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ARTICLE

Cytoplasmic DAXX drives SQSTM1/p62 phase
condensation to activate Nrf2-mediated
stress response
Yi Yang1, Thea L. Willis 1, Robert W. Button1, Conor J. Strang1, Yuhua Fu2, Xue Wen2, Portia R.C. Grayson 3,

Tracey Evans1, Rebecca J. Sipthorpe1, Sheridan L. Roberts1, Bing Hu 3, Jianke Zhang4, Boxun Lu 2,5 &

Shouqing Luo 1,5

Autophagy cargo recognition and clearance are essential for intracellular protein quality

control. SQSTM1/p62 sequesters intracellular aberrant proteins and mediates cargo delivery

for their selective autophagic degradation. The formation of p62 non-membrane-bound liquid

compartments is critical for its function as a cargo receptor. The regulation of p62 phase

separation/condensation has yet been poorly characterised. Using an unbiased yeast two-

hybrid screening and complementary approaches, we found that DAXX physically interacts

with p62. Cytoplasmic DAXX promotes p62 puncta formation. We further elucidate that

DAXX drives p62 liquid phase condensation by inducing p62 oligomerisation. This effect

promotes p62 recruitment of Keap1 and subsequent Nrf2-mediated stress response. The

present study suggests a mechanism of p62 phase condensation by a protein interaction, and

indicates that DAXX regulates redox homoeostasis, providing a mechanistic insight into the

prosurvival function of DAXX.
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Macroautophagy (hereafter autophagy) is a lysosome-
dependent bulk degradation system that mediates
clearance of aberrant intracellular components.

Autophagy can selectively remove cargo materials, including
misfolded protein aggregates1–6, intracellular pathogens7–9, cer-
tain organelles including damaged mitochondria10–14, surplus
peroxisomes15,16 and ferritin17,18. During this process, cargo
receptors selectively recruit the cargo and link it to autophago-
some membranes by binding to ATG8/LC3 family proteins19.

Metazoan cargo receptors, including p62/SQSTM1, NBR1,
Optineurin and NDP52, recognise the cargo via their ubiquitin
binding1,2,9,20. Among these receptors, p62 is best characterised to
mediate autophagic clearance of polyubiquitinated cargos such as
aggregated proteins1,5. p62 harbours a Phox and Bem1p (PB1)
domain, an Atg8/LC3-interacting region (LIR) motif and a
ubiquitin-associated (UBA) domain19,21,22. p62 binds ubiquitin
through its C-terminal UBA domain to recruit polyubiquitinated
cargos. The LIR mediates p62-Atg8/LC3 interaction19. Since Atg8/
LC3 localise on autophagosomal membranes, p62 binding to Atg8/
LC3 enables its recruited cargos to be selectively enclosed by
autophagosomes. In oxidative stress conditions, p62 recruits Keap1
from the cytoplasmic Keap1-Nrf2 complex. As a result, freed Nrf2
translocates into the nucleus as a transcription factor, inducing the
expression of a battery of Nrf2 target genes encoding antioxidant
and anti-in� ammatory enzymes23–26. Interestingly, p62 also senses
oxidation stress to allow autophagy activation in vertebrates27.

p62 body formation is essential for its cargo recruitment. Over
the past few years, a plethora of intracellular body structures,
including p62 bodies, nucleoli, cajal bodies, P granules and pro-
myelocytic leukaemia (PML) bodies, have been shown as non-
membrane-bound liquid compartments28,29. Such non-membrane
structures represent open macromolecular assemblies at which
biomaterials are packed and organised in a dynamic manner.
Mounting evidence suggests that these non-membrane compart-
ments are formed as liquid droplets through liquid–liquid phase
separation, a process in which biomacromolecules demix from
solution and form a separate liquid phase. Although hundreds of
proteins are enriched in protein droplets, only a subset of proteins
are believed to promote liquid droplet formation30,31. Condensation
of intracellular droplets may drive the structures into more solid-
like states32. It is crucial to elucidate the roles of the key proteins in
droplet phase separation and transition/condensation. p62 bodies
represent non-membrane structures that compartmentalise and
concentrate speci� c sets of molecules. DAXX was identi� ed as a
death-associated protein33, and later found to be required for cell
survival during embryonic development34. Mutations in DAXX are
associated with various cancers35,36. DAXX is characterised as a
histone H3.3 chaperone enveloping histone H3.3 and H4 for their
chromatin loading37. It is also known to interact with PML and co-
localise with PML nuclear bodies38.

We reveal that DAXX drives p62 liquid phase condensation by
inducing p62 oligomerisation. The condensed p62 bodies ef� -
ciently recruit aberrant proteins and speci� c factors in the cyto-
plasm. The DAXX-driven p62 phase condensation promotes p62
recruitment of Keap1 and subsequent Nrf2-mediated stress
response. The present study provides a mechanistic insight into
p62 phase condensation, and the prosurvival function of DAXX.

Results
DAXX is a p62 interaction protein. p62 body formation is
required for its simultaneous interactions with ubiquitinated
protein cargos and LC339. Mounting evidence suggests that cel-
lular body structures, including p62 bodies, form through the
liquid–liquid phase separation mechanism28,29,40. Importantly,
Sun et al.29 have found that polyubiquitin chain critically

promotes p62 phase separation and its cargo autophagic clear-
ance. Interestingly, Zaffagnini et al.41 consistently reported that
p62-substrates ef� cient clustering requires the plyubiquitination
of substrates. It is unknown if a chaperonic protein interaction is
needed for p62 liquid phase formation and condensation. We
performed an unbiased yeast two-hybrid (Y2H) screening with
amino acids 1–300 of p62 as a bait to identify p62-interacting
proteins, and found 38 potential p62 binding proteins (Supple-
mentary Table 2). Among these binding candidates, DAXX was
pulled out� ve times. This suggests that DAXX is a top candidate
for p62 binding. We con� rmed that DAXX was a positive can-
didate for p62 interaction by co-transforming DAXX and p62
into yeasts (Supplementary Fig. 1a). We further tested the direct
p62-DAXX interaction by incubating bacterially expressed GST-
p62 with 1-120aa deletion (GST-p62� 120) and in vitro-translated
DAXX, and subsequently pulling down GST proteins with glu-
tathione beads. Supplementary Fig. 1b shows that DAXX was
pulled down by GST-p62� 120, suggesting the direct interaction
between DAXX and p62. We also con� rmed the endogenous p62-
DAXX interaction in HeLa cells by either immunoprecipitating
p62 or vice versa (Fig.1a–b). We con� rmed that the p62-DAXX
interaction occurred in mouse striatum by immunoprecipitation
(Fig. 1c). To identify the region of p62 that binds DAXX, we
generated a series of p62 variants and found that PB1 domain (1-
120aa) and 1-180aa were not required for p62 to interact with
DAXX (Supplementary Fig. 1c). We further mapped 246-300aa of
p62 as necessary for the p62-DAXX interaction (Supplementary
Fig. 1d). Mutations in p62 have been found to associate with
Paget’s disease of bone (PDB)42 and amyotrophic lateral sclerosis
(ALS)43,44. We further examined if these mutations affect the
p62-DAXX interaction. Interestingly, we found that the P392L
mutation in p62 signi� cantly reduced the p62-DAXX interaction
(Supplementary Fig. 1e). This suggests that the C-terminal of p62
also contributes to the interaction. We found that 182-230aa in
DAXX was required for the DAXX-p62 interaction (Supple-
mentary Fig. 2a–b). Supplementary Fig. 2c shows the domain
architectures of DAXX and p62, and that DAXX 182-230aa and
p62 246-300aa are critical for their interaction.

We observed endogenous p62-DAXX co-localisation in HeLa
cells (Fig.1d), mouse striatum (Fig.1e) and HAP1 cell (Fig.1f).
Interestingly, DAXX was recruited into p62 bodies, and p62
bodies with DAXX signals always exhibited stronger signals and
bigger sizes (Fig.1d–f), compared with those without DAXX
signals. Of note, all of large p62 puncta co-localised with DAXX
in the cytoplasm, while not all of DAXX puncta were positive for
p62 (Fig. 1d–f). This suggests that DAXX would have other
cytoplasmic roles independent of p62. Bimolecular� uorescence
complementation (BiFC) has been often used to examine
protein–protein interactions, given that two complementary
� uorescent protein fragments will be joined by protein–protein
interaction to produce complemented� uorescence, if the two
proteins of interests have a physical interaction45,46. Indeed, the
complemented� uorescence was observed, when DAXX and p62
were co-transfected into cells (Fig.1g). The p62-DAXX co-
localisation appeared dependent on their interaction. We showed
that p62 interacted with 182-230aa of DAXX (see Supplementary
Fig. 2a). Consistently, Fig.1h shows that p62 interacted with full-
length (FL)-DAXX (DAXX-FL) and amino-terminal (N) DAXX
(DAXX-N), but not carboxyl-terminal (C) DAXX (DAXX-C).
Indeed, p62 also co-localised with DAXX-FL and DAXX-N, but
not DAXX-C (Fig.1i).

DAXX promotes the formation of p62 bodies. Structural biol-
ogy has revealed that DAXX envelopes a histone H3.3-H4 dimer,
and speci� cally recognises histone H3.337. Following our data
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Fig. 1Identi� cation of DAXX as a p62-interacting partner.a Endogenous p62-DAXX interaction (p62 antibody pull-down). HeLa cell lysates were subjected
to Flag antibody (negative control) and anti-p62 antibody immunoprecipitation (IP). The immunoprecipitates and the whole cell lysates (WCL) were
probed with anti-DAXX and anti-p62.b Endogenous p62-DAXX interaction (DAXX antibody pull-down). HeLa cell lysates were subjected to Flag antibody
(negative control) and anti-DAXX antibody IP. The immunoprecipitates and the WCL were probed with anti-p62 and anti-DAXX.c Mouse (8-week)
striatal lysates were immunoprecipitated by Flag antibody or anti-p62 antibody. The immunoprecipitates and the WCL were probed with anti-DAXX and
anti-p62. d Co-localisation of endogenous p62 and DAXX in HeLa cells. HeLa cells were immunostained with anti-p62 and anti-DAXX. Images were
acquired with a confocal microscope. Bar: 10µm; bar (inset): 2µm. e Mouse (6-week) striatal sections were stained with anti-p62 and DAXX antibodies.
Images were acquired with confocal microscopy. Scale bar: 10µm. f Co-localisation of endogenous p62 and DAXX in HAP1 cells. HAP1 cells were stained
with anti-p62 and anti-DAXX. The arrowheads mark the examples of the co-localised puncta. Bar: 5µm; bar (magni� ed): 2µm. g p62-DAXX BiFC assay.
HeLa cells were transfected with Venus BiFC plasmids expressing p62 (BiFC-VN173-p62) only, DAXX (BiFC-VC155-DAXX) only or p62 (BiFC-VN173-p62)
and DAXX (BiFC-VC155-DAXX). Images were acquired with a confocal microscope at the EYFP channel. Bar: 10µm. h p62 interacts with DAXX-N, but not
DAXX-C. Myc-DAXX full-length (FL, 1-740aa)/vector (for negative control), Myc-DAXX FL/p62-Flag, Myc-DAXX-N (1-370aa)/p62-Flag or Myc-DAXX-
C (371-740aa)/p62-Flag were co-transfected into HeLa cells. After 20 h, the cells were lysed and anti-Flag (M2) beads were used for IP. The
immunoprecipitates and the WCL were probed with anti-Myc or anti-Flag antibody. vs: variants.i p62 co-localises with DAXX-N, but not DAXX-C. GFP-
p62 was co-transfected into HeLa cells with mCherry-DAXX FL, mCherry-DAXX-N (1-370aa) or mCherry-DAXX-C (371-740aa). After 20 h, the cells were
� xed, and images were acquired by a confocal microscope. The co-localisation between GFP-p62 and mCherry -DAXX variants was assessed by yellow
puncta. Bar: 10µm
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indicating that DAXX and p62 have a direct interaction, we asked
if the interaction has functional effects for either of the proteins.
Interestingly, the sizes of GFP-p62 bodies were largely increased
in the cells where DAXX was overexpressed (Supplementary
Fig. 3a). We found that the size of the largest puncta in each cell,
and the number of puncta over a certain size in each cell or the
percentage of cells with puncta over certain size could reliably
re� ect the overall size extent of p62 bodies. As such, these criteria
were used to quantify the size of p62 bodies in this study. Our
initial data suggest that DAXX could markedly enhance the
formation of p62 bodies (Supplementary Fig. 3a). We intended
to exclude the possibility that the variation in transfection
ef� ciency could lead to the difference in p62 body size. Thus,
we generated Tet-on-inducible p62 stably expressing HeLa cells.
In the cells stably harbouring p62-GFP, DAXX expression (along
with p62-GFP expression induced by doxycycline (Dox)
signi� cantly increased p62-GFP foci/puncta formation, but
markedly decreased the diffused p62-GFP (Fig.2a). Interestingly,
DAXX 178-417aa, the DAXX histone H3.3-binding domain (DX-
HBD)37 also similarly promoted p62 body formation, much like
FL-DAXX (Supplementary Fig. 3b). To exclude any potential
effect of DAXX on p62-GFP expression in the Tet-on cells, which
could affect p62 body formation, we� rst induced p62-GFP
expression, and then turned off its expression while DAXX was
transfected into the cells. Consistently, DAXX expression also
increased p62 body formation in the HeLa Tet-on cells where p62
expression was pre-induced, but turned off before DAXX was
transfected (Supplementary Fig. 3c). This experiment allows us to
conclude that the effect of DAXX on p62 body formation is
independent of p62 expression. We also generated Tet-on indu-
cible DAXX-expressing cell line, and consistently p62 puncta
formation was increased when DAXX overexpression was
induced (Supplementary Fig. 4a).

We asked if the effect of DAXX on p62 body formation was
attributed to the DAXX-p62 physical interaction. Figure2b shows
that DAXX-FL and DAXX-N largely increased the sizes of p62
bodies, but DAXX-C, which did not effectively interact with p62
(see Fig.1h), only gave minimal effects. We have shown that the
P392L mutation in p62 reduced the p62-DAXX interaction
(Supplementary Fig. 1e). Critically, the effect of DAXX on p62
puncta formation was also signi� cantly reduced (Supplementary
Fig. 4b). These data suggest that the physical interaction between
p62 and DAXX is required for the effect of DAXX on promoting
p62 body formation.

To further con� rm the effect of DAXX on p62 foci formation,
we generated HAP1 DAXX knockout (KO) cells using CRISPR/
CAS9 system. Constantly fewer and smaller p62 foci were formed
in DAXX-null HAP1 cells, in comparison with wild-type (WT)
HAP1 cells (Fig.2c). Using the CRISPR/CAS9-based lentiviral
system, we also generated DAXX KO MEFs. In DAXX KO MEFs,
fewer and smaller p62 puncta were formed. This was particularly
notable in the presence of puromycin (Supplementary Fig. 4c).
DAXX knockout causes embryonic lethality in mice34. We
employed DAXX conditional knockout (cKO) mice to examine
the in vivo role of DAXX in p62 body formation. To this end,
DAXX was conditionally knocked out in T cells using lck CRE
system47. p62 body formation was tested in DAXX-cKO T cells of
the thymus with immuno� uorescence. Figure2d shows that p62
puncta in DAXX-cKO T cells in the thymus were much fewer
than those in wild-type (WT) T cells of the thymus. Collectively,
these data suggest that DAXX positively modulates the formation
of p62 bodies.

p62 de� ciency was shown to promote proteasomal activity48,49.
We examined if DAXX could affect proteasomal activity via p62,
thereby enhancing p62 puncta formation. Either DAXX knock-
down (Supplementary Fig 5a) or overexpression (Supplementary

Fig 5b) did not signi� cantly alter proteasomal activity in HeLa
cells. DAXX knockdown (Supplementary Fig. 5c) or over-
expression (Supplementary Fig. 5d) did not signi� cantly change
p62 turnover upon the treatment of protein synthesis inhibitor
cycloheximide. By qPCR, we con� rmed that DAXX overexpres-
sion did not increase p62 mRNA levels (Supplementary Fig. 5e),
and DAXX knockdown did not reduce p62 mRNA expression
levels (Supplementary Fig. 5f). These data suggest that DAXX
promotes p62 body formation not via alteration in the p62
proteasomal turnover or p62 mRNA expression.

DAXX promotes p62 body formation independently of
autophagy. DAXX was proposed as a transcriptional repressor to
negatively regulate the transcription of a set of autophagy genes
and autophagy50. It is possible that DAXX promotes the forma-
tion of p62 bodies because it inhibits autophagy, leading to more
p62 accumulation, since p62 is an established autophagy sub-
strate1. To test this possibility, we� rst examined if DAXX pro-
moted the formation of p62 bodies in lysosomal inhibition
conditions. Supplementary Fig. 6a shows that chloroquine (CQ)
treatment did not abolish the effect of DAXX on promoting p62
body formation. DAXX increased GFP-p62 body sizes in both CQ
treatment and non-CQ treatment conditions.

We tested this in autophagy-competent WT mouse embryonic
� broblasts (MEFs) and autophagy-defective ATG5 KO MEFs. As
shown in Supplementary Fig. 6b, the effect of DAXX on p62 sizes
appeared independent of autophagy, since in both WT MEFs and
ATG5 KO MEFs, DAXX signi� cantly increased the sizes of p62
bodies. The experiments with our p62-GFP-stably expressing
HeLa Tet-on cells indicate that DAXX positively modulated p62
body formation independently of variations in transfection
ef� ciency among the cells (Fig.2a, Supplementary Fig. 3c). We
exploited this cell model to establish the irrelevance of autophagy
in DAXX regulation of p62 body formation. As such, we knocked
down a set of autophagy machinery genes including Atg5, Atg10
and Atg16L1. However, knockdown of these genes did not exert
an effect on DAXX regulation of p62 foci formation (Supple-
mentary Fig. 6c, Supplementary Fig. 7). Together, our data
establish that DAXX increases the formation of p62 bodies
independently of autophagy activity, suggesting that DAXX could
promote p62 liquid phase separation/transition.

Notably, when p62-GFP HeLa Tet-on stable cells were
transfected with control siRNA, Atg10 or Atg16L1 siRNA, along
with vector control, overall p62-GFP exhibited bigger puncta in the
cells with knockdown of Atg10 or Atg16L1, compared with those in
control knockdown cells (Supplementary Fig. 6c), where the size of
all p62 puncta was quanti� ed. These suggest that p62 puncta size
may be modulated by autophagy. However, the effect of autophagy
on p62 puncta size was no longer observed in the cells with DAXX
overexpression (Supplementary Fig. 6c). This suggests that the effect
of DAXX on p62 puncta size could mask that of defects in
autophagy. Interestingly, we unexpectedly observed that, in the case
of Atg5 knockdown, the size of p62 puncta was always markedly
reduced (Supplementary Fig. 6c). Although this phenomenon is
currently not well understood, we reason that Atg5 could directly
play a role in p62 puncta formation.

DAXX drives p62 phase condensation. Cellular body structures
including p62 bodies, P granules, PML bodies and Cajal bodies
are subject to phase separation28,29,40. Fluorescence recovery
after photobleaching (FRAP) shows exchange of molecules
between droplets and surrounding solution28,29. We con� rmed
that GFP-p62� uorescence signal could undergo recovery after
photobleaching in HeLa cells (Supplementary Fig. 8). The
recovery rate of FRAP re� ects the motile ability of droplets. Our
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data agree that p62 bodies are viscous, as previously sug-
gested29. Given that DAXX promoted p62 puncta formation, we
investigated if DAXX drove p62 body phase condensation. In
the presence of DAXX, the� uorescence signal of p62 recovered
more slowly after photobleaching than that in the absence of
DAXX (Fig. 3a). This experiment suggests that DAXX could
induce p62 bodies to gel-like structures. We further examined if
the effect of DAXX on p62 phase condensation was autophagy-
dependent. Our data show that in both WT MEFs and ATG7
KO MEFs, DAXX signi� cantly reduced the recovery levels after
photobleaching (Fig.3b–c), indicating that the role of DAXX in
the FRAP property of p62 bodies is independent of autophagy.
Proteinase K treatment is often used to examine the density of

protein aggregates/bodies because highly densed protein bodies
resist proteinase K digestion. Figure3d shows that the sizes of
proteinase K-treated GFP-p62bodies in the presence of DAXX
were signi� cantly larger than those in the absence of DAXX.
Oligomerised/aggregated proteins could be soluble in chao-
tropic agents such as 8 M urea-containing buffers51. To con-
solidate our observation that DAXX promotes p62 phase
condensation, we examined the solubility of DAXX-induced
p62 oligomers in the Nonidet P-40 (NP-40) or urea-containing
buffer. Our data show that a vast majority of DAXX-induced
p62 oligomers were NP-40 insoluble, but 8 M urea-soluble
(Fig. 3e). Together, these data suggest that DAXX drives p62
phase condensation.
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DAXX promotes p62 phase separation in vitro. To examine if
DAXX directly promotes p62 phase separation, we puri� ed
recombinant p62 and DAXX expressed inE. coli(Fig. 4a). Dif-
ferential interference contrast (DIC) microscopy showed that
recombinant p62 only formed few droplet-like shapes at a con-
centration of 5 µM in phase separation buffer (Fig.4b). These
data are in agreement with previous reports showing that p62
alone only has relatively low basal activity in phase
separation29,41. Five micromolar volume of DAXX markedly
increased p62 droplet formation. In the presence of DAXX, both
size and number of p62 droplets were enhanced (Fig.4b). We
con� rmed that buffer only or DAXX alone did not form droplets
(Fig. 4b). The phase-separated liquid droplets are expected to
have a sphere-like shape. When liquid-like droplets undergo
transitions to form viscous/gel-like assemblies, they can have
deformed spherical or irregular structures52. p62 droplets/
assemblies have been suggested to be viscous structures29,41. Our
evidence also suggests that p62 droplets, particularly with DAXX,
exhibit gel-like properties (Fig.3a–c). Therefore, we expect that
p62 assemblies could have deformed spherical structures.

The levels of p62 droplet formation correlated with the dose of
DAXX added (Fig.4c). This indicates that DAXX is critical to drive
p62 droplet formation. These droplets exhibited fusion characteristic
(Fig.4d). This indicates these droplets have liquid-like properties. We
separated droplets from the phase separation solution by sedimenta-
tion and determined the levels of p62 and DAXX in each fraction by
immuoblotting. Figure4e con� rms that the mixture with DAXX
yielded more p62 protein in the pellets than the mixture containing
no DAXX. The in vitro reconstituted system� rmly suggests that
DAXX is critical for p62 phase separation.

DAXX promotes p62 oligomerisation. Since DAXX promotes
p62 phase condensation independently of p62 transcription and
autophagy, we postulate that DAXX may increase p62 oligo-
merisation. To test this hypothesis, we examined the interaction
af� nity between p62 molecules in the absence or the presence of
DAXX. Thus, we examined the interaction between p62-HA and
p62-Flag. Figure5a shows that more p62-HA was pulled down by
p62-Flag in the presence of DAXX. These suggest that DAXX
may increase p62-p62 interaction af� nity, and thus promote p62
oligomerisation. We investigated the role of DAXX in p62 oli-
gomerisation by using native gel electrophoresis, which is a
standard approach for protein oligomerisation assays53. In HeLa
cells expressing GFP-p62 along with DAXX, GFP-p62 was prone
to forming more highly oligomerised p62 (Fig.5b). Interestingly,
we observed more GFP-p62 breakdown products in the cells with

both GFP-p62 and DAXX (Fig.5b). This indicates that oligomeric
p62 tends to be broken down by autophagy. Komatsu and col-
leagues suggest that the levels of free GFP positively correlate with
autophagic degradation rate of GFP-p62 in cells54. Our data
con� rm that the levels of free GFP were consistent with GFP-p62
autophagic degradation (Supplementary Fig. 9a).

We also examined if SDS-PAGE could distinguish the levels of
p62 oligomerisation in the cells expressing p62 alone or p62 along
with DAXX. To this end, p62-HA was transfected into HeLa cells
with either control vector or Flag-DAXX. In the presence of Flag-
DAXX, more oligomeric p62 was present in SDS-PAGE
conditions (Fig. 5c). We used WT HAP1 and DAXX KO
HAP1 cells to test endogenous p62 oligomerisation. Using the
Wes size assay (a quantitative capillary electrophoresis), we
con� rmed that, in native conditions, much less oligomeric p62
was formed in DAXX KO HAP1 cells, compared with that in WT
HAP1 cells (Fig.5d). We also observed p62 oligomerisation in
WT HAP1 cells, but not in DAXX KO HAP1 cells in SDS-PAGE
conditions (Fig.5e). Moreover, DAXX-induced p62 oligomerisa-
tion in both WT and ATG5 KO MEFs (Fig.5f), con� rming that
the effect of DAXX on p62 oligomerisation is independent of
autophagy. Our in vitro assay shows that DAXX 1-250aa was
suf� cient to induce p62 oligomerisation/dimerisation (Fig.5g).
Taken together, these data establish that DAXX induces p62
oligomerisation that is predicted a key step for p62 phase
condensation/separation.

DAXX determines p62 oligomerisation independently of PB1.
It is known that the PB1 domain (1-120aa) is critical for p62
oligomerisation21. Since the region of p62 binding DAXX locates
at 246-300aa, to further establish that DAXX promotes p62 oli-
gomerisation, we employed GFP-p62 with PB1 deletion (GFP-
p62� PB1), which is incompetent to oligomerise in normal con-
ditions, and tested that if DAXX could promote the oligomer-
isation of GFP-p62� PB1. Figure6a shows that DAXX markedly
increased the formation of GFP-p62� PB1 foci-like structures.
The effect of DAXX on GFP-p62� PB1 oligomerisation appeared
to be more pronounced in the cells undergoing the treatment of
puromycin, a proteotoxin that causes protein misfolding55. To
exclude the potential role of endogenous p62 in DAXX-induced
PB1� -p62 puncta formation, we examined the effect of DAXX on
the puncta formation of p62 K7A D69A (the PB1-inactivated p62
mutant) in p62 KO MEFs. Supplementary Fig. 9b shows that
DAXX signi� cantly induced the puncta formation of p62 K7A
D69A and WT-p62 in p62 KO MEFs. Using native gel electro-
phoresis, we con� rmed that DAXX-induced GFP-p62� PB1

Fig. 2 DAXX promotes p62 body formation.a HeLa Tet-on cells stably harbouring p62-GFP were transfected with mCherry-vector or mCherry-DAXX.
Three hours after the transfection, p62-GFP expression was induced for 20 h. Confocal images were acquired. Bar: 50µm; bar (magni� ed): 10µm. The
arrows mark the cells with p62 bodies. The diameter of the biggest p62-GFP puncta in each cell was measured (LAS). The number of p62-GFP puncta >
0.5 µm in each cell was assessed (ImageJ).n= 37 (mCh-Vec), 40 cells (mCh-DAXX) from three independently plated wells. Statistical analysis was
performed with unpaired/two-tailed T-tests. Data are shown as mean ± sem. ***P< 0.0001. Immunoblot shows p62-GFP expression.b GFP-p62 was co-
transfected into HeLa cells with vector, Myc-DAXX, Myc-DAXX-N (1-370aa) or Myc-DAXX-C (371-740aa). After 20 h, the cells were stained with anti-
Myc. Confocal images were acquired. Bar: 20µm. The diameter of the biggest GFP-p62 puncta in each cell was measured (LAS). The number of GFP-p62
puncta > 3.5µm in each cell was assessed (LAS).n= 42 (Vec), 50 (Myc-DAXX-FL), 34 (Myc-DAXX-N), 52 cells (Myc-DAXX-C) from three
independently plated wells. Statistical analysis was performed by one-way ANOVA (Tukey’s test). Data are shown as mean ± sem. ***P< 0.0001.
Immunoblot shows DAXX expression.c HAP1 WT and DAXX KO cells were stained with anti-p62. Confocal images were acquired. Bar: 10µm. The
diameter of the biggest p62 puncta in each cell was measured (LAS). The number of p62 puncta > 0.5µm in each cell was assessed (LAS).n= 28 (WT),
27 cells (KO) from three independently plated wells. Statistical analysis was performed with unpaired/two-tailed T-tests. Data are shown as mean ± sem.
*P= 0.0136; ***P< 0.0001. Immunoblot shows DAXX expression.d The thymus from WT and DAXX conditional KO mice were subjected to
immuno� uorescence for p62/DAXX. Confocal images were acquired. Bar: 10µm. The number of p62 puncta > 0.5µm in each image frame (119µm ×
119µm) was assessed (ImageJ). The number of all p62 puncta in each image frame was assessed (ImageJ).n= 9 biologically independent samples for
each group. Statistical analysis was performed with unpaired/two-tailed T-tests. Data are shown as mean ± sem. ***P< 0.0001 (left); ***P= 0.0003
(right). Immunoblot shows DAXX expression
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