.supplemental
http://dx.doi.org/10.1091/mbc.E04-04-0293
http://dx.doi.org/10.1091/mbc.E04-04-0293
http://dx.doi.org/10.1091/mbc.E04-04-0293
http://dx.doi.org/10.1091/mbc.E04-04-0293

CELL SCIENCE AT A GLANCE

Journal of Cell Science (2017) 130, 2781-2788 doi:10.1242/jcs.203679

Antonietti, P., Linder, B., Hehlgans, S., Mildenberger, I. C., Burger, M. C., Fulda,
S., Steinbach, J. P., Gessler, F., Rédel, F., Mitteloronn, M. et al. (2017).
Interference with the HSF1/HSP70/BAG3 pathway primes glioma cells to matrix
detachment and BH3 mimetic—induced apoptosis. Mol. Cancer Ther. 16, 156-168.

Arndt, V., Daniel, C., Nastainczyk, W., Alberti, S. and Hohfeld, J. (2005). BAG-2
acts as an inhibitor of the chaperone-associated ubiquitin ligase CHIP. Mol. Biol.
Cell 16, 5891-5900.

Arndt, V., Rogon, C. and Héhfeld, J. (2007). To be, or not to be - molecular
chaperones in protein degradation. Cell. Mol. Life Sci. 64, 2525-2541.

Arndt, V., Dick, N., Tawo, R., Dreiseidler, M., Wenzel, D., Hesse, M., Fiirst, D. O.,
Saftig, P., Saint, R., Fleischmann, B. K. et al. (2010). Chaperone-assisted
selective autophagy is essential for muscle maintenance. Curr. Biol. 20, 143-148.

Asano, S., Fukuda, Y., Beck, F., Aufderheide, A., Forster, F., Danev, R. and
Baumeister, W. (2015). Proteasomes. A molecular census of 26S proteasomes
in intact neurons. Science 347, 439-442.

Balch, W. E., Morimoto, R. I, Dillin, A. and Kelly, J. W. (2008). Adapting
proteostasis for disease intervention. Science 319, 916-919.

Balchin, D., Hayer-Hartl, M. and Hartl, F. U. (2016). In vivo aspects of protein
folding and quality control. Science 353, aac4354.

Banerjee Mustafi, S., Grose, J. H., Zhang, H., Pratt, G. W., Sadoshima, J.,
Christians, E. S. and Benjamin, I. J. (2014). Aggregate-prone R120GCRYAB
triggers multifaceted modifications of the thioredoxin system. Antioxid. Redox
Signal. 20, 2891-2906.

Béhin, A., Salort-Campana, E., Wahbi, K., Richard, P., Carlier, R.-Y., Carlier, P.,
Laforét, P., Stojkovic, T., Maisonobe, T., Verschueren, A. et al. (2015).
Myofibrillar myopathies: state of the art, present and future challenges. Rev.
Neurol. (Paris). 171, 715-729.

Behl, C. (2016). Breaking BAG: the co-chaperone BAG3 in health and disease.
Trends Pharmacol. Sci. 37, 672-688.

Betz, C. and Hall, M. N. (2013). Where is mTOR and what is it doing there? J. Cell
Biol. 203, 563-574.

Bracher, A. and Verghese, J. (2015). The nucleotide exchange factors of Hsp70
molecular chaperones. Front. Mol. Biosci. 2, 10.

Brehmer, D., Riidiger, S., Géssler, C. S., Klostermeier, D., Packschies, L.,
Reinstein, J., Mayer, M. P. and Bukau, B. (2001). Tuning of chaperone activity of
Hsp70 proteins by modulation of nucleotide exchange. Nat. Struct. Biol. 8,
427-432.

Briknarova, K., Takayama, S., Homma, S., Baker, K., Cabezas, E., Hoyt, D. W.,
Li, Z., Satterthwait, A. C. and Ely, K. R. (2002). BAG4/SODD protein contains a
short BAG domain. J. Biol. Chem. 277, 31172-31178.

Carra, S., Seguin, S. J., Lambert, H. and Landry, J. (2008). HspB8 chaperone
activity toward poly(Q)-containing proteins depends on its association with Bag3,
a stimulator of macroautophagy. J. Biol. Chem. 283, 1437-1444.

Chen, Y., Yang, L.-N., Cheng, L., Tu, S., Guo, S.-J,, Le, H.-Y., Xiong, Q., Mo, R,,
Li, C.-Y., Jeong, J.-S. et al. (2013). Bcl2-associated athanogene 3 interactome
analysis reveals a new role in modulating proteasome activity. Mol. Cell.
Proteomics 12, 2804-2819.

Chin, L.-S., Olzmann, J. A. and Li, L. (2010). Parkin-mediated ubiquitin signalling
in aggresome formation and autophagy. Biochem. Soc. Trans. 38, 144-149.

Colvin, T. A,, Gabai, V. L., Gong, J., Calderwood, S. K., Li, H., Gummuluru, S.,
Matchuk, O. N., Smirnova, S. G., Orlova, N. V., Zamulaeva, I. A. et al. (2014).
Hsp70-Bag3 interactions regulate cancer-related signaling networks. Cancer
Res. 74, 4731-4740.

Crippa, V., Sau, D., Rusmini, P., Boncoraglio, A., Onesto, E., Bolzoni, E.,
Galbiati, M., Fontana, E., Marino, M., Carra, S. et al. (2010). The small heat
shock protein B8 (HspB8) promotes autophagic removal of misfolded proteins
involved in amyotrophic lateral sclerosis (ALS). Hum. Mol. Genet. 19, 3440-3456.

Du, Z.-X., Zhang, H.-Y., Meng, X., Gao, Y.-Y., Zou, R.-L., Liu, B.-Q., Guan, Y. and
Wang, H.-Q. (2009). Proteasome inhibitor MG132 induces BAG3 expression
through activation of heat shock factor 1. J. Cell. Physiol. 218, 631-637.

Dunlop, E. A. and Tee, A. R. (2014). mTOR and autophagy: a dynamic relationship
governed by nutrients and energy. Semin. Cell Dev. Biol. 36, 121-129.

Dupont, S., Morsut, L., Aragona, M., Enzo, E., Giulitti, S., Cordenonsi, M.,
Zanconato, F., Le Digabel, J., Forcato, M., Bicciato, S. et al. (2011). Role of
YAP/TAZ in mechanotransduction. Nature 474, 179-183.

Echaniz-Laguna, A., Geuens, T., Petiot, P., Péréon, Y., Adriaenssens, E.,
Haidar, M., Capponi, S., Maisonobe, T., Fournier, E., Dubourg, O. et al. (2017).
Axonal neuropathies due to mutations in small heat shock proteins: clinical,
genetic, and functional insights into novel mutations. Hum. Mutat. 38, 556-568.

Ehrlicher, A. J., Nakamura, F., Hartwig, J. H., Weitz, D. A. and Stossel, T. P.
(2011). Mechanical strain in actin networks regulates FilGAP and integrin binding
to filamin A. Nature 478, 260-263.

Escusa-Toret, S., Vonk, W. I. M. and Frydman, J. (2013). Spatial sequestration of
misfolded proteins by a dynamic chaperone pathway enhances cellular fitness
during stress. Nat. Cell Biol. 15, 1231-1243.

Esser, C., Scheffner, M. and Hohfeld, J. (2005). The chaperone-associated
ubiquitin ligase CHIP is able to target p53 for proteasomal degradation. J. Biol.
Chem. 280, 27443-27448.

Felzen, V., Hiebel, C., Koziollek-Drechsler, I., ReiBig, S., Wolfrum, U., Kégel, D.,
Brandts, C., Behl, C. and Morawe, T. (2015). Estrogen receptor o regulates

2786

non-canonical autophagy that provides stress resistance to neuroblastoma and
breast cancer cells and involves BAG3 function. Cell Death Dis. 6, e1812.

Fontanella, B., Birolo, L., Infusini, G., Cirulli, C., Marzullo, L., Pucci, P., Turco,
M. C. and Tosco, A. (2010). The co-chaperone BAGS interacts with the cytosolic
chaperonin CCT: new hints for actin folding. Int. J. Biochem. Cell Biol. 42,
641-650.

Franceschelli, S., Rosati, A., Lerose, R., De Nicola, S., Turco, M. C. and Pascale,
M. (2008). bag3 gene expression is regulated by heat shock factor 1. J. Cell.
Physiol. 215, 575-577.

Fuchs, M., Poirier, D. J., Seguin, S. J., Lambert, H., Carra, S., Charette, S. J. and
Landry, J. (2010). Identification of the key structural motifs involved in HspB8/
HspB6-Bag3 interaction. Biochem. J. 425, 245-255.

Fuchs, M., Luthold, C., Guilbert, S. M., Varlet, A. A., Lambert, H., Jetté, A.,
Elowe, S., Landry, J. and Lavoie, J. N. (2015). A role for the chaperone complex
BAG3-HSPBS in actin dynamics, spindle orientation and proper chromosome
segregation during mitosis. PLoS Genet. 11, e1005582.

Gamerdinger, M., Hajieva, P., Kaya, A. M., Wolfrum, U., Hartl, F. U. and Behl, C.
(2009). Protein quality control during aging involves recruitment of the
macroautophagy pathway by BAG3. EMBO J. 28, 889-901.

Gamerdinger, M., Kaya, A. M., Wolfrum, U., Clement, A. M. and Behl, C. (2011).
BAG3 mediates chaperone-based aggresome-targeting and selective autophagy
of misfolded proteins. EMBO Rep. 12, 149-156.

Ganassi, M., Mateju, D., Bigi, |., Mediani, L., Poser, I., Lee, H. O., Seguin, S. J.,
Morelli, F. F., Vinet, J., Leo, G. et al. (2016). A surveillance function of the
HSPB8-BAG3-HSP70 chaperone complex ensures stress granule integrity and
dynamism. Mol. Cell 63, 796-810.

Ghaoui, R., Palmio, J., Brewer, J., Lek, M., Needham, M., Evild, A., Hackman, P.,
Jonson, P.-H., Penttil3, S., Vihola, A. et al. (2016). Mutations in HSPB8 causing
a new phenotype of distal myopathy and motor neuropathy. Neurology 86,
391-398.

Hartl, F. U. (2016). Cellular homeostasis and aging. Annu. Rev. Biochem. 85, 1-4.

Haslbeck, M., Franzmann, T., Weinfurtner, D. and Buchner, J. (2005). Some like
it hot: the structure and function of small heat-shock proteins. Nat. Struct. Mol.
Biol. 12, 842-846.

He, C., Bassik, M. C., Moresi, V., Sun, K., Wei, Y., Zou, Z., An, Z., Loh, J., Fisher,
J., Sun, Q. et al. (2012). Exercise-induced BCL2-regulated autophagy is required
for muscle glucose homeostasis. Nature 481, 511-515.

Hohfeld, J. (2016). Autophagy: press and push for destruction. Curr. Biol. 26,
R703-R705.

Hohfeld, J., Minami, Y. and Hartl, F. U. (1995). Hip, a novel cochaperone involved
in the eukaryotic Hsc70/Hsp40 reaction cycle. Cell 83, 589-598.

Homma, S., lwasaki, M., Shelton, G. D., Engvall, E., Reed, J. C. and Takayama,
S. (2006). BAG3 deficiency results in fulminant myopathy and early lethality.
Am. J. Pathol. 169, 761-773.

Imai, Y., Soda, M., Hatakeyama, S., Akagi, T., Hashikawa, T., Nakayama, K.-l.
and Takahashi, R. (2002). CHIP is associated with Parkin, a gene responsible for
familial Parkinson’s disease, and enhances its ubiquitin ligase activity. Mol. Cell
10, 55-67.

lwasaki, M., Homma, S., Hishiya, A., Dolezal, S. J., Reed, J. C. and Takayama, S.
(2007). BAG3 regulates motility and adhesion of epithelial cancer cells. Cancer
Res.. 67, 10252-10259.

lwasaki, M., Tanaka, R., Hishiya, A., Homma, S., Reed, J. C. and Takayama, S.
(2010). BAG3 directly associates with guanine nucleotide exchange factor of
Rap1, PDZGEF2, and regulates cell adhesion. Biochem. Biophys. Res. Commun.
400, 413-418.

Jaffer, F., Murphy, S. M., Scoto, M., Healy, E., Rossor, A. M., Brandner, S.,
Phadke, R., Selcen, D., Jungbluth, H., Muntoni, F. et al. (2012). BAG3
mutations: another cause of giant axonal neuropathy. J. Peripher. Nerv. Syst. 17,
210-216.

Jiang, J., Ballinger, C. A., Wu, Y., Dai, Q., Cyr, D. M., Hohfeld, J. and Patterson,
C. (2001). CHIP is a U-box-dependent E3 ubiquitin ligase: identification of Hsc70
as a target for ubiquitylation. J. Biol. Chem. 276, 42938-42944.

Kaganovich, D., Kopito, R. and Frydman, J. (2008). Misfolded proteins partition
between two distinct quality control compartments. Nature 454, 1088-1095.

Kalia, L. V., Kalia, S. K., Chau, H., Lozano, A. M., Hyman, B. T. and McLean, P. J.
(2011). Ubiquitinylation of a-synuclein by carboxyl terminus Hsp70-interacting
protein (CHIP) is regulated by Bcl-2-associated athanogene 5 (BAG5). PLoS ONE
6, €14695.

Kanelakis, K. C., Murphy, P. J. M., Galigniana, M. D., Morishima, Y., Takayama,
S., Reed, J. C., Toft, D. O. and Pratt, W. B. (2000). hsp70 interacting protein Hip
does not affect glucocorticoid receptor folding by the hsp90-based chaperone
machinery except to oppose the effect of BAG-1. Biochemistry 39, 14314-14321.

Kathage, B., Gehlert, S., Ulbricht, A., Liidecke, L., Tapia, V. E., Orfanos, Z.,
Wenzel, D., Bloch, W., Volkmer, R., Fleischmann, B. K. et al. (2017). The
cochaperone BAG3 coordinates protein synthesis and autophagy under
mechanical strain through spatial regulation of mTORC1. Biochim. Biophys.
Acta - Mol. Cell Res. 1864, 62-75.

Kaushik, S., Bandyopadhyay, U., Sridhar, S., Kiffin, R., Martinez-Vicente, M.,
Kon, M., Orenstein, S. J., Wong, E. and Cuervo, A. M. (2011). Chaperone-
mediated autophagy at a glance. J. Cell Sci. 124, 495-499.

()
Y
C
ey
()
(V]
ko]
O
Y=
(©)
‘©
c
—
>
(®)
-



http://dx.doi.org/10.1158/1535-7163.MCT-16-0262
http://dx.doi.org/10.1158/1535-7163.MCT-16-0262
http://dx.doi.org/10.1158/1535-7163.MCT-16-0262
http://dx.doi.org/10.1158/1535-7163.MCT-16-0262
http://dx.doi.org/10.1091/mbc.E05-07-0660
http://dx.doi.org/10.1091/mbc.E05-07-0660
http://dx.doi.org/10.1091/mbc.E05-07-0660
http://dx.doi.org/10.1007/s00018-007-7188-6
http://dx.doi.org/10.1007/s00018-007-7188-6
http://dx.doi.org/10.1016/j.cub.2009.11.022
http://dx.doi.org/10.1016/j.cub.2009.11.022
http://dx.doi.org/10.1016/j.cub.2009.11.022
http://dx.doi.org/10.1126/science.1261197
http://dx.doi.org/10.1126/science.1261197
http://dx.doi.org/10.1126/science.1261197
http://dx.doi.org/10.1126/science.1141448
http://dx.doi.org/10.1126/science.1141448
http://dx.doi.org/10.1126/science.aac4354
http://dx.doi.org/10.1126/science.aac4354
http://dx.doi.org/10.1089/ars.2013.5340
http://dx.doi.org/10.1089/ars.2013.5340
http://dx.doi.org/10.1089/ars.2013.5340
http://dx.doi.org/10.1089/ars.2013.5340
http://dx.doi.org/10.1016/j.neurol.2015.06.002
http://dx.doi.org/10.1016/j.neurol.2015.06.002
http://dx.doi.org/10.1016/j.neurol.2015.06.002
http://dx.doi.org/10.1016/j.neurol.2015.06.002
http://dx.doi.org/10.1016/j.tips.2016.04.007
http://dx.doi.org/10.1016/j.tips.2016.04.007
http://dx.doi.org/10.1083/jcb.201306041
http://dx.doi.org/10.1083/jcb.201306041
http://dx.doi.org/10.3389/fmolb.2015.00010
http://dx.doi.org/10.3389/fmolb.2015.00010
http://dx.doi.org/10.1038/87588
http://dx.doi.org/10.1038/87588
http://dx.doi.org/10.1038/87588
http://dx.doi.org/10.1038/87588
http://dx.doi.org/10.1074/jbc.M202792200
http://dx.doi.org/10.1074/jbc.M202792200
http://dx.doi.org/10.1074/jbc.M202792200
http://dx.doi.org/10.1074/jbc.M706304200
http://dx.doi.org/10.1074/jbc.M706304200
http://dx.doi.org/10.1074/jbc.M706304200
http://dx.doi.org/10.1074/mcp.M112.025882
http://dx.doi.org/10.1074/mcp.M112.025882
http://dx.doi.org/10.1074/mcp.M112.025882
http://dx.doi.org/10.1074/mcp.M112.025882
http://dx.doi.org/10.1042/BST0380144
http://dx.doi.org/10.1042/BST0380144
http://dx.doi.org/10.1158/0008-5472.CAN-14-0747
http://dx.doi.org/10.1158/0008-5472.CAN-14-0747
http://dx.doi.org/10.1158/0008-5472.CAN-14-0747
http://dx.doi.org/10.1158/0008-5472.CAN-14-0747
http://dx.doi.org/10.1093/hmg/ddq257
http://dx.doi.org/10.1093/hmg/ddq257
http://dx.doi.org/10.1093/hmg/ddq257
http://dx.doi.org/10.1093/hmg/ddq257
http://dx.doi.org/10.1002/jcp.21634
http://dx.doi.org/10.1002/jcp.21634
http://dx.doi.org/10.1002/jcp.21634
http://dx.doi.org/10.1016/j.semcdb.2014.08.006
http://dx.doi.org/10.1016/j.semcdb.2014.08.006
http://dx.doi.org/10.1038/nature10137
http://dx.doi.org/10.1038/nature10137
http://dx.doi.org/10.1038/nature10137
http://dx.doi.org/10.1002/humu.23189
http://dx.doi.org/10.1002/humu.23189
http://dx.doi.org/10.1002/humu.23189
http://dx.doi.org/10.1002/humu.23189
http://dx.doi.org/10.1038/nature10430
http://dx.doi.org/10.1038/nature10430
http://dx.doi.org/10.1038/nature10430
http://dx.doi.org/10.1038/ncb2838
http://dx.doi.org/10.1038/ncb2838
http://dx.doi.org/10.1038/ncb2838
http://dx.doi.org/10.1074/jbc.M501574200
http://dx.doi.org/10.1074/jbc.M501574200
http://dx.doi.org/10.1074/jbc.M501574200
http://dx.doi.org/10.1038/cddis.2015.181
http://dx.doi.org/10.1038/cddis.2015.181
http://dx.doi.org/10.1038/cddis.2015.181
http://dx.doi.org/10.1038/cddis.2015.181
http://dx.doi.org/10.1016/j.biocel.2009.12.008
http://dx.doi.org/10.1016/j.biocel.2009.12.008
http://dx.doi.org/10.1016/j.biocel.2009.12.008
http://dx.doi.org/10.1016/j.biocel.2009.12.008
http://dx.doi.org/10.1002/jcp.21397
http://dx.doi.org/10.1002/jcp.21397
http://dx.doi.org/10.1002/jcp.21397
http://dx.doi.org/10.1042/BJ20090907
http://dx.doi.org/10.1042/BJ20090907
http://dx.doi.org/10.1042/BJ20090907
http://dx.doi.org/10.1371/journal.pgen.1005582
http://dx.doi.org/10.1371/journal.pgen.1005582
http://dx.doi.org/10.1371/journal.pgen.1005582
http://dx.doi.org/10.1371/journal.pgen.1005582
http://dx.doi.org/10.1038/emboj.2009.29
http://dx.doi.org/10.1038/emboj.2009.29
http://dx.doi.org/10.1038/emboj.2009.29
http://dx.doi.org/10.1038/embor.2010.203
http://dx.doi.org/10.1038/embor.2010.203
http://dx.doi.org/10.1038/embor.2010.203
http://dx.doi.org/10.1016/j.molcel.2016.07.021
http://dx.doi.org/10.1016/j.molcel.2016.07.021
http://dx.doi.org/10.1016/j.molcel.2016.07.021
http://dx.doi.org/10.1016/j.molcel.2016.07.021
http://dx.doi.org/10.1212/WNL.0000000000002324
http://dx.doi.org/10.1212/WNL.0000000000002324
http://dx.doi.org/10.1212/WNL.0000000000002324
http://dx.doi.org/10.1212/WNL.0000000000002324
http://dx.doi.org/10.1146/annurev-biochem-011116-110806
http://dx.doi.org/10.1038/nsmb993
http://dx.doi.org/10.1038/nsmb993
http://dx.doi.org/10.1038/nsmb993
http://dx.doi.org/10.1038/nature10758
http://dx.doi.org/10.1038/nature10758
http://dx.doi.org/10.1038/nature10758
http://dx.doi.org/10.1016/j.cub.2016.06.017
http://dx.doi.org/10.1016/j.cub.2016.06.017
http://dx.doi.org/10.1016/0092-8674(95)90099-3
http://dx.doi.org/10.1016/0092-8674(95)90099-3
http://dx.doi.org/10.2353/ajpath.2006.060250
http://dx.doi.org/10.2353/ajpath.2006.060250
http://dx.doi.org/10.2353/ajpath.2006.060250
http://dx.doi.org/10.1016/S1097-2765(02)00583-X
http://dx.doi.org/10.1016/S1097-2765(02)00583-X
http://dx.doi.org/10.1016/S1097-2765(02)00583-X
http://dx.doi.org/10.1016/S1097-2765(02)00583-X
http://dx.doi.org/10.1158/0008-5472.CAN-07-0618
http://dx.doi.org/10.1158/0008-5472.CAN-07-0618
http://dx.doi.org/10.1158/0008-5472.CAN-07-0618
http://dx.doi.org/10.1016/j.bbrc.2010.08.092
http://dx.doi.org/10.1016/j.bbrc.2010.08.092
http://dx.doi.org/10.1016/j.bbrc.2010.08.092
http://dx.doi.org/10.1016/j.bbrc.2010.08.092
http://dx.doi.org/10.1111/j.1529-8027.2012.00409.x
http://dx.doi.org/10.1111/j.1529-8027.2012.00409.x
http://dx.doi.org/10.1111/j.1529-8027.2012.00409.x
http://dx.doi.org/10.1111/j.1529-8027.2012.00409.x
http://dx.doi.org/10.1074/jbc.M101968200
http://dx.doi.org/10.1074/jbc.M101968200
http://dx.doi.org/10.1074/jbc.M101968200
http://dx.doi.org/10.1038/nature07195
http://dx.doi.org/10.1038/nature07195
http://dx.doi.org/10.1371/journal.pone.0014695
http://dx.doi.org/10.1371/journal.pone.0014695
http://dx.doi.org/10.1371/journal.pone.0014695
http://dx.doi.org/10.1371/journal.pone.0014695
http://dx.doi.org/10.1021/bi001671c
http://dx.doi.org/10.1021/bi001671c
http://dx.doi.org/10.1021/bi001671c
http://dx.doi.org/10.1021/bi001671c
http://dx.doi.org/10.1016/j.bbamcr.2016.10.007
http://dx.doi.org/10.1016/j.bbamcr.2016.10.007
http://dx.doi.org/10.1016/j.bbamcr.2016.10.007
http://dx.doi.org/10.1016/j.bbamcr.2016.10.007
http://dx.doi.org/10.1016/j.bbamcr.2016.10.007
http://dx.doi.org/10.1242/jcs.073874
http://dx.doi.org/10.1242/jcs.073874
http://dx.doi.org/10.1242/jcs.073874

CELL SCIENCE AT A GLANCE

Journal of Cell Science (2017) 130, 2781-2788 doi:10.1242/jcs.203679

Kawaguchi, Y., Kovacs, J. J., McLaurin, A., Vance, J. M., Ito, A. and Yao, T.-P. P.
(2003). The deacetylase HDAC6 regulates aggresome formation and cell viability
in response to misfolded protein stress. Cell 115, 727-738.

Kettern, N., Dreiseidler, M., Tawo, R. and Hohfeld, J. (2010). Chaperone-assisted
degradation: multiple paths to destruction. Biol. Chem. 391, 481-489.

Khaminets, A., Behl, C. and Dikic, I. (2016). Ubiquitin-dependent and independent
signals in selective autophagy. Trends Cell Biol. 26, 6-16.

King, J. S., Veltman, D. M. and Insall, R. H. (2011). The induction of autophagy by
mechanical stress. Autophagy 7, 1490-1499.

Kityk, R., Vogel, M., Schlecht, R., Bukau, B. and Mayer, M. P. (2015). Pathways of
allosteric regulation in Hsp70 chaperones. Nat. Commun. 6, 8308.

Kley, R. A., Olivé, M. and Schréder, R. (2016). New aspects of myofibrillar
myopathies. Curr. Opin. Neurol. 29, 628-634.

Kopito, R. R. (2000). Aggresomes, inclusion bodies and protein aggregation.
Trends Cell Biol.. 10, 524-530.

Kostera-Pruszczyk, A., Suszek, M., Ploski, R., Franaszczyk, M., Potulska-
Chromik, A., Pruszczyk, P., Sadurska, E., Karolczak, J., Kaminska, A. M. and
Redowicz, M. J. (2015). BAG3-related myopathy, polyneuropathy and
cardiomyopathy with long QT syndrome. J. Muscle Res. Cell Motil. 36, 423-432.

Kriiger, L. and Mandelkow, E. M. (2016). Tau neurotoxicity and rescue in animal
models of human Tauopathies. Curr. Opin. Neurobiol. 36, 52-58.

Lamb, C. A., Yoshimori, T. and Tooze, S. A. (2013). The autophagosome: origins
unknown, biogenesis complex. Nat. Rev. Mol. Cell Biol. 14, 759-774.

Laplante, M. and Sabatini, D. M. (2012). mTOR signaling in growth control and
disease. Cell 149, 274-293.

Lei, Z., Brizzee, C. and Johnson, G. V. W. (2015). BAG3 facilitates the clearance of
endogenous tau in primary neurons. Neurobiol. Aging 36, 241-248.

Liiders, J., Demand, J. and Hohfeld, J. (2000). The ubiquitin-related BAG-1
provides a link between the molecular chaperones Hsc70/Hsp70 and the
proteasome. J. Biol. Chem. 275, 4613-4617.

Meng, G., Dai, F., Tong, X, Li, N., Ding, X., Song, J. and Lu, C. (2015). Genome-
wide analysis of the WW domain-containing protein genes in silkworm and their
expansion in eukaryotes. Mol. Genet. Genomics 290, 807-824.

Menon, S., Dibble, C. C., Talbott, G., Hoxhaj, G., Valvezan, A. J., Takahashi, H.,
Cantley, L. C. and Manning, B. D. (2014). Spatial control of the TSC complex
integrates insulin and nutrient regulation of mTORC1 at the lysosome. Cell 156,
771-785.

Merabova, N., Sariyer, I. K., Saribas, A. S., Knezevic, T., Gordon, J., Turco,
M. C., Rosati, A., Weaver, M., Landry, J. and Khalili, K. (2015). WW domain of
BAG3 is required for the induction of autophagy in glioma cells. J. Cell. Physiol.
230, 831-841.

Miller, S. B. M., Mogk, A. and Bukau, B. (2015). Spatially organized aggregation of
misfolded proteins as cellular stress defense strategy. J. Mol. Biol. 427,
1564-1574.

Minoia, M., Boncoraglio, A., Vinet, J., Morelli, F. F., Brunsting, J. F., Poletti, A.,
Krom, S., Reits, E., Kampinga, H. H. and Carra, S. (2014). BAG3 induces the
sequestration of proteasomal clients into cytoplasmic puncta: Implications for a
proteasome-to-autophagy switch. Autophagy 10, 1603-1621.

Morelli, F. F., Mediani, L., Heldens, L., Bertacchini, J., Bigi, I., Carra, A. D., Vinet,
J. and Carra, S. (2017). An interaction study in mammalian cells demonstrates
weak binding of HSPB2 to BAG3, which is regulated by HSPB3 and abrogated by
HSPBS8. Cell Stress Chaperones 22, 531-540.

Morishima, Y., Wang, A. M., Yu, Z., Pratt, W. B., Osawa, Y. and Lieberman, A. P.
(2008). CHIP deletion reveals functional redundancy of E3 ligases in promoting
degradation of both signaling proteins and expanded glutamine proteins. Hum.
Mol. Genet. 17, 3942-3952.

Nakamura, F., Stossel, T. P. and Hartwig, J. H. (2011). The filamins: organizers of
cell structure and function. Cell Adh. Migr. 5, 160-169.

Nakamura, F., Song, M., Hartwig, J. H. and Stossel, T. P. (2014). Documentation
and localization of force-mediated filamin A domain perturbations in moving cells.
Nat. Commun. 5, 4656.

Nivon, M., Fort, L., Muller, P., Richet, E., Simon, S., Guey, B., Fournier, M.,
Arrigo, A.-P., Hetz, C., Atkin, J. D. et al. (2016). NFxB is a central regulator of
protein quality control in response to protein aggregation stresses via autophagy
modulation. Mol. Biol. Cell 27, 1712-1727.

Ohsumi, Y. (2014). Historical landmarks of autophagy research. Cell Res. 24, 9-23.

Okiyoneda, T., Barriére, H., Bagdany, M., Rabeh, W. M., Du, K., Héhfeld, J.,
Young, J. C. and Lukacs, G. L. (2010). Peripheral protein quality control removes
unfolded CFTR from the plasma membrane. Science 329, 805-810.

Olzscha, H., Schermann, S. M., Woerner, A. C., Pinkert, S., Hecht, M. H.,
Tartaglia, G. G., Vendruscolo, M., Hayer-Hartl, M., Hartl, F. U. and Vabulas,
R. M. (2011). Amyloid-like aggregates sequester numerous metastable proteins
with essential cellular functions. Cell 144, 67-78.

Paul, I., Ahmed, S. F., Bhowmik, A., Deb, S. and Ghosh, M. K. (2013). The
ubiquitin ligase CHIP regulates c-Myc stability and transcriptional activity.
Oncogene 32, 1284-1295.

Rapino, F., Abhari, B. A., Jung, M. and Fulda, S. (2015). NIK is required for NF-«xB-
mediated induction of BAG3 upon inhibition of constitutive protein degradation
pathways. Cell Death Dis. 6, €1692.

Rauch, J. N. and Gestwicki, J. E. (2014). Binding of human nucleotide exchange
factors to heat shock protein 70 (Hsp70) generates functionally distinct complexes
in vitro. J. Biol. Chem. 289, 1402-1414.

Rauch, J. N., Tse, E., Freilich, R., Mok, S.-A., Makley, L. N., Southworth, D. R.
and Gestwicki, J. E. (2017). BAG3 is a modular, scaffolding protein that
physically links heat shock protein 70 (Hsp70) to the small heat shock proteins.
J. Mol. Biol. 429, 128-141.

Renziehausen, J., Hiebel, C., Nagel, H., Kundu, A,, Kins, S., Kégel, D., Behl, C.
and Hajieva, P. (2015). The cleavage product of amyloid-B protein precursor
sABPPa modulates BAG3-dependent aggresome formation and enhances
cellular proteasomal activity. J. Alzheimers. Dis. 44, 879-896.

Rognoni, L., Stigler, J., Pelz, B., Yldnne, J. and Rief, M. (2012). Dynamic force
sensing of filamin revealed in single-molecule experiments. Proc. Natl. Acad. Sci.
USA 109, 19679-19684.

Rosati, A., Graziano, V., De Laurenzi, V., Pascale, M. and Turco, M. C. (2011).
BAG3: a multifaceted protein that regulates major cell pathways. Cell Death Dis. 2,
el141.

Rosati, A., Basile, A., Falco, A., d’Avenia, M., Festa, M., Graziano, V., De
Laurenzi, V., Arra, C., Pascale, M. and Turco, M. C. (2012). Role of BAG3
protein in leukemia cell survival and response to therapy. Biochim. Biophys. Acta -
Rev. Cancer 1826, 365-369.

Rosati, A., Basile, A., D’Auria, R., d’Avenia, M., De Marco, M., Falco, A., Festa,
M., Guerriero, L., lorio, V., Parente, R. et al. (2015). BAG3 promotes pancreatic
ductal adenocarcinoma growth by activating stromal macrophages. Nat.
Commun. 6, 8695.

Riidiger, S., Germeroth, L., Schneider-Mergener, J. and Bukau, B. (1997).
Substrate specificity of the DnaK chaperone determined by screening cellulose-
bound peptide libraries. EMBO J. 16, 1501-1507.

Ruparelia, A. A., Oorschot, V., Ramm, G. and Bryson-Richardson, R. J. (2016).
FLNC myofibrillar myopathy results from impaired autophagy and protein
insufficiency. Hum. Mol. Genet. 25, 2131-2142.

Rusmini, P., Polanco, M. J., Cristofani, R., Cicardi, M. E., Meroni, M., Galbiati,
M., Piccolella, M., Messi, E., Giorgetti, E., Lieberman, A. P. et al. (2015).
Aberrant autophagic response in the muscle of a knock-in mouse model of spinal
and bulbar muscular atrophy. Sci. Rep. 5, 15174.

Sala, A. J., Bott, L. C. and Morimoto, R. I. (2017). Shaping proteostasis at the
cellular, tissue, and organismal level. J. Cell Biol. 216, 1231-1241.

Salah, Z. and Aqeilan, R. I. (2011). WW domain interactions regulate the Hippo
tumor suppressor pathway. Cell Death Dis. 2, e172.

Sariyer, I. K., Merabova, N., Patel, P. K., Knezevic, T., Rosati, A., Turco, M. C.
and Khalili, K. (2012). Bag3-induced autophagy is associated with degradation of
JCV oncoprotein, T-Ag. PLoS ONE 7, e45000.

Sarparanta, J., Jonson, P. H., Golzio, C., Sandell, S., Luque, H., Screen, M.,
McDonald, K., Stajich, J. M., Mahjneh, I., Vihola, A. et al. (2012). Mutations
affecting the cytoplasmic functions of the co-chaperone DNAJB6 cause limb-
girdle muscular dystrophy. Nat. Genet. 44, 450-455, S1-2.

Saxton, R. A. and Sabatini, D. M. (2017). mTOR signaling in growth, metabolism,
and disease. Cell 169, 361-371.

Schmidt, M. and Finley, D. (2014). Regulation of proteasome activity in health and
disease. Biochim. Biophys. Acta 1843, 13-25.

Selcen, D., Muntoni, F., Burton, B. K., Pegoraro, E., Sewry, C., Bite, A. V. and
Engel, A. G. (2009). Mutation in BAG3 causes severe dominant childhood
muscular dystrophy. Ann. Neurol. 65, 83-89.

Sherman, M. Y. and Gabai, V. L. (2015). Hsp70 in cancer: back to the future.
Oncogene 34, 4153-4161.

Sondermann, H., Scheufler, C., Schneider, C., Hohfeld, J., Hartl, F. U. and
Moarefi, I. (2001). Structure of a Bag/Hsc70 complex: convergent functional
evolution of Hsp70 nucleotide exchange factors. Science 291, 1553-1557.

Stankiewicz, M., Nikolay, R., Rybin, V. and Mayer, M. P. (2010). CHIP participates
in protein triage decisions by preferentially ubiquitinating Hsp70-bound
substrates. FEBS J.. 277, 3353-3367.

Sudol, M. and Harvey, K. F. (2010). Modularity in the Hippo signaling pathway.
Trends Biochem. Sci. 35, 627-633.

Tahrir, F. G., Knezevic, T., Gupta, M. K., Gordon, J., Cheung, J. Y., Feldman,
A. M. and Khalili, K. (2017). Evidence for the role of BAG3 in mitochondrial
quality control in cardiomyocytes. J. Cell. Physiol. 232, 797-805.

Taipale, M., Tucker, G., Peng, J., Krykbaeva, |, Lin, Z.-Y., Larsen, B., Choi, H.,
Berger, B., Gingras, A.-C. and Lindquist, S. (2014). A quantitative chaperone
interaction network reveals the architecture of cellular protein homeostasis
pathways. Cell 158, 434-448.

Takayama, S., Xie, Z. and Reed, J. C. (1999). An evolutionarily conserved family of
Hsp70/Hsc70 molecular chaperone regulators. J. Biol. Chem. 274, 781-786.

Tanaka, Y., Guhde, G., Suter, A., Eskelinen, E. L., Hartmann, D., Lillmann-
Rauch, R., Janssen, P. M., Blanz, J., von Figura, K. and Saftig, P. (2000).
Accumulation of autophagic vacuoles and cardiomyopathy in LAMP-2-deficient
mice. Nature 406, 902-906.

Tawo, R., Pokrzywa, W., Kevei, E., Akyuz, M. E., Balaji, V., Adrian, S., Hohfeld,
J., Hoppe, T., Kevei, E., Akyuz, M. E. et al. (2017). The ubiquitin ligase CHIP
integrates proteostasis and aging by regulation of insulin receptor turnover. Cell
169, 470-482.

2787

()
Y
C
ey
()
(V]
ko]
O
Y=
(©)
‘©
c
—
>
(®)
-



http://dx.doi.org/10.1016/S0092-8674(03)00939-5
http://dx.doi.org/10.1016/S0092-8674(03)00939-5
http://dx.doi.org/10.1016/S0092-8674(03)00939-5
http://dx.doi.org/10.1515/bc.2010.058
http://dx.doi.org/10.1515/bc.2010.058
http://dx.doi.org/10.1016/j.tcb.2015.08.010
http://dx.doi.org/10.1016/j.tcb.2015.08.010
http://dx.doi.org/10.4161/auto.7.12.17924
http://dx.doi.org/10.4161/auto.7.12.17924
http://dx.doi.org/10.1038/ncomms9308
http://dx.doi.org/10.1038/ncomms9308
http://dx.doi.org/10.1097/WCO.0000000000000357
http://dx.doi.org/10.1097/WCO.0000000000000357
http://dx.doi.org/10.1016/S0962-8924(00)01852-3
http://dx.doi.org/10.1016/S0962-8924(00)01852-3
http://dx.doi.org/10.1007/s10974-015-9431-3
http://dx.doi.org/10.1007/s10974-015-9431-3
http://dx.doi.org/10.1007/s10974-015-9431-3
http://dx.doi.org/10.1007/s10974-015-9431-3
http://dx.doi.org/10.1016/j.conb.2015.09.004
http://dx.doi.org/10.1016/j.conb.2015.09.004
http://dx.doi.org/10.1038/nrm3696
http://dx.doi.org/10.1038/nrm3696
http://dx.doi.org/10.1016/j.cell.2012.03.017
http://dx.doi.org/10.1016/j.cell.2012.03.017
http://dx.doi.org/10.1016/j.neurobiolaging.2014.08.012
http://dx.doi.org/10.1016/j.neurobiolaging.2014.08.012
http://dx.doi.org/10.1074/jbc.275.7.4613
http://dx.doi.org/10.1074/jbc.275.7.4613
http://dx.doi.org/10.1074/jbc.275.7.4613
http://dx.doi.org/10.1007/s00438-014-0958-6
http://dx.doi.org/10.1007/s00438-014-0958-6
http://dx.doi.org/10.1007/s00438-014-0958-6
http://dx.doi.org/10.1016/j.cell.2013.11.049
http://dx.doi.org/10.1016/j.cell.2013.11.049
http://dx.doi.org/10.1016/j.cell.2013.11.049
http://dx.doi.org/10.1016/j.cell.2013.11.049
http://dx.doi.org/10.1002/jcp.24811
http://dx.doi.org/10.1002/jcp.24811
http://dx.doi.org/10.1002/jcp.24811
http://dx.doi.org/10.1002/jcp.24811
http://dx.doi.org/10.1016/j.jmb.2015.02.006
http://dx.doi.org/10.1016/j.jmb.2015.02.006
http://dx.doi.org/10.1016/j.jmb.2015.02.006
http://dx.doi.org/10.4161/auto.29409
http://dx.doi.org/10.4161/auto.29409
http://dx.doi.org/10.4161/auto.29409
http://dx.doi.org/10.4161/auto.29409
http://dx.doi.org/10.1007/s12192-017-0769-x
http://dx.doi.org/10.1007/s12192-017-0769-x
http://dx.doi.org/10.1007/s12192-017-0769-x
http://dx.doi.org/10.1007/s12192-017-0769-x
http://dx.doi.org/10.1093/hmg/ddn296
http://dx.doi.org/10.1093/hmg/ddn296
http://dx.doi.org/10.1093/hmg/ddn296
http://dx.doi.org/10.1093/hmg/ddn296
http://dx.doi.org/10.4161/cam.5.2.14401
http://dx.doi.org/10.4161/cam.5.2.14401
http://dx.doi.org/10.1038/ncomms5656
http://dx.doi.org/10.1038/ncomms5656
http://dx.doi.org/10.1038/ncomms5656
http://dx.doi.org/10.1091/mbc.E15-12-0835
http://dx.doi.org/10.1091/mbc.E15-12-0835
http://dx.doi.org/10.1091/mbc.E15-12-0835
http://dx.doi.org/10.1091/mbc.E15-12-0835
http://dx.doi.org/10.1038/cr.2013.169
http://dx.doi.org/10.1126/science.1191542
http://dx.doi.org/10.1126/science.1191542
http://dx.doi.org/10.1126/science.1191542
http://dx.doi.org/10.1016/j.cell.2010.11.050
http://dx.doi.org/10.1016/j.cell.2010.11.050
http://dx.doi.org/10.1016/j.cell.2010.11.050
http://dx.doi.org/10.1016/j.cell.2010.11.050
http://dx.doi.org/10.1038/onc.2012.144
http://dx.doi.org/10.1038/onc.2012.144
http://dx.doi.org/10.1038/onc.2012.144
http://dx.doi.org/10.1038/cddis.2014.584
http://dx.doi.org/10.1038/cddis.2014.584
http://dx.doi.org/10.1038/cddis.2014.584
http://dx.doi.org/10.1074/jbc.M113.521997
http://dx.doi.org/10.1074/jbc.M113.521997
http://dx.doi.org/10.1074/jbc.M113.521997
http://dx.doi.org/10.1016/j.jmb.2016.11.013
http://dx.doi.org/10.1016/j.jmb.2016.11.013
http://dx.doi.org/10.1016/j.jmb.2016.11.013
http://dx.doi.org/10.1016/j.jmb.2016.11.013
http://dx.doi.org/10.3233/JAD-140600
http://dx.doi.org/10.3233/JAD-140600
http://dx.doi.org/10.3233/JAD-140600
http://dx.doi.org/10.3233/JAD-140600
http://dx.doi.org/10.1073/pnas.1211274109
http://dx.doi.org/10.1073/pnas.1211274109
http://dx.doi.org/10.1073/pnas.1211274109
http://dx.doi.org/10.1038/cddis.2011.24
http://dx.doi.org/10.1038/cddis.2011.24
http://dx.doi.org/10.1038/cddis.2011.24
http://dx.doi.org/10.1016/j.bbcan.2012.06.001
http://dx.doi.org/10.1016/j.bbcan.2012.06.001
http://dx.doi.org/10.1016/j.bbcan.2012.06.001
http://dx.doi.org/10.1016/j.bbcan.2012.06.001
http://dx.doi.org/10.1038/ncomms9695
http://dx.doi.org/10.1038/ncomms9695
http://dx.doi.org/10.1038/ncomms9695
http://dx.doi.org/10.1038/ncomms9695
http://dx.doi.org/10.1093/emboj/16.7.1501
http://dx.doi.org/10.1093/emboj/16.7.1501
http://dx.doi.org/10.1093/emboj/16.7.1501
http://dx.doi.org/10.1093/hmg/ddw080
http://dx.doi.org/10.1093/hmg/ddw080
http://dx.doi.org/10.1093/hmg/ddw080
http://dx.doi.org/10.1038/srep15174
http://dx.doi.org/10.1038/srep15174
http://dx.doi.org/10.1038/srep15174
http://dx.doi.org/10.1038/srep15174
http://dx.doi.org/10.1083/jcb.201612111
http://dx.doi.org/10.1083/jcb.201612111
http://dx.doi.org/10.1038/cddis.2011.53
http://dx.doi.org/10.1038/cddis.2011.53
http://dx.doi.org/10.1371/journal.pone.0045000
http://dx.doi.org/10.1371/journal.pone.0045000
http://dx.doi.org/10.1371/journal.pone.0045000
http://dx.doi.org/10.1038/ng.1103
http://dx.doi.org/10.1038/ng.1103
http://dx.doi.org/10.1038/ng.1103
http://dx.doi.org/10.1038/ng.1103
http://dx.doi.org/10.1016/j.cell.2017.03.035
http://dx.doi.org/10.1016/j.cell.2017.03.035
http://dx.doi.org/10.1016/j.bbamcr.2013.08.012
http://dx.doi.org/10.1016/j.bbamcr.2013.08.012
http://dx.doi.org/10.1002/ana.21553
http://dx.doi.org/10.1002/ana.21553
http://dx.doi.org/10.1002/ana.21553
http://dx.doi.org/10.1038/onc.2014.349
http://dx.doi.org/10.1038/onc.2014.349
http://dx.doi.org/10.1126/science.1057268
http://dx.doi.org/10.1126/science.1057268
http://dx.doi.org/10.1126/science.1057268
http://dx.doi.org/10.1111/j.1742-4658.2010.07737.x
http://dx.doi.org/10.1111/j.1742-4658.2010.07737.x
http://dx.doi.org/10.1111/j.1742-4658.2010.07737.x
http://dx.doi.org/10.1016/j.tibs.2010.05.010
http://dx.doi.org/10.1016/j.tibs.2010.05.010
http://dx.doi.org/10.1002/jcp.25476
http://dx.doi.org/10.1002/jcp.25476
http://dx.doi.org/10.1002/jcp.25476
http://dx.doi.org/10.1016/j.cell.2014.05.039
http://dx.doi.org/10.1016/j.cell.2014.05.039
http://dx.doi.org/10.1016/j.cell.2014.05.039
http://dx.doi.org/10.1016/j.cell.2014.05.039
http://dx.doi.org/10.1074/jbc.274.2.781
http://dx.doi.org/10.1074/jbc.274.2.781
http://dx.doi.org/10.1038/35022595
http://dx.doi.org/10.1038/35022595
http://dx.doi.org/10.1038/35022595
http://dx.doi.org/10.1038/35022595
http://dx.doi.org/10.1016/j.cell.2017.04.003
http://dx.doi.org/10.1016/j.cell.2017.04.003
http://dx.doi.org/10.1016/j.cell.2017.04.003
http://dx.doi.org/10.1016/j.cell.2017.04.003

CELL SCIENCE AT A GLANCE

Journal of Cell Science (2017) 130, 2781-2788 doi:10.1242/jcs.203679

Ulbricht, A., Eppler, F. J., Tapia, V. E., Van Der Ven, P. F. M., Hampe, N., Hersch,
N., Vakeel, P., Stadel, D., Haas, A., Saftig, P. et al. (2013). Cellular
mechanotransduction relies on tension-induced and chaperone-assisted
autophagy. Curr. Biol. 23, 430-435.

Ulbricht, A., Gehlert, S., Leciejewski, B., Schiffer, T., Bloch, W. and Héhfeld, J.
(2015). Induction and adaptation of chaperone-assisted selective autophagy
CASA in response to resistance exercise in human skeletal muscle. Autophagy
11, 538-546.

Ungelenk, S., Moayed, F., Ho, C.-T., Grousl, T., Scharf, A., Mashaghi, A., Tans,
S., Mayer, M. P., Mogk, A. and Bukau, B. (2016). Small heat shock proteins
sequester misfolding proteins in near-native conformation for cellular protection
and efficient refolding. Nat. Commun. 7, 13673.

Varlet, A. A., Fuchs, M., Luthold, C., Lambert, H., Landry, J. and Lavoie, J. N.
(2017). Fine-tuning of actin dynamics by the HSPB8-BAG3 chaperone complex
facilitates cytokinesis and contributes to its impact on cell division. Cell Stress
Chaperones 22, 553-567.

Wang, P., Richardson, C., Hawes, C. and Hussey, P. J. (2016). Arabidopsis NAP1
regulates the formation of autophagosomes. Curr. Biol. 26, 2060-2069.

Woerner, A. C., Frottin, F., Hornburg, D., Feng, L. R., Meissner, F., Patra, M.,
Tatzelt, J., Mann, M., Winklhofer, K. F., Hartl, F. U. et al. (2016). Cytoplasmic
protein aggregates interfere with nucleo-cytoplasmic transport of protein and
RNA. Science 351, 173-176.

2788

Xu, Z., Graham, K., Foote, M., Liang, F., Rizkallah, R., Hurt, M., Wang, Y., Wu, Y.
and Zhou, Y. (2013). 14-3-3 protein targets misfolded chaperone-associated
proteins to aggresomes. J. Cell Sci. 126, 4173-4186.

Yorimitsu, T. and Klionsky, D. J. (2005). Autophagy: molecular machinery for
self-eating. Cell Death Differ. 12 Suppl. 2, 1542-1552.

Zhang, X. and Qian, S.-B. (2011). Chaperone-mediated hierarchical control in
targeting misfolded proteins to aggresomes. Mol. Biol. Cell 22, 3277-3288.

Zhang, Y., Gao, X., Saucedo, L. J., Ru, B., Edgar, B. A. and Pan, D. (2003). Rheb
is a direct target of the tuberous sclerosis tumour suppressor proteins. Nat. Cell
Biol. 5, 578-581.

Zhang, M., Windheim, M., Roe, S. M., Peggie, M., Cohen, P., Prodromou, C. and
Pearl, L. H. (2005). Chaperoned ubiquitylation—crystal structures of the CHIP U
box E3 ubiquitin ligase and a CHIP-Ubc13-Uev1a complex. Mol. Cell 20, 525-538.

Zhang, H., Amick, J., Chakravarti, R., Santarriaga, S., Schlanger, S., McGlone,
C., Dare, M., Nix, J. C., Scaglione, K. M., Stuehr, D. J. et al. (2015). A bipartite
interaction between Hsp70 and CHIP regulates ubiquitination of chaperoned
client proteins. Structure 23, 472-482.

Zwirowski, S., Klosowska, A., Obuchowski, I., Nillegoda, N. B., Pirdg, A.,
Zietkiewicz, S., Bukau, B., Mogk, A. and Liberek, K. (2017). Hsp70 displaces
small heat shock proteins from aggregates to initiate protein refolding. EMBO J.
€201593378.

Q
O
c
2
1%
(V]
©
Y
Y—
(©)
©
c
—
>
(®)
-_


http://dx.doi.org/10.1016/j.cub.2013.01.064
http://dx.doi.org/10.1016/j.cub.2013.01.064
http://dx.doi.org/10.1016/j.cub.2013.01.064
http://dx.doi.org/10.1016/j.cub.2013.01.064
http://dx.doi.org/10.1080/15548627.2015.1017186
http://dx.doi.org/10.1080/15548627.2015.1017186
http://dx.doi.org/10.1080/15548627.2015.1017186
http://dx.doi.org/10.1080/15548627.2015.1017186
http://dx.doi.org/10.1038/ncomms13673
http://dx.doi.org/10.1038/ncomms13673
http://dx.doi.org/10.1038/ncomms13673
http://dx.doi.org/10.1038/ncomms13673
http://dx.doi.org/10.1007/s12192-017-0780-2
http://dx.doi.org/10.1007/s12192-017-0780-2
http://dx.doi.org/10.1007/s12192-017-0780-2
http://dx.doi.org/10.1007/s12192-017-0780-2
http://dx.doi.org/10.1016/j.cub.2016.06.008
http://dx.doi.org/10.1016/j.cub.2016.06.008
http://dx.doi.org/10.1126/science.aad2033
http://dx.doi.org/10.1126/science.aad2033
http://dx.doi.org/10.1126/science.aad2033
http://dx.doi.org/10.1126/science.aad2033
http://dx.doi.org/10.1242/jcs.126102
http://dx.doi.org/10.1242/jcs.126102
http://dx.doi.org/10.1242/jcs.126102
http://dx.doi.org/10.1038/sj.cdd.4401765
http://dx.doi.org/10.1038/sj.cdd.4401765
http://dx.doi.org/10.1091/mbc.E11-05-0388
http://dx.doi.org/10.1091/mbc.E11-05-0388
http://dx.doi.org/10.1038/ncb999
http://dx.doi.org/10.1038/ncb999
http://dx.doi.org/10.1038/ncb999
http://dx.doi.org/10.1016/j.molcel.2005.09.023
http://dx.doi.org/10.1016/j.molcel.2005.09.023
http://dx.doi.org/10.1016/j.molcel.2005.09.023
http://dx.doi.org/10.1016/j.str.2015.01.003
http://dx.doi.org/10.1016/j.str.2015.01.003
http://dx.doi.org/10.1016/j.str.2015.01.003
http://dx.doi.org/10.1016/j.str.2015.01.003
http://dx.doi.org/10.15252/embj.201593378
http://dx.doi.org/10.15252/embj.201593378
http://dx.doi.org/10.15252/embj.201593378
http://dx.doi.org/10.15252/embj.201593378

