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TABLE S1: Dictyostelium discoideum Ubiquitin and Ubiquitin like family members

UBLs/Ub members ID
SUMO DDB_ G0286189
NEDDS8 DDB_G0278711
ATG12 DDB_G0282929
ATG8a DDB_G0286191
UBLs ATGS8b DDB_G0290491
UFM DDB_G0295709
URM DDB_G0283737
FAU DDB_G0273743
Ubl5 DDB_G0284205
UbgA DDB_G0282295
UbgD DDB_G0286907
UbgF DDB_(G0289449
UbgG DDB_G0282369
UbgH DDB G0279721
Ubiquitin Ubgl DDB_G0291928
UbgJ DDB_G0269458
UbgK DDB_G0280585
UbgN DDB_G0292984
UbgO DDB_G0292908
UbgB DDB_G0280755
UbgC DDB_G0276765

TABLE S2: Dictyostelium discoideum E1 ubiqutin conjugation members

E1
Ub/Ubl Activating enzyme
ID
b DDB_G0293306
g DDB_G0268496
DDB_G0279641
SUMO DDB_G0286919
DDB_G0283891
NEDDS DDB_G0287965
ATGS DDB_G0271096
ATG12 DDB_G0271096
URM DDB_G0267980
FAT10 DDB_G0277047
ISG15 DDB_G0270272
UFM DDB_G0293306
FAU N.A.
Ubl5 N.A.




TABLE S3: Dictyostelium discoideum members of DUB family

DUBs members ID D.d. gene H.s. gene orthologs
name
DDB_G0268872 N.A. USP49, USP44
DDB_G0284381 N.A. USP11, USP4, USP15
DDB_G0291239 ubpA USP5, USP13
DDB_G0276443 N.A. USP7
DDB_G0275021 ubpB USP10
DDB_G0290453 usp12 USP12
DDB_G0271264 N.A. USP14
DDB_G0293770 N.A. USP11, USP4, USP15
DDB_G0274207 N.A. USP45, USP16
DDB_G0271798 N.A. USP51
USP DDB_G0275415 N.A. N.A.
DDB_G0271348 N.A. USP38
similar to H. sapiens
DDB_G0270416 N.A. USP37 and USP26
DDB_G0278929 N.A. USP39
DDB_G0289611 N.A. USP40
DDB_G0274827 N.A. USP42, USP36
DDB_G0274795 N.A. USP48
Cys- DDB_(G0292290 N.A. SENP1
dependent DDB_G0278795 senp8 SENP8
proteases DDB_G0293508 N.A. SENP7
DDB_G0289557 N.A. SENP7
JOSEPHIN DDB_G0269646 N.A. JOSD1, JOSD1
DDB_(G0292046 N.A. USP47
DDB_G0269694 pan2 PAN2
UCH DDB_G0282007 uchl UCHL1
DDB_G0285527 uch2 UCHL5
DDB_(G0282463 N.A. N.A.
DDB_G0277251 N.A. N.A.
DDB_(G0285907 N.A. OTUD5
DDB_G0267906 N.A. 0OTUD3
OoTuU DDB_G0279375 N.A. OTUD6B
DDB_G0271346 yod1 YOD1
DDB_(G0284757 N.A. N.A.
DDB_G0271346 yod1 YOD1
DDB_G0284757 N.A. N.A.
MINDY DDB_G0269770 N.A. MINDY1, MINDY?2
DDB_(G0281445 N.A. MINDY1, MINDY?2
ZUP1 + N.A. UFSP2
DDB_G0284597 csnb COPS5
DDB_G0293180 csn6 COPS6
DDB_G0272566 psmD14 PSMD14
Metallo- DDB_(G0284037 DG_1039 STAMBP
isopeptidase JAMM/MPN DDB_G0293254 eif3f EIF3F
DDB_G0279633 psmD7 PSMD7
DDB_(G0281153 eif3H EIF3H
DDB_G0277927 mybH MYSM1
DDB_G0274229 prpf8 PRPF8




TABLE S4: Dictyostelium discoideum Ubiquitin Binding Domain containing proteins.

UBD D.d. Gene ID D.d. gene name H.s. gene orthologs
DDB_G0292696 colA N.A.
DDB_G0270358 ubxd7 UBXN7

UM DDB_(G0283893 N.A. UBR4
DDB_G0274349 N.A. N.A.
DDB_G0275775 psmD4 PSMD4

UBM DDB_G0285063 N.A. N.A.
DDB_G0270358 ubxd7 UBXN7
DDB_G0268260 N.A. ZFAND2B
DDB_G0279285 N.A. ASPSCR1
DDB_G0280423 N.A. FAF2
DDB_G0276057 N.A. UBXN1

UBX DDB_G0274349 N.A. N.A.
DDB_G0291259 N.A. N.A.
DDB_G0268746 N.A. UBXN4
DDB_G0269774 N.A. N.A.
DDB_(G0289369 N.A. ZFAND2B
DDB_(G0293498 nsfllc UBXNZ2B, NSFL1C
DDB_G0291239 ubpA USP5, USP13

MARK3, MARK?2,
DDB_G0292304 mrkA MARK4, MARK1
a-Helix DDB_(G0288187 ddil DDI2, DDI1
DDB_(G0286357 rchA RAD23A, RAD23B
UBQLNZ2, UBQLN4
DDB_G0267452 ubgln Q UB(,QLN? '
DDB_(G0285063 N.A. N.A.

UBA DDB_G0289571 NA. NA.
DDB_(G0287783 N.A. UBAC2
DDB_(G0278981 N.A. ARIH1
DDB_G0270098 p62 NBR1
DDB_G0268764 N.A. N.A.

DHX9, DHX57, DHX29,
DDB_G0267516 N.A. DHX36
DDB_G0276057 N.A. UBXN1
DDB_(G0280455 ascc2 ASCC2
DDB_G0285763 N.A. RNF14
DDB_G0283769 HBS1 HBS1L

CUE DDB_G0275209 N.A. N.A.
DDB_G0270388 N.A. N.A.
DDB_G0268232 N.A. N.A.
DDB_G0274365 N.A. CUEDC1

VHS DDB_G0290163 toml HGS, TOM1L2

Z1fUBP DDB_G0291239 ubpA USP5, USP13
Zn-Finger DDB_G0270200 N.A. BRAP
ZnEA20 DDB_G0276881 N.A. ZFANDG6
DDB_G0267788 N.A. N.A.




SH3 DDB_G0291131 N.A. SH3D21
PFU DDB_G0291003 N.A. PLAA
DDB_G0293254 eifaf EIF3F
DDB_G0293180 csn6 COPS6
DDB_G0290227 nploca NPLOCA
DDB_G0284597 csn5 COPS5
Other DDB_G0284037 DG1039 STAMBP
JAB/MPN | DDB_G0281153 eifaH EIF3H
DDB_G0279633 psmD7 PSMD7
DDB_G0277927 mybH MYSM1
DDB_G0268048 N.A. EMCS, EMC9
DDB_G0272566 psmD14 PSMD14
DDB_G0274229 prpfs PRPF8
o GLUE DDB_G0282045 Vps36 VPS36
PRU DDB_G0272624 adrm1-1 ADRM1
DDB_G0289021 ube2s UBE2S
DDB_G0281725 ube2m UBE2M. UBE2F
DDB_G0278775 ube2c UBE2C
DDB_G0275787 ubc2 UBE2A, UBE2B
DDB_G0274313 NA. NA.
DDB_G0277267 ube2n UBE2N
DDB_G0287693 ubco UBE2I
DDB_G0284009 ubcC CDC34, UBE2R2
DDB_G0291199 ube2t UBE2T
L DDB_G0290629 NA. UBE20
Ubiquitin
con; l?gation DDB_G0290547 N.A. LL’J%EEZZ%Z', %BBEEZZ%:’;’
DDB_G0288697 NA. N.A.
DDB_G0288381 N.A. N.A.
DDB_G0288345 N.A. CDC34, UBE2R2
DDB_G0282783 NA. NA.
UBE2EL, UBE2ES,
DDB_G0281833 N.A. S
DDB_G0280347 NA. UBE2G2, UBE2G1
DDB_G0280091 N.A. UBE2H
DDB_G0271726 N.A. UBE2G2, UBE2G1
UEV DDB_G0286797 NA. TSG101




Table S5 Function and phenotype summary of the Ub-system components in the Dictyostelium

GENE FUNCTION PHENOTYPE REF.
NAME
SRCP1 Responsible for suppression of | An accumulation of 1)
(polyQ) aggregation. polyubiquitinated protein and polyQ
proteins was observed in scrpl null
mutants. SRCP1 is necessary for the
resistance

XpF Involved in DNA double-strand | Aberrant vegetative growth; (2,3)
repair by homologous increased sensitivity to cisplatin
recombination

prpl9 Could be relevant for the N.A. 4)
ubiquitination of NF-«xB
activating protein

PsmE3 Activator subunit of the 20S N.A. (5)
proteasome

RasG Undergoes ubiquitination Aberrant cytokinesis and decreased (6)

protein modification.
TOM1 Sorting of ubiquinated proteins | Decreased rate of endocytosis (7
to the MVB formation
machinery.
ATG12 Binds ATGS5 and ATG16 then Cell viability;endocytosis; (8)
associates with ATG5-ATG12 to | autophagosome maturation
form a complex which acts as an
E3 ligase during autophagosome
formation
HephA Regulate CAMP sensitivity and | Delayed aggregation; increased 9)
suppress TORC?2 deficiency response to CAMP

MIP1 Ubiquinate the MAP kinase Decreased chemotaxis to CAMP ; (10)
Kinase increased aggregate size (11)

MEK1 Phosphorylate the MAP kinase | Abolished chemotaxis to CAMP; (10)
Erkl (erkA) and it is regulated decreased aggregate size; precocious
by sumoyalation and development.
ubiquinatination

ubpA Specific for unachorared poly- Abolished aggregation. (12)
Ub chains

ubc Catalyse the covalent attachment | Development arrests at mound stage; | (13)
of ubiquitin to target proteins multiple tips.

NosA Remove a specific set of Developmental arrest at the tight- (14, 15)
proteins to ensure developmental | aggregate stage; aberrant protein
progression modification.

chlA Act as a positive regulator of Aberrant signal transduction; slugs (16)
STATCc tyrosine tend to break; basal disc is missing.
phosphorylation,
dephosphorylating STATC.

hfnA Regulate the activity of filamin | Decreased slug size; increased @17
complexes. phototaxis; increased slug migration;

aberrant cell patterning.

CulB Regulate prestalk cell Aberrant slug formation; decreased (18)




differentiation in Dictyostelium
by ubiquitin-mediated protein
degradation

fruiting body size; decreased
sporulation; multiple tips in mound.

CSN Required for cell proliferation N.A. (19)
and development
MEKK(] | Its stability is under the control | Abnormal cell-type patterning with (20)
of ubiquitin system. an enrichment of a prestalk
compartment
(pst0); reduction in pre-spore
population.
rbrA Required for cell type Decreased phototaxis; decreased (21)
proportioning in differentiation | sorting to prestalk region; decreased
sporulation; development arrests at
slug stage;
ubpB deubiquinate MEKK(1; Aberrant sorus morphology; (20)
precocious development
SKP1 Component of the SCF ubiquitin | Aberrant fruiting body morphology. | (22-25)
ligase complex.
ATG16 Expansion of autophagosomal Aberrant fruiting body morphology; | (26)
membrane. aberrant slug formation; decreased
spore viability; decreased catalytic
activity; increased cell death;
increased protein modification;
multiple tips in mound aberrant
phagosome maturation; decreased
pinocytosis.
FbxA Component of SCF ubiquitin Aberrant fruiting bodies and (27-29)
ligase complex. decreased sporulation. (27, 30)
SonA Soppressor of NosA N.A. (14)
Hspl01 | Promotes thermotolerance. N.A (31)
Ubiquitin | Protein degradation/PTM N.A
(32, 33)
SUMO Protein degradation/PTM N.A (10)

S6-Fig 4 legend abbreviation.
Xpf (Xeroderma pigmentosum,complementation group F); TOML1 (Target Of Myb1) ATG12
(AuTopgaGy 12); UbpA (ubiquitin carboxyl-terminal hydrolase A) HectPH1; SUMO (Small
Ubiquitin-related Modifier); MIP1(MEK Interactin protein 1); SCF complex (SCF E3 ubiquitin
ligase complex); CNF (subunit of the COP9 signalosome);HfnA (Hect ubiquitin ligase with N-

terminal filamin domain); rbrA (Ring Between Ring A); CblA (Casitas B lineage Limphoma);UbcB

(UBiquitin Conjugating B);UbpB (Ubiquitin Hydrolase B); Ub (ubiquitin).




ADDITIONAL REFERENCES

1. Santarriaga S, H.N. H, Kanack A], Fikejs AS, Sison SL, Egner JM, et al. SRCP1 Conveys
Resistance to Polyglutamine Aggregation. Mol Cell 2018;19;71(2)::216-28.

2. Pontel LB, Langenick ], Rosado IV, Zhang X-Y, Traynor D, Kay RR, et al. Xpf suppresses
the mutagenic consequences of phagocytosis in Dictyostelium. ] Cell Sci. 2016;129(24):4449-
54.

3. Zhang XY, Langenick |, Traynor D, Babu MM, Kay RR, Patel K]. Xpf and not the Fanconi
anaemia proteins or Rev3 accounts for the extreme resistance to cisplatin in Dictyostelium
discoideum. PLoS Genet. 2009;5(9):e1000645.

4, Mondal S, Burgute B, Rieger D, Muller R, Rivero F, Faix |, et al. Regulation of the actin
cytoskeleton by an interaction of IQGAP related protein GAPA with filamin and cortexillin I.
PLoS One. 2010;5(11):e15440.

5. Masson P, Lundin D, Soderbom F, Young P. Characterization of a REG/PA28
proteasome activator homolog in Dictyostelium discoideum indicates that the ubiquitin- and
ATP-independent REGgamma proteasome is an ancient nuclear protease. Euk Cell.
2009;8(6):844-51.

6. Sumita K, Yoshino H, Sasaki M, Majd N, Kahoud ER, Takahashi H, et al. Degradation of
activated K-Ras orthologue via K-Ras-specific lysine residues is required for cytokinesis. ] Biol
Chem. 2014;289(7):3950-9.

7. Blanc C, Charette SJ, Mattei S, Aubry L, Smith EW, Cosson P, et al. Dictyostelium Tom1
participates to an ancestral ESCRT-0 complex. Traffic. 2009;10(2):161-71.

8. Fischer §, Rijal R, Frommolt P, Wagle P, Konertz R, Faix ], et al. Functional
Characterization of Ubiquitin-Like Core Autophagy Protein ATG12 in. Cells. 2019;8(1).
9. Pergolizzi B, Bracco E, Bozzaro S. A new HECT ubiquitin ligase regulating chemotaxis

and development in Dictyostelium discoideum. J Cell Sci. 2017;1;130(3):551:62.

10. Sobko A, Ma H, Firtel RA. Regulated SUMOylation and ubiquitination of DdAMEK1 is
required for proper chemotaxis. Dev Cell. 2002;2:745-56.

11. Prudden ], Pebernard S, Raffa G, Slavin DA, Perry J], Tainer JA, et al. SUMO-targeted
ubiquitin ligases in genome stability. EMBO ]. 2007;26(18):4089-101.

12. Lindsey DF, Amerik A, Deery W], Bishop JD, Hochstrasser M, Gomer RH. A
deubiquitinating enzyme that disassembles free polyubiquitin chains is required for
development but not growth in Dictyostelium. ] Biol Chem. 1998;273:29178-87.

13.  Clark A, Nomura A, Mohanty S, Firtel RA. A ubiquitin-conjugating enzyme is essential
for developmental transitions in Dictyostelium. Mol Biol Cell. 1997;8:1989-2002.

14. Pukatzki S, Ennis HL, Kessin RH. A genetic interaction between a ubiquitin-like protein
and ubiquitin-mediated proteolysis in Dictyostelium discoideum. Biochim Biophys Acta.
2000;1499:154-63.

15. Pukatzki S, Tordilla N, Franke ], Kessin RH. A novel component involved in
ubiquitination is required for development of Dictyostelium discoideum. ] Biol Chem.
1998;273:24131-8.

16.  Langenick ], Araki T, Yamada Y, Williams ]G. A Dictyostelium homologue of the
metazoan Cbl proteins regulates STAT signalling. ] Cell Sci. 2008;121(Pt 21):3524-30.

17. Blagg SL, Battom SE, Annesley SJ, Keller T, Parkinson K, Wu JM, et al. Cell type-specific
filamin complex regulation by a novel class of HECT ubiquitin ligase is required for normal
cell motility and patterning. Development. 2011;138(8):1583-93.

18. Wang B, Kuspa A. CulB, a putative ubiquitin ligase subunit, regulates prestalk cell
differentiation and morphogenesis in Dictyostelium spp. Euk Cell. 2002;1:126-36.

19.  Rosel D, Kimmel AR. The COP9 signalosome regulates cell proliferation of
Dictyostelium discoideum. Eur ] Cell Biol. 2006;85:1023-34.



20. Chung CY, Reddy TBK, Zhou KM, Firtel RA. A novel, putative MEK kinase controls
developmental timing and spatial patterning in Dictyostelium and is regulated by ubiquitin-
mediated protein degradation. Genes Devel. 1998;12:3564-78.

21. Whitney N, Pearson L], Lunsford R, McGill L, Gomer RH, Lindsey DF. A putative
Ariadne-like ubiquitin ligase is required for Dictyostelium discoideum development. Euk Cell.
2006;5:1820-5.

22.  West CM, van der Wel H, Gaucher EA. Complex glycosylation of Skp1 in Dictyostelium:
implications for the modification of other eukaryotic cytoplasmic and nuclear proteins.
Glycobiology. 2002;12:17R-27R.

23. Teng-umnuay P, Morris HR, Dell A, Panico M, Paxton T, West CM. The cytoplasmic F-
box binding protein SKP1 contains a novel pentasaccharide linked to hydroxyproline in
Dictyostelium. ] Biol Chem. 1998;273:18242-9.

24.  Teng-umnuay P. Structure of a Skp1-glycan and biogenesis of its peptide linkage in
Dictyostelium. [PhD]. Gainesville, FL: University of Florida; 1998.

25. van der Wel H, Morris HR, Panico M, Paxton T, North SJ, Dell A, et al. A non-golgi
alphal,2-fucosyltransferase that modifies Skp1 in the cytoplasm of Dictyostelium. ] Biol Chem.
2001;276:33952-63.

26.  Xiong Q, Fischer S, Karow M, Miiller R, Mef3ling S, Eichinger L. ATG16 mediates the
autophagic degradation of the 19S proteasomal subunits PSMD1 and PSMD2. Eur ] Cell Biol.
2018;97(8):523-32.

27. Tekinay T, Ennis HL, Wu MY, Nelson M, Kessin RH, Ratner DI. Genetic interactions of
the E3 ubiquitin ligase component FbxA with cyclic AMP metabolism and a histidine kinase
signaling pathway during Dictyostelium discoideum development. Euk Cell. 2003;2:618-26.
28. Nelson MK, Clark A, Abe T, Nomura A, Yadava N, Funair CJ, et al. An F-Box/WD40
repeat-containing protein important for Dictyostelium cell-type proportioning, slug
behaviour, and culmination. Dev Biol. 2000;224:42-59.

29. Ennis HL, Dao DN, Pukatzki SU, Kessin RH. Dictyostelium amoebae lacking an F-box
protein form spores rather than stalk in chimeras with wild type. Proc Natl Acad Sci USA.
2000;97:3292-7.

30. Mohanty S, Lee S, Yadava N, Dealy M], Johnson RS, Firtel RA. Regulated protein
degradation controls PKA function and cell-type differentiation in Dictyostelium. Genes Devel.
2001;15:1435-48.

31. Malinovska L, Palm S, Gibson K, Verbavatz JM, Alberti S. Dictyostelium discoideum has
a highly Q/N-rich proteome and shows an unusual resilience to protein aggregation. Proc Natl
Acad Sci U S A. 2015;112(20):E2620-9.

32. Ohmachi T, Giorda R, Shaw DR, Ennis HL. Molecular organization of developmentally
regulated Dictyostelium discoideum ubiquitin cDNAs. Biochemistry. 1989;28:5226-30.

33.  Muller-Taubenberger A, Hagmann |, Noegel A, Gerisch G. Ubiquitin gene expression in
Dictyostelium is induced by heat and cold shock, cadmium, and inhibitors of protein
synthesis. ] Cell Sci. 1988;90:51-8.



