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Abstract

Endosomes are a central sorting hub for membrane cargos. DNAJC13/RME-8 plays a critical
role in endosomal trafficking by regulating the endosomal recycling or degradative pathways.
DNAJC13 localizes to endosomes through its N-terminal Plekstrin Homology (PH)-like domain,
which directly binds endosomal phosphoinositol-3-phosphate (PI(3)P). However, little is known
about how DNAJC13 localization is regulated. Here, we show that two regions within DNAJC13,
its J domain and disordered C-terminal tail, act as negative regulators of its PH-like domain.
Using a structure-function approach combined with quantitative proteomics, we mapped these
control points to a conserved YLT motif in the C-terminal tail as well as the catalytic HPD triad in
its J domain. Mutation of either motif enhanced DNAJC13 endosomal localization in cells and
increased binding to PI(3)P in vitro. Further, these effects required the N-terminal PH-like
domain. We show that, similar to other PI(3)P binding domains, the N-terminal PH-like domain
binds PI(3)P weakly in isolation and requires oligomerization for efficient PI(3)P binding and
endosomal localization. Together, these results demonstrate that interaction between DNAJC13
and PI(3)P serves as a molecular control point for regulating DNAJC13 localization to
endosomes.

Significance Statement

o DNAJC13 controls endosomal sorting by regulating proteins which mediate the
endosomal recycling and degradative subdomains.

e Here we show that subcellular localization of DNAJC13 is regulated through the
coordinated action of three of its domains: the PH-like domain which has low affinity
for PI(3)P, the J domain, and a YLT motif in its disordered C-terminus.

e This study defines a novel mechanism by which DNAJC13 function is regulated.
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Introduction

Endosomes function as critical sorting hubs in the cell where membrane proteins are
selectively sorted for degradation at the lysosome or for recycling to the Golgi or plasma
membrane (Cullen and Steinberg, 2018). To achieve this function, endosomes host multiple
proteins and protein complexes—spatially restricted into degradative and recycling domains—
which select membrane protein cargos for distinct destinations (Cullen and Steinberg, 2018).
The recycling subdomain is marked by proteins which assist in removal of proteins from the
maturing endosomal system, including sorting nexins like SNX1, the Retromer complex, and the
actin nucleating WASH complex (Cullen and Steinberg, 2018). In contrast, the degradative
subdomain is marked by proteins which concentrate ubiquitinated membrane cargos for sorting
to the lysosome including clathrin and the ESCRT complex (Cullen and Steinberg, 2018).
Underscoring the fundamental role of this cellular task, mutations in endosomal sorting proteins
have been linked to a variety of human diseases (Maxfield, 2014; Kaur and Lakkaraju, 2018).

DNAJC13, and its Caenorhabditis elegans ortholog RME-8, is an endosomal protein that
plays a critical role in this cargo sorting process (Zhang et al., 2001; Chang et al., 2004; Girard
et al., 2005; Fujibayashi et al., 2008). DNAJC13 is the only known endosomal protein containing
a DnaJ domain, and its interaction with the constitutively expressed heat shock protein 70
(HSC70; a member of the Hsp70 family) regulates the turnover of endosomal proteins which
control sorting including SNX1 and clathrin (Chang et al., 2004; Girard et al., 2005; Popoff et al.,
2009; Shi et al., 2009; Freeman et al., 2014). Consequently, loss of DNAJC13 results in
missorting of both degrading and recycling cargos like the cation independent mannose-6-
phosphate receptor, MIG-14/Wntless, Notch, the delta opioid receptor, and the beta-2
adrenergic receptor (Popoff et al., 2009; Shi et al., 2009; Gomez-Lamarca et al., 2015; Novy et
al., 2024). DNAJC13 is also implicated in endosomal homeostasis, as loss of DNAJC13 causes
aberrant enlargement of endosomes in human and Drosophila melanogaster cells, and loss of
C. elegans RME-8 causes intermixing of normally spatially restricted endosomal subdomains
governing recycling and degradation (Gomez-Lamarca et al., 2015; Norris et al., 2017; Novy et
al., 2024). Consistent with a critical role in endosomal function, homozygous knockout of
DNAJC13 in mice is embryonic lethal and heterozygous mice have decreased heart rate and
hemoglobin (Groza et al., 2023). Additionally, point mutations in DNAJC13 have been linked to
neurological diseases in humans including essential tremor and, potentially, Parkinson’s
disease (Vilarifio-Guell et al., 2014; Rajput et al., 2015; Deng et al., 2016; Deng and Siddique,
2017; Farrer et al., 2017).

Like other endosomal proteins, DNAJC13 must first localize to endosomes to function.
Localization of DNAJC13 to endosomes is driven by its N-terminal Plekstrin Homology (PH)-like
domain which can directly bind to the endosomal enriched phosphatidylinositol, phosphoinositol-
3-phosphate (PI(3)P) (Xhabija and Vacratsis, 2015). Deletion of the DNAJC13 N-terminus shifts
its localization from endosomes to the cytoplasm, and point mutations within its N-terminal PH-
like domain inhibit its localization in cells and block PI(3)P binding in vitro (Fujibayashi et al.,
2008; Freeman et al., 2014; Xhabija and Vacratsis, 2015). Yet what regulates DNAJC13
localization to endosomes, and PI(3)P binding, is unknown. While DNAJC13 has been shown to
bind other endosomal proteins including SNX1 and FAM21, these do not control its localization
(Freeman et al., 2014; Xhabija and Vacratsis, 2015). One common mechanism that regulates
endosomal proteins that bind directly to PI(3)P is that many have low affinity for PI(3)P as
isolated monomers and have improved affinity for PI(3)P in vitro, and localization to endosomes
in cells, when oligomerized (Klein et al., 1998; Hayakawa et al., 2004). This multivalency
requirement for PI(3)P binding has been most clearly demonstrated for EEA1, where structural
studies have defined a stalk region C-terminal to the FYVE domains that mediates
homodimerization and positions the FYVE domains from two monomers such that each can
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simultaneously engage PI(3)P (Dumas et al., 2001). However, it is unknown if DNAJC13 has a
multivalency requirement for PI(3)P-binding or if regions outside its N-terminus affect its ability
to localize to endosomes.

Recent advances in structural modeling using AlphaFold (AF), and newer versions AF2
and AF3, have opened the door to creating specific, testable hypotheses about a protein’s
structure-function relationships. We noted that the AF model of DNAJC13 predicted its C-
terminal tail to be a 45 amino acid intrinsically disordered region (IDR) (Figure 1A) (Jumper et
al., 2021; Varadi et al., 2022). As IDRs have a known role in protein regulation and
autoinhibition, we hypothesized that this region may play a role in regulation of DNAJC13
function (Fenton et al., 2023). Thus, we set out to determine how localization of DNAJC13 to
endosomes is regulated and how its distinct domains—including its N-terminal PH-like domain
and its C-terminal tail—affect this localization.
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97 Results
98 DNAJC13 disordered C-terminal tail controls its localization

99 We noted that the AF2 model of human DNAJC13 predicted its C-terminal tail,
100  consisting of its final 45 amino acids, to be an IDR (Figure 1A). We next examined two other
101  structural prediction programs, the disorder predictor JRonn and five additional AF3 models,
102  which also predicted the C-terminal tail of DNAJC13 to be disordered (Figure S1A)
103  (Waterhouse et al., 2009; Troshin et al., 2011; Abramson et al., 2024). As IDRs commonly serve
104  regulatory functions, we hypothesized that the C-terminal tail of DNAJC13 could affect its
105 localization to endosomes (Fenton et al., 2023).

106 To test this hypothesis, we designed several DNAJC13 constructs using the same N-
107 terminal GFP tagging scheme as those used in the literature (Fujibayashi et al., 2008; Xhabija et
108 al., 2011; Freeman et al., 2014; Yoshida et al., 2018): full-length GFP-DNAJC13 (DNAJC13g)
109  or GFP-DNAJC13 lacking its 45 amino acid C-terminal tail (DNAJC13219s:). We first analyzed the
110 relative expression of these constructs by flow cytometry and found they express at similar

111 levels (Figure 1B). Additionally, by western blot we saw minimal evidence of proteolysis and
112 liberation of free GFP (Figures 1C, S1B). We also examined full-length DNAJC13 with a C-

113  terminal GFP (DNAJC13g.-GFP) but found that it expressed poorly (less than 10% of the

114  expression of DNAJC13 with an N-terminal GFP tag), which did not allow for further analysis
115  (Figure S1C).

116 We then sought to determine the localization of these GFP-DNAJC13 constructs in cells
117  using live microscopy and found, similar to previous observations, that overexpressed

118  DNAJC13 localized to both the cytoplasm and endosomes (Figures 1D, S1D) (Fujibayashi et
119  al.,, 2008; Freeman et al., 2014). Strikingly, DNAJC13219s: Was highly localized to vesicles with
120  minimal cytoplasmic background (Figure 1D). As DNAJC13/RME-8 localizes to early

121  endosomes, we turned to immunofluorescent microscopy to determine the identity of the

122 DNAJC13-positive structures (Zhang et al., 2001; Girard et al., 2005; Fujibayashi et al., 2008;
123  Shi et al., 2009; Xhabija and Vacratsis, 2015; Novy et al., 2024). Using the early endosomal
124  marker EEAL and the Golgi marker GM130, we confirmed that GFP-DNAJC13-positive vesicles
125  are indeed early endosomes (Figures 1E, S1D). Thus, by both live and fixed imaging, we found
126  that removal of the DNAJC13 C-terminal tail enhanced its localization to endosomes.

127 To further characterize the enhanced vesicular localization in GFP-DNAJC13210g:, We
128  performed two orthogonal methods of analysis. First, to quantitatively score cells, we devised a
129  GFP signal accumulation metric where each cell’s maximal fluorescence is divided by its

130 median fluorescence. In this metric a score of 1 would indicate the signal is homogeneous

131  throughout the cell, much like free GFP, while a high score indicates a localized protein.

132  Second, we performed blinded qualitative analysis to assess GFP signal in cells as either

133  “cytoplasmic,” containing highly cytoplasmic GFP and few distinct GFP-positive vesicles, or

134  “localized,” containing GFP predominantly localized to vesicles with little to no cytoplasmic GFP.

135 Using the quantitative GFP accumulation metric, we found that DNAJC13;10¢: had ~3.6-
136  fold higher score than DNAJC13¢_ (Figure 1F). Blinded qualitative analysis confirmed these
137  findings, with only 2% of cells expressing DNAJC13r_ showing a predominant vesicular

138 localization compared to 82% of cells expressing DNAJC13:190s: (Figure 1G). The orthogonal
139  nature of these methods also allowed for direct comparison between the qualitative (blinded
140  scoring) and quantitative (signal accumulation metric) analyses, which showed broad

141  agreement between our two approaches, with cells showing localized GFP signal having a
142  higher signal accumulation score (Figure S1E). Together, these data demonstrate that
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143  DNAJC13 localization to early endosomes is negatively regulated by its disordered C-terminal
144 tail.

145  YLT residues in C-terminal tail control endosomal localization

146 We next asked which part of the DNAJC13 C-terminal tail was necessary to control its
147  localization to endosomes. To narrow down the scope of our search, we first assessed the

148  evolutionary conservation of the last 45 amino acids of DNAJC13—those predicted by AF2 and
149  AF3to be disordered—Dby calculating a relative conservation score using the Ensembl database
150  of vertebrate orthologues (plus C. elegans and D. melanogaster) (Waterhouse et al., 2009;

151 Harrison et al., 2024). We found that the first half of the tail was more highly conserved than the
152  second half (Figure 2A). Consequently, we focused on this conserved region and used alanine
153  scanning to mutate blocks of three residues at a time to probe for which amino acids were

154  important in controlling DNAJC13 localization (Figure 2A, brackets). Analysis of these

155  constructs showed they were expressed at similar levels without significant proteolysis (Figures
156  S2A-B).

157 Using live cell microscopy and the quantitative GFP signal accumulation metric, we

158  assessed these constructs for localization and found that only one mutant, DNAJC13yi1

159  (Y2206A, L2207A, T2208A) significantly increased vesicular accumulation (~2.4-fold above

160 DNAJC13g; Figures 2B-C). Consistent with this observation, blinded qualitative analysis of
161 DNAJC13,i; found 65% of the cells contained GFP-DNAJC13 signal localized to predominantly
162  vesicles (Figure 2D). We again confirmed endosomal localization of DNAJC13y; with

163  immunofluorescence imaging using EEA1 and GM130 probes (Figures 2E, S2C). We noted
164  that both scoring metrics showed the DNAJC13y: phenotype was less penetrant than

165  DNAJC13:19s (signal accumulation: 10.30 vs 15.98, respectively; localization phenotype: 65%
166  vs 82%, respectively). Closer examination of the DNAJC13 C-terminus revealed a second

167  instance of the YLT sequence (Y2215, L2216, T2217), called DNAJC13y,, downstream of

168  DNAJC13,i1. Quantitative analysis of DNAJC13y:» localization showed a non-significant trend
169  toward enhanced vesicular localization (~1.5-fold enhancement). Thus, it is possible that the
170  difference in effect size between DNAJC132198t and DNAJC13y11 could be explained by the

171 minor contribution of DNAJC13,i» in control of DNAJC13 localization. Lastly, we examined if
172 YLT1 from human DNAJC13 was conserved in commonly used model systems, C. elegans and
173  D. melanogaster, and found that the motif is intact within the D. melanogaster homologue but
174  only partially present in the C. elegans homologue (Figure S2D). Together, our data suggests a
175  model in which the C-terminal tail, driven primarily by a YLT sequence (Human: 2206-2208)
176  regulates DNAJC13’s endosomal localization.

177  J domain co-regulates DNAJC13 localization

178 To gain insight into what restricts DNAJC13 localization to the cytoplasm, we next

179  sought to identify the protein-protein interactions of DNAJC13r.. To this end, we separately

180  purified free GFP or GFP-DNAJC13¢.using an anti-GFP nanobody and performed quantitative
181  proteomics with tandem mass tag (TMT) labeling (Table S1). In analyzing proteins specifically
182  co-purified with DNAJC13g., we found that many of the interactors were in the Hsp70 pathway—
183  either part of the Hsp70 family (HSPA8/HSC70, HSPA1A/HSP70, HSPA9/GRP75) or Hsp70 co-
184  chaperones (BAG2, STUB1/CHIP, and HSPA4) (Figure 3A, red and orange circles,

185  respectively). These findings are consistent with previous observations showing that the J

186  domain of DNAJC13 interacts with HSC70 (Chang et al., 2004; Girard et al., 2005; Ryu et al.,
187  2020). Notably, we did not observe interactions with the DNAJC13 binding proteins FAM21 or
188  SNX1, and we attribute this to the majority of GFP-DNAJC13g_ residing in the cytoplasm and
189  thus likely not interacting with these endosomal proteins (Shi et al., 2009; Freeman et al., 2014).
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As the majority of the DNAJC13 binding proteins were HSC70 pathway proteins, we
reasoned that the activity of the J domain of DNAJC13 could be critical to the cytoplasmic
localization of GFP-DNAJC13g.. To test this hypothesis, we created constructs in which the
HPD residues in the J domain, which are critical for binding HSC70 and stimulating HSC70
ATPase activity, were mutated to alanines (termed DNAJC13y,4 and a dual mutant,
DNAJC1321981npd)) (Chamberlain and Burgoyne, 1997; Morgan et al., 2001; Yan et al., 2002;
Tummala et al., 2016). These constructs expressed at similar levels with minimal proteolysis
(Figures S3A-B).

Similar to DNAJC132198:, both DNAJC13p¢ and DNAJC132198npd) ShOwed strong
localization to endosomes with little DNAJC13 residing in the cytoplasm (Figures 3B-C, S3C-
D). The observation that loss of J domain function increased DNAJC13 localization to vesicles
was supported by the GFP signal accumulation metric (DNAJC13h,q ~2.7-fold above
DNAJC13g, DNAJC1321981(hpa) ~3.9-fold above DNAJC13g; Figure 3D). Interestingly, we
observed that in a subset of the DNAJC13n,¢ and DNAJC13219081npay €XPressing cells, the GFP-
DNAJC13-positive endosomes clustered in a perinuclear region that was distinct from the Golgi
(Figures 3B-C, S3C-D). A similar phenotype of endosomal clustering has also been observed
upon manipulation of proteins which functionally interact with DNAJC13—the WASH complex
and clathrin (Bennett et al., 2001; Gomez et al., 2012).

To further assess endosomal redistribution, we performed blinded analysis in which
cells were scored for GFP signal as being predominantly cytoplasmic, localized to distributed
vesicles, or localized to clustered vesicles. We found no instances of the endosomal clustering
phenotype in cells expressing GFP-DNAJC13g. while cells expressing DNAJC13;19s: OF
DNAJC13y,4 showed similar proportions of distributed and clustered endosomal vesicles
(DNAJC132108:: 74% distributed, 8% clustered; DNAJC13hp4: 60% distributed, 15% clustered,
Figure 3E). Consistent with an additive effect of these two mutations, we found a larger
percentage of cells (30%) expressing GFP-positive DNAJC13219s1hpd) Showed an endosomal
clustered phenotype (Figure 3E). Cross-comparison of the two metrics show there is no
correlation between endosomal clustering and signal accumulation (Figure S3E). These
observations suggest that there are two control points for DNAJC13 localization to endosomes:
YLT motif(s) in its C-terminal tail and its J domain. Additionally, our observations suggest that
similar to disruption of WASH or clathrin function, overexpression of DNAJC13 carrying these
activating mutations can act in a dominant negative manner to affect endosomal distribution in
the cell (Bennett et al., 2001; Gomez et al., 2012).

C-terminal tail and J domain act through PH-like domain to enhance PI(3)P binding

We then sought to analyze the mechanism by which the J domain and C-terminal
mutants enhance DNAJC13 localization to endosomes. DNAJC13 is known to localize to
endosomes through a single PH-like domain in its N-terminus (first ~100 residues) (Xhabija et
al., 2011; Xhabija and Vacratsis, 2015). Thus, we considered the possibility that the J domain
and C-terminal IDR were modulating the ability of the N-terminal PH-like domain to bind to
PI(3)P.

To test this, we examined binding of DNAJC13 in detergent lysates to agarose beads
conjugated to phosphoinositides. As had been observed previously, we found that DNAJC13g
bound efficiently to PI(3)P and did not bind to the negative control, phosphatidylinositol
phosphate (PIP) (Figures 4A, S4A) (Xhabija et al., 2011; Xhabija and Vacratsis, 2015). We
then examined the DNAJC13 mutations that enhanced endosomal localization (DNAJC13210st,
DNAJC13,i1, and DNAJC13np4) and found increased binding compared to DNAJC13g (Figures
4A, S4A). Quantification of this result showed that DNAJC13219stand DNAJC13n,q bound PI(3)P
decorated resins ~five-fold better than DNAJC13g (Figure 4B). Comparatively, we observed an
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238  ~three-fold better PI(3)P binding of DNAJC13y compared to DNAJC13g., although this did not
239  reach statistical significance (Figure 4B). DNAJC13yn had lower scores in both quantitative and
240  qualitative analysis of its localization in cells compared to the other mutants, which is consistent
241 with its weaker PI(3)P binding in vitro.

242 We next tested if the enhanced PI(3)P binding we observed upon mutation of the J

243  domain or C-terminal tail required the N-terminal PH-like domain. A recent AF2 analysis of the
244  C. elegans homologue RME-8 identified that the first 300 amino acids contain not one but three
245  folds which each resemble PH-like domains (Norris et al., 2022). While it is not known if these
246  second and third PH-like domains bind PI(3)P—and it is notable that single point mutation in the
247  first PH-like domain of DNAJC13 fully blocked PI(3)P binding in vitro and endosomal localization
248 in cells (Xhabija and Vacratsis, 2015)—we decided to examine constructs lacking all three

249  predicted PH-like domains in the wild type and mutated contexts (truncation of residues 1-347,
250 termed DNAJC13:347, DNAJC13iz47¢it1) and DNAJC13z47(hpd))-

251 These constructs expressed at similar levels with minimal proteolysis (Figures S4B-C).
252  We found that removal of the DNAJC13 N-terminus (DNAJC13:347) blocked binding of DNAJC13
253  to PI(3)P in vitro and localization to endosomes in cells, and that the J domain and C-terminal
254  mutants did not rescue these phenotypes (Figures 4C-D). These findings were validated by the
255  signal accumulation metric which showed a trend toward a lower score in cells expressing

256  DNAJC1347 constructs compared to cells expressing DNAJC13g and thus support the model
257  for an absolute requirement of the DNAJC13 PH-like domain for its localization (Figures 4E-F).
258  Together, these results demonstrate that the DNAJC13 C-terminal tail and J domain act in the
259  same pathway as its N-terminal PH-like domain to control DNAJC13 binding to PI(3)P in vitro
260 and localize to endosomes in cells.

261 PH-like domain requires oligomerization for efficient PI(3)P binding and endosomal localization

262 We next considered a possible mechanism by which relatively distal parts of the

263  DNAJC13 protein could affect the function of its N-terminal PH-like domain. One of the known
264  regulatory mechanisms for some proteins that bind PI(3)P is a requirement for multivalency. For
265 example, the FYVE domains of EEAL, Hrs, and Frabin localize to endosomes poorly as isolated
266  domains but localize efficiently when artificially oligomerized (Hayakawa et al., 2004). For EEA1,
267  structural studies have shown a stalk region upstream of the FYVE domain mediate

268  dimerization between two monomers to position tandem FYVE domains for PI(3)P binding

269 (Dumas et al., 2001). Additionally, recent studies of the C. elegans homolog RME-8 have

270  proposed a model in which oligomerization of RME-8 is a critical part of its endosomal catalytic
271 cycle (Norris et al., 2022). Thus, we wanted to determine if the PH-like domain of DNAJC13 was
272  sufficient in isolation to localize to endosomes and bind PI(3)P or if it, like a subset of other

273  endosomal proteins, required oligomerization.

274 We designed constructs to express the N-terminal DNAJC13pp.ike in isolation (1-351,

275  termed DNAJC13ss51:) and additionally made constructs fusing the PH-like domain to established
276 dimerization and tetramerization motifs (DNAJC13ss1,-dimer and DNAJC13ss1-tetramer,

277  respectively) (Figure 5A) (Khairil Anuar et al., 2019). We first analyzed the binding of these
278  constructs to PI(3)P beads in detergent lysate. Interestingly, we were unable to detect

279  appreciable binding of the isolated PH-like domain to PI(3)P beads (Figures 5B-C, S5A).

280 However, binding increased when the DNAJC13p+.ike Was dimerized, and was even further

281  enhanced with tetramerization (Figures 5B-C, S5A). These observations demonstrate that

282  similar to other PI(3)P-binding proteins, the DNAJC13ph.ie domain binds weakly to PI(3)P as a
283  monomer and its binding is enhanced upon oligomerization.
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284 To investigate the localization of the DNAJC13ph.ike domain in cells, we first confirmed
285  the isolated, dimeric, and tetrameric constructs expressed at similar levels, slightly higher than
286 the full-length construct, with minimal proteolysis (Figures S5B-C). By live cell microscopy,

287  DNAJC13ph.ike looked similar to DNAJC13r., with the GFP signal largely cytoplasmic with some
288  vesicular localization (Figures 5D). Consistent with our in vitro assays, the dimerization or

289  tetramerization of the DNAJC13p1.ike enhanced its localization to vesicles which were confirmed
290 to be endosomes with immunofluorescent imaging (Figures 5D, S5D). Using the GFP signal
291  accumulation metric, we confirmed that DNAJC13pw.ike-dimer and DNAJC13ph.ike-tetramer

292  localized to vesicles more strongly than the isolated DNAJC13ph.ike (Figure 5E). We did not
293  observe a difference in the degree of localization between the dimeric and tetrameric constructs,
294  potentially due to saturation of PI(3)P binding sites in cells. Additionally, we observed no signs
295  of endosomal clustering with these constructs, suggesting that while the PH-like domain

296  controls localization, other parts of DNAJC13 affect its function in cells. Together, these data
297  demonstrate that similar to other PI(3)P binding proteins, the DNAJC13 PH-like domain binds
298  weakly to PI(3)P in isolation and its binding to PI(3)P—and therefore ability to localize to

299 endosomes—can be enhanced by oligomerization.

300


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

301 Discussion

302 Our findings demonstrate that DNAJC13 localization in cells is controlled by the

303 cumulative function of three different domains: its N-terminal PH-like domain, which weakly

304  binds PI(3)P, as well as its J domain and C-terminus, which act functionally upstream of the PH-
305 like domain to oppose DNAJC13 localization to endosomes. Furthermore, we show that the

306  poor endosomal localization of the DNAJC13 PH-like domain to endosomes can be improved by
307 oligomerization, an observation consistent with a subset of other PI(3)P binding domains as well
308 as recent findings that suggest the C. elegans homologue, RME-8, oligomerizes as part of its
309 functional lifecycle (Klein et al., 1998; Dumas et al., 2001; Hayakawa et al., 2004; Norris et al.,
310  2022). Thus, in a working model we propose that DNAJC13 exists in an equilibrium between a
311 cytoplasmic inhibited state and an oligomeric state that can localize efficiently to endosomes,
312 with the transition between these states being controlled by a YLT motif in the C-terminal tail
313  and the catalytic triad, HPD, in the J domain (Figure 5F).

314  PI(3)P Binding Domains and Oligomerization. Our data demonstrate that the isolated PH-like
315 domain of DNAJC13 localizes poorly to endosomes in cells and weakly to PI(3)P in vitro, and
316  this can be partially rescued through artificial oligomerization. This observation parallels what
317  has been found for other PI(3)P binding domains like that from HRS, EEA1 and Frabin (Dumas
318 etal., 2001; Hayakawa et al., 2004). For example, the PI(3)P binding domain in HRS associates
319  with endosomes poorly as an isolated monomer but efficiently when artificially dimerized

320 (Hayakawa et al., 2004). Multivalency in phosphatidylinositol binding is not limited to FYVE

321 domains as a similar requirement has been shown for the PH-domain in dynamin (Klein et al.,
322 1998; Lemmon, 2007). While not all PI(3)P binding proteins require oligomerization to bind to
323  PI(3)P and endosomes (e.g., WDFY1 and endofin), multivalency—such as with EEA1—has
324  been shown to allow for another layer of regulation (Blatner et al., 2004; Kim et al., 2005;

325 Ramanathan and Ye, 2012). While oligomerization can assist PI(3)P binding in some cases,
326  other proteins like DFCP1/ZFYVE1 have naturally occurring tandem FYVE domains that are
327  both required for high affinity PI(3)P binding (Cheung et al., 2001; Hayakawa et al., 2004). In
328 this light it is interesting to note that a recent AF analysis of C. elegans RME-8 revealed the

329  presence of three tandem PH-like domains in the first ~300 residues (Norris et al., 2022). While
330 future studies will be required to determine if these domains provide multivalency in PI(3)P

331  binding, previous studies showed that a single point mutation in first PH-like domain was

332  sufficient to block PI(3)P binding and our study showed all three PH-like domains (1-351) bound
333  weakly to PI(3)P in vitro and endosomes in cells (Xhabija and Vacratsis, 2015). Together, our
334  study demonstrates that similar to other PI(3)P binding domains, the PI(3)P binding domain in
335 DNAJC13 operates poorly in isolation and is enhanced by oligomerization (Dumas et al., 2001;
336  Hayakawa et al., 2004).

337 The nature of our experiments allows for direct comparison of PI(3)P binding between
338 the DNAJC13 PH-like domain in isolation, dimerized, and tetramerized, or in wild-type and
339  mutationally activated, full-length DNAJC13 constructs. One observation that arose from these
340  comparisons is that full-length constructs bound to PI(3)P resins much better than the

341  tetramerized PH-like domain (Figure S5A). One potential explanation for this finding is that
342  another PI(3)P binding protein functions cooperatively with DNAJC13 in binding PI(3)P resins;
343  however, we consider this unlikely given the absence of such a protein in our proteomics

344  results. If PI(3)P binding was cooperative with another protein, the most likely candidate would
345  be the DNAJC13 binding protein SNX1; however, SNX1 binds DNAJC13/RME-8 in its middle
346  region (C. elegans: 1388-1950) and we show that loss of the N-terminal PH-like domains

347  completely blocks DNAJC13 binding to PI(3)P in vitro and endosomes in cells, suggesting that
348 this interaction by itself cannot localize DNAJC13 to endosomes (Shi et al., 2009). An alternate
349 interpretation of our findings is that full-length DNAJC13 spontaneously forms larger order
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350 assemblies (>4-mer) in vitro which enhance PI(3)P binding through multivalency. Notably, GFP-
351 DNAJC13g and GFP-DNAJC13pH.ike-monomer showed a similar phenotype in cells, but in vitro
352  showed a difference in ability to bind to PI(3)P, suggesting that some of the negative regulation
353 of DNAJC13r. that occurs in cells is lost in the detergent lysate. While future studies will be

354  required to determine if DNAJC13 oligomerizes in cells, recent work on RME-8 identified a

355  series of self-interactions which could allow for oligomerization (Norris et al., 2022). These

356 interactions between RME-8 domains were first mapped by pulldown and yeast two-hybrid

357  screens as occurring between the J domain and a C-terminal region of RME-8 (1650-2279), and
358 the residues in the C-terminus were later mapped to D1657 and E1962 in repeating motifs

359 called IWNSs (Shi et al., 2009; Norris et al., 2017). While these C-terminal control points in RME-
360 8 are different from those we identify in human DNAJC13, it points toward a general model of
361  the DNAJC13/RME-8 C-terminus performing a regulatory role.

362 DNAJC13 C-terminal Tail as a Disordered Regulatory Region. Intrinsically disordered

363 regions (IDRs) often play regulatory roles in protein function (Fenton et al., 2023). Here we use
364  two predictors of structural disorder, AF and JRonn, to demonstrate that the C-terminal tail of
365 DNAJC13 s likely to be disordered. We then identified a novel and conserved motif we refer to
366 as YLT1, consisting of Y2205, L2206, T2207, as a key negative regulator of DNAJC13

367 localization to endosomes in cells and ability to bind to PI(3)P in vitro. Interestingly, we identify a
368  second occurrence of the YLT sequence (YLTZ2; Y2215, L2216, T2217), which upon mutation
369 also results in enhanced localization of DNAJC13 to endosomes, albeit much weaker than

370  mutation of the YLT1 sequence. Another feature of IDRs is that they are often the target of post-
371  translational modification, and the C-terminal tail of DNAJC13 is in fact overrepresented in

372  residues able to be phosphorylated (13 residues, 29% of residues) (Fenton et al., 2023). While
373  future studies will be necessary to determine what the YLT1 motif interacts with, it appealing to
374  consider a model in which the DNAJC13 C-terminal tail makes autoinhibitory contacts within
375 DNAJCA13 itself, and that this interaction can be further regulated by dynamic phosphorylation
376  and/or protein binding.

377 Notably, endogenous DNAJC13 and RME-8 are primarily localized to endosomes and
378 this phenotype is distinct from the largely cytoplasmic localization of the overexpressed GFP-
379 DNAJC13g. that we see here (Zhang et al., 2001; Fujibayashi et al., 2008; Freeman et al., 2014;
380  Novy et al., 2024). The relative distribution of GFP-DNAJC13g. between endosomes and the
381  cytoplasm may have a cell-type dependent component as some reports show GFP-DNAJC13¢g.
382  as primarily cytoplasmic while others show it more localized to vesicles (Fujibayashi et al., 2008;
383 Freeman et al., 2014; Xhabija and Vacratsis, 2015). Importantly, one study that identified GFP-
384 DNAJC13g. as primarily localized to endosomes used a pre-fixation digitonin treatment, which
385  specifically reduces cytoplasmic signal (Liu et al., 2001; Fujibayashi et al., 2008). In our hands
386 the largely cytoplasmic phenotype GFP-DNAJC13g was useful as it allowed us to perform a
387  structure/function analysis of domains in DNAJC13 which negatively regulate its localization to
388 endosomes. However, it is likely that our study did not capture all mechanisms controlling

389 DNAJC13 localization to endosomes including interactions with other binding partners (e.qg.

390 SNX1, FAM21) which—while not necessary for its endosomal localization—may help stabilize

391 DNAJC13 on endosomes (Harbour et al., 2012; Jia et al., 2012; Helfer et al., 2013; Freeman et
392  al., 2014; Xhabija and Vacratsis, 2015; Dostél et al., 2023).

393 DNAJC13 proteomics: HSC70 and co-chaperones. In our quantitative proteomics examining
394  DNAJC13g. interactors, we found both HSC70, a member of the Hsp70 family, and also known
395 HSC70 co-chaperones. While HSC70 is a known interactor of DNAJC13, it had not been

396  previously noted that DNAJC13 would co-purify with HSC70 co-chaperones (Chang et al., 2004;
397 Girard et al., 2005). Broadly, the Hsp70 family of proteins are ATPases responsible for

398 unfolding/refolding of proteins and disassembly of protein complexes and require several co-
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399 chaperones which function at different stages of its catalytic cycle. First, the J domain containing
400 co-chaperone brings a client (e.g. substrate) to the HSC70 substrate binding domain and the
401 HPD containing J domain binds the HSC70 nucleotide binding domain, stimulating HSC70

402  ATPase activity (Bracher and Verghese, 2015). This induces the conformational change

403  responsible for client unfolding or complex disassembly (Bracher and Verghese, 2015). Then, a
404  nucleotide exchange factor (NEF) co-chaperone binds HSC70 and stimulates the exchange of
405  ADP for ATP, which primes HSC70 for another round of activity. Lastly, other HSC70 co-

406  chaperones exist to slow down its catalytic cycle or target clients for degradation (Bracher and
407 Verghese, 2015).

408 In our interaction proteomics, we found three members of the Hsp70 family;

409 HSPAB/HSC70, the known interactor of DNAJC13 (Chang et al., 2004; Girard et al., 2005; Ryu
410 etal., 2020); HSPA1A/HSP70, the heat shock inducible paralogue (Bilog et al., 2019); and

411 HSPA9, a mitochondrial paralogue (Luo et al., 2010). Capture of the mitochondrial paralogue is
412  likely a result of detergent-based purification of DNAJC13, as it would not normally be at the
413  right place for interaction with DNAJC13. Interestingly, we also identified two NEFs from

414  different families: HSPA4 (Hsp110 family) (Kaneko et al., 1997), and BAG2 (BAG family) (Arndt
415  etal., 2005). As J domains and NEFs both bind the Hsp70 nucleotide binding domain and

416  promote opposite ends of its ATPase cycle, it is curious why we would capture NEFs in our

417  DNAJC13 proteomics. One possible explanation was suggested by recent unbiased proteomics
418  which sought to globally characterize HSP70 and HSC70 co-chaperones and client proteins. In
419 this study, they identified endogenous DNAJC13 as a unique type of J domain containing

420  protein because, in addition to being a specific co-chaperone of HSC70, it was also found as a
421  potential HSC70 client protein (Ryu et al., 2020). Thus, it is possible that the presence of NEFs
422  in our proteomics support a model in which DNAJC13 is both a co-chaperone and client of

423  HSC7O0.

424 Lastly, we also identified STUB1 (also known as CHIP) in our DNAJC13 proteomics.
425  STUBL is a co-chaperone that binds Hsp70 C-terminal domain and has dual functions of

426  slowing down HSC70 ATPase activity as well as being an E3-ligase that can ubiquitinate clients
427  that have failed refolding (Meacham et al., 2001; Stankiewicz et al., 2010). While our proteomics
428  cannot distinguish which co-chaperones are binding the same HSC70 protein, it is interesting to
429  note that BAG2 and CHIP can exist in a multi-member complex with Hsp70s, where BAG2

430 inhibits CHIP binding to other members of the ubiquitin ligase machinery, and thus BAG2

431  inhibits ubiquitin-dependent client degradation (Arndt et al., 2005; Dai et al., 2005). Together,
432  we identify that DNAJC13 interacts not just with HSC70 but active HSC70 complexes including
433  those bound to several types of co-chaperones. Our findings support the previously identified
434  interaction between HSC70 and DNAJC13/RME-8 and suggest that, in addition to functioning
435  as a co-chaperone, DNAJC13 may also be a client of HSC70 (Chang et al., 2004; Girard et al.,
436 2005; Ryu et al., 2020).

437  Targets of the DNAJC13 J domain. While J domain-containing proteins are often thought of in
438  terms of proteostasis, the role of J domains in membrane trafficking has been best studied in
439  endocytosis where auxilin is involved in uncoating clathrin coated vesicles (Eisenberg and

440  Greene, 2007). In this mechanism, auxilin binds clathrin, recruits HSC70, and stimulates the
441  ATPase activity of HSC70 through the catalytic triad HPD in its J domain (Morgan et al., 2001,
442  Eisenberg and Greene, 2007). The current model of DNAJC13/RME-8 function is that it recruits
443  HSC70 to disassemble proteins on the endosomes including specific targets like clathrin and
444  SNX1 (Girard et al., 2005; Popoff et al., 2009, 2009; Xhabija and Vacratsis, 2015). While it is
445  worth noting that these experiments used loss of overall DNAJC13 as a proxy for J domain

446  activity, similar effects on endosomal protein function were observed upon manipulation of

447  HSC70 function (Zhang et al., 2001; Chang et al., 2004; Popoff et al., 2009; Shi et al., 2009).
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448  Our findings add to this model and suggest an additional target of the DNAJC13/HSC70

449 interaction: DNAJC13 itself. Specifically, our unbiased proteomics shows that HSC70 is the
450  primary interactor of overexpressed DNAJC13¢. and that loss of DNAJC13’s ability to bind and
451  stimulate the ATPase activity of HSC70 (DNAJC13y,4) results in increased DNAJC13

452  endosomal localization in cells and PI(3)P binding in vitro. Additionally, we identify NEFs—which
453  promote the opposite part of the HSC70 catalytic cycle as J domains—in our proteomics and
454  recent unbiased proteomics identified endogenous DNAJC13 as a co-chaperone and potential
455  client of HSC70. Together these findings support a model that DNAJC13 is an “atypical” J

456  domain containing protein and may be a target of its own J domain activity. Combined with our
457  findings about an oligomerization requirement for DNAJC13ph.ike dOomain to associate with

458  PI(3)P/endosomes, and the recent proposal that C. elegans RME-8 oligomerizes, it is intriguing
459  to speculate that HSC70 regulates DNAJC13 localization and function through disassembly of
460 DNAJC13 oligomers (Norris et al., 2022).

461 DNAJC13, WASH complex, Clathrin, and Endosomal Clustering. We observed that

462  mutation of the catalytic triad of the DNAJC13 J domain, particularly when combined with

463  truncation of the DNAJC13 C-terminal tail, resulted in a higher propensity for DNAJC13-positive
464  endosomes to cluster together and collapse into a perinuclear region. This observation is

465  strikingly similar to what was observed upon loss of function of two DNAJC13 interacting

466  proteins/complexes: the WASH complex and clathrin heavy chain. Specifically, loss of WASH
467  complex function (knockout of the WASH1 subunit) or disruption of clathrin function

468  (overexpression of the dominant negative hub domain of clathrin heavy chain) results in a

469  redistribution of EEAL positive endosomes from distributed throughout the cell to tightly

470  clustered and collapsed perinuclear region (Bennett et al., 2001; Gomez et al., 2012). The

471  mechanism by which disruption of WASH, clathrin, or DNAJC13 causes endosomal collapse is
472  unknown, although DNAJC13 has been shown to regulate both clathrin and WASH, thus

473  functionally linking these three proteins/complexes (Chang et al., 2004; Shi et al., 2009;

474  Freeman et al., 2014; Xhabija and Vacratsis, 2015; Novy et al., 2024). It is interesting to note
475  that recent work has linked the WASH complex to the dynein/microtubule system, which

476  promotes endosomal translocation to the perinuclear region (Fokin and Gautreau, 2021; Fokin
477  etal., 2021). Thus, our data demonstrate that similar to clathrin and WASH, disruption of

478  endogenous DNAJC13 results in disruption of endosome distribution in cells.

479  Together, our study examined how human DNAJC13, a protein important in endosomal sorting,
480 isregulated. We identify that DNAJC13 localization to endosomes is controlled by the low

481  affinity of its PH-like domain for PI(3)P, which can be overcome by oligomerization, and the
482  negative regulation promoted by its J domain and C-terminal tail. Future studies will be

483  important in showing how these novel control points integrate cellular signals to tune DNAJC13
484  function on endosomes and thereby control efficient cargo sorting into the recycling and

485  degradative pathways.

486
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497 Materials and Methods
498 Chemicals

499  From Corning, DPBS without Calcium or Magnesium (Corning, 21-031-CV) and DPBS with
500 Calcium and Magnesium (Corning, 21-030-CM). From Sigma-Aldrich, Bovine Serum Albumin
501  (A7030) was dissolved in DPBS with Calcium and Magnesium and filtered before use. For cell
502 fixation for microscopy, 16% paraformaldehyde ampules were purchased from Invitrogen

503 (Thermo Scientific, 28906) and diluted to 4% in DPBS with Calcium and Magnesium

504 immediately before use.

505 Antibodies

506  From Cell Signaling, mouse anti-EEA1 (Cell Signaling, 48453S) and mouse anti-GFP (554945S),
507 rabbit anti-GM130 (Cell Signaling, 12480T, for imaging). From Novus Biologicals, rabbit anti-
508 GFP (Novus Biologicals, NB600-308, for imaging). From Takara Biosciences, mouse anti-GFP
509 (Clontech Labs 3P 632381, for western blot). Secondary antibodies for imaging from Invitrogen
510 — goat anti-mouse AF488 (Thermo Scientific, A11029), goat anti-rabbit AF488 (Thermo

511  Scientific, A32731), Goat anti-mouse AF647 (Thermo Scientific, A21235), goat anti-rabbit

512  AF647 (A32733). Secondary antibodies for western blotting from Bio Rad goat anti-mouse

513  StarBrite 700 (Bio-Rad, 12004158).

514  Structural prediction

515  The AlphaFold2 structural prediction was downloaded from the AlphaFold Protein Structural
516  Database (hitps://alphafold.ebi.ac.uk/entry/O75165) (Varadi et al., 2022) and visualized in
517  Pymol. For AlphaFold3 structural prediction, the sequence for human DNAJC13 (Uniprot

518 075165) was input into the DeepMind AlphaFold3 server (https://golgi.sandbox.google.com/)
519  with a random seed (Abramson et al., 2024). All models were downloaded and viewed

520  separately in Pymol, where the final 73 residues were each given a score of 1 for unstructured
521  and O for structured. The average of the 5 models is shown in Figure S1A.

522  For JRonn disorder prediction, the sequence for DNAJC13 (0O75165) was opened in Jalview
523  (Waterhouse et al., 2009) and the C-terminal 257 amino acids were run through the homology-
524  based secondary structure JPred algorithms, including the JRonn disorder predictor algorithm.

525  Sequence conservation

526  To assess the C-terminus for sequence conservation, all vertebrate (plus D. melanogaster and
527  C. elegans) orthologues for human DNAJC13 were downloaded from the Ensembl database
528  (Harrison et al., 2024) as a multiple sequence alignment. This alignment was opened in Jalview,
529 trimmed to show only sequences aligning with the human C-terminal tail and relative

530 conservation score was calculated(Waterhouse et al., 2009).
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531 DNA constructs

532  All plasmids were verified either via Sanger sequencing of several reads or whole plasmid

533  nanopore sequencing. pEGFP-DNAJC13 was a gift from the Sekiguchi group(Fujibayashi et al.,
534  2008). Upon sequencing of our construct, we noticed a honnative sequence on the C-terminus
535 (HRPLPGSTGSR) and removed this sequence by re-cloning the native sequence into the

536  parental pPEGFP-C1 vector between restriction sites Kpnl and BamHI and the resulting construct
537 is what we refer to as DNAJC13g.. To create the C-terminally tagged DNAJC13¢, GFP was
538 PCR’d and inserted to the C-terminus of pEGFP-DNAJC13¢. using NEBuilder (New England
539 Biologicals, E2621L) to insert at the BamHI site. After successful insertion, the N-terminal GFP
540  was removed by digestion with Agel and Kpnl, and NEBuilder to stitch the plasmid back

541  together with a new start codon, creating pEGFP-DNAJC13g -ctGFP. This construct begins with
542  the linker between the original N-terminal GFP and DNAJC13 (GGGSGGGYS).

543  PCR, digestion and ligation with Kpnl and BamHI were again used to copy specific regions and
544  re-insert into the parental pEGFP-CL1 vector for truncated protein DNAJC13219s: from

545  DNAJC13g.. To perform the alanine scanning of the c-terminal tail, double stranded gBlocks
546  from IDT were obtained containing the mutant sequences as well as homology arms for

547  assembly with NEBuilder after digestion of pPEGFP-DNAJC132198:. TO mutate the DnaJ domain
548 residues (HPD) to alanine, a shorter construct encoding residues 1-1927 of DNAJC13 was

549  cloned into pEGFP-C1 vector between Kpnl and BamHI. Next, a gBlock from IDT was obtained
550 encoding for a fragment of DNAJC13 with the HPD residues mutated to alanine and inserted
551  between internal cut sites Blpl and PshAl with NEBuilder. Next, the C-terminus encoding 1927-
552 2198 or 1927-end was copied via PCR and inserted into the end of the truncated, hpd mutant
553  construct after the BamHI site using NEBuilder, creating DNAJC13h,q and DNAJC13:19st(hpd).-

554  Truncated proteins DNAJC13z47, DNAJC13347(yit1), DNAJC13347(hpa), and DNAJC133s1; were
555  created by PCR of the region from DNAJC13¢, or DNAJC13y: or DNAJC13y,q for the

556  respective mutants, and reinsertion (via NEBuilder for DNAJC13347 constructs, and classical
557 linear ligation for DNAJC13ss1:) into the parental pEGFP-C1 vector between Kpnl and BamHI.
558  To add dimerizing and tetramerizing domains to 351t, dimerizing and tetramerizing motifs were
559  codon corrected from the original sequence for bacterial expression (Khairil Anuar et al., 2019)
560 for human cell expression and ordered as gBlocks from IDT with homology overlaps for cloning
561  into pPEGFP-DNAJC133s:; at the BamHI site.

562 Cell culture

563 FLP-In-293 (Thermo Scientific, R75007) cells were purchased from Thermo Fisher Scientific
564 and HelLa (ATCC, CCL-2) were purchased from ATCC. Both were grown in DMEM (Thermo
565  Fisher Scientific, 11965-092) supplemented with 10% FBS, at 37°C and 5% CO2.

566 Plasmid transfection

567  For microscopy, flow cytometry, and western blot experiments, HelLa cells were plated at 50%
568 confluence in dishes for the respective experiment. The next day they were transfected using
569 Lipofectamine-2000 (Thermo Scientific, 11668019) and OptiMEM (Gibco, 31985088). DNA,
570 lipofectamine, and OptiIMEM was scaled for the experiment and DNA/lipofectamine-200 used
571  depended on the length of the construct, with bigger constructs having more DNA/lipofectamine
572  and smaller constructs less. DNAJC13r, DNAJC13h4, and triplet scanning mutants were all
573 transfected at 1.25x amounts, while DNAJC13219s:, DNAJC132198t(hpd), DNAJC131347,

574  DNAJC13za7¢it1), and DNAJC1347(npd) Were transfected at 1x amounts, and DNAJC1 3354,

575  DNAJC13ssyi-dimer and DNAJC13ssi-tetramer were transfected at .75x amounts.
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576  Imaging experiments using 8 well imaging dishes (Thermo Scientific, 155409) were transfected
577  with Lipofectamine-2000 (0.643 L 1x) and DNA (300 ng 1x) in OptiMEM (50 pL). Flow

578  cytometry experiments were performed in 12 well dishes and were transfected with

579  Lipofectamine-2000 (1.875 pL 1x) and DNA (875 ng 1x) in OptiMEM (400 pL). Western blot

580  expression experiments were performed in 6 well dishes and were transfected with

581 Lipofectamine-2000 (5.14 uL 1x) and DNA (2400 ng 1x) in OptiMEM (400 uL). Fixed microscopy
582  experiments were performed in 24 well dishes containing #1.5 thickness round cover slips

583  (Harvard Apparatus, 64-0712) coated in 1:100 Poly-L-Lysine (Sigma-Aldrich, P8920-100ML)
584  and were transfected with Lipofectamine-2000 (1.22 uL 1x) and DNA (570 ng 1x) in OptiMEM
585 (120 pL).

586  For PIP binding studies and ColP proteomics studies, FLP-In-293 cells were used instead of
587  Hela cells. For PIP binding studies, they were plated at 40% confluence in T25s. The next day
588  they were transfected with Lipofectamine-2000 (27.3 pL) and DNA (13.3 ng) in OptiMEM (1 mL).
589  For ColP proteomic studies, they were plated at 20% confluence in T182s. The next day they
590  were transfected with 81.5 pL Lipofectamine-2000 (81.5 pL) and DNA (81.5 ng) in OptiMEM (1
591  mL).

592  Flow cytometry for expression

593  One day after transfection with GFP-DNAJC13 constructs, cells were washed with DPBS

594  without Ca/Mg and lifted in TrypLE (Gibco, 12604021) and resuspended in Flow Buffer

595 (DPBS+Ca/Mg + 1% BSA). Cells were analyzed using a Beckman Coulter CytoflexS. For each

596  experiment, 10,000 counts were taken after discrimination of cells (forward vs side scatter) and

597  singlets (forward scatter vs forward scatter width). Data was then reanalyzed via FlowJo to gate
598 for cells and singlets and assess the geometric mean of the FITC-A channel (488 nm laser,

599  525/40 nm filter).

600  Live cell microscopy

601 One day after transfection with GFP-DNAJC13 constructs, cells were treated with 1:4000

602 Invitrogen CellMask Deep Red Plasma membrane stain (Thermo Scientific, C10046) and 1:500
603  Pierce Hoechst-33342 DNA stain (Thermo Scientific, 62249) diluted in pre-equilibrated

604  Fluorobrite (Thermo Scientific, A1896701). After 10 minutes in the incubator, media was

605 replaced with fresh, pre-equilibrated Fluorobrite and moved to the imaging incubator (35°C) on a
606  Nikon spinning disk confocal microscope (Yokogawa CSU-W1 on a Nikon TiE). Cells were

607 imaged under a 100x oil immersion objective (1.49 NA, Apochromat TIRF, 12 mm working

608  distance) with the blue channel (405 nm laser, 445/50 nm filter), green channel (488 nm laser,
609  525/36 nm filter), and far-red channel (640 nm, 700/75 nm filter). Each construct was imaged
610  over three biological replicates, taking 6-12 images per construct each replicate.

611 Blinded analysis of phenotype

612  All images had cells manually sectioned and ROIs were saved in FlJI-imageJ. Images and ROI
613 sets for all constructs to be blinded (GFP-DNAJC13g., GFP-DNAJC13;198:;, GFP-DNAJC13y1,
614  GFP-DNAJC13yp4, and GFP-DNAJC13:1981npay) Were renamed to randomized numbers.

615 Individual cells were scored into two initial phenotypes as follows: cytoplasmic if they had a
616  bright cytoplasmic background, containing some localized puncta; and localized if they had a
617  dim cytoplasmic background and bright punctal localization. The localized phenotype was

618  further dissected into two: distributed if the endosomes were spread across the cell; and

619 clustered if endosomes were largely confined to one or two contiguous structures.

620  GFP signal accumulation metric
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621  Cells were manually sectioned and analyzed for maximal and median pixel intensity of the
622  green channel in FIJI-ImageJ. For samples that had blinded phenotypic analysis performed,
623  ROIs were the same ones used in both analyses to allow for direct comparison of phenotype
624  and quantitative metrics. GFP signal accumulation was found by dividing the maximal pixel
625 intensity by the median pixel intensity. All healthy cells imaged over the three biological

626 replicates were included as individual points for analysis, and the mean scores from each
627  replicate were compared in statistical analysis as a SuperPIot.

628  Fixed microscopy

629  One day after transfection, coverslips were washed with DPBS+Ca/Mg before fixing for 20

630 minutes with 4% paraformaldehyde while rocking at RT. Cells were rinsed 3x with

631 DPBS+Ca/Mg, blocked and permeabilized for 30 minutes, rocking at RT with Imaging Block

632  Buffer (DPBS+Ca/Mg+4% BSA+0.1%TritonX), then incubated with primary antibodies

633  overnight, rocking at 4°C (1:1000 rabbit anti-GFP and 1:500 mouse anti-EEAL, or 1:1000 mouse
634  anti-GFP (Cell Signaling) and 1:1000 rabbit anti-GM130, diluted in Imaging Block Buffer). The
635  next day, cover slips were rinsed 3x with DPBS+Ca/Mg, incubated with secondary antibodies
636  (1:2000 anti-Mouse-488 & anti-Rabbit-647 or 1:2000 anti-Rabbit-488 & anti-Mouse-647 in

637  Imaging Block Buffer) for 1 hour rocking at RT before being washed 3x with DPBS+Ca/Mg and
638  mounted on fresh glass slides with ProLong Diamond + DAPI (Thermo Scientific, P36962).

639 At least one day after mounting, cells were imaged using the same Nikon spinning disk confocal
640  microscope as used for live microscopy. On three separate biological replicates for all

641  constructs analyzed with fixed microscopy, 5 fields of view were imaged with Z-stacks covering
642  whole cells, a representative example of a single z-plane is shown.

643  SDS-PAGE sample preparation for construct expression

644  For analyzing expression of GFP-tagged constructs, one day after transfection, cells were

645  washed once with DPBS and lifted with TrypLE. Cell pellets were collected and lysed on ice for
646 10 minutes with 250 pL RIPA Buffer (50 mM Tris pH 7.4, 150 mM NacCl, 1% TritonX, 0.5%

647  sodium deoxycholate, 0.1% sodium dodecyl sulfate) with HALT protease inhibitor cocktail

648  (Thermo Scientific, 78430). Cells were further lysed via sonication (1s on/3 s off, 3 cycles at
649  35% amplitude). Lysates were then clarified at 10,000 x g for 10 minutes at 5°C and a sample
650 was combined with 4x SDS PAGE Sample Buffer (250 mM Tris, pH 6.8, 40% glycerol, 8% SDS,
651  bromophenol blue) + beta-mercaptoethanol and heated at 95°C for 5 minutes.

652  Western blotting protocol

653 Samples were loaded along with ladder (Bio-Rad; 1610363, 1610373, 1610377; or GoldBio,
654  P007) onto gradient Bio-Rad 4-20% polyacrylamide SDS-PAGE gels containing StainFree total
655  protein stain (Bio-Rad, 456-8095) and run at 125V in SDS-PAGE running buffer (250.1 mM Tris,
656  1.924 M glycine, 0.0347 M SDS) until dye front ran off the gel. StainFree total protein stain was
657  activated on a Bio-Rad ChemlIDoc Imaging System and imaged before transfer onto

658 nitrocellulose with the Bio-Rad TurboBlot Transfer system (Bio-Rad, 1704150). Blots were then
659  blocked in Bio-Rad EveryBlot Blocking Buffer (Bio-Rad, 12010020) for ~90 min rocking at RT,
660 then primary antibody (Takara Biosciences mouse-anti-GFP, 1:1000) was diluted in Western
661 Blot Antibody Buffer (1XTBS pH 7.4 + 5% BSA + 0.1% TritonX) and rocked at 4°C overnight.
662  Blots were washed four times with PBST (DPBS+0.1%TritonX). Bio-Rad StarBrite secondary
663  antibody (1:3000, diluted in PBST) were incubated for 1 hour rocking at RT before being

664  washed four times with PBST and imaged on the Bio-Rad ChemlDoc.

665  Coimmunoprecipitation proteomics sample preparation and processing
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666  One day after transfection with GFP or GFP-DNAJC13, HEK293 cells were lifted with TrypLE
667 and quenched with DMEM. A small sample was resuspended in Flow Buffer and taken to flow
668  cytometry (see Flow Cytometry for expression). The geometric means of FITC fluorescence
669  after gating for cells and singlets were used calculate normalization factors. Cells were then
670 lysed in 3.6 mL ColP Lysis Buffer (10 mM Tris pH 7.5, 150 mM NacCl, 1% TritonX) with HALT
671  protease inhibitor cocktail. After 10 minutes on ice, lysates were diluted with ColP Lysis Buffer
672  to normalize GFP loading onto resins. 20 uL of Chromotek GFP-Trap resin slurry (Chromotek,
673  gta-20) were equilibrated with ColP Lysis Buffer and 1.2 mL of normalized lysates were loaded
674  onto each resin and bound for 1 hour at 4°C while rocking. Resins were then washed 3x with
675  ColP Lysis Buffer and eluted twice by boiling with 192 uL 5% SDS. Eluates were combined and
676  frozen before processing for proteomics.

677  Eluates were thawed, buffer was added (TEAB to 50 mM from 1 M stock), reduced with 22 mM
678 DTT, cysteines methylated with 40 mM iodoacetamide (Thermo Scientific, A39271). Protein was
679 then purified and proteolyzed on-column with Trypsin/LysC (Thermo Scientific, A40007) on

680  Protifi S-trap micro columns (Protifi, CO2-micro-10) according to manufacturer’s protocol. In

681  brief, eluates were acidified to pH of ~1 with Phosphoric acid, diluted in 6 volumes of S-Trap
682  Protein Binding Buffer (90% ag methanol, 100 mM TEAB, pH 7.5) before loading on S-Trap

683  columns. Columns were extensively washed with S-Trap Protein Binding Buffer before overnight
684  digestion at 37°C with 2 pug Trypsin/LysC mix. The next day, columns were rehydrated with 20
685 uL 50 mM TEAB (pH 7.5) and digested peptides were eluted in three separate eluates

686  consisting of; 1) 40 uL 50 mM TEAB; 2) 40 uL 0.2% formic acid and; 3) 40 puL 50% ACN, 0.2%
687  formic acid. Eluates were combined and lyophilized. Peptides were resuspended in 100 pL 30%
688  ACN, a sample was taken for quantification with the Pierce Peptide Assay (Thermo Scientific,
689  23275), and the rest was lyophilized. Peptides were resuspended, and a hormalized amount
690 (4.4 ug) was taken for labeling with TMTpro 10-plex Label Reagents (Thermo Scientific,

691  Ab2047), quenched and dried. 4 ug labeled peptide was pooled, quenched with 0.5% final

692  hydroxylamine, dried down and resuspended in 40 uL 10 mM ammonium formate (pH 10).

693 These were analyzed by LC-MS on a Dionex Ultimate HPLC operating in 2D mode (maobile

694  phase: 20-90% ACN pH 9, flow rate: 3 uL /min; 7.5-30% low pH; flow rate: 300 nL/min) coupled
695 to the Orbitrap Fusion Tribrid mass spectrometer using the SPS MS? scan mode for TMT

696  guantification (data-dependent MS2 scans using dynamic exclusion, resolution: 120K).

697  For analysis, the PAW pipeline (Wilmarth et al., 2009) using Comet search engine (version

698 2016.03) (Eng et al., 2013) were used to extract spectra, search against a Uniprot human

699 database with added contaminants and eGFP (downloaded October, 2020, 20605 protein

700 entries plus; eGFP, 174 common contaminant sequences, and sequence-reversed decoys).
701  Comet was configured with static cysteine alkylation (+57.0215 Da), static TMTpro reagent

702  modifications (+304.2071 Da) on lysines and peptide N-termini, variable oxidation of

703  methionine, a parent ion mass tolerance of 1.25 Da, a fragment ion mass tolerance of 1.005 Da
704  and full tryptic digest with a maximum of two missed cleavages. Identified peptides were then
705  filtered using a reversed-sequence decoy strategy (Elias and Gygi, 2007) to control peptide

706  spectrum maitch false discovery at an FDR of 1%. At least two unique peptides were required
707  for positive identification of a protein from the data. A list of inferred proteins and TMT reporter
708 ion intensities per channel was exported for statistical analysis, where intensities were

709  compared between groups using the Bioconductor package edgeR (Robinson et al., 2010) after
710  trimmed mean of M-value normalization (Robinson and Oshlack, 2010) in RStudio. Multiple-
711 testing corrections and calculation of FDRs was performed within edgeR using Benjamini-

712 Hochberg method, and hits were selected based on an FDR of <1%.

713  Phosphatidylinositol phosphate (PIP) binding studies
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714 Protocols adapted from (Xhabija and Vacratsis, 2015), in brief, HEK293 cells were seeded in a
715  T25 at 40% confluence, 24 hours later, they were transfected with GFP-DNAJC13 constructs.
716  The next day, cells were lifted with TrypLE, quenched with DMEM, a small sample was

717  resuspended in Flow Buffer and analyzed on a Beckman Coulter Cytoflex S (see Flow

718  Cytometry for expression). Using FITC-A geometric mean to normalize GFP loading, cells were
719 lysed in a varying amount of PIP Lysis Buffer (50 mM Tris, pH 7.4, 76 mM NacCl, 1% TritonX,
720 10% glycerol, 2 mM EGTA) with HALT protease inhibitor cocktail, on ice by sonication (1s on/3
721 s off, 7 cycles @35% amplitude). A portion of lysate was then clarified by centrifugation (15,000
722 X g, 10 min, 4°C). A sample of clarified lysate was taken for western blot analysis and 250 pL
723  loaded onto phosphoinositide decorated resins (50 WL slurry) - PIP (Echelon Biosciences, P-
724  B001) and PI(3)P (Echelon Biosciences, P-BO03A), pre-equilibrated in PIP Lysis Buffer. Lysates
725  were bound for 2 hours on a rotisserie at 4°C. Resins were then washed three times in PIP

726  Wash Buffer (10 mM HEPES pH 7.4, 150 mM NacCl, 0.25% TritonX) before elution with 2xSDS
727  PAGE Sample Buffer (diluted from 4x in PIP Wash Buffer) at 70°C for 10 minutes.

728  Statistical analysis and reproducibility

729  Statistical analysis was performed in Prism (GraphPad) or published software for proteomics
730 (PAW_Pipelinev0616a7f). All experiments except the proteomics come from at least three

731 biological replicates, which comes from two. Additionally, DNAJC13:s47 PI(3)P binding was only
732  performed twice while the other samples in the set were performed in triplicate (Figure 4B).

733  Plotted data are represented as individual biological replicates, or as SuperPlots with the means
734  of at least three biological replicates, as well as data from individual cells across replicates,

735  where replicate averages were compared for statistical analysis (Lord et al., 2020). Expression
736  western blots were performed on three separate experiments for all constructs and a

737  representative example is shown. All measurements were taken from distinct samples, except
738 as follows: DNAJC13g GFP signal accumulation data is used as control for comparison in 1F,
739  2C, 3D, 4F; DNAJC13¢. Flow cytometry data is reused between 1B, S2B, S3B; and DNAJC13g.
740  flow cytometry data is reused between S4C, S5C. Statistical test performed is noted in each

741  figure legend, unpaired two-tailed t-test (1F), unpaired one-way ANOVA with Dunnett’s multiple
742  comparison’s corrections (2C, 3D, 4B, 4D, 4F), paired one-way ANOVA with Tukey’s multiple
743  comparison’s corrections (5C), or unpaired one-way ANOVA with Tukey’s multiple comparison’s
744  corrections (5E). P values are represented as: ns if P>0.05, * if P<=0.05, ** if P <= 0.01, ***if P
745 <=0.001, and **** if P <= 0.0001.

746 Software and code

747  Data were collected with the following software: flow cytometry (Beckman CytExpert, v2.4),

748  western blot (Bio-Rad Image Lab Touch v2.4.0.03 and FlJI-imageJ v2.14.0/1.54f), and

749  microscopy (Nikon Elements v4.51.01 (Build 1146)). Data were analyzed with the following

750  software: statistical analysis and graphing (GraphPad Prism v10.3.1), flow cytometry (FlowJo
751  v10.10.0), proteomics (PAW-Pipeline v0616a7f https://github.com/pwilmart/PAW _pipeline with
752  Comet search engine v2016.03, statistical analysis in RStudio v2023.09.01 build 494 with

753  edgeR v4.0.16) , and microscopy (FIJI-lmageJ v2.14.0/1.54f). JRonn modeling and

754  conservation analysis were performed in Jalview (v 2.11.4.1). Structural analysis of models was
755  performed in Pymol (Schrodinger Pymol v 2.5.7).

756  Data availability

757  All data generated and analyzed in this study are included as figures or supplementary
758 information. The human proteome was downloaded from the Uniprot human protein database at
759  https://www.uniprot.org/proteomes/UP000005640. Raw and analyzed proteomics data have
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760  been deposited at the ProteomeXchange Consortium via the PRIDE partner repository with the
761  dataset identifier PXD058964. Source data are provided within this paper.

762  Supporting information
763  This article contains supporting information.
764  Author contributions

765  B.T.L. directed the study. H.A. performed primary experimentation and preparation of figures.
766  H.A. performed proteomics coimmunoprecipitation workup and analysis. Constructs were
767  cloned by all authors. B.N. performed some initial microscopic observations. E.H. optimized
768  PI(3)P binding experiments. H.A. wrote the manuscript with support from B.T.L. and critical
769  feedback from other authors.

770  Funding and additional information

771 This work is supported by the National Institute of Health (GM137835 to B.T.L, T32GM142619
772 to H.A). B.T.L. is also supported by OHSU startup funds.

773 Conflict of interest
774  The authors declare no conflicts of interest.
775  Figures

776  Figure 1. DNAJC13 disordered C-terminal tail controls its localization. A, AlphaFold2.0
777  structure for human DNAJC13 (AF-O75165-F1-v4) (top) colored by domain (bottom), including
778  the N-terminal PH-like domain (blue), five alpha solenoids (yellow) interspersed by repeating
779  IWN motifs with potential regulatory function (Zhang et al., 2001; Norris et al., 2022) (dark

780 green), a J domain (magenta) and C-terminal tail (grey, space filled residues). B, Flow

781  cytometry-based expression analysis of GFP-DNAJC13 constructs transfected into Hela cells,
782  assessed by geometric mean of GFP channel, displayed as fold above background signal from
783  untransfected cells (n=3 biological replicates). C, Representative western blot of transient

784  expression of GFP-DNAJC13 constructs in Hela cells, with a nontransfected control, with anti-
785  GFP immunoblot (top) and total protein loading control (bottom), (n=3 biological replicates). The
786  arrowhead marks GFP-DNAJC13 and the # marks free GFP. D, Live spinning disk confocal
787  microscopy of GFP-DNAJC13 constructs in HeLa cells. Imaged with CellMask plasma

788  membrane stain (magenta) and Hoechst DNA stain (blue) (scale bar = 20 um) (representative
789  example from n=3 biological replicates). E, Fixed immunofluorescent microscopy image of GFP-
790 DNAJC13:9s: expressed in Hela cells. Imaged with anti-GFP (Green), DAPI DNA stain (blue),
791  and endosomal marker anti-EEA1 (magenta, top) or Golgi marker GM130 (magenta, bottom).
792  Insets shown to the right (scale bar = 20 um, 5 um in inset), (representative example from n=3
793  biological replicates). Line-scans (yellow line) showing normalized fluorescent intensity of GFP
794  (green) and EEA1 (magenta) or GM130 (magenta) signal are plotted along the line (right). F,
795  SuperPlot of cellular GFP signal accumulation metric (maximal GFP signal divided by median
796  GFP signal) of individual cells with single cell data shown in circles and biological replicate

797  averages plotted in squares (Lord et al., 2020). Total number of cells assessed is noted above
798 the dataset (n=3 biological replicates, unpaired two-tailed t-test comparing biological replicate
799 averages, p=0.0010). G, Blinded analysis of live cell microscopy images of cells expressing
800 DNAJC13r. and DNAJC13,190s: for phenotype either being largely cytoplasmic (green) or

801 localized to vesicles (orange). Cells scored are the same cells as those plotted in F.
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Figure S1. A, Structural prediction for the C-terminus of DNAJC13 (sequence, above), with
JRonn disorder prediction (middle) and summary from five AlphaFold3 structural predictions
(bottom). B, Uncropped anti-GFP western blot (left) and total protein stain gel (right) from Figure
1B; cropped area shown in the black box. C, Western blot (anti-GFP, left) and total protein stain
(right) of three replicates of HeLa cells transfected with DNAJC13g. (at a 1:10 dilution of a
standard load) or DNAJC13g.-ctGFP (undiluted), and a nontransfected control. D, Fixed
immunofluorescent microscopy image of GFP-DNAJC13r_ expressed in HelLa cells. Imaged
with anti-GFP (green), endosomal marker EEAL (magenta), and DAPI DNA stain (blue) with
insets shown to the right (scale bar = 20 um, 5 um in inset), (representative example from n=3
biological replicates). A line-scan (yellow line) showing normalized fluorescent intensity of GFP
(green) and EEA1 (magenta) signal are plotted along the line (right). E, Signal accumulation
metric data (from Figure 1F), correlated by color to the blinded phenotypic scoring (from Figure
1G).

Figure 2. YLT residues in C-terminal tail control endosomal localization. A, Relative
conservation analysis of the DNAJC13 C-terminal tail (45 residues) amongst all orthologues in
Ensemble vertebrate (plus C. elegans and D. melanogaster) database (less conserved = more
blue; more conserved = more yellow). Brackets above indicate regions for triplet alanine
scanning. B, Live spinning disk confocal microscopy of triplet scan mutagenesis, expressed in
HelLa cells. Imaged with CellMask plasma membrane stain (magenta) and Hoechst DNA stain
(blue) (scale bar = 20 um) (representative example from n=3 biological replicates). C, SuperPlot
of cellular GFP signal accumulation metric of individual cells with single cell data shown in
circles and biological replicate averages plotted in squares. Total number of cells assessed is
noted above the dataset (n=3 biological replicates, one-way unpaired ANOVA comparing
biological replicate averages with Dunnett’s multiple comparisons corrections, all vs
DNAJC13r., p<0.0001 for DNAJC13y11, ns for all other mutants). D, Blinded analysis of live cell
microscopy images of cells expressing DNAJC13,i: for phenotype either being largely
cytoplasmic (green) or localized to vesicles (orange). Cells scored are the same cells as those
plotted in C. E, Fixed immunofluorescent microscopy image of GFP-DNAJC13,1 expressed in
HelLa cells. Imaged with anti-GFP (green), endosomal marker anti-EEA1 (magenta), and DAPI
DNA stain (blue) with insets shown to the right (scale bar = 20 ym, 5 um in inset),
(representative example from n=3 biological replicates). A line-scan (yellow line) showing
normalized fluorescent intensity of GFP (green) and EEA1 (magenta) signal are plotted along
the line (right).

Figure S2. A, Representative western blot (anti-GFP, left) and total protein stain gel (right) of
HelLa cells transfected with DNAJC13g._ or triplet scanning mutants, and a nontransfected
control (n=3 biological replicates). The arrowhead marks GFP-DNAJC13 and the # marks free
GFP. B, Flow cytometry-based expression analysis of constructs expressed in HelLa cells,
assessed by geometric mean of GFP channel, displayed as fold above background signal from
untransfected cells (n=3 biological replicates). C, Fixed immunofluorescent microscopy image of
GFP-DNAJC13y11 expressed in HeLa cells. Imaged with anti-GFP (Green), Golgi marker anti-
GM130 (magenta), and DAPI DNA stain (blue) with insets shown to the right (scale bar = 20
pm, 5 pum in inset), (representative example from n=3 biological replicates). A line-scan (yellow
line) showing normalized fluorescent intensity of GFP (green) and GM130 (magenta) signal are
plotted along the line (right). D, Alignment of C-termini of human, D. melanogaster, and C.
elegans DNAJC13/RME-8 with YLT1 motif highlighted in yellow (or the semiconserved region of
C. elegans in orange).
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848  Figure 3. J domain co-regulates DNAJC13 localization. A, Volcano plot of GFP-DNAJC13g.
849  proteomics, as compared to a GFP control (n=2 biological replicates). Hits are annotated as
850  being bait protein (green), heat shock proteins (red), heat shock accessory proteins (orange), or
851  other (blue). B, Live cell spinning disk confocal microscopy images of GFP-DNAJC13hq in HeLa
852  cells exhibiting distributed (left) and clustered (right) endosomes. Imaged with CellMask plasma
853 membrane stain (magenta) and Hoechst DNA stain (blue) (scale bar = 20 pum) (phenotypic

854  representative examples from n=3 biological replicates). C, Fixed immunofluorescent

855  microscopy image of GFP-DNAJC13y,4 expressed in Hela cells. Imaged with anti-GFP (green),
856  DAPI DNA stain (blue), and endosomal marker anti-EEA1 (magenta, left) or Golgi marker anti-
857 GM130 (magenta, right). Insets shown to the right (scale bar = 20 ym, 5 um in insets),

858  (representative example from n=3 biological replicates). Line-scans (yellow lines) for each inset
859  showing normalized fluorescent intensity of GFP (green) and EEA1 (magenta) or GM130

860 (magenta) signal are plotted along the lines (right). D, SuperPlot of cellular GFP signal

861  accumulation metric of individual cells with single cell data shown in circles and biological

862  replicate averages plotted in squares. Total number of cells assessed is noted above the

863 dataset (n=3 biological replicates, one-way unpaired ANOVA comparing biological replicate

864  averages with Dunnett’'s multiple comparisons corrections, all to DNAJC13g., p=0.0020

865 (DNAJC1319s1), 0.0.0322 (DNAJC131p4), 0.0028 (DNAJC132108npa)))- E, Blinded analysis of live
866  cell microscopy images of cells expressing DNAJC13g, DNAJC132198, DNAJC13pp4, and

867  DNAJC13210snpa) fOr phenotype being either: largely cytoplasmic (green), localized to distributed
868 endosomes (purple), or localized to endosomes clustered to a perinuclear region (yellow). Cells
869  scored are the same cells as those plotted in D.

870  Figure S3. A, Representative western blot (anti-GFP, left) and total protein stain gel (right) of
871 HelLa cells transfected with DNAJC13g, DNAJC1319s, DNAJC13pp4, 0 DNAJC1321981hpg) and a
872  nontransfected control in HeLa cells (n=3 biological replicates). The arrowhead marks GFP-
873 DNAJC13, and the # marks free GFP. B, Flow cytometry-based expression analysis of hpd

874  mutant constructs in HelLa cells, assessed by geometric mean of GFP channel, displayed as
875  fold above background signal from untransfected cells (n=3 biological replicates) . C, Live cell
876  spinning disk confocal microscopy images of GFP-DNAJC1321981npa) iN HelLa cells showing

877  distributed (left) and clustered (right) endosomes. Imaged with CellMask plasma membrane

878  stain (magenta) and Hoechst DNA stain (blue) (scale bar = 20 um) (phenotypic representative
879  examples from n=3 biological replicates). D, Fixed immunofluorescent microscopy image of

880 GFP-DNAJC13219sihpa) €Xpressed in HelLa cells. Imaged with anti-GFP (Green), DAPI DNA stain
881  (blue), and endosomal marker anti-EEA1 (magenta, top) or Golgi marker anti-GM130 (magenta,
882  bottom). Insets shown to the right (scale bar = 20 um, 5 um in inset), (representative example
883  from n=3 biological replicates). Line-scans (yellow lines) showing normalized fluorescent

884 intensity of GFP (green) and EEA1 (magenta) or GM130 (magenta) signal are plotted along the
885 lines (right). E, Signal accumulation metric data (from Figure 3D), correlated by color to the

886  blinded phenotypic scoring (from Figure 3E).

887  Figure 4. C-terminal tail and J domain act through PH-like domain to enhance PI(3)P

888  binding. A, Western blots of PIP resin eluates for DNAJC13¢_ and activating mutants. GFP-
889  DNAJC13g, GFP-DNAJC13219s;, GFP-DNAJC13,i1, and GFP-DNAJC13h,q Were expressed in
890 HEK293 cells and lysates, normalized by flow cytometry for GFP expression, and were bound to
891 PIP (control) and PI(3)P decorated agarose resins. Loads and eluates were run on SDS-PAGE
892 (load total protein stain, bottom) and immunoblotted for anti-GFP (load, middle; eluate, top). B,
893  Quantification of PI(3)P pulldowns in A, normalized to load and the full-length pulldown (n=4


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

894  biological replicates, one-way unpaired ANOVA with Dunnett’s multiple comparisons

895  corrections, all vs DNAJC13r., p= 0.0085 (DNAJC1319s1), 0.4915 (DNAJC13y11), 0.0046

896 (DNAJC13u4)). C, Western blots of PIP resin eluates of DNAJC13 lacking PH-like domains.
897  GFP-DNAJC13r, GFP-DNAJC13:347, GFP-DNAJC13:347(yit1), and GFP-DNAJC13:347(hpd) Were
898  expressed in HEK293 cells and lysates, normalized by flow cytometry for GFP expression, were
899  bound to PIP (control) and PI(3)P decorated agarose resins. Loads and eluates were run on
900 SDS-PAGE (load total protein stain, bottom) and immunoblotted for anti-GFP (load, middle;
901  eluate, top). D, Quantification of PI(3)P pulldowns in C, normalized to load and the full-length
902  pulldown (n=3 biological replicates for all but DNAJC13:347 Which has n=2, one-way unpaired
903  ANOVA with Dunnett’'s multiple comparisons corrections vs DNAJC13g, p<0.0001 for all

904 comparisons). E, Live cell spinning disk confocal microscopy of GFP-DNAJC13z47, GFP-

905  DNAJC133agyity), GFP-DNAJC13:347(hpa) in Hela cells. Imaged with CellMask plasma membrane
906 stain (magenta) and Hoechst DNA stain (blue) (scale bar = 20 um), (representative example
907 from n=3 biological replicates). F, SuperPlot of cellular GFP signal accumulation metric of

908 individual cells with single cell data shown in circles and biological replicate averages plotted in
909 squares. Total number of cells assessed is noted above the dataset (n=3 biological replicates,
910 one-way unpaired ANOVA comparing biological replicate averages with Dunnett’'s multiple

911  comparisons corrections, all vs DNAJC13g, ns for all).

912  Figure S4. A, Uncropped blots (anti-GFP) and total protein stain gel from Figure 4A; cropped
913 area shown in the black box. B, Representative western blot (anti-GFP, left) and total protein
914  stain gel (right) of HeLa cells transfected with DNAJC13r, DNAJC13:347, DNAJC13:347yit1), OF
915  DNAJC1347tpa), @and a nontransfected control (n=3 biological replicates). Arrowhead marks
916  GFP-DNAJC13 and the # marks free GFP. C, Flow cytometry-based expression analysis of

917 347 constructs in Hela cells, assessed by geometric mean of GFP channel, displayed as fold
918  above background signal from untransfected cells (n=3 biological replicates). D, Uncropped blot
919 (anti-GFP) and total protein stain gel from Figure 4C, cropped area shown in the black box.

920 Figure 5. PH-like domain requires oligomerization for efficient PI(3)P binding and

921 endosomal localization. A, Domain schematics of GFP-tagged constructs containing only the
922  PH-like domains (DNAJC13ss11) and constructs containing exogenous dimerization

923  (DNAJC133s1-dimer) and tetramerization (DNAJC13ssi-tetramer) motifs. B, Western blots of
924  PIP resin eluates for DNAJC13ss1: constructs. GFP-DNAJC133s1: constructs were expressed in
925 HEK293 cells and lysates, normalized by flow cytometry for GFP expression, and were bound to
926  PIP (control) and PI(3)P decorated agarose resins. Loads and eluates were run on SDS-PAGE
927  (load total protein stain, bottom) and immunoblotted for anti-GFP (load, middle; eluate, top). C,
928  Quantification of PI(3)P pulldowns in B, normalized to load and the DNAJC13zs1+-tetramer

929  pulldown (n=4 biological replicates, one-way paired ANOVA with Tukey’s multiple comparisons
930 corrections, p = 0.0025 (DNAJC13351: vs DNAJC13351-dimer), <0.0001 (DNAJC133s1; VS

931 DNAJC13ss1-tetramer), <0.0001 (DNAJC13ss1-dimer vs DNAJC13ss51-tetramer)). D, Live cell
932  spinning disk confocal microscopy of GFP-DNAJC133s1: constructs in HeLa cells. Imaged with
933 CellMask plasma membrane stain (magenta) and Hoechst DNA stain (blue) (scale bar = 20

934  um), (representative example from n=3 biological replicates). E, SuperPlot of cellular GFP

935  signal accumulation metric of individual cells with single cell data shown in circles and biological
936 replicate averages plotted in squares. Total number of cells assessed is noted above the

937 dataset (n=6 biological replicates, one-way unpaired ANOVA comparing biological replicate

938 averages with Tukey’s multiple comparisons corrections, p= 0.0087 (DNAJC13s51; VS

939  DNAJC13ssy-dimer), 0.0258 (DNAJC13351: vsS DNAJC133s1-tetramer), 0.85 (DNAJC133s1-dimer
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940  vs DNAJC13ssi-tetramer). F, Cartoon schematic of proposed mechanism whereby DNAJC13’s
941  Jdomain and YLT motif in the C-terminal tail inhibit oligomerization and localization to
942  endosomes.

943  Figure S5. A, Uncropped blots (anti-GFP) and total protein stain gel from Figure 5A — gel was
944  run with samples from Figure 4A, image was re-thresholded for viewing relevant samples, with
945  cropped area shown in the black (or white) box. B, Representative western blot (anti-GFP, left)
946  and total protein stain gel (right) of HeLa cells transfected with DNAJC13351;, DNAJC133s51+-

947  dimer, or DNAJC13ss:1-tetramer, and a nontransfected control (n=3 biological replicates).

948  Arrowhead marks GFP-DNAJC13¢., double arrowhead marks GPF-DNAJC13ss1; and the #

949  marks free GFP. C, Flow cytometry-based expression analysis of DNAJC133s:: constructs in
950 Hela cells, assessed by geometric mean of GFP channel, displayed as fold above background
951  signal from untransfected cells (n=3 biological replicates). D, Fixed immunofluorescent

952  microscopy image of GFP-DNAJC13ss:-tetramer expressed in HelLa cells. Imaged with anti-
953  GFP (Green), DAPI DNA stain (blue), and endosomal marker anti-EEA1 (magenta, left) or Golgi
954  marker GM130 (magenta, right) with insets shown to the right (scale bar = 20 um, 5 pum in

955 inset), (representative example from n=3 biological replicates). Line-scans (yellow lines)

956  showing normalized fluorescent intensity of GFP (green) and EEA1 (magenta) or GM130

957 (magenta) signal are plotted along the line (right).

958 References

959  Abramson, J, Adler, J, Dunger, J, Evans, R, Green, T, Pritzel, A, Ronneberger, O, Willmore, L,
960 Ballard, AJ, Bambrick, J, et al. (2024). Accurate structure prediction of biomolecular interactions
961  with AlphaFold 3. Nature 630, 493-500.

962  Arndt, V, Daniel, C, Nastainczyk, W, Alberti, S, and Hohfeld, J (2005). BAG-2 Acts as an
963 Inhibitor of the Chaperone-associated Ubiquitin Ligase CHIP. Mol Biol Cell 16, 5891-5900.

964  Bennett, EM, Lin, SX, Towler, MC, Maxfield, FR, and Brodsky, FM (2001). Clathrin Hub
965  Expression Affects Early Endosome Distribution with Minimal Impact on Receptor Sorting and
966  Recycling. Molecular Biology of the Cell 12, 2790.

967 Bilog, AD, Smulders, L, Oliverio, R, Labanieh, C, Zapanta, J, Stahelin, RV, and Nikolaidis, N
968  (2019). Membrane Localization of HspA1A, a Stress Inducible 70-kDa Heat-Shock Protein,
969 Depends on Its Interaction with Intracellular Phosphatidylserine. Biomolecules 9, 152.

970  Blatner, NR, Stahelin, RV, Diraviyam, K, Hawkins, PT, Hong, W, Murray, D, and Cho, W (2004).
971 The Molecular Basis of the Differential Subcellular Localization of FYVE Domains*. Journal of
972  Biological Chemistry 279, 53818-53827.

973  Bracher, A, and Verghese, J (2015). GrpE, Hsp110/Grp170, HspBP1/Sil1 and BAG Domain

974  Proteins: Nucleotide Exchange Factors for Hsp70 Molecular Chaperones. In: The Networking of
975 Chaperones by Co-Chaperones: Control of Cellular Protein Homeostasis, ed. GL Blatch, and AL
976  Edkins, Cham: Springer International Publishing, 1-33.

977  Chamberlain, LH, and Burgoyne, RD (1997). The Molecular Chaperone Function of the
978  Secretory Vesicle Cysteine String Proteins *. Journal of Biological Chemistry 272, 31420—
979  31426.


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

980 Chang, HC, Hull, M, and Mellman, | (2004). The J-domain protein Rme-8 interacts with Hsc70 to
981  control clathrin-dependent endocytosis in Drosophila. J Cell Biol 164, 1055-1064.

982  Cheung, PCF, Trinkle-Mulcahy, L, Cohen, P, and Lucocq, JM (2001). Characterization of a
983  novel phosphatidylinositol 3-phosphate-binding protein containing two FYVE fingers in tandem
984  thatis targeted to the Golgi. Biochemical Journal 355, 113-121.

985  Cullen, PJ, and Steinberg, F (2018). To degrade or not to degrade: mechanisms and
986  significance of endocytic recycling. Nat Rev Mol Cell Biol 19, 679—696.

987  Dai, Q, Qian, S-B, Li, H-H, McDonough, H, Borchers, C, Huang, D, Takayama, S, Younger, JM,
988 Ren, HY, Cyr, DM, et al. (2005). Regulation of the cytoplasmic quality control protein
989  degradation pathway by BAG2. J Biol Chem 280, 38673—-38681.

990 Deng, H-X, Shi, Y, Yang, Y, Ahmeti, KB, Miller, N, Huang, C, Cheng, L, Zhai, H, Deng, S,
991 Nuytemans, K, et al. (2016). Identification of TMEM230 mutations in familial Parkinson’s
992 disease. Nat Genet 48, 733-739.

993 Deng, H-X, and Siddique, T (2017). Identification of TMEM230 mutations in familial Parkinson’s
994  disease (response to comments). 170852.

995 Dostal, V, Humhalova, T, Berankova, P, Pacalt, O, and Libusova, L (2023). SWIP mediates
996 retromer-independent membrane recruitment of the WASH complex. Traffic 24, 216-230.

997 Dumas, JJ, Merithew, E, Sudharshan, E, Rajamani, D, Hayes, S, Lawe, D, Corvera, S, and
998  Lambright, DG (2001). Multivalent Endosome Targeting by Homodimeric EEA1. Molecular Cell
999 8, 947-958.

1000 Eisenberg, E, and Greene, LE (2007). Multiple roles of auxilin and hsc70 in clathrin-mediated
1001  endocytosis. Traffic 8, 640—646.

1002 Elias, JE, and Gygi, SP (2007). Target-decoy search strategy for increased confidence in large-
1003  scale protein identifications by mass spectrometry. Nat Methods 4, 207-214.

1004 Eng, JK, Jahan, TA, and Hoopmann, MR (2013). Comet: an open-source MS/MS sequence
1005 database search tool. Proteomics 13, 22—-24.

1006 Farrer, MJ, Milnerwood, AJ, Follett, J, and Guella, 1 (2017). TMEM230 is not a gene for
1007 Parkinson’s disease. 097030.

1008 Fenton, M, Gregory, E, and Daughdrill, G (2023). Protein disorder and autoinhibition: The role of
1009 multivalency and effective concentration. Current Opinion in Structural Biology 83, 102705.

1010  Fokin, Al, David, V, Oguievetskaia, K, Derivery, E, Stone, CE, Cao, L, Rocques, N, Molinie, N,
1011 Henriot, V, Aumont-Nicaise, M, et al. (2021). The Arp1/11 minifilament of dynactin primes the
1012  endosomal Arp2/3 complex. Sci Adv 7, eabd5956.

1013  Fokin, Al, and Gautreau, AM (2021). Assembly and Activity of the WASH Molecular Machine:
1014  Distinctive Features at the Crossroads of the Actin and Microtubule Cytoskeletons. Front Cell
1015  Dev Biol 9, 658865.


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

1016  Freeman, CL, Hesketh, G, and Seaman, MNJ (2014). RME-8 coordinates the activity of the
1017  WASH complex with the function of the retromer SNX dimer to control endosomal tubulation. J
1018  Cell Sci 127, 2053-2070.

1019  Fujibayashi, A, Taguchi, T, Misaki, R, Ohtani, M, Dohmae, N, Takio, K, Yamada, M, Gu, J,
1020  Yamakami, M, Fukuda, M, et al. (2008). Human RME-8 Is Involved in Membrane Trafficking
1021  through Early Endosomes. Cell Structure and Function 33, 35-50.

1022  Girard, M, Poupon, V, Blondeau, F, and McPherson, PS (2005). The DnaJ-domain Protein
1023 RME-8 Functions in Endosomal Trafficking*. Journal of Biological Chemistry 280, 40135-40143.

1024  Gomez, TS, Gorman, JA, Artal-Martinez de Narvajas, A, Koenig, AO, and Billadeau, DD (2012).
1025  Trafficking defects in WASH-knockout fibroblasts originate from collapsed endosomal and
1026  lysosomal networks. MBoC 23, 3215-3228.

1027 Gomez-Lamarca, M, Snowdon, LA, Seib, E, Klein, T, and Bray, S (2015). Rme-8 depletion
1028  perturbs Notch recycling and predisposes to pathogenic signaling. The Journal of Cell Biology
1029 210, 517.

1030 Groza, T, Gomez, FL, Mashhadi, HH, Mufioz-Fuentes, V, Gunes, O, Wilson, R, Cacheiro, P,
1031 Frost, A, Keskivali-Bond, P, Vardal, B, et al. (2023). The International Mouse Phenotyping
1032  Consortium: comprehensive knockout phenotyping underpinning the study of human disease.
1033  Nucleic Acids Res 51, D1038-D1045.

1034  Harbour, ME, Breusegem, SY, and Seaman, MNJ (2012). Recruitment of the endosomal WASH
1035 complex is mediated by the extended “tail” of Fam21 binding to the retromer protein Vps35.
1036  Biochem J 442, 209-220.

1037  Harrison, PW, Amode, MR, Austine-Orimoloye, O, Azov, AG, Barba, M, Barnes, |, Becker, A,
1038 Bennett, R, Berry, A, Bhali, J, et al. (2024). Ensembl 2024. Nucleic Acids Research 52, D891—
1039 D899.

1040 Hayakawa, A, Hayes, SJ, Lawe, DC, Sudharshan, E, Tuft, R, Fogarty, K, Lambright, D, and
1041  Corvera, S (2004). Structural Basis for Endosomal Targeting by FYVE Domains*. Journal of
1042  Biological Chemistry 279, 5958-5966.

1043  Helfer, E, Harbour, ME, Henriot, V, Lakisic, G, Sousa-Blin, C, Volceanov, L, Seaman, MNJ, and
1044  Gautreau, A (2013). Endosomal recruitment of the WASH complex: active sequences and
1045 mutations impairing interaction with the retromer. Biol Cell 105, 191-207.

1046  Jia, D, Gomez, TS, Billadeau, DD, and Rosen, MK (2012). Multiple repeat elements within the
1047 FAM21 tail link the WASH actin regulatory complex to the retromer. Mol Biol Cell 23, 2352—
1048  2361.

1049 Jumper, J, Evans, R, Pritzel, A, Green, T, Figurnov, M, Ronneberger, O, Tunyasuvunakool, K,
1050 Bates, R, Zidek, A, Potapenko, A, et al. (2021). Highly accurate protein structure prediction with
1051 AlphaFold. Nature 596, 583-589.

1052 Kaneko, Y, Kimura, T, Kishishita, M, Noda, Y, and Fujita, J (1997). Cloning of apg-2 encoding a
1053  novel member of heat shock protein 110 family. Gene 189, 19-24.


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

1054  Kaur, G, and Lakkaraju, A (2018). Early Endosome Morphology in Health and Disease. Adv Exp
1055  Med Biol 1074, 335-343.

1056 Khairil Anuar, INA, Banerjee, A, Keeble, AH, Carella, A, Nikov, GI, and Howarth, M (2019).
1057  Spy&Go purification of SpyTag-proteins using pseudo-SpyCatcher to access an oligomerization
1058  toolbox. Nat Commun 10, 1734.

1059 Kim, J, Sitaraman, S, Hierro, A, Beach, BM, Odorizzi, G, and Hurley, JH (2005). Structural basis
1060 for endosomal targeting by the Brol domain. Dev Cell 8, 937-947.

1061 Klein, DE, Lee, A, Frank, DW, Marks, MS, and Lemmon, MA (1998). The pleckstrin homology
1062  domains of dynamin isoforms require oligomerization for high affinity phosphoinositide binding. J
1063  Biol Chem 273, 27725-27733.

1064 Lemmon, MA (2007). Pleckstrin homology (PH) domains and phosphoinositides. Biochemical
1065  Society Symposia 74, 81-93.

1066 Liu, S, Towler, MC, Chen, E, Chen, C, Song, W, Apodaca, G, and Brodsky, FM (2001). A novel
1067  clathrin homolog that co-distributes with cytoskeletal components functions in the trans-Golgi
1068  network. The EMBO Journal 20, 272—-284.

1069 Lord, SJ, Velle, KB, Mullins, RD, and Fritz-Laylin, LK (2020). SuperPlots: Communicating
1070  reproducibility and variability in cell biology. Journal of Cell Biology 219, €202001064.

1071 Luo, W-I, Dizin, E, Yoon, T, and Cowan, JA (2010). Kinetic and Structural Characterization of
1072 Human Mortalin. Protein Expr Purif 72, 75-81.

1073  Maxfield, FR (2014). Role of Endosomes and Lysosomes in Human Disease. Cold Spring
1074  Harbor Perspectives in Biology 6, a016931.

1075 Meacham, GC, Patterson, C, Zhang, W, Younger, JM, and Cyr, DM (2001). The Hsc70 co-
1076  chaperone CHIP targets immature CFTR for proteasomal degradation. Nat Cell Biol 3, 100-105.

1077  Morgan, JR, Prasad, K, Jin, S, Augustine, GJ, and Lafer, EM (2001). Uncoating of clathrin-
1078  coated vesicles in presynaptic terminals: roles for Hsc70 and auxilin. Neuron 32, 289-300.

1079 Norris, A, McManus, CT, Wang, S, Ying, R, and Grant, BD (2022). Mutagenesis and structural
1080 modeling implicate RME-8 IWN domains as conformational control points. PLoS Genet 18,
1081  e€1010296.

1082 Norris, A, Tammineni, P, Wang, S, Gerdes, J, Murr, A, Kwan, KY, Cai, Q, and Grant, BD (2017).
1083  SNX-1 and RME-8 oppose the assembly of HGRS-1/ESCRT-0 degradative microdomains on
1084 endosomes. Proc Natl Acad Sci U S A 114, E307-E316.

1085 Novy, B, Dagunts, A, Weishaar, T, Holland, EE, Adoff, H, Hutchinson, E, De Maria, M,
1086 Kampmann, M, Tsvetanova, NG, and Lobingier, BT (2024). An engineered trafficking biosensor
1087 reveals a role for DNAJC13 in DOR downregulation. Nat Chem Biol, 1-11.

1088  Popoff, V, Mardones, GA, Bai, S-K, Chambon, V, Tenza, D, Burgos, P, Burgos, PV, Shi, A,
1089 Benaroch, P, Urbé, S, et al. (2009). Analysis of Articulation Between Clathrin and Retromer in
1090 Retrograde Sorting on Early Endosomes. Traffic 10, 1868-1880.


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

1091 Rajput, A, Ross, JP, Bernales, CQ, Rayaprolu, S, Soto-Ortolaza, Al, Ross, OA, van Gerpen, J,
1092 Uitti, RJ, Wszolek, ZK, Rajput, AH, et al. (2015). VPS35 and DNAJC13 disease-causing
1093  variants in essential tremor. Eur J Hum Genet 23, 887—888.

1094 Ramanathan, HN, and Ye, Y (2012). The p97 ATPase associates with EEAL to regulate the size
1095  of early endosomes. Cell Res 22, 346-359.

1096  Robinson, MD, McCarthy, DJ, and Smyth, GK (2010). edgeR: a Bioconductor package for
1097  differential expression analysis of digital gene expression data. Bioinformatics 26, 139—-140.

1098  Robinson, MD, and Oshlack, A (2010). A scaling normalization method for differential
1099  expression analysis of RNA-seq data. Genome Biology 11, R25.

1100 Ryu, SW, Stewart, R, Pectol, DC, Ender, NA, Wimalarathne, O, Lee, J-H, Zanini, CP, Harvey, A,
1101 Huibregtse, JM, Mueller, P, et al. (2020). Proteome-wide identification of HSP70/HSC70
1102  chaperone clients in human cells. PLOS Biology 18, €3000606.

1103  Shi, A, Sun, L, Banerjee, R, Tobin, M, Zhang, Y, and Grant, BD (2009). Regulation of
1104  endosomal clathrin and retromer-mediated endosome to Golgi retrograde transport by the J-
1105 domain protein RME-8. EMBO J 28, 3290-3302.

1106  Stankiewicz, M, Nikolay, R, Rybin, V, and Mayer, MP (2010). CHIP participates in protein triage
1107  decisions by preferentially ubiquitinating Hsp70-bound substrates. FEBS J 277, 3353—-3367.

1108  Troshin, PV, Procter, JB, and Barton, GJ (2011). Java bioinformatics analysis web services for
1109  multiple sequence alignment--JABAWS:MSA. Bioinformatics 27, 2001-2002.

1110  Tummala, H, Walne, AJ, Williams, M, Bockett, N, Collopy, L, Cardoso, S, Ellison, A, Wynn, R,
1111 Leblanc, T, Fitzgibbon, J, et al. (2016). DNAJC21 Mutations Link a Cancer-Prone Bone Marrow
1112  Failure Syndrome to Corruption in 60S Ribosome Subunit Maturation. The American Journal of
1113 Human Genetics 99, 115-124.

1114  Varadi, M, Anyango, S, Deshpande, M, Nair, S, Natassia, C, Yordanova, G, Yuan, D, Stroe, O,
1115  Wood, G, Laydon, A, et al. (2022). AlphaFold Protein Structure Database: massively expanding
1116  the structural coverage of protein-sequence space with high-accuracy models. Nucleic Acids
1117 Research 50, D439-D444.

1118  Vilarifio-Guell, C, Rajput, A, Milnerwood, AJ, Shah, B, Szu-Tu, C, Trinh, J, Yu, |, Encarnacion,
1119 M, Munsie, LN, Tapia, L, et al. (2014). DNAJC13 mutations in Parkinson disease. Human
1120 Molecular Genetics 23, 1794-1801.

1121  Waterhouse, AM, Procter, JB, Martin, DMA, Clamp, M, and Barton, GJ (2009). Jalview Version
1122  2—a multiple sequence alignment editor and analysis workbench. Bioinformatics 25, 1189—
1123 1191.

1124  Wilmarth, PA, Riviere, MA, and David, LL (2009). Techniques for accurate protein identification
1125  in shotgun proteomic studies of human, mouse, bovine, and chicken lenses. Journal of Ocular
1126 Biology, Diseases, and Informatics 2, 223.


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

1127  Xhabija, B, Taylor, GS, Fujibayashi, A, Sekiguchi, K, and Vacratsis, PO (2011). Receptor
1128  mediated endocytosis 8 is a hovel PI(3)P binding protein regulated by myotubularin-related 2.
1129  FEBS Lett 585, 1722-1728.

1130  Xhabija, B, and Vacratsis, PO (2015). Receptor-mediated Endocytosis 8 Utilizes an N-terminal
1131 Phosphoinositide-binding Motif to Regulate Endosomal Clathrin Dynamics. J Biol Chem 290,
1132  21676-21689.

1133  Yan, W, Gale, Michael J, Tan, S-L, and Katze, MG (2002). Inactivation of the PKR Protein
1134  Kinase and Stimulation of mRNA Translation by the Cellular Co-Chaperone P58IPK Does Not
1135 Require J Domain Function. Biochemistry 41, 4938—4945.

1136  Yoshida, S, Hasegawa, T, Suzuki, M, Sugeno, N, Kobayashi, J, Ueyama, M, Fukuda, M, ldo-
1137  Fujibayashi, A, Sekiguchi, K, Ezura, M, et al. (2018). Parkinson’s disease-linked DNAJC13
1138  mutation aggravates alpha-synuclein-induced neurotoxicity through perturbation of endosomal
1139 trafficking. Human Molecular Genetics 27, 823-836.

1140  Zhang, Y, Grant, B, and Hirsh, D (2001). RME-8, a Conserved J-Domain Protein, Is Required
1141  for Endocytosis in Caenorhabditis elegans. Mol Biol Cell 12, 2011-2021.

1142


https://doi.org/10.1101/2024.12.19.629517
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.19.629517; this version posted December 20, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

Fig 1. DNAJC13 disordered C-terminal tail controls its localization
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Fig 2. YLT residues in C-terminal tail control endosomal localization
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Fig 3. J domain co-regulates DNAJC13 localization
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Figure 4. IDR and J domain act through PH-like domain to enhance PI(3)P binding
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Figure 5. PH-like domain requires oligomerization for efficient PI(3)P binding and
endosomal localization
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