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UBIQUITINATION

01.



INTRODUCTION



UBIQUITIN 
FUNCTIONS



Lys 48 

Lys 29 

Lys 11 

Lys 27 

Lysine residues

PDB: 1UBQ

Lys 6 

Lys 33 

Lys 63 



PATHWAY



PYRAMIDE-LIKE 
DISTRIBUTION2 variants

30-40 variants

+500 variants

*data based on the human proteome



UBIQUITIN.

02.



SCOP CLASSIFICATION
Class

Alpha and beta proteins (α + β)

Fold
beta-Grasp (ubiquitin-like)

Superfamily
Ubiquitin-like

Family
Ubiquitin-related



TERTIARY 
STRUCTURE

β-strand

⍺-helix

310-helix

Loop

¹  MQIFVKTLTG      KTITLEVEPS      DTIENVKAKI      QDKEGIPPDQ      QRLIFAGKQL      EDGRTLSDYN     

⁶¹ IQKESTLHLV        LRLRGG

Ub Topological diagram



UBIQUITIN 
INTERNAL 
INTERACTIONS



Thr 55

Asp 58

Tyr 59

Glu 51

Hydrogen bonds

PDB: 1UBQ
(H.sapiens)

Tyr
Glu



Glu 16

Lys 29

Ala 46

Lys 48

Hydrogen bonds

PDB: 1UBQ



Asp 52

Lys 27

Glu 34

Lys 11

Salt bridges

PDB: 1UBQ



Thr 7 

Gly 10 

Lys 11 Beta bulge loop

PDB: 1UBQ



N-terminal C-terminal

Isopeptide bond

Thioester bond

3.56 Å

Met 1

Lys 63

Hydrogen bond



HYDROPHOBIC CORE

¹  MQIFVKTLTG       KTITLEVEPS     DTIENVKAKI     QDKEGIPPDQ     QRLIFAGKQL     EDGRTLSDYN     

⁶¹ IQKESTLHLV        LRLRGG PDB: 1UBQ



MULTIPLE SEQUENCE ALIGNMENT

Lys RESIDUES 

INTERFACE I

INTERFACE II

INTERFACE III

N/C terminal rsd

Lys6 Lys Lys27 Lys29

Lys48 Lys63

Thr12

As
p3
2

Ly
s3
3

Gl
u3
4Leu8

Gly47

As
p3
9

Arg42

Ar
g7
2

Le
u7
3

Ar
g7
4

Gl
y7
5

Gl
n4
0

Gl
y7
6

Conservation
Chimpanzee (P. troglodytes)
Human (Homo sapiens)
Mouse (Mus musculus)
Fly (D. melanogaster)
Bovine (Bos taurus)
Amoeba (D. discoideum)
Nematode (C. elegans)
Fission yeast (S. pombe)
Candida (C. albicans)
Baker’s yeast (S. cerevisiae)

Met



STRUCTURAL 
ALIGNMENT

PDB ID: 6ZQH - S.cerevisiae PDB ID: 1UBQ - H.sapiens PDB ID:  2ZCC - B.taurus PDB ID: 4GSW - E.histolytica

RMSD: 0.45
SCORE: 8.95
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SCOP CLASSIFICATION
Class

Alpha and beta proteins (α/β)

Fold
Activating enzymes of the ubiquitin-like 

proteins

Superfamily
Activating enzymes of the ubiquitin-like 

proteins

Family
Ubiquitin activation enzymes (UBA)



UFD
- Present in the 
C-terminus
- Recruitment of 
specific E2s

AAD
- Bound to ATP and Ub 
noncovalently
- Catalytically active in 
the adenylation reaction

IAD
- Present in the 
N-terminus
- Catalytically inactive

SCCH
- Carries the 
catalytic cysteine
- Forms a thioester 
bond with Ub

FCCH
- Associates with IAD
- Non-functional

E1 DOMAINS

PDB: 6DC6
(H. sapiens)



FCCH-SCCH INTERACTIONS

Pro 745

Met 200Leu 235

Glu 252

Arg 747

3.10 Å

SCCH 

FCCH

Salt Bridges

Van der Waals

PDB: 6DC6



Ub-E1 
INTERACTIONS

Interface III

Interface I

Interface II

PDB: 6DC6



INTERFACE I



2.95 Å

Gly 47

Glu 938

2.41 Å

Asn 928

Leu 8

Hydrogen bonds

PDB: 6DC6



INTERFACE II



Hydrogen bonds

3.34  Å

3.66  Å
3.75  Å

3.44 Å

Glu 243

Asp 32

Lys 33

Glu 34

Arg 239

Thr 12

PDB: 6DC6



INTERFACE III



Hydrogen bonds

Arg 72

Ser 621

Gln 608

Asp 623

Leu 73

3.03 Å

2.
57

 Å
2.53 Å Asn 606

2.55 Å

Crossover loop

AAD
PDB: 6DC6



Van der Waals

Arg 72

Tyr 618

Asn 606

Gly 605

Lys 604

Leu 601
Leu 73

Crossover loop residues (E1)

Ubiquitin
Ubiquitin

AAD domain residues (E1)
AAD residues (E1)

PDB: 6DC6



Hydrogen Bonds Salt Bridges

Arg 742.43 Å

Arg 581

Arg 74

3.41 Å

Glu 626

AAD(E1) Crossover loop(E1) PDB: 6DC6



Hydrogen bonds

Thr 600 Thr 600

Gly 75
Gly 76

Gly 76

Gly 75

Arg 581Arg 581

3.06 Å

3.43 Å

3.78 Å

AAD(E1) Ubiquitin PDB: 6DC6



Van der Waals

SCCH domain residues (E1)

Ubiquitin

Gly 75

Ile 891

PDB: 6DC6



Hydrogen Bonds Salt Bridges

3.
04

 Å

Ser 621

Arg 42

Asp 623 Asp 623

Ser 621

Arg 42

3.28 Å

PDB: 6DC6



Van der Waals

Pro 624

Gln 40

Asp 39

Gln 622
g1 helix residues (Ub)

Crossover loop  residues (E1)

PDB: 6DC6



‘Closed’ 

‘Opened’ 

SCCH ROTATION

PDB: 5UM6
(S. pombe)

PDB: 4II3
(S. pombe)

RMSD: 1.53
SCORE: 4.46

106-130º



UFD ROTATIONWithout E2 

PDB: 4II3
(S.pombe)

With E2 

PDB: 4II2
(S. pombe)

RMSD: 1.22
SCORE: 8.34

8-16º



MULTIPLE SEQUENCE ALIGNMENT
INTERFACE  I

Asn928 Glu938

INTERFACE  II
Arg239 Glu243

Conservation
Chimpanzee (P. troglodytes)
Fission yeast (S. pombe)
Human (Homo sapiens)
Rabbit (Oryctolagus cuniculus)
Mouse (Mus musculus)
Dog (Canis lupus familiaris)
Frog (Xenopus laevis)
Fish (Oryzias latipes)
Amoeba (D. discoideum)

Conservation
Chimpanzee (P. troglodytes)
Fission yeast (S. pombe)
Human (Homo sapiens)
Rabbit (Oryctolagus cuniculus)
Mouse (Mus musculus)
Dog (Canis lupus familiaris)
Frog (Xenopus laevis)
Fish (Oryzias latipes)
Amoeba (D. discoideum)



INTERFACE  III

Gl
n6
08

As
p6
23

Ser621

As
n6
06 Tyr618

Le
u6
01

Gl
y6
05

Ly
s6
04Arg581

Gl
u6
26

Th
r6
00

Pr
o6
24

Gl
n6
22 Cys632

*Catalytic cysteine

*Conservation
Chimpanzee (P. troglodytes)
Fission yeast (S. pombe)
Human (Homo sapiens)
Rabbit (Oryctolagus cuniculus)
Mouse (Mus musculus)
Dog (Canis lupus familiaris)
Frog (Xenopus laevis)
Fish (Oryzias latipes)
Amoeba (D. discoideum)

Conservation
Chimpanzee (P. troglodytes)
Fission yeast (S. pombe)
Human (Homo sapiens)
Rabbit (Oryctolagus cuniculus)
Mouse (Mus musculus)
Dog (Canis lupus familiaris)
Frog (Xenopus laevis)
Fish (Oryzias latipes)
Amoeba (D. discoideum)



INTERFACE  III
Ile891

Conservation
Chimpanzee (P. troglodytes)
Fission yeast (S. pombe)
Human (Homo sapiens)
Rabbit (Oryctolagus cuniculus)
Mouse (Mus musculus)
Dog (Canis lupus familiaris)
Frog (Xenopus laevis)
Fish (Oryzias latipes)
Amoeba (D. discoideum)



STRUCTURAL 
ALIGNMENT

Predicted: Q55C16 - D.discoideum PDB ID: 3CMM - S.cerevisiae PDB ID:  4II3 - S.pombe PDB ID: 6DC6 - H.sapiens

RMSD: 1.47
SCORE: 9.36
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SCOP CLASSIFICATION
Class

Alpha and beta proteins (α + β)

Fold
UBC-like

Superfamily
UBC-like

Family
UBC-related



TERTIARY 
STRUCTURE

β-strand

⍺-helix

310-helix

Loop

¹ MSSSKRIAKE LSDLERDPPT SCSAGPVGDD LYHWQASIMG PADSPYAGGV FFLSIHFPTD

⁶¹ YPFKPPKISF TTKIYHPNIN ANGNICLDIL KDQWSPALTL SKVLLSICSL LTDANPDDPL

⁹¹ VPEIAHIYKT DRPKYEATAR EWTKKYAV

E2 Topological diagram



INTERACTIONS
E2
E1
Ubiquitin



Intramolecular 
interactions



Van der Waals

E2

E1

E2 residues

Pro 115

Pro 118

Pro 121

Asp 116

PDB: 4II2
(S. pombe)

Cys 85
Pro 118

Leu 119

E2 residues



E2 - E1 
Interactions



Asn 688 His 125

E2 residuesE1 residues PDB: 4II2

Van der Waals

E2 residues

E1 residues

Leu 3

Lys 4

Asn 7

Leu 10

Ala 11

Phe 31

Met 944

Ser 946

Val 949

Phe 956

Ile 977

E2

E1



Ser 80

Ser 642

E2 residues E1 residues

Van der Waals

PDB: 4II2

Leu 119

Ile 592

E2 residues E1 residues

E2

E1



Hydrogen bonds

Ser 696

Asp 116

2.
98

 Å

Val 694

Lys 128

3.23Å

E2

E1

PDB: 4II2

3.28 Å

2.
72

 Å



Asp 28 Leu 951

Hydrogen bonds

2.86 Å

Leu 30

Val 949

PDB: 4II2

E2

E1

3.03Å



E2

E1

PDB: 4II2Crossover loop

Hydrogen bonds



E2 - E1 - Ub 
Interactions



Gln 40

Asp 39

Asp 59

Phe 62

Lys 63

Gln 583

E2 residues

Ubiquitin residues

Van der Waals

E2

E1

PDB: 4II2

E1 residues Ubiquitin



Lys 63

Gln 583

Asp 584

Gln 40

3.
07

 Å

3.11 Å

4.55 Å

Hydrogen bonds

E2 E1 Ubiquitin PDB: 4II2



MULTIPLE SEQUENCE ALIGNMENT
As
p2
8
Le
u3
0

Ly
s6
3

Ph
e6
2

Asn7
Ph
e3
1

Ala
11

Le
u1
0

Le
u3
Ly
s4

Asp59

Conservation
Mouse (Mus musculus)
Frog (Xenopus laevis)
Bovine (Bos taurus)
Rat (Rattus rattus)
Pig (Sus scrofa)
Human (Homo sapiens)
Fission yeast (S. pombe)
Baker’s yeast (S. cerevisiae)

Conservation
Mouse (Mus musculus)
Frog (Xenopus laevis)
Bovine (Bos taurus)
Rat (Rattus rattus)
Pig (Sus scrofa)
Human (Homo sapiens)
Fission yeast (S. pombe)
Baker’s yeast (S. cerevisiae)



Ser80 Cys85
*

Arg90

Pr
o1
18

Le
u1
19

Pr
o1
21

Pr
o1
15

As
p1
16 Lys128His125

Conservation
Mouse (Mus musculus)
Frog (Xenopus laevis)
Bovine (Bos taurus)
Rat (Rattus rattus)
Pig (Sus scrofa)
Human (Homo sapiens)
Fission yeast (S. pombe)
Baker’s yeast (S. cerevisiae)

Conservation
Mouse (Mus musculus)
Frog (Xenopus laevis)
Bovine (Bos taurus)
Rat (Rattus rattus)
Pig (Sus scrofa)
Human (Homo sapiens)
Fission yeast (S. pombe)
Baker’s yeast (S. cerevisiae)

*Catalytic cysteine



STRUCTURAL 
ALIGNMENT

Predicted: P25867 - D.melanogaster Predicted: P43102 - C.albicans PDB ID:  1QCQ - S.cerevisiae PDB ID: 4II2 - S.pombe

RMSD: 0.48
SCORE: 9.64



CONCLUSIONS
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● The ubiquitination process implies the ubiquitin and three enzymes
- E1  → activates the ubiquitin
- E2  → transfer the ubiquitin from the E1 enzyme to the substrate
- E3 → selects the substrate and assists in the transfer of ubiquitin from E2 to 

the substrate

● Ubiquitin: highly structurally and sequentially conserved multifunctional protein. 
- Presents a hydrophobic core and hydrogen bonds that are involved in its 

stability.

● E1 Ub-activating enzyme is a multidomain protein that catalyses the ubiquitin 
adenylation and the formation of a thioester bond during the first step of 
ubiquitination. Due to its relevance, both its structure and sequence are preserved 
among species.

● E2 Ub-conjugating enzyme is involved in the transthiolation step through its 
catalytic cysteine, and is the intermediate step before the substrate ubiquitination.
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PEM QUESTIONS
1. Which are the ubiquitin residues that allows to do a polibuquination?

a) Lys
b) Met
c) a) and b) are correct
d) Ser
e) All of them are correct

2. E1 enzyme is involved in:
i. The activation of the ubiquitin

ii. E2 recruitment
iii. The thioester bond transfer 
iv. The union of the ubiquitin to the target protein

a) 1,2 and 3
b) 1 and 3
c) 2 and 4
d) 4
e) 1,2,3 and 4



3. The catalític Cys in the E1 enzyme is located at…
a) AAD domain
b) C-terminal
c) SCCH domain
d) FCCH domain
e) UFD domain

4. Which is the E1 domain that recruits E2?
a) SCCH
b) FCCH
c) UFD
d) IAD
e) IAD

5. Mark the correct answer about E2:
a) Its active site is located in Cysteine 85
b) It’s a quite structurally conserved protein
c) Aspartic acid 28 is located proximal to the e1 UFD domain and it plays an important 

role during the E1-E2 thioester transfer.
d) It presents both intra and intermolecular interactions
e) All of them are correct



6. Mark the correct answer about ubiquitin residues conservation.
a) Ubiquitin residues involved in the E1 interfaces are not conserved in Drosophila 
b) The Lys residues are not conserved in bacteria
c) The C-terminal diglycine motif only appears in H. sapiens
d) a) and c) are correct
e) All options are incorrect

7. About the ubiquitination mark the correct answer.
i. In the ubiquitination are involved two enzymes.

ii. ATP is only necessary to do the ubiquitin conjugation
iii. E3 is involved in ubiquitin activation
iv. E2 is involved in ubiquitination conjugation

a) 1,2 and 3
b) 1 and 3
c) 2 and 4
d) 4
e) 1,2,3 and 4



8. About E1 enzyme conformational changes the incorrect answer is…
a) SCCH rotation facilitates the thioester bond transfer.
b) There are two major conformational changes related to E1
c) SCCH domain undergoes a rotation to switch from the ‘opened’ to the ‘closed’ 

conformation. 
d) UFD rotation implies E2 interactions. 
e) All answers are incorrect

9. How many Lysine residues has ubiquitin?
a) 3 
b) 5
c) 7
d) 9
e) 11

10. Which of the following options  is not an ubiquitin function?
a) Proteasomal degradation
b) DNA damage response
c) Selective autophagy
d) Cell cycle regulation
e) All options are correct
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