
















retromer CSC. Our data is also in agreement with the study from
Steinberg and colleagues with respect to effects on the trafficking of
retromer cargo proteins such as Glut1 but their study was focused on

the effect of increased Rab7a activity on mitophagy – the
autophagic clearance of mitochondria – where they showed that
loss of TBC1D5 could enhance Rab7a-dependent mitophagy. Our

Fig. 6. Knockdown of TBC1D5 can enhance retromer function. (A) Three different cell lines were treated with siRNA to knockdown TBC1D5 expression.
Following fixation, cells were labelled with antibodies against CIMPR and TGN46 and then imaged using an automated microscope. The fraction of CIMPR
present in a TGN46 mask is shown graphically. For each of the cell lines, knockdown on TBC1D5 enhances the colocalisation of CIMPR with TGN46 but only the
GFP-VPS35 cells demonstrate statistical significance. Values aremean±s.d. andP-values for knockdown versus control are shown for each cell line. (B) TBC1D5
expression was silenced in cells expressing GFP-VPS35 wild type or the D620Nmutant. Following fixation, the cells were labelled with antibodies against Atg9A
and TGN46 and then imaged using an automated microscope. The Pearson correlation coefficient for Atg9A-TGN46 mask is shown graphically. For each of the
cell lines, knockdown of TBC1D5 enhances the colocalisation of Atg9Awith TGN46 but only the GFP-VPS35 wild-type cells demonstrate statistical significance.
Values aremean±s.d. and P-values for knockdown versus control are shown for each cell line. (C) HEK293 cells stably expressing APPswedish were treated with
siRNA to silence VPS35 or TBC1D5. Cell culturemediumwas collected and analysed for the Aβ peptide bywestern blotting. Knockdown of VPS35 increases APP
processing to Aβ but loss of TBC1D5 expression has the opposite effect. The data shown are from two independent experiments that were highly reproducible.
Values aremean±s.d. For both the VPS35- and TBC1D5-knockdown conditions,P<0.01 using Student’s t-test comparedwith control. (D) Representative blots of
media (for Aβ and sAPPβ) and lysates (for APP, VPS35, TBC1D5 and the loading controls, GAPDH and tubulin) from C showing the reduction in Aβ detected
when TBC1D5 is silenced. There is also a reduction in sAPPβ.
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study and that of Steinberg and colleagues do differ with respect to
how loss of TBC1D5 affects the endosomal localisation of the
retromer CSC as they do not observe an increase in endosomal
VPS35 staining in TBC1D5 knockout (KO) cells. This difference
could be due to their use of knockout cells versus our knockdown
cells because a genetic KO can be compensated for through
adaptations in the cells used for the KO. As KOs take days to
generate along with weeks for generating clonal cell lines, there is
scope for genetic adaptation to occur in a KO that would be less
likely to occur in an RNAi-mediated knockdown over a period of
72 h. For example, expression of other GAPs such as TBC1D15 or
Armus may increase to mitigate some of the effects of TBC1D5KO,
but may not do so in the context of a knockdown.
Previous studies have reported that induction of autophagy can

reduce the association of TBC1D5 with the retromer CSC and that
TBC1D5 has a role in autophagy (Popovic et al., 2012; Popovic and
Dikic, 2014). Interestingly, it has been reported that induction of
autophagy can lead to increased Glut1 trafficking to the cell surface
(Roy and Debnath, 2017; Roy et al., 2017). We show that loss of
TBC1D5 can reduce the amount of endosomally localised Glut1
and can enhance the colocalisation of the CIMPR with TGN46.
Interestingly, although levels of endosomally localised Fam21

are enhanced after loss of TBC1D5 expression, trafficking of the
Glut1 protein to the cell surface, which is dependent upon Fam21
function, is not wholly rescued, possibly indicating that either the
D620N mutation has effects on retromer function not confined to
the loss of interaction with the WASH complex or that TBC1D5
function may be required for proper localisation of membrane
proteins that pass through the endosome. There is some evidence to
suggest that loss of TBC1D5 can cause mislocalisation of integrin
proteins (Jia et al., 2016) but in our experiments we have not
observed any pronounced deleterious effects on protein trafficking
after loss of TBC1D5 function. When we investigated the
localisation of the classical retromer cargo protein, the CIMPR,
we found that there was a modest increase in the colocalisation of
the CIMPR with the TGN marker protein, TGN46. It is not likely,
however, that enhanced retromer function through TBC1D5
inhibition would markedly increase the levels of TGN-localised
retromer cargo proteins as this would require increased production
of transport intermediates and elevated docking and fusion of these
intermediates with the TGN, and loss of TBC1D5 appears to
enhance retromer function only at the endosome.
Another reason why the increase in colocalisation between the

CIMPR and TGN46 is relatively modest is possibly due to the
increase in CIMPR levels after TBC1D5 knockdown that is
detectable both by increased CIMPR fluorescence staining and
also by western blotting. This increase in CIMPR levels may
actually result in elevated endosomal CIMPR due to saturation of
the retrieval machinery (as would be observed if the CIMPR were
simply overexpressed), thereby masking a more pronounced gain in
TGN-localised CIMPR. Consistent with a gain of function for
retromer after TBC1D5 knockdown is the observation that
processing of APP to Aβ is reduced. This is, in some ways, very
similar to the report that a pharmacological chaperone that stabilises
the retromer CSC and enhances levels of membrane-associated
VPS35 and VPS26 can also reduce APP processing to Aβ (Mecozzi
et al., 2014) and confirms the importance of the retromer CSC in
regulating the processing of APP.
Although somewhat speculative, it is tempting to suggest that the

interaction between the retromer CSC andTBC1D5 could therefore be
an attractive target for therapeutic intervention in neurodegenerative
diseases such as Parkinson’s disease and Alzheimer’s disease. The

apparent lack ofmarked trafficking defects when TBC1D5 is silenced,
along with increased recruitment of retromer-associated proteins and
reduced APP processing could provide an alternative avenue to
explore for those seeking to modulate retromer function in disease
states. Further work will be required, however, to develop an effective
compound, although the recent structural studies of the TBC1D5-
retromer CSC complex (Jia et al., 2016) could enable the identification
of a small-molecule inhibitor that could target and disrupt the
interaction, thereby mimicking the loss of TBC1D5 function that can
be achieved using RNAi.

MATERIALS AND METHODS
Reagents and antibodies
Most general reagents used in this study were sourced from Sigma-Aldrich.
The siRNA oligonucleotides were purchased from Dharmacon. Primary
antibodies used in this study were as follows: anti-TBC1D5 [Santa Cruz, sc-
376296, dilution 1:400 or 1:1000 for immunofluorescence (IF) microscopy
or western blotting (WB), respectively], anti-VPS26 (Abcam, ab23892,
1:800 IF or 1:1000 WB), anti-VPS35 [Santa Cruz, sc-374372, 1:800 IF or
1:1000WB, or from the Seaman lab (see Seaman, 2007), 1:300 for IF], anti-
CIMPR (Abcam, ab2733, 1:400 IF or 1:1000 WB), anti-Lamp1 (Santa
Cruz, sc-18821, 1:500 IF or 1:1000 WB), anti-Glut1 (Abcam, ab15309,
1:400 IF), anti-GM130 (BD Transduction labs 610822, 1:500 IF), anti-
Fam21 (Millipore, ABT79, 1:400 IF or 1:1000 WB), anti-Aβ (Covance,
SIG-39320, 1:1000 WB), anti-sAPPβ (IBL America, 10321, 1:800 WB),
anti-Rab7a:GTP (NewEast Biosciences, 26923, 1:300 IF), anti-TGN46
(Seaman lab, see Seaman, 2007, dilution 1:600 IF), anti-GFP (Seaman lab,
see Seaman et al., 2009, 1:1000 for immunoprecipitation), anti-Snx1 (BD
Transduction labs, dilution 1:400 IF or 1:1000 WB) and anti-Tubulin
(Sigma-Aldrich, dilution 1:1000 WB). Secondary fluorescently labelled
antibodies were purchased from Invitrogen.

Cell lines and cell culture
The HeLa cells used in the study are a variant called HeLaM (Tiwari et al.,
1987) and have been used previously in studies from the Seaman lab. Cells
stably expressing GFP-Rab7a wild-type, Q66L and T22N, GFP-Rab5 or
GFP-Rab9 have been described previously (Seaman et al., 2009). Cells
stably expressing GFP-Snx3 have been described previously (Vardarajan
et al., 2012) and cells stably expressing GFP-VPS35 wild-type or D620N
have been described in Zavodszky et al. (2014). The HEK293 cells stably
expressing APPswedish were generously provided by Professor Peter St-
George-Hyslop (Cambridge Institute for Medical Research, University of
Cambridge). Cells were maintained in DMEM supplemented with 10% fetal
calf serum, glutamine containing penicillin and streptomycin. Stably
transfected cells were maintained as above but G418 was added to the
medium to a final concentration of 0.5 mg/ml.

For the SILAC-based experiments, cells were cultured in SILACmedium
that lacked leucine, lysine and arginine. Amino acids synthesised with either
heavy or light isotopes of carbon and nitrogen were added along with
dialysed fetal calf serum. The cells were maintained in the SILAC medium
and passaged at least four times before being used in the respective
experiments.

Immunofluorescence, quantitative imaging and automated
microscopy
For conventional immunofluorescence (e.g. Fig. 1A), cells were seeded onto
coverslips 24 h prior to fixation using 4% paraformaldehyde in PBS and
permeabilisation with 0.1% Triton X-100 in PBS. After labelling with
primary and secondary antibodies (diluted in PBS with 3% BSA), the
coverslips were mounted onto glass slides with ProLong mounting medium
(Invitrogen). Cells were imaged using a Zeiss AxioPlan microscope with a
×63 PlanAPO objective lens. Images were captured through a Hamamatsu
CCD camera controlled via the manufacturer’s software.

For automated microscopy, control or siRNA-silenced cells were seeded
in 24-well plates (CELLSTAR®, Greiner-Bio, Stonehouse, UK) before
fixation 24 or 48 h post-seeding at 50-70% cell confluency. Cells were
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permeabilised, unspecific antibody binding was blocked and cells were
stained as for regular immunofluorescence. After the secondary antibody
staining, cells were washed and then stained with a whole cell stain (Whole
Cell Stain Blue, Thermo Fisher) diluted 1:500 in PBS from a DMSO stock
solution for 30 min at room temperature. Finally, cells were washed twice
with PBS and overlaid with 1 ml fresh PBS per well before imaging or
storage at 4°C until imaging.

Cells were imaged on a Thermo Fisher high-content imaging platform,
either a Cellomics Arrayscan Vti or a Cell Insight CX7, using a 40× or a
20×0.6 NA objective. Data were acquired from 250 cells per well, with the
smoothened and intensity-thresholded whole cell stain image used to define
the cells, using the spot detector or colocalisation bio-application in the
Thermo HSC Studio software and sequential acquisition of the three- or
four-colour images with multi-line filters. Relevant field average parameters
were exported and analysed in Origin software (OriginLab Corporation,
Northampton, MA, USA). For most experiments presented, biological
replicates were analysed in multiple (usually 4) wells, and the statistics
shown represent one-way ANOVA analysis for the average values obtained
from these replicates and calculated in Origin software. For the Rab7-GTP
staining, a single well with 250 cells was analysed for each cell line and
condition (control or TBC1D5 KD). For the Glut1-Lamp1 colocalisation
analysis images acquired on a Zeiss inverted microscope were analysed in
Volocity software (PerkinElmer, Waltham, MA, USA). Images were
intensity-thresholded before colocalisation analysis.

Transfections
Transient transfections of the HeLa cells were performed using
polyethylenimine (PEI) as described in Harbour et al. (2010). The siRNA
knockdowns were performed using siRNA oligos purchased from
Dharmacon following a protocol also described in Zavodszky et al. (2014).

Crosslinking, immunoprecipitation and western blotting
Cells in 140 mm dishes were washed with PBS twice before the addition
of PBS containing 1 mM CaCl2 and 1 mM magnesium acetate. The
crosslinking reagent DSP [dithiobis(succinimidyl propionate)]
(ThermoFisher) dissolved in DMSO was then added to the cells to a final
concentration of 0.5 mM and crosslinking allowed to proceed for 20 min at
room temperature. The cells were then washed twice with PBS containing
5 mM Tris-HCl before lysis. For immunoprecipitation experiments, cells
were harvested from 140 mm tissue culture dishes using a cut rubber bung to
scrape the cells into lysis buffer (20 mM Hepes-KOH, pH 7.2, 50 mM
potassium acetate, 200 mM sorbitol and 2 mM EDTA with 0.1% Triton
X-100 for the native immunoprecipitation and Tris-buffered saline with
0.5% Triton X-100 for the non-native immunoprecipitation following
crosslinking). The lysate was centrifuged at 10,000 g for 5 min to pellet
insoluble material and then incubated with Protein-A Sepharose for 30 min
as a preclearing step. Following a second spin at 10,000 g for 5 min, the
lysate was then treated with antibodies against the target proteins for 90 min
after which Protein-A Sepharose was added to capture the immune
complexes. The Protein-A Sepharose was subjected to multiple washes
before desiccation in a speed vac and then analysis by western blotting or by
mass spectrometry.

Western blotting with [125I]-Protein-A detection: samples were subjected
to SDS-PAGE and then immobilised on nitrocellulose by electrophoretic
transfer. After washes with a TBS-based blocking buffer containing gelatin,
the nitrocellulose was cut into strips and then incubated with primary
antibodies. After washes, the [125I]-Protein-A was added to a final dilution
of 1:1000. Following incubation on a rocking platform, the strips were again
washed and then arranged for exposure to X-ray film.

Western blotting by ECL detection: cell lysate proteins were separated by
electrophoresis on a 4-12% Bis-Tris gel (Nupage, Invitrogen) in MES/SDS
buffer at 150 V for 70 min before transfer onto nitrocellulose membranes
(GE Healthcare). Non-specific antibody binding was blocked by incubating
the membranes for 1 h in TBS with 0.1% Tween20 (TBST) containing 5%
skimmed milk powder. Membrane strips were then incubated with primary
antibodies diluted in TBST/milk for 1-2 h at room temperature. After three
washes with TBST, membranes were incubated with HRP-conjugated

secondary antibodies (Sigma) in TBST/milk for 1 h. After a further three
washes with TBST, membranes were treated for 1 min with peroxide and
Luminol reagents (Millipore, Billerica, MA) before imaging using a Bio-
Rad ChemiDoc Imager.

Mass spectrometry
Detailed information pertaining to the mass spectrometry can be found
in Tyanova et al. (2014). Briefly, samples from the crosslinked
immunoprecipitations were resolved ∼2 cm into a pre-cast SDS-
polyacrylamide gel, the entire lane excised and cut into six equal slices.
Proteins were reduced and alkylated then digested in-gel using trypsin. The
resulting peptides were analysed by LC-MSMS using a Q Exactive (Thermo
Scientific) coupled to an RSLC3000nano UPLC (Thermo Scientific) with
the data acquired in a data-dependent acquisition (DDA) fashion. Raw files
were processed in Maxquant 1.5.2.8 using the default setting for a SILAC
duplex experiment with re-quantify enabled.
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Gray, S. R., McCoy, A. J., Zeldin, O. B., Garman, E. F., Harbour, M. E. et al.
(2014). VARP is recruited on to endosomes by direct interaction with retromer,
where together they function in export to the cell surface. Dev. Cell 29, 591-606.

Itzhak, D. N., Tyanova, S., Cox, J. and Borner, G. H. (2016). Global, quantitative
and dynamic mapping of protein subcellular localization. Elife 5, e16950.

Jia, D., Gomez, T. S., Billadeau, D. D. and Rosen, M. K. (2012). Multiple repeat
elements within the FAM21 tail link the WASH actin regulatory complex to the
retromer. Mol. Biol. Cell 23, 2352-2361.

Jia, D., Zhang, J.-S., Li, F., Wang, J., Deng, Z., White, M. A., Osborne, D. G.,
Phillips-Krawczak,C.,Gomez,T.S., Li,H.etal. (2016).Structural andmechanistic
insights into regulation of the retromer coat by TBC1d5. Nat. Commun. 7, 13305.
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Tavaré, J. M. and Cullen, P. J. (2013). A global analysis of SNX27-retromer
assembly and cargo specificity reveals a function in glucose and metal ion
transport. Nat. Cell Biol. 15, 461-471.

Swarbrick, J. D., Shaw, D. J., Chhabra, S., Ghai, R., Valkov, E., Norwood, S. J.,
Seaman, M. N. J. and Collins, B. M. (2011). VPS29 is not an active metallo-
phosphatase but is a rigid scaffold required for retromer interaction with accessory
proteins. PLoS ONE 6, e20420.

Tiwari, R. K., Kusari, J. and Sen, G. C. (1987). Functional equivalents of interferon-
mediated signals needed for induction of an mRNA can be generated by double-
stranded RNA and growth factors. EMBO. J. 6, 3373-3378.

Tyanova, S., Mann, M. and Cox, J. (2014). MaxQuant for in-depth analysis of large
SILAC datasets. Methods Mol. Biol. 1188, 351-364.

van Weering, J. R. T., Sessions, R. B., Traer, C. J., Kloer, D. P., Bhatia, V. K.,
Stamou, D., Carlsson, S. R., Hurley, J. H. and Cullen, P. J. (2012). Molecular
basis for SNX-BAR-mediated assembly of distinct endosomal sorting tubules.
EMBO J. 31, 4466-4480.

Vardarajan, B. N., Breusegem, S. Y., Harbour, M. E., Inzelberg, R., Friedland, R.,
St George-Hyslop, P., Seaman, M. N. and Farrer, L. A. (2012). Identification of
Alzheimer disease-associated variants in genes that regulate retromer function.
Neurobiol. Aging 33, 2231.e15-2231.e30.

Zavodszky, E., Seaman, M. N. J., Moreau, K., Jimenez-Sanchez, M.,
Breusegem, S. Y., Harbour, M. E. and Rubinsztein, D. C. (2014). Mutation in
VPS35 associated with Parkinson’s disease impairs WASH complex association
and inhibits autophagy. Nat. Commun. 5, 3828.

Zhang, X.-M., Walsh, B., Mitchell, C. A. and Rowe, T. (2005). TBC domain family,
member 15 is a novel mammalian Rab GTPase-activating protein with substrate
preference for Rab7. Biochem. Biophys. Res. Commun. 335, 154-161.

12

RESEARCH ARTICLE Journal of Cell Science (2018) 131, jcs217398. doi:10.1242/jcs.217398

Jo
u
rn
al

o
f
Ce

ll
Sc
ie
n
ce

http://dx.doi.org/10.1042/BJ20111761
http://dx.doi.org/10.1042/BJ20111761
http://dx.doi.org/10.1042/BJ20111761
http://dx.doi.org/10.1073/pnas.1316482111
http://dx.doi.org/10.1073/pnas.1316482111
http://dx.doi.org/10.1073/pnas.1316482111
http://dx.doi.org/10.1038/ncb2281
http://dx.doi.org/10.1038/ncb2281
http://dx.doi.org/10.1038/ncb2281
http://dx.doi.org/10.1038/ncb2281
http://dx.doi.org/10.1038/ncb2281
http://dx.doi.org/10.1111/boc.201200038
http://dx.doi.org/10.1111/boc.201200038
http://dx.doi.org/10.1111/boc.201200038
http://dx.doi.org/10.1111/boc.201200038
http://dx.doi.org/10.1016/j.devcel.2014.04.010
http://dx.doi.org/10.1016/j.devcel.2014.04.010
http://dx.doi.org/10.1016/j.devcel.2014.04.010
http://dx.doi.org/10.1016/j.devcel.2014.04.010
http://dx.doi.org/10.7554/eLife.16950
http://dx.doi.org/10.7554/eLife.16950
http://dx.doi.org/10.1091/mbc.e11-12-1059
http://dx.doi.org/10.1091/mbc.e11-12-1059
http://dx.doi.org/10.1091/mbc.e11-12-1059
http://dx.doi.org/10.1038/ncomms13305
http://dx.doi.org/10.1038/ncomms13305
http://dx.doi.org/10.1038/ncomms13305
http://dx.doi.org/10.15252/embj.201797128
http://dx.doi.org/10.15252/embj.201797128
http://dx.doi.org/10.15252/embj.201797128
http://dx.doi.org/10.1083/jcb.201702137
http://dx.doi.org/10.1083/jcb.201702137
http://dx.doi.org/10.1083/jcb.201702137
http://dx.doi.org/10.1038/ncomms10939
http://dx.doi.org/10.1038/ncomms10939
http://dx.doi.org/10.1038/ncomms10939
http://dx.doi.org/10.1016/j.cub.2014.06.024
http://dx.doi.org/10.1016/j.cub.2014.06.024
http://dx.doi.org/10.1016/j.cub.2014.06.024
http://dx.doi.org/10.1016/j.cub.2014.06.024
http://dx.doi.org/10.1016/j.ceb.2017.02.004
http://dx.doi.org/10.1016/j.ceb.2017.02.004
http://dx.doi.org/10.1038/nchembio.1508
http://dx.doi.org/10.1038/nchembio.1508
http://dx.doi.org/10.1038/nchembio.1508
http://dx.doi.org/10.1038/nchembio.1508
http://dx.doi.org/10.1073/pnas.0802545105
http://dx.doi.org/10.1073/pnas.0802545105
http://dx.doi.org/10.1073/pnas.0802545105
http://dx.doi.org/10.1073/pnas.0802545105
http://dx.doi.org/10.1038/sj.embor.7401055
http://dx.doi.org/10.1038/sj.embor.7401055
http://dx.doi.org/10.1038/sj.embor.7401055
http://dx.doi.org/10.1038/nature04847
http://dx.doi.org/10.1038/nature04847
http://dx.doi.org/10.1038/nature04847
http://dx.doi.org/10.1091/mbc.e16-10-0737
http://dx.doi.org/10.1091/mbc.e16-10-0737
http://dx.doi.org/10.1002/embr.201337995
http://dx.doi.org/10.1002/embr.201337995
http://dx.doi.org/10.1128/MCB.06717-11
http://dx.doi.org/10.1128/MCB.06717-11
http://dx.doi.org/10.1128/MCB.06717-11
http://dx.doi.org/10.1128/MCB.06717-11
http://dx.doi.org/10.1111/tra.12237
http://dx.doi.org/10.1111/tra.12237
http://dx.doi.org/10.1111/tra.12237
http://dx.doi.org/10.1091/mbc.e16-08-0582
http://dx.doi.org/10.1091/mbc.e16-08-0582
http://dx.doi.org/10.1091/mbc.e16-08-0582
http://dx.doi.org/10.1083/jcb.200804048
http://dx.doi.org/10.1083/jcb.200804048
http://dx.doi.org/10.1083/jcb.200804048
http://dx.doi.org/10.1083/jcb.200804048
http://dx.doi.org/10.1038/mp.2015.100
http://dx.doi.org/10.1038/mp.2015.100
http://dx.doi.org/10.1038/mp.2015.100
http://dx.doi.org/10.1038/mp.2015.100
http://dx.doi.org/10.1038/mp.2015.100
http://dx.doi.org/10.1080/15548627.2017.1371397
http://dx.doi.org/10.1080/15548627.2017.1371397
http://dx.doi.org/10.1080/15548627.2017.1371397
http://dx.doi.org/10.1016/j.molcel.2017.05.020
http://dx.doi.org/10.1016/j.molcel.2017.05.020
http://dx.doi.org/10.1016/j.molcel.2017.05.020
http://dx.doi.org/10.1242/jcs.009654
http://dx.doi.org/10.1242/jcs.009654
http://dx.doi.org/10.1242/jcs.103440
http://dx.doi.org/10.1242/jcs.103440
http://dx.doi.org/10.1083/jcb.142.3.665
http://dx.doi.org/10.1083/jcb.142.3.665
http://dx.doi.org/10.1083/jcb.142.3.665
http://dx.doi.org/10.1242/jcs.048686
http://dx.doi.org/10.1242/jcs.048686
http://dx.doi.org/10.1242/jcs.048686
http://dx.doi.org/10.1242/jcs.048686
http://dx.doi.org/10.1083/jcb.201703015
http://dx.doi.org/10.1083/jcb.201703015
http://dx.doi.org/10.1083/jcb.201703015
http://dx.doi.org/10.1001/archneurol.2007.64
http://dx.doi.org/10.1001/archneurol.2007.64
http://dx.doi.org/10.1038/nrn3896
http://dx.doi.org/10.1038/nrn3896
http://dx.doi.org/10.1002/ana.20667
http://dx.doi.org/10.1002/ana.20667
http://dx.doi.org/10.1002/ana.20667
http://dx.doi.org/10.1038/ncb2721
http://dx.doi.org/10.1038/ncb2721
http://dx.doi.org/10.1038/ncb2721
http://dx.doi.org/10.1038/ncb2721
http://dx.doi.org/10.1371/journal.pone.0020420
http://dx.doi.org/10.1371/journal.pone.0020420
http://dx.doi.org/10.1371/journal.pone.0020420
http://dx.doi.org/10.1371/journal.pone.0020420
http://dx.doi.org/10.1007/978-1-4939-1142-4_24
http://dx.doi.org/10.1007/978-1-4939-1142-4_24
http://dx.doi.org/10.1038/emboj.2012.283
http://dx.doi.org/10.1038/emboj.2012.283
http://dx.doi.org/10.1038/emboj.2012.283
http://dx.doi.org/10.1038/emboj.2012.283
http://dx.doi.org/10.1016/j.neurobiolaging.2012.04.020
http://dx.doi.org/10.1016/j.neurobiolaging.2012.04.020
http://dx.doi.org/10.1016/j.neurobiolaging.2012.04.020
http://dx.doi.org/10.1016/j.neurobiolaging.2012.04.020
http://dx.doi.org/10.1038/ncomms4828
http://dx.doi.org/10.1038/ncomms4828
http://dx.doi.org/10.1038/ncomms4828
http://dx.doi.org/10.1038/ncomms4828
http://dx.doi.org/10.1016/j.bbrc.2005.07.070
http://dx.doi.org/10.1016/j.bbrc.2005.07.070
http://dx.doi.org/10.1016/j.bbrc.2005.07.070


J. Cell Sci. 131: doi:10.1242/jcs.217398: Supplementary information

Jo
ur

na
l o

f C
el

l S
ci

en
ce

 •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n



Figure	 S1.	 A.	 TBC1D5	 was	 silenced	 by	 RNAi	 in	 cells	 expressing	 wildtype	 (WT)	 GFP-

VPS35	 or	 the	 D620N	 VPS35	mutant	 (tagged	with	 GFP).	 Following	 fixation,	 cells	 were	

labelled	with	 antibodies	 to	 Glut1	 and	 Lamp1	 and	 then	 imaged.	 Images	were	 analysed	

using	 Volocity	 software	 to	 determine	 the	 overlap	 coefficient	 and	 the	 Pearson’s	

Correlation	 Coefficient	 (in	B)	 for	 Glut1	 and	 Lamp1.	 Levels	 of	 Glut1	 fluorescence	were	

also	determined	and	are	shown	in	C.	 	TBC1D5	was	silenced	by	RNAi	in	cells	expressing	

wildtype	 (WT)	 VPS35	 or	 the	 D620N	 VPS35	 mutant	 (DN),	 both	 tagged	 with	 GFP	

Following	 fixation,	 cells	 were	 labelled	 with	 antibodies	 to	 Atg9a	 and	 TGN46	 and	 then	

imaged.	 The	 number	 of	 Atg9a	 spots	 per	 cell	 and	 the	 Atg9a	 total	 intensity	 was	

determined	using	automated	microscopy	and	is	shown	respectively	in	D	and	E.	
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Figure	 S2.	A.	 Cells	 expressing	 CD8-SorL1	were	 treated	with	 siRNA	 to	 silence	 TBC1D5	

expression.	Following	 fixation,	 the	cells	were	 labelled	with	antibodies	against	CD8	and	

TGN46.	The	images	shown	are	representative	cells.	Scale	bar	=	20	µm.	B.	Cells	treated	as	

in	A	were	 imaged	using	 an	 automated	microscope	 and	 the	 colocalisation	between	 the	

CD8-SorL1	 reporter	 and	 TGN46	 determined	 using	 Pearson’s	 Correlation	 Coefficient.	

Error	bars	are	SD.	Loss	of	TBC1D5	only	slightly	reduces	the	colocalisation	of	CD8-SorL1	

with	TGN46.	
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Figure	 S3.	 A.	 Graphical	 representation	 of	 the	 relative	 levels	 of	 retromer	 CSC	 and	

associated	 proteins	 using	 data	 from	 Itzhak	 et	 al.,	 (2016).	 The	 TBC1D5	 protein	 is	

expressed	 at	 relatively	 low	 levels	 compared	 to	 retromer	 CSC	 proteins.	B.	 The	 actual	

numbers	used	to	produce	the	graph	shown	in	A.	
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Figure	S4.	Loss	of	TBC1D5	expression	affects	lysosomal	morphology.	A.	Cells	expressing	

wildtype	 (WT)	 VPS35	 (tagged	with	 GFP)	were	 treated	with	 siRNA	 to	 silence	 TBC1D5	

expression.	 After	 fixation	 the	 cells	 were	 labelled	 with	 antibodies	 against	 Lamp1.	

Representative	 images	 are	 shown	 indicating	 that	Lamp1	 fluorescence	 is	brighter	 after	

TBC1D5	 knockdown.	 Scale	 bar	 =	 20	 µm.	 B	 and	 C.	 Cells	 were	 treated	 with	 siRNA	 to	

silence	 expression	 of	 TBC1D5,	 VARP	 or	 Rab7a	 and	 then	 imaged	 using	 an	 automated	

microscope.	Loss	of	either	TBC1D5	or	Rab7a	both	result	in	brighter	Lamp1	staining	(in	

B) and	larger	Lamp1-positive	structures	(in	C).	Error	bars	are	SD,	statistical	significance

is	shown	above	each	bar	and	compares	to	control.	
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