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Supplementary Materials and Methods 

Table S1. Plasmids 

All plasmids used in this study were obtained from the MRC PPU Reagents and 

Services are available to request via the MRC PPU Reagents and Services website 

(https://mrcppureagents.dundee.ac.uk). 

DU number Plasmid 

DU13156 pCDNA5 FRT/TO GFP Empty 

DU72471 pCDNA5 FRT/TO Halo Empty 

DU49303 pCMV5 HA Empty 

DU13363 pCDNA5 FRT/TO GFP-LRRK2 

DU26486 pCMV5 FLAG-LRRK2 Y1699C 

DU52703 pCMV5 FLAG-LRRK2 Y1699C D2017A 

DU51184 pCDNA5 FRT/TO HA-Rab8A 

DU52575 pCDNA5 FRT/TO HA-Rab8A T72A 

DU51181 pCDNA5 FRT/TO HA-Rab8A Q67L 

DU68868 pCDNA5 FRT/TO HA-Rab8A Q67L T72A 

DU27305 pCDNA5 FRT/TO RILPL1-GFP 

DU68072 pCDNA5 FRT/TO RILPL1-GFP R293A 

DU72537 pCDNA5 FRT/TO RILPL1-GFP G391A 

DU72538 pCDNA5 FRT/TO RILPL1-GFP Y392A 

DU72539 pCDNA5 FRT/TO RILPL1-GFP T393A 

DU71243 pCDNA5 FRT/TO RILPL1-GFP E394K 

DU72540 pCDNA5 FRT/TO RILPL1-GFP Q395A 

DU72541 pCDNA5 FRT/TO RILPL1-GFP G396A 

DU72542 pCDNA5 FRT/TO RILPL1-GFP Q397A 

DU71241 pCDNA5 FRT/TORILPL1-GFP E398K 



DU71238 pCDNA5 FRT/TO RILPL1-GFP A399L 

DU71235 pCDNA5 FRT/TO RILPL1-GFP L400A 

DU72543 pCDNA5 FRT/TO RILPL1-GFP Q401A 

DU72461 pCDNA5 FRT/TO RILPL1-GFP H402A 

DU72544 pCDNA5 FRT/TO RILPL1-GFP L403A 

DU72259 pCDNA5 FRT/TO RILPL1-GFP 154-End 

DU61811 pCDNA5 FRT/TO RILPL1-GFP 154-391 

DU71249 pCDNA5 FRT/TO RILPL1-GFP 154-395 

DU71250 pCDNA5 FRT/TO RILPL1-GFP 154-400 

DU70318 pCDNA5 FRT/TO Halo-TMEM55B 

DU72563 pCDNA5 FRT/TO Halo-TMEM55B V108T 

DU72565 pCDNA5 FRT/TO Halo-TMEM55B A117S 

DU72532 pCDNA5 FRT/TO Halo-TMEM55B L137A 

DU72375 pCDNA5 FRT/TO Halo-TMEM55B K141E 

DU72569 pCDNA5 FRT/TO Halo-TMEM55B R151E 

DU72129 pCDNA5 FRT/TO Halo-TMEM55B 1-140 

DU68815 pCDNA5 FRT/TO Halo-TMEM55B 1-160 

DU72132 pCDNA5 FRT/TO Halo-TMEM55B 80-160 

DU72015 pCDNA5 FRT/TO Halo-TMEM55B 100-160 

DU70216 pCMV VSVG 

DU40867 pBabed SV40 Large T Antigen 

DU70217 pCMV GAG/POL 

DU68534 pLJC5 TMEM115-3xHA (GolgiTag) 

DU68356 pLJC5 TMEM192-3xHA (LysoTag) 

DU70022 pLJC5 HA-Empty 

DU77348 pLJC5 3xHA TMEM55B 



DU69593 Sense A Guide RNA for TMEM55B CRISPR-Cas9 KO cell 

generation 

DU69594 Anti-sense A Guide RNA for TMEM55B CRISPR-Cas9 KO cell 

generation 

DU69595 G1 Single Guide RNA for TMEM55B CRISPR-Cas9 KO cell 

generation 

DU69596 G2 Single Guide RNA for TMEM55B CRISPR-Cas9 KO cell 

generation 

Table S2. Primary Antibodies 

Antibody Target Source Catalogue Number (RRID) Dilution 

GM130 Abcam ab52649 (AB_880266) 1:1000 

LAMP1 Cell Signaling 

Technology 

3243 (AB_2134478) 1:1000 

TMEM55B/ 

PIP4P1 

Proteintech 23992-1-AP (AB_2879391) 1:1000 (IB) 

1:500 (IF) 

JIP4/ SPAG9 Cell Signaling 

Technology 

5519 (AB_10828724) 1:1000 

ACBD3 Sigma-Aldrich HPA015594 (AB_1844491) 1:1000 

Cathepsin B Cell Signaling 

Technology 

31718 (AB_2687580) 1:1000 

α-Tubulin Cell Signaling 

Technology 

3873 (AB_1904178) 1:10000 

Halo Promega G9211 (AB_2688011) 1:1000 

GAPDH Santa Cruz 

Biotechnology 

Sc-32233 (AB_627679) 1:10000 

phospho-S935 

LRRK2 

MRC PPU 

Reagents and 

Services, UoD 

UDD2 10(12) (AB_2921228) 1 µg/ml 

LRRK2 Total 

C-terminal

Neuromab N241A/34 (AB_2877351) 1 µg/ml 



Phospho-Rab8A 

(Pan-Thr-specific) 

Abcam ab230260 (AB_2814988) 1:1000 

HA Roche 3F10 (AB_2314622) 1:1000 

GFP Cell Signaling 

Technology 

2956 (AB_1196615) 1:1000 

Rab10 Total Nanotools 0680-100/Rab10-605B11 

(AB_2921226) 

1 µg/ml 

phospho-T73 

Rab10 

Abcam ab230261 (AB_2811274) 1:1000 

Rab12 MRC PPU 

Reagents and 

Services, 

University of 

Dundee 

SA227 (AB_2921227) 1 µg/ml 

phospho-S106 

Rab12 

Abcam ab256487 (AB_2884880) 1:1000 

VPS35 StressMarq SMC-602 (AB_2820301) 1:5000 

LC3A/B Cell Signaling 

Technology 

4108 (AB_2137703) 1:1000 

RILPL1 Abcam Ab302492 (AB_2936945) 1:1000 

TMEM55A MRC PPU 

Reagents and 

Services, 

University of 

Dundee 

DA241 (AB_2936451) 1 µg/ml 

Myc BioLegend 626802 (AB_2148451) 1:250 (IF) 



Table S3. Secondary Antibodies 

Antibody Target Company Catalogue number (RRID) Dilution 

IRDye 800CW Goat 

anti-Rabbit IgG 

LI-COR 926-32211 (AB_621843) 1:25,000 

IRDye 680CW Goat 

anti-Mouse IgG 

LI-COR 926-68070 (AB_10956588) 1:25,000 

IRDye 680CW Goat 

anti-Rat IgG 

LI-COR 926-68074 (AB_10956736) 1:25,000 

IRDye 800CW Donkey 

anti-Rabbit IgG 

LI-COR 926-32213 (AB_621848) 1:25,000 

IRDye 680LT Donkey 

anti-Mouse IgG 

LI-COR 926–68 022 

(RRID:AB_10715072) 

1:25,000 

IRDye 680LT Donkey 

anti-Goat IgG 

LI-COR 926–68 024 

(RRID:AB_10706168) 

1:25,000 

Donkey anti-Rabbit 568 

Alexa Fluor 

Thermo 

Fisher 

A-10042

(RRID:AB_2534017) 

1:500 (IF) 

Donkey anti-Mouse 488 

Alexa Fluor 

Thermo 

Fisher 

A-21202

(RRID:AB_141607) 

1:500 (IF) 



Fig. S1. Further Mass Spectrometry analysis of wild type and D620N MEFs. (A) 
Littermate-matched wild type (WT) and VPS35[D620N] homozygous knock-in (KI) 
MEFs were treated ± 100 nM MLi-2 for 2 h prior to lysis. Lysate were subjected to 
quantitative immunoblot analysis using the LI-COR Odyssey CLx Western Blot 
imaging and the indicated antibodies. Technical replicates represent cell extract 
obtained from different dishes of cells. Quantitation of immunoblotting data (performed 
using ImageStudioLite software version 5.2.5, RRID:SCR_013715) is shown as mean 
± SEM. Data were analyzed using two-tailed unpaired student’s t-test ( *** p< 0.001, 
**** p< 0.001). ( B) The volcano plot show the result of MEFs VPS35[D620N] not 



expressing LysoTag (Mock-IP) versus VPS35[D620N] LysoTag-IP (TMEM-192-3xHA) 
samples (left) (Curtain link: https://curtain.proteo.info/#/e7b85272-37e8-4785-9879-
954f19c96784) and MEFs VPS35-WT not expressing LysoTag (Mock-IP) versus 
VPS35-WT LysoTag-IP samples (right) (Curtain link: https://curtain.proteo.info/#/ 
4399d86e-67d2-40f6-af3c-6e237c54a589) (Table S4). The blue dots represent 
lysosomal proteins annotated in the GO terms database (GO:0005764), while the red 
dots represent significantly enriched proteins with fold change > 1.5 and p-value < 
0.05. The black dotted line box indicates proteins confidently detected in the LysoTag-
IP samples but not in the Mock-IP samples. (C) The log2 MS intensities of these 
proteins are shown. (D) The volcano plot (Curtain link: https://curtain.proteo.info/#/ 
18c40d8a-f678-4d7e-976a-f70c85683ccc) shows the proteome changes of all 
detected proteins in MEFs VPS35-WT versus VPS35[D620N] LysoTag-IP 
experiments. The red dots represent mock-enriched proteins with fold change > 1.5 
and p-value < 0.05, as determined in the experiments shown in Supplementary Figure 
1A. The gray dots represent proteins bound to magnetic beads, which do not show 
significant enrichment. (D) The raw MS intensities of two non-specific proteins that 
associate with the magnetic beads (TINAGL1 and H2BC21) were shown for reference. 

https://curtain.proteo.info/#/e7b85272-37e8-4785-9879-954f19c96784
https://curtain.proteo.info/#/e7b85272-37e8-4785-9879-954f19c96784


Fig. S2. Relative expression of selected proteins in wild type and D620N whole 
cell lysates and lysosomes. Violin plots of the indicated proteins that are most (A) 
upregulated or (B) downregulated in the presence of VPS35[D620N] mutation are 
shown. Data were analyzed using two-tailed unpaired t-test (** p< 0.01, *** p< 0.001, 
**** p< 0.001). 



Fig. S3. Gene Ontology analysis of proteins whose levels are most affected by 
the D620N mutations. The GO term pathway analysis of significant down-regulated 
(green bar) and up-regulated proteins (red bar) observed in (A) WCL (Fig. 1C) and (B) 
LysoTag-IP (Fig. 1D) experiments with fold change > 1.5 and p-value <0.05 using 
Metascape software (RRID:SCR_016620, version 5.3) with an enrichment of p-value 
< 0.01. 



Fig. S4. Further Mass Spectrometry analysis of D60N MEFs treated ± MLi-2. (A) 
The volcano plots show the result of MEFs VPS35[D620N] (no LysoTag) (Mock-IP) 



versus VPS35[D620N] (with DMSO) LysoTag-IP (TMEM192-3xHA) samples (left) 
(Curtain link: https://curtain.proteo.info/#/523b531b-eb5b-40a9-9f91-0aa7f09a002e) 
and MEFs VPS35[D620N] (no LysoTag) versus VPS35[D620N] (with MLi-2) LysoTag-
IP samples (right) (Curtain link:https://curtain.proteo.info/#/100602aa-ca9d-4a5f-
a821-4dc98b637570) (Table S4). The blue dots represent lysosomal proteins 
annotated in the GO terms database (GO:0005764), while the red dots represent 
significantly enriched proteins with fold change > 1.5 and p-value < 0.05. The black 
dotted line box indicates proteins confidently detected in the LysoTag-IP samples but 
not in the Mock-IP samples. The log2 MS intensities of these proteins are shown in 
Supplementary Figure (B). (C) The volcano plot (Curtain link: https://curtain.proteo. 
info/#/e10d5d9a-3214-4a5d-88cb-7ca1b1460e1c) shows the proteome changes of all 
detected proteins in MEFs VPS35[D620N] MLi-2 versus DMSO LysoTag-IP 
experiments. The red dots represent mock-enriched proteins with fold change > 1.5 
and p-value < 0.05. The gray dots represent proteins bound to magnetic beads, which 
do not show significant enrichment. (D) The raw MS intensities of two non-specific 
proteins that associate with the magnetic beads (MALSU1 and PENK) were shown for 
reference. 

https://curtain.proteo.info/#/523b531b-eb5b-40a9-9f91-0aa7f09a002e
https://curtain.proteo.info/#/100602aa-ca9d-4a5f-a821-4dc98b637570
https://curtain.proteo.info/#/100602aa-ca9d-4a5f-a821-4dc98b637570


Fig. S5. Relative levels of selected proteins in lysate and lysosomes of wild type 
and D620N MEFs and impact of MLi-2. (A to D) Violin plots of the indicated proteins 
from MS data presented in Fig. 1, A and C; and Fig. 2, B and D). Data were analyzed 
using two-tailed unpaired t-test (** p< 0.01, *** p< 0.001, **** p< 0.001). 



Fig. S6 Enrichment of proteins related to the retromer complex. Volcano-plots 
show the enrichment of VPS26A, VPS26B, and VPS29, proteins which are the part of 
the retromer complex apart from VPS35. Comparison between the (A) Whole cell 
lysate (WCL) and (B) LysoTag-IP from the VPS35 WT and D620N MEFs. Comparison 
between the (C) Whole cell lysate (WCL) and (D) LysoTag-IP from the VPS35 D620N 
MEFs treated with ±MLi-2. 



Fig. S7 Proteasome mediated degradation of RILPL1. VPS35 D620N MEFs were 
treated with either 50 µg/mL of cycloheximide alone, or cycloheximide+10 µM MG-
132, or cycloheximide + protease inhibitor cocktails (PIC - 5 µM of E64D + 10 µM of 
Leupeptin + 10 µM of pepstatin A) for 8 h and 12 h prior to lysis. Lysates were 
subjected to quantitative immunoblot analysis using the LI-COR Odyssey CLx 
Western Blot imaging and the indicated antibodies.Technical replicates represent cell 
extracts obtained from three different dishes of cells. Quantitation of immunoblotting 
data (performed using ImageStudioLite software version 5.2.5, RRID:SCR_013715) is 
shown as mean ± SEM. Data were analyzed using two-tailed unpaired student’s t-test 
( *p< 0.05, ***p< 0.001).



Fig. S8. Relative levels of RILPL1 interacting proteins derived from Mass 
spectrometry data. (A to F) Violin plots of the indicated proteins from MS data 
presented in Fig. 5C. Data were analyzed using two-tailed unpaired t-test (*p< 0.05, 
** p< 0.01, *** p< 0.001). 



Fig. S9. Further confirmation that RILPL1 interacts with TMEM55B but not RILP 
or RILPL2. (A) Domain structure of full length and truncated RILPL1 mutants. (B) 
HEK293 cells were transiently transfected with the indicated proteins and lysed 24h 



post transfection. GFP-RILPL1 immunoprecipitations (top panel) or cell extracts (lower 
panel) were subjected to quantitative immunoblot analysis using the LI-COR Odyssey 
CLx Western Blot imaging system and indicated antibodies. Quantitation of 
immunoblotting data (performed using ImageStudioLite software version 5.2.5, 
RRID:SCR_013715) is shown as mean ± SEM. (C) Domain structure of full length 
RILP, RILPL1 and RILP2. (D) As in (B). 



Fig. S10. Confirmation that the TMEM55B Conserved domain binds RILPL1 and 
the AlphaFold2 model of this interaction. (A) Domain structure of full length and 
truncated mutants of TMEM55B used in this study. (B) HEK293 cells were transiently 
transfected with the indicated proteins and lysed 24h post transfection. Halo-



TMEM55B immunoprecipitations (top panel) or cell extracts (lower panel) were 
subjected to quantitative immunoblot analysis using the LI-COR Odyssey CLx 
Western Blot imaging system and indicated antibodies. (C) Top ranked model 
confidence scores (pLDDT) overlay on the structure (Dark blue: pLDDT>90; Blue: 
90>pLDDT>70; Yellow: 70>pLDDT>50; Orange: pLDDT<50). (D) PAE matrix plots for
the top 3 models where A = RILPL1 (389-403), and B = TMEM55B (80-160).

Fig. S11. Identity and similarity of TMEM55A and TMEM55B and their interaction 
with RILPL1. (A) Multiple sequence alignment of TMEM55A and TMEM55B using 
Clustal Omega (https://www.ebi.ac.uk/Tools/msa/clustalo/) and ESPript (https:// 
espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi) (82) (B) HEK293 cells were transiently 
transfected with the indicated proteins and lysed 24h post transfection. Halo-
TMEM55A and -TMEM55B immunoprecipitations and whole cell lysates were 
subjected to quantitative immunoblot analysis using the LI-COR Odyssey CLx 
Western Blot imaging system and indicated antibodies. 

https://www.ebi.ac.uk/Tools/msa/clustalo/


Fig. S12. Relative levels of proteins in D620N Lysates and lysosomes that have 
been reported to be recruited to the lysosome in LLOMe treated cells. (A to G) 
Violin plots of the indicated proteins from MS data presented in Figure 1 (data on left 
panels) and Figure 2 (data on right panels). Data were analyzed using two-tailed 
unpaired t-test (*** p< 0.001, **** p< 0.0001). 

Legends for Tables S4 to S6 that are Excel sheets submitted separately as 
auxiliary supplementary files 

Table S4. Search result of DIA MS data: VPS35 WT vs D620N WCL and LysoTag-IP 

Table S5. Search result of DIA MS data: VPS35 D620N ± MLi-2 WCL and LysoTag-

IP 

Table S6. Search result of TMT MS data: RILPL1 WT vs R293A GFP-IP 
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