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 Supplem
entary Table S1: O

rthologous clusters predicted by O
rthoVenn for species 

It is included as excel file. 

 Supplem
entary Table S

2: Predicted N
um

ber of dom
ains of E3s in T. cruzi 

E3s 
classific
ation 

D
om

ain 
 U

niprot ID
S * 

Predicted Functions 

R
IN

G
 

R
IN

G
 

Q
4D

YQ
0,Q

4D
1I0,Q

4D
B31,Q

4D
I78,Q

4D
JF2,Q

4C
KL0,Q

4D
AL0,Q

4E
2K5,Q

4E1T1,Q
4D

L73,Q
4D

PJ5,Q
4D

T67,Q
4D

X
I0,Q

4D
0X

0,Q
4C

ZE8,
Q

4C
Y74,Q

4D
SB2,Q

4C
R

46,Q
4C

VD
0,Q

4D
M

K1,Q
4C

KK6,Q
4C

KV4,Q
4D

P57,Q
4E413,Q

4C
S38,Q

4D
KZ7,Q

4D
W

46,Q
4D

Z28,Q
4D

R
P0,Q

4E
5S0,Q

4D
8Z5,Q

4D
D

L9,Q
4C

U
C

6,Q
4D

D
96,Q

4D
662,Q

4D
R

65,Q
4E4N

3,Q
4D

IY7,Q
4D

6F3,Q
4D

072,Q
4C

Q
H

2,Q
4D

6X2,Q
4C

T25,Q
4E0X7,Q

4E1P7,Q
4D

2A5,Q
4D

0Q
6,Q

4D
821,Q

4D
YE1,Q

4D
LU

8,Q
4D

X
D

8,Q
4D

AZ0,Q
4C

PI2,Q
4D

328,Q
4C

PT2,Q
4D

C
F4,Q

4E3Z8,Q
4D

897,Q
4D

N
X

6
, Q

4E4Q
1 

Plays a role in protein-protein and 
protein-D

N
A interactions 

R
IN

G
 

D
EX

D
c 

Q
4D

M
K1, Q

4E4N
3 

D
N

A dam
age repair  

R
IN

G
 

H
ELIC

c 
Q

4D
M

K1, Q
4E4N

3 
H

elicase activity 
R

IN
G

 
FH

A 
Q

4E413, Q
4D

R
P0 

R
ecruited to E2 or their substrates 

by 
phosphorylation 

dependent 
protein-protein 

interactions 
and 

plays a role in initiation of cell cycle 
arrest at G

2/M
 phase 1 

R
IN

G
 

PH
D

 
Q

4C
ZE8, Q

4C
Y74, Q

4E4N
3, Q

4D
IY7, Q

4D
6F3 

M
ay bind to E

2 ubiquitin ligase 2 
R

IN
G

 
Pex2_Pe
x12 

Q
4E2K5 

R
ole in peroxisom

al biogenesis by 
m

ediating 
polyubiquitination 

and 
m

onoubiquitination of Pex5 and also  
plays role in receptor recycling  3 

R
IN

G
 

zf-B_box 
Q

4D
T67, Q

4D
X

I0 
H

ave 
a 

zinc finger 
that 

helps 
in 

protein-protein interactions 
R

IN
G

 
zf-PAR

P 
Q

4E4N
3 

R
egulatory 

com
ponent 

in 
D

N
A 

dam
age, by poly AD

P
-ribosylation of 

m
any target proteins such as core 



histones, 
linker 

histones 
H

1 
and 

transcription factors 4 
R

IN
G

 
PD

B 
Q

4D
R

P0, Q
4E413 

Protein-protein interaction 
R

IN
G

 
SN

F2_N
 

Q
4D

M
K1, Q

4E4N
3 

ATPase 
of 

the 
SN

F2/SW
I 

m
ulti-

subunit com
plex 

R
IN

G
 

EFH
 

Q
4D

I78, Q
4D

JF2, Q
4D

662, Q
4D

R
65 

C
alcium

-binding dom
ain 

R
IN

G
 

ZnF_ZZ 
Q

4D
YE1 

M
ediating 

protein-protein 
interactions 

R
IN

G
 

zf-U
BP 

Q
4D

D
96, Q

4C
U

C
6 

Binds 
to 

m
onoubiquitin 

and 
polyubiquitin chains 

R
IN

G
 

Signal 
Peptide 

Q
4D

897 
Protein 

transferred 
to 

secretory 
pathw

ay 
 R

IN
G

 
zf-M

IZ 
Q

4D
897, Q

4D
N

X
6, Q

4E4T0, Q
4C

SC
6, Q

4D
AB5, Q

4D
4T1, Q

4C
SJ0, 

Q
4E655 

Acts as a S
U

M
O

 E3 ligase 

R
IN

G
 

Transm
e

m
brane 

dom
ain 

Q
4D

YQ
0, Q

4E2K5, Q
4E1T1, Q

4C
R

46, Q
4D

IY7, Q
4C

T25, Q
4E0X

7, 
Q

4D
328, Q

4C
PT2, Q

4E4Q
1 

H
elps 

to 
anchor 

proteins 
to 

m
em

brane 

R
IN

G
 

C
3H

1 
Q

4D
YL1, Q

4D
C

C
7 

Play a role in R
N

A binding 
C

ullin 
C

ullin 
Q

4C
Z35, Q

4D
G

F2, Q
4D

ZU
8, Q

4C
X

33, Q
4C

TM
0, Q

4D
5L7, Q

4D
VD

1, 
Q

4C
U

C
0, Q

4D
018, Q

4C
R

P5, Q
4D

B05, Q
4C

X
65, Q

4E4Q
7 

Serve as a scaffold to bind to an 
adaptor protein at N

-term
inus and 

interacts w
ith R

IN
G

 protein at C
-

term
inus 

C
ullin 

C
ullin 

N
ED

D
8 

Q
4C

Z35, Q
4D

G
F2, Q

4D
ZU

8, Q
4C

X
33, Q

4C
TM

0, Q
4D

5L7, Q
4D

VD
1, 

Q
4C

U
C

0, Q
4D

018, Q
4C

R
P5, Q

4D
B05, Q

4C
X

65 
Play role in N

eddylation results in 
covalent conjugation of a N

ED
D

8 
m

oiety onto a conserved cullin lysine 
residue 

C
ullin 

APC
 

Q
4E4Q

7 
C

ontrols the M
/G

1 transition through 
ubiquitination of cyclins and other 
m

itotic effectors. 
F B

ox 
FBO

X 
Q

4C
SG

2, Q
4D

C
93, Q

4E398, Q
4E4A5, Q

4E3Q
8, Q

4C
YB2, Q

4D
D

I5, 
Q

4D
4D

7 
Site of protein-protein interaction  

F B
ox 

Jm
jC

 
Q

4E398 
H

istone 
dem

ethylation 
and 

as 
protein hydroxylases 5 

F B
ox 

C
upin_4 

Q
4E398 

R
ole not established 

F B
ox 

C
upin_8 

Q
4E398 

R
ole not established 



F B
ox 

C
lathrin 

Q
4E4A5 

Peculiar C
H

C
R

 repeat that plays a 
role in protein-protein interaction and 
clathrin binding 

 F box 
Transm

e
m

brane 
dom

ain 

Q
4C

SG
2, Q

4D
C

93, Q
4D

4J1 
H

elps 
to 

anchor 
proteins 

to 
m

em
brane 

U
 Box 

U
box 

Q
4D

W
87, Q

4D
7U

8, Q
4D

029, Q
4D

H
T9, Q

4C
V58 

Know
n to carry the 

ubiquitination 
process in the absence of other E3 
com

ponents 
U

 Box 
Prp19 

Q
4C

V58 
Plays 

a 
role 

in 
regulating 

spliceosom
e 

activity 
by 

targeting 
proteins for ubiquitination 6 

U
 Box 

W
D

40 
Q

4C
V58 

H
elping 

in 
recruitm

ent 
of 

other 
proteins 

for 
protein-protein 

interactions 
U

 Box 
C

oiled 
coil 

Q
4D

029, Q
4D

H
T9, Q

4C
V58 

D
iverse biological functions 

H
EC

T 
H

EC
T 

Q
4D

7V1, 
Q

4D
G

19, 
Q

4E0S6, 
Q

4D
W

H
5, 

Q
4D

LE5, 
Q

4D
ZM

6, 
Q

4D
W

65, 
Q

4D
SH

5, 
Q

4D
X

31, 
Q

4D
5C

1, 
Q

4D
W

V9, 
Q

4E2E5, 
Q

4D
547, Q

4C
K94, Q

4D
SZ1, Q

4C
Q

A0 

C
atalysis reaction, U

b bound to E2 
is transferred first to E3 cysteine and 
then transferred to lysine residue of 
substrate 

H
EC

T 
ZnF_ZZ 

Q
4D

W
H

5, Q
4D

547 
Plays 

role 
in 

protein-protein 
interaction 

H
EC

T 
SPR

Y
 

Q
4D

SH
5, Q

4D
W

65, Q
4D

547, Q
4E2E5 

R
ecognition 

of 
ubiquitinated 

substrate 
H

EC
T 

ZnF_R
B

Z 
Q

4E2E5 
U

biquitin binding function 

H
EC

T 
Lam

inin_
G

_3 
Q

4D
W

65 
Target 

H
EC

T 
to 

sugar 
binding 

m
olecules 

H
EC

T 
C

oiled 
coil 

Q
4D

7V1, Q
4E0S6, Q

4C
KK6, Q

4D
P57, Q

4C
S38, Q

4E5S0, Q
4D

8Z5, 
Q

4D
D

L9, Q
4C

T25, Q
4E0X

7, Q
4D

X
D

8, Q
4D

AZ0 
D

iverse biological functions 

H
EC

T 
AR

M
 

Q
4D

W
H

5 
Identify 

the 
ubiquitination 

degradation signals in substrates 
H

EC
T 

D
U

F441
4 

Q
4D

7V1 
Binding function is not know

n but is 
found 

in 
D

N
A 

binding 
ubiquitin 

ligases 



 D
om

ain nam
e abbreviations used are : zfM

IZ-  Zinc finger M
sx-interacting-zinc finger, R

IN
G

- R
eally interesting new

 gene finger, EFH
- 

C
alcium

 binding dom
ain, PH

D
- Plant hom

eodom
ain finger, Zf-U

BP- Zn-finger in ubiquitin-hydrolases, ZN
FZZ-, FH

A- Forkhead 
associated dom

ain ,D
EX

D
c- D

EAD
-like helicases, H

ELIC
c- H

elicase superfam
ily c-term

inal dom
ain, Zf-PAR

P- Zn-finger region 
Poly(AD

P ribose) polym
erase, C

ullin N
ED

D
8-C

ullin protein neddylation dom
ain, APC

-  Anaphase Prom
oting com

plex , TM
-

Transm
em

brane, Jm
jC

- Jum
onji  C

upin fam
ily,Prp19-Pre-m

R
N

A-processing factor 19,W
d40-  Beta-transducin repeats, H

EC
T- 

H
om

ologous to the E6-AP C
arboxyl Term

inus ,D
U

F4414- D
om

ain of unknow
n function 4414 ,  AR

M
- , R

PT- Internal repeats, SPR
Y

-
SPla and the R

yanodine R
eceptor, ZnFR

BZ- Zinc finger dom
ain in R

an-binding proteins ,ZN
FZZ- Zinc-binding dom

ain. 

* S
om

e of the U
niP

rot ids are present in m
ore than one dom

ain category as they are com
prised of m

ultiple dom
ains. 

Supplem
entary Table S

3: Predicted N
um

ber of dom
ains of D

U
B

s in T. cruzi.  

D
U

B
s 

C
lassification 

D
om

ains 
U

niprot Ids* 
Predicted Functions 

W
LM

 
W

LM
 

Q
4D

3X
7, Q

4D
N

K3 
D

esum
oylation 

W
LM

 
ZnF R

BZ 
Q

4D
3X

7, Q
4D

N
K3 

U
biquitin binding 

W
LM

 
zf-R

anBP 
Q

4D
3X

7, Q
4D

N
K3 

U
biquitin binding 

O
TU

 
O

TU
 

Q
4C

N
A5, Q

4D
PR

2, Q
4D

5L1, Q
4D

0P2, Q
4D

FK1, Q
4D

N
J4, 

Q
4D

PZ0, Q
4D

PS6 
C

om
prises the proteolytic catalytic 

triad 
O

TU
 

ZnF R
BZ 

Q
4C

N
A5, Q

4D
PR

2 
U

biquitin binding 
JAB 

JAB 
Q

4D
KG

4, Q
4C

YA0, Q
4D

P
M

7, Q
4D

D
T1, Q

4D
H

98, Q
4C

YA6, 
Q

4D
L11, Q

4C
U

S2, Q
4D

3R
6, Q

4C
M

J7, Q
4C

K98, Q
4D

G
61, 

Q
4D

X
R

1, Q
4D

Q
Z2 

Target 
the 

K63-linked 
polyubiquitin chains 7 

JAB 
M

itM
em

 
Q

4D
H

98, Q
4C

YA6 
N

orm
al M

itochondria m
orphology 

and function  
JAB 

C
oiled coil 

Q
4D

H
98, Q

4C
YA6, Q

4C
U

S2, Q
4D

3R
6, Q

4C
K98, Q

4C
M

J7 
D

iverse biological functions 
JAB 

Signal 
peptide 

Q
4C

YA0, Q
4D

X
R

1, Q
4D

Q
Z2 

Protein 
transferred 

to 
secretory 

pathw
ay 

Peptidase C
48 

Peptidase 
C

48 
Q

4D
D

C
1, Q

4C
PQ

0, Q
4E4I8 

M
aturation of SU

M
O

 proteins (C
-

term
inal 

hydrolase 
activity) 

and 
rem

oval 
of 

SU
M

O
 from

 
targets 

(isopeptidase activity) 
Peptidase C

54 
Peptidase 
C

54 
Q

4D
5K1, Q

4D
FC

9 
Associated w

ith U
rm

1 proteases 



 D
om

ain nam
e abbreviations used are: W

LM
- W

ss like m
etalloprotease, ZnFR

BZ- Zinc finger dom
ain in R

an-binding proteins, zf-
R

anBP- Zinc finger dom
ain in R

an BP2 binding protein, O
TU

- O
varian tum

our dom
ain, JAB-Jun kinase activation dom

ain binding 
protein, PU

B
- Protein m

odule of unknow
n function, U

C
H

- U
biquitin carboxyl-term

inal hydrolases, D
U

SP
-D

om
ain present in ubiquitin-

Peptidase C
97 

Peptidase 
C

97 
Q

4D
J21, Q

4D
M

33, Q
4E565, Q

4D
W

L2, Q
4D

FR
6, Q

4C
Q

T6, 
Q

4E560, Q
4D

W
K7, Q

4D
3X

5, Q
4D

N
K1 

Thiol peptidase activity 

Peptidase C
97 

PU
B 

Q
4D

J21, Q
4D

M
33 

Associated w
ith ubiquitin 

Peptidase C
97 

G
lyco 

hydro 85 
Q

4D
J21, Q

4D
M

33 
Function not established 

U
C

H
 

U
C

H
 

Q
4D

C
S7, Q

4E259, Q
4D

6N
2, Q

4E391, Q
4D

G
39, Q

4E680, 
Q

4D
YG

8, Q
4D

S35, Q
4C

R
Z3, Q

4C
YB0, Q

4D
313, Q

4C
TT7, 

Q
4D

FS1, Q
4D

M
B6, Q

4E0W
2, Q

4D
TJ5, Q

4D
R

N
4, Q

4E407, 
Q

4D
1W

6, Q
4D

N
K8, Q

4C
TT9, Q

4E0K4, Q
4D

W
10, Q

4C
X

Y4, 
Q

4D
F80, Q

4D
0S8, Q

4C
L15, Q

4D
FD

2, Q
4C

U
I7 

H
ydrolyze 

sm
all 

am
ides 

and 
esters 

at 
the 

C
-term

inus 
of 

ubiquitin 

U
C

H
 

D
U

SP
 

Q
4D

C
S7, Q

4E259 
R

ole in ubiquitin specific protease 
activity 

U
C

H
 

U
SP7 C

2 
Q

4D
G

39 
R

ole not established 
U

C
H

 
U

SP7 IC
P0 

bdg 
Q

4D
G

39, Q
4E0W

2 
Interact w

ith herpesvirus 1 trans-
acting transcriptional protein E3 
ligase IC

P0/V
M

W
110

 8 
U

C
H

 
zf U

BP 
Q

4E680 
Functions 

as 
isopeptidase 

by 
cleaving isopeptide bond betw

een 
ubiquitin m

oieties 
U

C
H

 
U

BA 
Q

4E680, Q
4C

X
Y4 

Interaction of ubiquitin 
U

C
H

 
ZnFR

BZ 
Q

4C
R

Z3, Q
4C

L15 
U

biquitin binding function 
U

C
H

 
U

BQ
 

Q
4C

YB0, Q
4D

313, Q
4C

L15 
R

ole 
in 

ubiquitin 
hydrolyase 

activity 
U

C
H

 
SC

O
P 

Q
4D

FD
2 

Plays 
role 

in 
protein-protein 

interaction 
U

C
H

 
EX

O
III 

Q
4D

FD
2 

Stim
ulate the nuclease activity of 

D
U

Bs 
U

C
H

 
C

oiled coil 
Q

4D
6N

2, Q
4E391, Q

4D
1W

6, Q
4E0V5 

D
iverse biological functions 

R
ibosom

al 
S19e 

R
ibosom

al 
S19e 

Q
4D

6N
9, Q

4D
JY1 

R
ole is not established 



specific proteases, U
SP7 C

2- U
biquitin specific protease 7 C

 term
inal, U

SP7 IC
P0 bdg- U

biquitin specific protease 7 IC
P0 bdg, zfU

BP
- 

U
biquitin C

arboxyl-term
inal hydrolase-like zinc finger ,U

BA
- U

biquitin associated dom
ain, U

BQ
- U

biquitin, SC
O

P
- Superfam

ily W
D

40 
like repeat , EXO

III- Exonuclease dom
ain.  

* S
om

e of the U
niP

rot ids are present in m
ore than one dom

ain category as they are com
prised of m

ultiple dom
ains 

Supplem
entary Table S

4: The com
plete list of all the predicted proteins localization in different cellular com

partm
ents. U

niProt 
id and cell organelles are given. 

 C
ytoplasm

 
N

ucleus 
M

itochondria 
C

ytoskeleton 
Plasm

a m
em

brane 
M

em
brane 

Peroxisom
e 

Q
4C

Q
H

2 
Q

4D
1I0 

Q
4C

M
J7 

Q
4C

KV4 
Q

4C
T25 

Q
4C

PT2 
Q

4D
JF2 

Q
4C

TM
0 

Q
4D

5L7 
Q

4C
N

A5 
Q

4C
U

C
6 

Q
4D

C
93 

Q
4D

328 
  

Q
4C

U
S2 

Q
4D

662 
Q

4C
TT9 

Q
4D

7U
8 

Q
4D

W
46 

  
  

Q
4C

V58 
Q

4D
6F3 

Q
4C

U
I7 

Q
4D

821 
Q

4E0X
7 

  
  

Q
4D

029 
Q

4D
6N

2 
Q

4C
X

Y4 
Q

4D
AL0 

Q
4E2K5 

  
  

Q
4D

0P2 
Q

4D
6N

9 
Q

4D
1W

6 
Q

4D
C

S7 
  

  
  

Q
4D

3X
7 

Q
4D

8Z5 
Q

4D
3R

6 
Q

4D
D

96 
  

  
  

Q
4D

547 
Q

4D
B05 

Q
4D

5K1 
Q

4D
FC

9 
  

  
  

Q
4D

5C
1 

Q
4D

B31 
Q

4D
5L1 

Q
4D

T67 
  

  
  

Q
4D

6X
2 

Q
4D

C
F4 

Q
4D

6U
5 

Q
4D

TJ5 
  

  
  

Q
4D

FD
2 

Q
4D

F80 
Q

4D
D

C
1 

Q
4D

XI0 
  

  
  

Q
4D

G
61 

Q
4D

FR
6 

Q
4D

D
T1 

Q
4E4I8 

  
  

  



Q
4D

H
T9 

Q
4D

FS1 
Q

4D
JY1 

Q
4D

FC
9 

  
  

  

Q
4D

J21 
Q

4D
G

39 
Q

4D
KG

4 
Q

4E680 
  

  
  

Q
4D

M
33 

Q
4D

G
F2 

Q
4D

N
J4 

  
  

  
  

Q
4D

N
K3 

Q
4D

I78 
Q

4D
N

K8 
  

  
  

  

Q
4D

X
31 

Q
4D

IY7 
Q

4D
PR

2 
  

  
  

  

Q
4D

YG
8 

Q
4D

KZ7 
Q

4D
S35 

  
  

  
  

Q
4E4Q

7 
Q
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