






 
 

 

Fig. 4. Overexpression of strumpellin results in an increase of cells with aditional nuclei. 

(A) DAPI staining of nuclei in AX2, AX2|GFP, AX2|StrWT-GFP, AX2|StrN471D-GFP cells. 

Cells with two or more nuclei are marked by white arrows Scale bar: 5 µm. (B) Quantification 

of cells with two or more nuclei. Significance was calculated using Fisher's exact test, 

followed by Fisher's exact test with Bonferroni correction for post hoc analyses. NS, not 

significant; **, p-value ≤ 0.01. 
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Fig. 7. Model for the role of strumpellin in the the endocytic pathway. The model shows 

the endocytic pathways in AX2 wild type, Str¯ and Str¯|StrN471D cells. Upper panel: in AX2 

cells strumpellin is involved in v-ATPase recycling, vesicle neutralization, exocytosis and 

lysosomal maturation. Middle panel: In contrast, in Str¯ cells, v-ATPase retrieval, 

neutralization and post-lysosomal maturation are blocked. This results in less and larger 

lysosomes and causes an exocytosis defect. Lower panel: expression of N471D strumpellin in 

Str¯ cells rescued neutralization but not lysosome morphology and the block in exocytosis 

Abbreviations: V: v-ATPase, S: strumpellin, p: p80. 
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Fig. S4. (A) Phase contrast images of AX2 wt and Str¯ cells. White rectangle: enlarged cell in 

inset. Scale bar: 10 µm. (B) Growth of AX2 wt and Str¯ cells on a lawn of K. aerogenes. Stereo 

microscopic images of plaques after 96 and 120 hours of growth. Scale bar: 1 mm. 

Disease Models & Mechanisms: doi:10.1242/dmm.033449: Supplementary information

D
is

ea
se

 M
o

de
ls

 &
 M

ec
ha

ni
sm

s 
• 

S
up

pl
em

en
ta

ry
 in

fo
rm

at
io

n



0

10

20

30

40

50

60

70

Str het
N471D

Str
WT

Str hom
N471D

C
e
ll
s
 [

%
]

**
*

Fig. S5. Increased number of large lysosomes N471D in strumpellin knock-in fibroblasts. 

Lysotracker staining of live wt and hetero- and homozygous N471D strumpellin knock-in 

fibroblasts. The diameters of lysosomes was determined and the percentage of fibroblasts 

containing lysosomes with a diameter exceeding 2 µm was calculated. The column chart shows 

mean percentage values and standard deviationss from four independent experiments with a 

total number of at least 500 fibroblasts derived from two to three separate animals of each 

genotype. *, p-value ≤ 0.05 and ** ≤ 0.01 calculated by Student’s t-test. 
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Fig. S6. Average number of late endosomes per cell. Late endosomes were labelled in fixed 

AX2, Str¯, Str¯|StrWT-GFP and Str¯|StrN471D-GFP cells, respectively, with the anti p80 

monoclonal antibody. The column chart shows mean numbers and standard deviations of late 

endosomes from 57 (AX2), 85 (Str¯), 40 (Str¯|StrWT-GFP) and 81 (Str¯|StrN471D-GFP) cells, 

respectively. The number of late endosomes was significantly reduced in Str¯ and Str¯|StrN471D-

GFP cells in comparison to AX2 and Str¯|StrWT-GFP cells. Significance was calculated using 

the ANOVA test followed by the Tukey test. ***, p-value ≤ 0.001. 
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Table S1. List of immune-precipitated StrWT-GFP binding proteins identified by mass 
spectrometric analysis. WASH complex proteins are highlighted in green. The identified 
strumpellin binding proteins are sorted from largest to smallest T-test difference between 
StrWT-GFP and GFP (neg. control). Those proteins that bound to StrWT but not to StrN471D (p-
value StrWT / StrN471D ≤ 0.05 and p-value StrN471D / GFP ≥ 0.05) are highlighted in light blue. 

No. Gene ID Protein 
T-test 

StrWT-GFP 
vs. GFP 

p-value 
StrWT-GFP vs. 
StrN471D-GFP  

1 DDB_G0292878 WASH1_DICDI WAS protein family homolog 9.03 0.269 

2 DDB_G0288569 WASC5_DICDI WASH complex subunit 5 8.91 0.284 

3 DDB_G0276221 WASC2_DICDI WASH complex subunit 2 8.89 0.283 

4 DDB_G0273067 DIS1D_DICDI Discoidin-1 subunit D 7.76 0.747 

5 DDB_G0277849 DYNA_DICDI Dynamin-A 6.49 0.386 

6 DDB_G0267948 WASC3_DICDI WASH complex subunit 3 6.18 0.479 

7 DDB_G0292738 Q54CQ7_DICDI Uncharacterized protein 6.15 0.595 

8 DDB_G0283355 WASC4_DICDI WASH complex subunit 4 6.01 0.214 

9 DDB_G0277851 DYNB_DICDI Dynamin-B 5.55 0.450 

10 DDB_G0290969 Q54FC2_DICDI Uncharacterized protein 5.20 0.102 

11 DDB_G0273063 DIS1A_DICDI Discoidin-1 subunit A 4.99 0.433 

12 DDB_G0267728 Q55GC4_DICDI Uncharacterized protein 4.62 0.304 

13 DDB_G0268212 Q55F84_DICDI Uncharacterized protein 4.56 0.429 

14 DDB_G0276445 BIP2_DICDI Luminal-binding protein 2 4.43 0.001 

15 DDB_G0271666 M3R_DICDI cAMP-regulated M3R protein 4.40 0.995 

16 DDB_G0289415 PESC_DICDI Pescadillo homolog 4.39 0.000 

17 DDB_G0273065 DIS1B_DICDI Discoidin-1 subunit B/C 4.38 0.646 

18 DDB_G0279191 VACB_DICDI Vacuolin-B 4.27 0.260 

19 DDB_G0272789 
RLP24_DICDI Probable ribosome biogenesis

protein RLP24 
4.00 0.031 

20 DDB_G0295697 B0G120_DICDI Mss4-like family protein 3.86 0.000 

21 DDB_G0273139 
Q557E6_DICDI DNA repair protein RAD51

homolog 
3.80 0.074 

22 DDB_G0283097 Q54RK8_DICDI Uncharacterized protein 3.74 0.002 

23 DDB_G0288937 ACTY_DICDI Centractin 3.70 0.000 

24 DDB_G0273471 DPP3_DICDI Dipeptidyl peptidase 3 3.63 0.650 

25 DDB_G0267726 Q55GC5_DICDI Uncharacterized protein 3.50 0.262 
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26 DDB_G0274521 
RRS1_DICDI Ribosome biogenesis 

regulatory protein homolog 
3.45 0.028 

27 DDB_G0287685 Q54JV1_DICDI Elongation factor 2 3.42 0.000 

28 DDB_G0291404 
EIF3K_DICDI Eukaryotic translation 

initiation factor 3 subunit K 
3.39 0.002 

29 DDB_G0277827 CAF1_DICDI Calfumirin-1 3.36 0.947 

30 DDB_G0268538 
PSA5_DICDI Proteasome subunit alpha type-

5 
3.30 0.206 

31 DDB_G0293064 Q54CB8_DICDI Uncharacterized protein 3.30 0.001 

32 DDB_G0292016 
Y2016_DICDI von Willebrand factor A 

domain-containing protein 
3.28 0.819 

33 DDB_G0285361 Q54NB4_DICDI Uncharacterized protein 3.23 0.104 

34 DDB_G0281105 
Y4017_DICDI Putative uncharacterized 

transmembrane protein 
3.23 0.001 

35 DDB_G0276411 
MRT4_DICDI Ribosome assembly factor 

mrt4 
3.16 0.005 

36 DDB_G0275981 Q552L7_DICDI Uncharacterized protein 3.15 0.171 

37 DDB_G0281763 Q54TG6_DICDI Uncharacterized protein 3.07 0.405 

38 DDB_G0278815 
IF2P_DICDI Eukaryotic translation initiation 

factor 5B 
3.04 0.000 

39 DDB_G0287913 
OAT_DICDI Probable ornithine 

aminotransferase 
3.00 0.017 

40 DDB_G0268758 Q55ET7_DICDI Obg-like ATPase 1 2.97 0.874 

41 DDB_G0279659 Q54WH0_DICDI Uncharacterized protein 2.90 0.030 

42 DDB_G0283893 
Y3893_DICDI Probable E3 ubiquitin-protein 

ligase 
2.83 0.005 

43 DDB_G0292074 
COMD1_DICDI COMM domain-containing 

protein 1 
2.81 0.000 

44 DDB_G0288247 
AIFM1_DICDI Apoptosis-inducing factor 1, 

mitochondrial 
2.80 0.414 

45 DDB_G0269630 Q55DK1_DICDI TatD-related DNAse 2.80 0.009 

46 DDB_G0273071 
VA0D_DICDI V-type proton ATPase subunit 

d 
2.78 0.015 

47 DDB_G0287315 Q54KJ2_DICDI Uncharacterized protein 2.71 0.006 

48 DDB_G0283597 
EIF3B_DICDI Eukaryotic translation 

initiation factor 3 subunit B 
2.70 0.104 

49 DDB_G0282489 
MHCKD_DICDI Myosin heavy chain kinase 

D 
2.68 0.791 

50 DDB_G0291414 Q54EP6_DICDI Uncharacterized protein 2.66 0.103 

51 DDB_G0283539 CALR_DICDI Calreticulin 2.63 0.672 

52 DDB_G0275055 
COMD7_DICDI COMM domain-containing 

protein 7 
2.60 0.013 

53 DDB_G0285703 
Q1ZXE9_DICDI I/LWEQ domain-containing 

protein 
2.60 0.011 

54 DDB_G0269642 MAK16_DICDI Protein MAK16 homolog 2.56 0.011 

55 DDB_G0274791 
COMD5_DICDI COMM domain-containing 

protein 5 
2.55 0.155 

56 DDB_G0286725 
VP13A_DICDI Putative vacuolar protein 

sorting-associated protein 13A 
2.55 0.131 
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57 DDB_G0277823 
SYAC_DICDI Alanine--tRNA ligase, 

cytoplasmic 
2.54 0.353 

58 DDB_G0284047 
ABCF2_DICDI ABC transporter F family

member 2 
2.50 0.207 

59 DDB_G0290535 Q54FY2_DICDI Aldehyde dehydrogenase 2.50 0.675 

60 DDB_G0273579 
TPPC1_DICDI Trafficking protein particle

complex subunit 1 
2.49 0.557 

61 DDB_G0295739 C7G071_DICDI Uncharacterized protein 2.49 0.582 

62 DDB_G0268448 FAM45_DICDI Protein FAM45 homolog 2.48 0.000 

63 DDB_G0274655 Q555C4_DICDI Uncharacterized protein 2.48 0.018 

64 DDB_G0285725 
DHYS_DICDI Probable deoxyhypusine

synthase 
2.42 0.987 

65 DDB_G0269242 FCSA_DICDI Fatty acyl-CoA synthetase A 2.41 0.032 

66 DDB_G0283795 
COMD3_DICDI COMM domain-containing

protein 3 
2.40 0.034 

67 DDB_G0292120 
Q54DM8_DICDI RING-type E3 ubiquitin

transferase 
2.39 0.046 

68 DDB_G0282485 Q54SG2_DICDI Uncharacterized protein 2.38 0.010 

69 DDB_G0287985 Q54JK8_DICDI Uncharacterized protein 2.36 0.040 

70 DDB_G0290395 Q54G54_DICDI Uncharacterized protein 2.36 0.628 

71 DDB_G0272660 
SYSC_DICDI Serine--tRNA ligase, 

cytoplasmic 
2.35 0.279 

72 DDB_G0286065 
Y4579_DICDI Uncharacterized SDCCAG3

family protein 
2.34 0.004 

73 DDB_G0291788 
Q8I7C4_DICDI NAD(+) ADP-

ribosyltransferase-3 
2.28 0.003 

74 DDB_G0286289 
Q54LZ6_DICDI RING-type E3 ubiquitin

transferase 
2.23 0.004 

75 DDB_G0279137 
Q54X84_DICDI Methylenetetrahydrofolate

reductase 
2.22 0.000 

76 DDB_G0279109 
EIF3C_DICDI Eukaryotic translation 

initiation factor 3 subunit C 
2.22 0.144 

77 DDB_G0275913 Y5913_DICDI Putative acetyltransferase 2.18 0.019 

78 DDB_G0275559 Q869L6_DICDI Uncharacterized protein 2.18 0.531 

79 DDB_G0291838 XPO2_DICDI Exportin-2 2.17 0.679 

80 DDB_G0290157 PK2_DICDI Protein kinase 2 2.14 0.032 

81 DDB_G0290031 
NSA2_DICDI Ribosome biogenesis protein

NSA2 homolog 
2.12 0.004 

82 DDB_G0284681 Q54PA2_DICDI Uncharacterized protein 2.08 0.119 

83 DDB_G0285763 
Q54MZ0_DICDI RING-type E3 ubiquitin

transferase 
2.07 0.012 

84 DDB_G0270212 Q58A40_DICDI Uncharacterized protein 2.05 0.275 

85 DDB_G0278649 Q54YD3_DICDI Uncharacterized protein 2.00 0.073 

86 DDB_G0274223 
Y4223_DICDI Glutathione S-transferase

domain-containing protein DDB_G0274223 
2.00 0.312 

87 DDB_G0274049 Q556H9_DICDI Uncharacterized protein 1.99 0.094 
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88 DDB_G0278981 
Q54XG4_DICDI RING-type E3 ubiquitin

transferase 
1.98 0.011 

89 DDB_G0288519 Q54IU1_DICDI Uncharacterized protein 1.96 0.602 

90 DDB_G0278847 
PSA6_DICDI Proteasome subunit alpha type-

6 
1.96 0.391 

91 DDB_G0287397 Q54KD6_DICDI Uncharacterized protein 1.95 0.087 

92 DDB_G0292624 
MYLKD_DICDI Probable myosin light chain

kinase 
1.89 0.009 

93 DDB_G0290081 Q54GL5_DICDI Sortilin 1.88 0.930 

94 DDB_G0289485 VACA_DICDI Vacuolin-A 1.86 0.107 

95 DDB_G0272200 Q75JS7_DICDI Uncharacterized protein 1.85 0.475 

96 DDB_G0277143 
GBB_DICDI Guanine nucleotide-binding

protein subunit beta 
1.78 0.899 

97 DDB_G0285515 PPAN_DICDI Peter Pan-like protein 1.78 0.025 

98 DDB_G0275249 
COMDA_DICDI COMM domain-containing

protein 10 
1.76 0.020 

99 DDB_G0269438 
ZPR1_DICDI Zinc finger protein ZPR1 

homolog 
1.73 0.804 

100 DDB_G0293032 Q54CE3_DICDI Uncharacterized protein 1.72 0.167 

101 DDB_G0290329 Q54G79_DICDI Uncharacterized protein 1.68 0.548 

102 DDB_G0277089 
COMD4_DICDI COMM domain-containing

protein 4 
1.64 0.248 

103 DDB_G0292538 Q54D77_DICDI Uncharacterized protein 1.62 0.095 

104 DDB_G0286603 Q54LK1_DICDI Uncharacterized protein 1.62 0.024 

105 DDB_G0267980 
UBA4_DICDI Adenylyltransferase and 

sulfurtransferase MOCS3 
1.59 0.001 

106 DDB_G0287859 Q54JV0_DICDI Uncharacterized protein 1.59 0.177 

107 DDB_G0267402 H33A_DICDI Histone H3.3 type a 1.55 0.137 

108 DDB_G0285683 
EIF3I_DICDI Eukaryotic translation initiation

factor 3 subunit I 
1.47 0.149 

109 DDB_G0293524 PPK1_DICDI Polyphosphate kinase 1.46 0.007 

110 DDB_G0281153 
EIF3H_DICDI Eukaryotic translation 

initiation factor 3 subunit H 
1.31 0.107 

111 DDB_G0281839 
BOP1_DICDI Ribosome biogenesis protein

BOP1 homolog 
1.30 0.227 

112 DDB_G0283801 
FA96B_DICDI MIP18 family protein 

FAM96B 
1.27 0.037 

113 DDB_G0272831 
PSA7_DICDI Proteasome subunit alpha type-

7 
1.16 0.021 

114 DDB_G0290541 Q54FX9_DICDI Uncharacterized protein 1.12 0.294 

115 DDB_G0267850 
Q55G29_DICDI Ribosomal protein L1 family

protein 
1.02 0.074 

116 DDB_G0277743 GUAD_DICDI Guanine deaminase 1.02 0.740 

117 DDB_G0291858 
VATM_DICDI Vacuolar proton translocating

ATPase 100 kDa subunit 
1.01 0.865 
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Table S2. Average diameter of lysosomes. Lysotracker staining of live wt and mutant D. 
discoideum cells was performed and the diameters of at least 100 lysosomes from each cell 
line were determined. Mean diameters in nm and and percentage of cells with lysosomes 
larger than 2 µm is provided.  

Strains 
Mean diameter 

[nm] 
% cells with 

diameter >2 µm 

AX2 814 0 

AX2|StrWT-GFP 743 0 

AX2|StrN471D-GFP 761 0 

Str- 1227 15 

Str-|StrWT-GFP 723 0 

Str-| StrN471D-GFP 1028 9 
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Table S3. List of oligonucleotides used for real-time PCR 

No. Primer name 5’-3’ Sequence 
1 DdFAM21C-F GTCGTAGACCTCCAACTCGTAA 
2 DdFAM21C-R TAGGAGCAGAGGAAAGAGCAG 
3 DdKIAA1033-F CAATTCGTACTCATGGCTCTGG 
4 DdKIAA1033-R AGTGTAAACCACCGGATCTGAC 
5 DdKIAA1096-F GTCCAACCACCAATATACCAGAC 
6 DdKIAA1096-R CCAATGGAGAGGTGGTGATA 
7 DdWASH1-F ATGCAACCACCACAACCTAC 
8 DdWASH1-R CACCTCCATCAGAAACTGGT 
9 DdCapZ alpha1-F CCAAACGCTTTCTACTCTGG 
10 DdCapZ alpha1-R TTGGAAGAGCACGTCTAAGG 
11 DdCapZ beta ib-F GATCAACCACTCAAGGTTGC 
12 DdCapZ beta ib-R TCCCAAGTACCTCTCATTGG 
13 DdCcdc53-F CTCCACCAGCAACACAACAA 
14 DdCcdc53-R GGTGGGACTGGTATTGATGA 
15 DdARPC4-F GTCGAAAGACACAACAAACCAG 
16 DdARPC4-R ACGACCTCTAGCATTGAGTGTT 
17 Ddp97/VCP-F GCACGTTCTAGAGGTTCATCAC 
18 Ddp97/VCP-R GCACCAGAGAAACCTTGAGTCT 
19 DdGAPDH-F CCCAGAAGACTGTGGATGGC 
20 DdGAPDH-R GCTTGACAAAGTGGTCGTTG 
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