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Ubiquitin

Let’s degrade something
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“Before creation comes destruction”




The Ubiquitin signal

Ubiquitination: The addition of ubiquitin to a substrate protein

e Ubiquitin domain

* 76-amino-acid polypeptide of 8,5kDa
* Not present in prokaryotes

* Highly conserved among eukaryotes

Ubiquitination affects proteins in many ways:

* Degradation

e Cellular location

e Catalytic activity
e Cell cycle control

* Immune function
...Etcetera

e iib

monoUb  modified monoUb homotypic modified homotypic

EE3g s

mixed modified mixed branched modified branched

Yau R, Rape M. The increasing complexity of the ubiquitin code. Nature Cell
Biology. 2016;18(6):579-586.




The Ubiquitin Pathway

The conjugation of ubiquitin to its substrates ATP + @
requires of 3 steps: ~— m
El Activation ﬂ ﬂﬂo
« Ubiquitin-activating enzymes ~—
E2 Conjugation N
+ Ubiquitin-conjugating enzymes B Bﬂ@
N~

E3 Ligation to target B

» Ubiquitin ligases

Degradation of substrate

\_-____—_,/ to short peptides

Pyramide-like distribution m

Varshavsky A. The Ubiquitin System, an Immense Realm. Annual Review of
Biochemistry. 2012;81(1):167-176.




The main character




Ubiquitin - Classification

SCOP Classification CATH Classification

Class: Alpha Beta (3)

e Class: Alpha and beta proteins (o+p)

* Fold: beta-Grasp (Ubiquitin-like) *  Architecture: Roll (3.10)
e Superfamily: Ubiquitin-like * Topology: Ubiquitin-like (UB roll)
(3.10.20)

*  Family: Ubiquitin-related
*  Homologous Superfamily:

Phosphatidylinositol 3-kinase Catalytic

Subunit; Chain A, domain 1 (3.10.20.90)



Ubiquitin - Genes

There are 4 genes that encode for human Ubiquitin:

e  Polyubiquitin

precursor

e 3 direct repeats
(229 aa)

o 17pl1.2

Polyubiquitin e  Ubiquitin fused e  Ubiquitin fused
precursor to L40 to S27a

9 direct repeats e 19pl13.11 e 2pl6.l

(685 aa)

12p24.31

The Ubiquitin sequence common in all these genes is the following:

MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGG






Ubiquitin - Structure

High chemical and thermal stability:
* Hydrophobic core

e High hydrogen-bonding interactions

Surface side chains:

* Acidic and basic
* 5 Llys: Ubg-Ubq conjugation

* 3 hydrophobic residues: UBD interaction

PDB ID: 1UBQ




High chemical and thermal stability:

Hydrophobic core

Hydrophylic residues

High hydrogen-bonding interactions
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High chemical and thermal stability:

* Hydrophobic core

Tyr 59. A OH

N
e

Glu51. AN

* High hydrogen-bonding interactions




Caenorhabditis_elegans/1-76
A.ceylanicum/f1-7&
Plasmodium_falciparum/1-76
Owis_ariesf1-76
Drosophila_melanogaster/1-76
Xenopus_laevisfl-7&
Danio_reriof1-7&
Ponge_pygmaeus/1-75
FPan_troglodytes/1-76
Gorilla_gorilla_gorillaf/l -7 &
Equus_caballusfi-7&
Cavia_porcellusf1-76
Gallus_gallusf1-76
Bos_tauwrus/1-76
Mus_musculus/1-7&
Rattus_norvegicus/1-76
Homo_sapiens/1-76
Schizosaccharomyces_pombe/i-76
Saccharomyces_cerevisiaefl-76
Arabidopsis_thaliana/l-76
Cryptococcus_neoformans/1-76

Conservation
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Ubiquitin Evolution

o 11

9 g8

@ Non-conserved residue with different chemical properties

@ Non-conserved residue with similar chemical properties

o

Human




Proline 19

Alanine 28
Serine 57
Leucine 73




M.musculus

H.sapiens

S. cerevisiae

B.taurus _

Ubiquitin (H. sapiens)
Ubiquitin (M.musculus)
Ubiquitin (B.taurus)

Ubiquitin (S.cerevisiae)







Ubiquitin: 3-turn helix

PDBid

3cmm g, cerevisiae
2zcc B.taurus
2a9%k M.musculus
lubg H.sapiens

S.cerevisiae
B.taurus
M.musculus
H.sapiens

MQIFVKTLTGKTITLEVESSDTIDNVKSKIQDKEGIﬂPDQQRLIFAGKQLEDGRTHSDY&IQKESTLHLVLRL———RGG
MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIHPDQpRLIFAGKQLEDGRTﬂSDYNIQKESTLHLV —————————
MQTFVKTLTGKT TTLEVEPSDT TENVKAKTQDKEGT BPDQPRT,TFAGKQLEDGRTSDYNTQRESTLHLVLR-TRGG- -
MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIﬁPDQQRLIFAGKQLEDGRTDSDYPIQKESTLHLVLR—LRGG——
! oy
—EEEEEETT——EEEEE——TT—BHHHHHHHHHHHH——JGGG}EEEETTEE——TTSB GGGr—-TT-EEEEE-——
~EEEEE-TTS-EEEEE--TT-BHHHHHHHHHHHH-- GGG ~EEETTEE—-TTSBRGGG —~TT-EEEE ——————————
—EEEEEETTS—EEEEE——TT—BHHHHHHHHHHHH——1GGGEEEEETTEE——TT—BﬂGGG#——TT—EEEEEE ————————
—EEEEEETTS—EEEEE——TTSBHHHHHHHHHHHH——1GGGFEEEETTEE——TTSBHGGGI——TT—EEEEEE———S————

310 helix 310 helix

Sc>8 RMSD < 0,65

H = a-helix
B = residue in isolated B-bridge
E = extended strand (B ladder)

G = 3-helix (3, helix)
T = hydrogen bonded turn
S =bend




All surfaces covered by lysines:

® Lys 29,48 -Proteasome
degradation

® Lys6,11 and 63 - DNA repair
and signalling transduction

® Lys 27 -hidden - Requires

conformational changes in
order to be functional




All surfaces covered by lysines:

® Lys 29,48 -Proteasome
degradation

® Lys6,11 and 63 - DNA repair
and signalling transduction

® Lys 27 -hidden - Requires

conformational changes in
order to be functional




Salt bridges




Thr 7. AO Gly 10. AN

Thr7. AN

Lys11.AO




TELEK box

K6, K11, T12, T14, E34 lle 36 patch

136, L71, L73
Mitotic degradation
B1/B2 loop
L8, T9, E10
lle44 patch
Ub trafficking L8, 144, H68, V70
DUB recognition Phe4 patch
Q2,F4,T12

UB chains
E3, DUB, UBD interaction

UBD interaction
Flexible

Proteasome recognition
UBD interaction
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‘ N-terminus

<

7 residues tightly conserved

L} Prevent degradation
J/




C-terminus

ARG 74.A

’.
; GLY 75.A

Adenylation reaction
Cystein bonding
Target unions
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Gly76—0—P—0

Adenylation
OH OH
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E1l - Classification

SCOP Classification CATH Classification

* Class: Alpha and beta proteins (a/B) * Class: Alpha Beta (3)

* Fold: Activating enzymes of the * Architecture: 3-Layer(aba) Sandwich
ubiquitin-like proteins (3.40)

* Superfamily: Activating enzymes of * Topology: Rossmann fold (3.40.50)

the ubiquitin-like proteins * Homologous Superfamily: NAD(P)-

*  Family: Ubiquitin activating enzymes binding  Rossmann-like Domain
(UBA) (3.40.50.720)



El - General features

Functions

* Selection of ubiquitin for the pathway.

* Activation of ubiquitin C-terminus for further
reactions.

* Coordination of the ubiquitin with correct
downstream E2.

Reactions

* Ubiquitin activation by adenylation.

* E1forms a thioester between a conserved
catalytic cysteine and the Ubiquitin.

* Adenylation of another ubiquitin

Ubiquitin activation

/ E1su+ATP+ Ub —=E14/""+ PP, (1)\

- Activates ubl C-terminus for the remaining reactions in the pathway
- Selects correct ubl for pathway

————»E18" ——E1s-us + AMP  (2)

- E1-ubl thioester intermediate required for further chemical reactions

Mg™ -AMP~Ub
E1s-us +ATP+Ub +— E1sGs ~+ PP (3)
- Loaded E1 is primed for rapid turnover
- Nuclectide binding promote ubiquitin transfer from E1 to E2

E180 " +E2sn=——=E1&4" ° +E2s-u» (4)

\ )
k - Coordinates the correct ubl with its cognate E2 /

Huang D, Walden H, Duda D, Schulman B. Ubiquitin-like protein activation.
Oncogene. 2004;23(11):1958-1971.




E1l - Genes and Sequence

There are 8 genes that encode for human Ubiquitin-activating enzymes:

UBA1l UBA3 UBA5S UBAG
UBA7 ULA1 SAE1 SAE2

Ubal gene encodes for a 1.058 aa protein:

MSSNNSGLSAAGEIDESLYSRQLYVLGKEAMLKMOQTSNVLILGLKGLGVEIAKNVVLAGVKSMTVFDPEPVQLADLSTQFFLTEKDIGQKRGDVTRAKLAELNAYVPVNVLDSLDDVTQLSQFQV
VVATDTVSLEDKVKINEFCHSSGIRFISSETRGLFGNTFVDLGDEFTVLDPTGEEPRTGMVSDIEPDGTVTMLDDNRHGLEDGNFVRFSEVEGLDKLNDGTLFKVEVLGPFAFRIGSVKEYGEYKKG
GIFTEVKVPRKISFKSLKQQLSNPEFVFSDFAKFDRAAQLHLGFQALHQFAVRHNGELPRTMNDEDANELIKLVTDLSVQQPEVLGEGVDVNEDLIKELSYQARGDIPGVVAFFGGLVAQEVLKAC
SGKFTPLKQFMYFDSLESLPDPKNFPRNEKTTQPVNSRYDNQIAVFGLDFQKKIANSKVFLVGSGAIGCEMLKNWALLGLGSGSDGYIVVTDNDSIEKSNLNRQFLFRPKDVGKNKSEVAAEAVC
AMNPLKGKINAKIDKVGPETEEIFNDSFWESLDFVTNALDNVDARTYVDRRCVFYRKPLLESGTLGTKGNTQVIIPRLTESYSSSRDPPEKSIPLCTLRSFPNKIDHTIAWAKSLFQGYFTDSAENVN
MYLTQPNFVEQTLKQSGDVKGVLESISDSLSSKPHNFEDCIKWARLEFEKKFNHDIKQLLFNFPKDAKTSNGEPFWSGAKRAPTPLEFDIYNNDHFHFVVAGASLRAYNYGIKSDDSNSKPNVDEY
KSVIDHMIIPEFTPNANLKIQVNDDDPDPNANAANGSDEIDQLVSSLPDPSTLAGFKLEPVDFEKDDDTNHHIEFITACSNCRAQNYFIETADRQKTKFIAGRIIPAIATTTSLVTGLVNLELYKLIDNK
TDIEQYKNGFVNLALPFFGFSEPIASPKGEYNNKKYDKIWDRFDIKGDIKLSDLIEHFEKDEGLEITMLSYGVSLLYASFFPPKKLKERLNLPITQLVKLVTKKDIPAHVSTMILEICADDKEGEDVEVPFI

TIHL



Consists of 4 building blocks:

Adenylation domains:
IAD: Inactive Adenylation Domain

Cysteine catalytic half-domains (CCHs)
FCCH: First CCH
SCCH: Second CCH

Four-helix bundle (4HB)




UBA1 Evolution

Second Cysteine Catalytic Half-Domain (partially)

620

Arabidopsis_thaliana/1-1080
Trticum_aestivam/1-1051
\Sacchamayces_cemvisize/1-1024
Schizosacchamm yces_pombe/1-1012
Mus_musculus/1-1058 :
Raltus_nonegicus/1-1058
Cricetulus_griseus/1-1058
Hoao_sapiens/1-1058
Pan_toglod ytes/1-1058
Pongo_abelii/1-1056
Papio_anubis/1-1058
Chlomcebus_sahaeus/1-1058
Bos tauus/1-1058

Catalytic Cysteine




100% conserved!




B Ubiquitin (S. cerevisiae) [l UFD from UBAL1 (S. cerevisiae)
PDB: 1UBQ PDB:3CMM




8 Hydrogen Bonds

UBA1 involved resdiues:

IAD: Arg22

AAD: Val515, Lys487,
Ala437, Argd74 and
Asp4d63.






E1 enzymes can interact covalently and
non covalently with Ub.

Non-covalently (3 interfaces):

B Interfacel
I  Interface2
- Interface 3

Covalently linked to Cys600:

Bl Interfacel
UFD and SCCH are not shown Only FCCH and SCCH are shown




(Ubiquitin is
B shown in yellow)




( )

Hydrophobic interaction
+

Hydrogen Bond

J

UBA1 involved resdiues:
AAD: Phe 898, Asn 900, Leu903 and

Phe905

Phe 283 and Ala 284

Ubiquitin involved residues:
e Leu S8, lle 44, Ala46 and Val 70




Salt Bridge
+

4 Hydrogen Bond

J

UBAI1 involved resdiues:

AAD: GIn 576, Tyr 586, Ser 589, Asp 591 and
Glu 594

Ubiquitin involved residues:
Arg 74 and Arg 72

Crossover loop




[ 3 Hydrogen Bonds ]

UBA1 - FCCH involved residues:
4 e Arg202, Gly204, andGlu206

Ubiquitin involved residues:
e Lysll, Thrl2, and Asp32




|

Interface 2
Interface 3

—




ITLEVEASDTIENVEKAKIQ
ITLEVEASDTIENVKAKIQ

GKQLEDGRTLSDYNIQKESTLHL
GKQLEDGRTLSDYNIQKESTLHL

ITLDVEPSDTIENVEKAKIQ GIFPDQQ GEKQLEDGRTLSDYNIQKESTLHL
Ovis_aries MQIFVKT ITLEVEPSDTIENVKAKIQ GIFPDQQ GKQLEDGRTLSDYNIQKESTLHL
Drosophila melanogaster MQIFVKT ITLEVEPSDTIENVEKAKIQ GIFPDQQ GKQLEDGRTLSDYNIQKESTLHL
Xenopus_laevis MQIFVKT ITLEVEPSDTIENVEKAKIQ GIFPDQQ GKQLEDGRTLSDYNIQKESTLHL

Danio_ rerio MQIFVKT
Pongo_pygmaeus MQIFVKT
Pan troglodytes MQIFVKT
Gorilla gorilla gorilla MQIFVKT
Equus_caballus MQIFVKT

ITLEVEPSDTIENVEKAKIQ
ITLEVEPSDTIENVKAKIQ
ITLEVEPSDTIENVKAKIQ
ITLEVEPSDTIENVEKAKIQ
ITLEVEPSDTIENVEAKIQ

GEKQLEDGRTLSDYNIQKESTLHL
GKQLEDGRTLSDYNIQKESTLHL
GEKQLEDGRTLSDYNIQKESTLHL
GKQLEDGRTLSDYNIQKESTLHL
GEKQLEDGRTLSDYNIQKESTLHL

Cavia porcellus MQIFVKT ITLEVEPSDTIENVEAKIQ GIPPDQO GKQLEDGRTLSDYNIQKESTLHL
Gallus gallus MQIFVKT ITLEVEPSDTIENVEAKIQ GIPPDQO GKQLEDGRTLSDYNIQKESTLHL
Bos_ taurus MQIFVKT ITLEVEPSDTIENVEAKIQ GIFPDQQ GKQLEDGRTLSDYNIQKESTLHL

Mus musculus MQIFVKT
MQIFVKT

ITLEVEPSDTIENVEAKIQ
ITLEVEPSDTIENVEAKIQ

GEKQLEDGRTLSDYNIQKESTLHL

Rattus_ norvegicus GEQLEDGRTLSDYNIQKESTLHL

Homo sapiens MQIFVKT ITLEVEPSDTIENVEAKIQ GIPPDQO GKQLEDGRTLSDYNIQKESTLHL
Schizosaccharomyces pombe MQIFVKT ITLEVESSDTIDNVKSKIQ GIFPDQQ GKQLEDGRTLSDYNIQKESTLHL
Saccharomyces cerevisiae MQIFVKT ITLEVESSDTIDNVKSKIQ GIFPDQQ GEKQLEDGRTLSDYNIQKESTLHL
Arabidopsis_thaliana MQIFVKT ITLEVESSDTIDNVEAKIQ GIPPDQO GKQLEDGRTLADYNIQKESTLHL

ITLEVESSDTIDNVEAKIQ
kkakk Khkkakkk KA AR A A AR A KKK
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Cryptococcus neoformans MQIFVKT

E e e

GKQLEDGRTLSDYNIQKESTLHL

FEE Ak d Ak kFhk o kdkkhdkkdhkhkkEAE.

Caenorhabditis elegans MQIFVKT
A.ceylanicum MQIFVKT
Plasmodium falciparum MQIFVKT

[ Interface 1
[ Interface 2
[| Interface3






Interface 1 - Residues involved in interaction

Arabidopsis_thaliana
Triticum_aestivum
Saccharomyces_cerevisiae
Schizosaccharomyces_pombe
Mus_musculus
Rattus_norvegicus
Cricetulus_griseus
Homo_sapiens
Pan_troglodytes
Pongo_abeliti
Papio_anubis
Chlorocebus_sabaeus
Bos_taurus

Ovis_aries

Canis_lupus
Equus_caballus
Cavia_porcellus
Ictidomys_tridecemlineatus
Oryctolagus_cuniculus
Monodelphis_domestica
Anolis_carolinensis
Drosophila_melanogaster
Brugia_malayi

IPAIATSTAMATGLVCLELYKVLDGGHK - = - - - VEAYRNT
IPAIATSTAMATGLVCLELYKALAGGHK- - - - - VEDYRNT
IPAIATTTSLVTGLVNLELYKLI-DNKT- - - -DIEQYKNG
VPAMCTSTAVVSGLVCLELVKLV-DGKK- - - -KIEEYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHQ- - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHQ- - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHQ- - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPATIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR- - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLNSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLNSYKNG
IPAIATTTAAVVGLVCLELYKVV-HGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -KLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -QLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHR - - - -HLDSYKNG
IPAIATTTAAVVGLVCLELYKVV-QGHQ- - - -RLEAYKNG
IPAIATTTAAVVGLVCLELYKII-QGHK- - - -RLESFKNG
IPAIATTTSVLSGLACLEVIKLI-VGHR- - - -DLVKFKKP
IPALATTTAAVAGLVCIELYKMIGDGHQPPNVPLKVFKNG

I_J?I_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_l_‘nﬁhh‘5:96;
rrcrccHCcrHHrrCHCrCCrHCrHCrCrHre ‘900

<9,
9,

%
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FS
FS
FG
FT
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
FG
MA
FG

[ Interface 1
[ Interface 2
[ Interface3



Interface 2 - Residues involved in interaction

Arabidopsis_thaliana CNT@SVIPHLTE KQAPMCTVHSFPHNIDHCLTWARSEFEG
Triticum_aestivum CNT@MVIPHLTE KQAPMCTVHSFPHNIDHCLTWARSEFEG

Saccharomyces_cerevisiae GNTEIWIIPRLTE KSIPLCTLRSFPNKIDHTIAWAKSLFQG
Schizosaccharomyces_pombe GNT@VVVPHLTE KSFPICTLKNFPNRIEHTIAWARDLFEG
Mus_musculus GNVE@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Rattus_norvegicus GNVE@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Cricetulus_griseus GNVE@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Homo_sapiens GNV@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Pan_troglodytes GNVE@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Pongo_abeliti GNVE@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG

Papio_anubis GNV@VVIPFLTE
Chlorocebus_sabaeus GNV@VVIPFLTE
Bos_taurus GNVEWVIPFLTE
Ovis_aries GNVRIVVIPFLTE
Canis_lupus GNVEVVIPFLTE
Equus_caballus GNV@VVIPFLTE

KSIPICTLKNFPNAIEHTLQWARDEFEG
KSIPICTLKNFPNAIEHTLQWARDEFEG
KSIPICTLKNFPNAIEHTLQWARDEFEG
KSIPICTLKNFPNAIEHTLQWARDEFEG
KSIPICTLKNFPNAIEHTLQWARDEFEG
KSIPICTLKNFPNAIEHTLQWARDEFEG

Cavia_porcellus GNVEVVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Ictidomys_tridecemlineatus GNV@VVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Oryctolagus_cuniculus GNVRIVVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG
Monodelphis_domestica GNVEVVIPFLTE KSIPICTLKNFPNAIEHTLQWARDEFEG | Interfacel

Anolis_carolinensis GNI@WVVIPFLTE
Drosophila_melanogaster GNVE@VIVPFATE
Brugia_malayi GNT@VVYPHLTE

KSIPICTLKNFPNAIEHTLQWARDEFEG | Interface2
KSIPICTLKNFPNAIEHTLQWARDAFEG | Interface3
KDIPICTLKNFPNEIQHTIQWARDLFEG

'E'E'E'E'U'E'E'E'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂo



Arabidopsis_thaliana
Triticum_aestivum
Saccharomyces cerevisiae
Schizosaccharomyces pombe
Mus_musculus
Rattus_norvegicus
Cricetulus griseus

Homo_ sapiens
Pan_troglodytes
Pongo_abelii
Papio_anubis
Chlorocebus_sabaeus
Bos_taurus

Ovis_aries

Canis_lupus
Equus_caballus
Cavia_porcellus
Ictidomys_tridecemlineatus
Oryctolagus cuniculus
Monodelphis domestica
Anolis_carolinensis
Drosophila_melanogaster
Brugia malayi

GIIASISNENQAFISCVDD
GIVASISNDNPALVSCVDD
GMVSDIEPDG--TVTMLDD
GMIASITDDG--VVTMLEE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDSPGVVTCLDE
AMVSMVTKDSPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
TMVSMVTKDNPGVVTCLDE
AMVSMVTKDNPGVVTCLDE
AMVSMVTKGIPGEVTCLDE
TMIASITHDAQGVVTCLDE
LLIEHVDAET-GDVTTLDN

%
éﬁ@
N

906
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DGDLVVFSEVEGMTELNDGKPRKIK
DGDLVVFSEVHGMTELNDGKPREVE
DGNFVRFSEVEGLDKLNDGTLFKVE
NGDFVKFTEVKGMPGLNDGTPREVE
TGDFVSFSEVQGMIQLNGCQPMEIK
TGDFVSFSEVQGMVQLNGCQPIEIK
SGDFVSFSEVQGMIQLNGCQPIEIK
SGDFVSFSEVQGMVELNGNQPMEIK
SGDFVSFSEVQGMVELNGNQPMEIK
SGDFVSFSEVQGMVELNGNQPMEIK
SGDFVSFSEVQGMVELNGNQPMEIK
SGDFVSFSEVQGMVELNRNQPMEIK
SGDFVSFSEVQGMIELNGSQPMEIK
TGDFVSFSEVQGMIELNGSQPMEIK
SGDYVSFSEVQGMVELNGSQPMEIK
SGDFVSFSEVQGMIELNGSQPMEIK
SGDFVSFSEVQGMNELNGNQPIEIK
SGDFVSFSEVQGMIELNGNQPIEIK
SGDFVSFSEVQGMTELNGNQPIEIK
SGDFVTFTEVQGMSELNGISPMEIK
SGDFVSFTEVEGMSELNSCEPMEIK
DGDLLTFSEVQGMQELNGCQPLEIT
DGDYVTFSEVKGMTELNGIEPLKIT

Interface 3 - Residues involved in interaction

Interface 1
Interface 2
Interface 3



£
=
3
[e]
=
w
()
S
©
[7,]
<
=
=]
g
o]
=3




.

C600 (UBA1L) + G76 (Ub)







N UBA1 with 1 Ub (ID: 3CMM)
B UBA1 with 2 Ub (ID: 4NNJ)

**Both structures are from S. cerevisiae

Sc: 8,58
RMS: 1,55







E2 - Classification

SCOP Classification CATH Classification

Class: Alpha Beta (3)
* Fold: UBC-like *  Architecture: Roll (3.10)

* Class: Alpha and beta proteins (a+ B)

e Superfamily: UBC-like * Topology: Ubiquitin conjugating
«  Family: UBC-like enzime (3.10.110)

*  Homologous Superfamily: Ubiquitin
conjugating enzime (3.10.110.10)



E2 - General features

Function Process

* Covalently attaches to ubiquitin E1~E2~Ubl intermediate — E2~Ubl
e Binds to ubiquitin ligase (E3)

Topological diagram

&\ F‘ @ !"‘-: : %
*m "%y,
E2~Ubl — Target protein
E2~Ubl — E3 — Target protein
(Two mechanisms)










E2 - Conservation

Homo_sapiens (Ubc5)

Mus musculus  (Ube2d3)
Xenopus_laevis (Ube2d3)
Arabidopsis thaliana (Ubc8)
Saccharomyces cerevisiae (Ubc7)
Bos_taurus (Ube2k)
Schizosaccharomyces pombe (Ubc2)
Drosophila melanogaster (Ubchl0)

FTTRIYHPNIN-SNGSICLDILRSQWSPALTISKVLLSICSLLCDPNPDD
FTTRIYHPNIN-SNGSICLDILRSQWSPALTISKVLLSICSLLCDPNPDD
FTTKIYHPNIN-SNGSICLDILRSQWSPALTVSKVLLSICSLLCDPNPDD
FRTKVFHPNIN-SNGSICLDILKEQWSPALTISKVLLSICSLLTDPNPDD
FDTKVYHPNISSVTGAICLDILKNAWSPVITLKSALISLQALLQSPEPND
FITKIWHPNISSVTGAICLDILKDQWAAAMTLRTVLLSLQALLAAAEPDD
FLTKIYHPNVD-KLGRICLSTLKKDWSPALQIRTVLLSIQALMGAPNPDD
FLTSCFHPNVD-LQGATICLDILKDKWSALYDVRTILLSIQSLLGEPNNE

* 0k -***-. * . *-. *-' -, KeXKs oKk R

*

Catalytic Cysteine






SCCH

Ubiquitin




(Only SCCH domain is shown)







B SCCH domain (E1, Ubal). PDB ID: 4112

- E2 (Ubc4). PDB ID: 4112



SCCH

B SCCH domain (E1, Ubal). PDB ID: 4112
W E2(Ubcd). PDB ID: 4112




E1-E2 interacting residues (lll): Conserved E1 residues

Arabidopsis_thaliana CNTQSVIPHLTENYGASRDPPEKQAP
Triticum_aestivum CNTOMVIPHLTENYGASRDPPEKQAP
Saccharomyces cerevisiae GNTQVIIPRLTESYSSSRDPPEKSIP

Schizosaccharomyces pombe GNTQVVVPHLTESYGSSQDPPEKSFEFP PNRIEHTTIAWARDLFEG
Mus musculus GNVQVVIPFLTESYSSSQDPPEKSTIP PNATEHTLOWARDEFEG
Rattus norvegicus GNVQVVIPFLTESYSSSQDPPEKSIP NATIEHTLQWARDEFEG
Cricetulus griseus GNVQVVIPFLTESYSSSQDPPEKSIP NATEHTLOQWARDEFEG

NAIEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG

Homo sapiens GNVQVVIPFLTESYSSSQDPPEKSIP
Pan troglodytes GNVQVVIPFLTESYSSSQDPPEKSIP
Pongo_abelii GNVQVVIPFLTESYSSSQDPPEKSIP

Papio anubis GNVQVVIPFLTESYSSSQDPPEKSIP NATEHTLOWARDEFEG
Chlorocebus_sabaeus GNVQVVIPFLTESYSSSQDPPEKSIP NATEHTLOWARDEFEG
Bos taurus GNVQVVIPFLTESYSSSQDPPEKSIP NATEHTLOWARDEFEG

Ovis aries GNVQVVIPFLTESYSSSQDPPEKSIP
Canis_lupus GNVQVVIPFLTESYSSSQDPPEKSIP
Equus caballus GNVQVVIPFLTESYNSSQDPPEKSIP
Cavia_porcellus GNVQVVIPFLTESYSSSOQDPPEKSIP
Ictidomys tridecemlineatus GNVQVVIPFLTESYSSS@DPPEKSIP
Oryctolagus_cuniculus GNVQVVIPFLTESYSSSQDPPEKSIP
Monodelphis domestica GNVQVVIPFLTESYSSS@DPPEKSIP
Anolis carolinensis GNIQVVIPFLTESYSSSQ@DPPEKSIP
Drosophila melanogaster GNVQVIVPFATESYSSSQDPPEKSIP
Brugia malayi GNTQVVYPHLTESYGSSNVMDPPEKDIP

NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDEFEG
NATEHTLOWARDAFEG
NEIQHTIQWARDLFEG

o O o o o o o O o O o o o O e O



E1-E2 interacting residues (IV): Conserved E1 residues

Arabidopsis_thaliana QDCLTWARLRFEDYFVNRVK EDAATSTCGA SAPKRFPRPLQ
Triticum_aestivum QDSITWARLKFEDYFSNRVK EDSMTSSGA SAPKRFPRPVE
Saccharomyces_cerevisiae EDCIKWARLEFEKKFNHDIK KDAKTSNGE SGAKRAPTPLE
Schizosaccharomyces_pombe EECIMWARLQFDKFFNNNIQ KDSVTSTGQPEWSGPKRAPTPLS
Mus_musculus GDCVTWACHHWHTQYCNNIR PDQLTSSGA SGPKRCPHPLT
Rattus_norvegicus GDCVTWACHHWHTQYCNNIR PDQLTSSGA SGPKRCPHPLT
Cricetulus_griseus GDCVTWACHHWHTQYCNNIR PDQLTSSCGA SGPKRCPHPLT
Homo_sapiens ADCVTWACHHWHTQYSNNIR PDQLTSSGAPEWSGPKRCPHPLT
Pan_troglodytes ADCVTWACHHWHTQYSNNIR PDQLTSSGA SGPKRCPHPLT
Pongo_abelii ADCVTWACHHWHTQYSNNIR PDQLTSSGAPEWSGPKRCPHPLT
Papio_anubis ADCVTWACHHWHTQYSNNIR PDQLTSSGA SGPKRCPHPLT
Chlorocebus_sabaeus ADCVTWACHHWHTQYSNNIR PDQLTSSGAPEWSGPKRCPHPLT
Bos_taurus ADCVTWACHHWHTQYSNNIR PDQLTSSGA SGPKRCPHPLT
Ovis_aries ADCVTWACHHWHTQYSNNIR PDQLTSSGA SGPKRCPHPLT
Canis_lupus ADCVTWACHHWHTQYSNNIR PDQLTSSGA SGPKRCPHPLT

Equus_caballus
Cavia_porcellus
Ictidomys_tridecemlineatus
Oryctolagus_cuniculus
Monodelphis_domestica
Anolis_carolinensis
Drosophila_melanogaster
Brugia_malayi

ADCVTWACHHWHTQYSNNIR
ADCVTWACHHWHTQYSNNIR
ADCVTWACHHWHTQYSNNIR
ADCVTWACHHWHTQYSNNIR
ADCVAWACLHWHAQYANNIR
ADCVTWACNHWHTQYSNNIR
AHCVEWARLYWEDQYVNQIK
EDCIKWARMNFQEYFHNMIA

PDQLTSSGA SGPKRCPHPLT
PDQLTSSGA SGPKRCPHPLT
PDQLTSSGA SGPKRCPHPLT
PDQLTSSGA SGPKRCPHPLT
PEQLTSSGA SGPKRCPHPLT
PNQKTNSGT SGPKRCPHPLT
PDQITSSGQPEWSGPKQCPDPLV
PDQVTEQGI SGSKRCPHVLD




E1-E2 interacting residues (V): Conserved E2 residues

Homo_sapiens (Ubc5)

Mus musculus (Ube2d3)
Xenopus_laevis (Ube2d3)
Arabidopsis_thaliana (Ubc8)
Saccharomyces cerevisiae (Ubc7)
Bos_taurus (Ube2k)
Schizosaccharomyces pombe (Ubc2)
Drosophila melanogaster (Ubchl0)

RIYKTDREKYNRIAREWTQKYAM--------------------
RIYKTDRDKYNRISREWTQKYAM-----------ommm oo o -
HTYKADREKYNRLAREWTQKYAM--------------------
HMYKTDRAKYEATARNWTQKYAMG-------------------
QHYLRDRESFNKTAALWTRLYASETSNGQKGNVEESDLYGIDH
NQYKQNPEMFKQTARLWAHVYAGAPVSSPEYTKKIENLCAMGF
KIWKENEPQAIANAREWTKKYAV-----------ooommom o
MMWNDQKEYKKYLDAFYEKHKDT--------------------




- E1 (Ubal) interacting with E2 (Ubc4) PDB ID: 4112
B c1(ubal) PDBID: 4113

Sc: 8,34
RMS: 1,22




B 2 (ubcs)PoBID: 42 B Ubiquitin PDB ID: 1FXT

B c1(ubal)PDBID:

4112







Protein ubiquitination

- Cys = thioester bond
- Ser/Thr = ester bond

a b
Residues: M. .ﬁ
Lys = isopeptide bond

Menoubiguitylation Multimonoubigquitylation

C d
- N-terminal - peptide bond
Substrate
Outcome: Homogenes e
] . ubiquitin amn ul uitin chain
- N-terminal: proteasome degradation ° B
- Depends on Ubiquitin chain e ¢
Branched Unanchored
ubiquitin chain ubigquitin chain

Komander D, Rape M. The Ubiquitin Code. Annual Review
of Biochemistry. 2012;81(1):203-229.
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PEM questions

1) Choose the correct answer:

Ubiquitin is not present in prokaryotes.

Ubiquitination only participates in protein degradation.

There is a larger number of E1s than E2s.

Ubiquitin is encoded for only one gene.

Ubiquitin is bonded to target proteins through its catalytic cysteine.

PoOTQO

2) Choose the incorrect answer:

E1 catalytic cysteine is highly conserved.

Human E1 is encoded for more than 20 genes.
Elis formed by 6 domains.

UFD domain has a similar structure to Ubiquitin.
All of them.

Cooop



PEM questions

3) Which is not a function of Ubiquitin Activating Enzyme E1?

a. Binds Ubiquitin.

b. Activates Ubiquitin.
c. Interacts with E2.

d. Degrades Ubiqguitin.
e. All of them.

4) Which is a domain of the Ubiquitin Activating Enzyme E1?

a. |IAD

b. AAD

c. UFD

d. FCCH

e. All of them




PEM questions

5) Mark the correct answer:

a. Ubiquitin’s N-terminal is the most flexible part of the protein.

b. Ubiquitin has thermic but not chemical stability.

c. The human ubiquitin’s Gly76 is hidden and needs a phosphorylation to be activated.
d. Ubiquitin B1/B2 loop contains a G1 B-bulge.

e. None of the above is correct.

6) Mark the incorrect one:

a. Ubiquitin is a really stable protein due to hydrophobic interactions.

b. Two of the lysines of ubiquitin form intramolecular salt bridges.

c. Human ubiquitin is encoded in 4 different genes present in different chromosomes.

d. The ubiquitin’s N-terminal Met is hidden to protect the protein of degradation.

e. E1’s UFD suffers a conformational change in order to facilitate the transesterification reaction.




PEM questions

7) Select the correct answer

a)
b)
c)
d)
e)

Ubiquitin activating enzymes must suffer conformational changes for doing their functions
The non-covalent interactions between UBAL1(E1 enzyme) and Ubiquitin are related to the adenylation process

Both of them are correct
The catalytic cysteine of UBA (E1 enzyme) is not conserved among plants, because of its different function.

all of them are correct

8) Choose the incorrect sentence about Ubiquitin and Ub activating enzymes:

a)
b)
c)
d)
e)

Ubiquitin sequence is conserved among eukarya

Ubiquitin structure is conserved among eukarya

There is a catalytic cysteine in each cysteine catalytic half domain (in UBA1 enzyme)
UBAJ1 can load 2 ubiquitin at the same time

All of them all correct




PEM questions

9) Which is the most common functional residue ubiquitinated?

a. Met
b. Ser
c. Glu

d. Lys
e. Pro

10) Which is/are the most flexible regions of ubiquitin?

a. C-terminal tail
b. N-terminal end
c. Both

d. Telek box

e. All of them




THE END
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