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Motivation

Unneeded and
damaged proteins are
degraded and recycled

substrate

Ubiquitin-proseasome system

Proteasome (Wikipedia)



E3 ubiquitin ligase selectively
recognizes a substrate protein

E2

E3

substrate
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2. Data sets



Available data sets

E3NET: ELM: DEG class motifs:

E3-substrate interactions 3 binding sites of

L L LI rotein sequences

I LM - Sech the EUM e X+ - D
& C O © MNotsecure | elmeuorg * [+] ]
R Googl o ™= ® y
. The Eukaryotic Linear Motif resource for
Functional Sites in Proteins
E3NET ? WHAT WE PROVIDE
et et e st it o . - ELMHome ELM Prediction ELMDB ELM Candidates ELM information  ELM downloads Help
: equl

: ontains 2201 E3s and 496 substrates in 4, 1
1671 E3-substrate specific relations be s and 1277 substrates in

m MEDLINE
|

Welcome to the Eukaryotic Linear Motif (ELM) resource

“This computational biology resource mainly foenses on annotation and detection of enkaryotic linear motifs (ELMs)
by providing both a repository of annotated motif data and an exploratory tool for motif prediction. ELM
linear motifs (SLIMs), are compaet protein iteraction sites composed of short stretehes of adjacent ar

no a
ey are enriched in intrinsically disordered regions of the proteoie and provide a wide range of functionali
proteins (= Dave:

2011,%Van Roey2014) They play crucial roles in cell regulation and are also of
— importance, as aberrant HTIM kel Tt ber: aanedter il several disesses and SLIM shirakos are aftae us?d

na s by pathogens to manipulate their hosts' cellular machinery { % Davey,2011, % Uyar,2014)
s and their correlated functions with arashical ilustrations and summarized descripti

ELM Prediction
Citing EINet
Han ¥, Lee H, Park |C, ¥i a system fos 0 E3-mediated requlatory The ELM predietion toolscans userubmitted poten sequenees fr atehes tothe regular expressons defned
arks of cellular functions. 510 [PMID:22199232] in ELM. Distinction is made between matches that correspond to experimental idated motif instances already

curated in the ELM database and matches that correspond to putative motifs based on the sequence. Since SLiMs.
Download £3-subst ions. click here

are short and dsgmerale overprediction is likely and many putative SLiMs will be false positives. However,
predictive power is improved by using additional filters based on context; formation, including taxonomy,
Jiular eonip 3 Y and structural features.

Protein sequence

STATISTICS: # OF E3 LIGASES AND SUBSTRATES (by organism) Enter Uniprot identifier or accession number: (auto-completion)

MOD._CAAXbox
EPN1_HUMAN, PO4837. TAU_HUMAN, [RANDO!
alle ubstrates callected in our datab g EPNL 3 & -1 | MOD_CDK_SPxK_1

415 2201

590 603 1018 48986

Or paste the sequence (Single letter code sequence only or FASTA format):

STATISTICS: # OF E3 LIGASES (by E3 type and organism)

+ Cell compartment {one or several):

E3 SUBUNIT COMPOSITION E3 FAMILY T Type in species name (auto-complstion)
. cyiosol

vrteora
ghoatome
@yoxisame
Bt appersius
cndplasmic rsbculm
icoome
endocom
rasm mer

Dhestordtn m m

» Taxonomic Context

» Motif Prabability Cutoff:

100
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3. Problem formulation



Problem: Estimate the motif of
binding site of an E3

- Predicted Stl’ate SE(. Xl
Known
e+ —

- Predicted te Seq. XN

» Performance measure =#position covered by known and predicted motifs
simultaneously / W (motif width)

« 36 E3-specific sets of substrate proteins, some of which have known
motifs.
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4. Methods



Posterior probability distribution
for motif identification

« X = (X4, ...,Xy): N given sequences.

* Z = (z4, ..., zy): starting positions of motif
occurrences.

¢ HO:W — (00, 91, ceny Hw) 114 + 1 Categoncal
distributions of letters.

* Posterior:
p(Z' HOW|X) X P(X|Z; BO:W) ) p(Z) ) p(BOW)

MEME: meme-suite.org
Gibbs Motif Sampler:



Likelthood tunction L, (Z, 8.1/ | X)

-~ ACCTAC
- TGCTAC -
- AGGAAC -

~

Symbol Probability

2 2 3
10 10 10

Categorical distribution .



Prior distributions and
collapsing
p(Z) :

Uniform distribution

p(Oo.) :
Dirichlet distribution
» conjugate prior of the categorical distribution.

* Recall posterior:
p(Z,00.w|X) xp(X|Z,04.) - p(Z) - p(Bo.)

* Collapsed posterior:
p(Z1X) = [ P(Z, G0 1X)d00



Modeling: Prior knowledge

E3 binding sites are
often located in
disordered regions of

r_/ TG substrates [Guharoy et
_ al., 2016]

https://www.quantamagazine.org/how-
disordered-proteins-are-upending-
molecular-biology-20170118/



Prior of starting position z;

disorder; ; : disorderness of X; ;

w
p(z;) « 1_[ disorder; ;. 4w-1
w=1

N
p@ | [pC)
=1

1
w



Modeling: 2" likelihood based on

amino acid indexing L,4;(Z | X)

Resulting likelihood: p(X|Z,04.y) * Lysem(Z, 0. |X) - Lgqi(Z |X)

-APAPPV -
-APPAAV -
.-GPRAGYV -

o z =© >

< < £ 4 »vw v " Z A~ - - I 6 m O 0O

Symbol

Probability

G

(non-polar)

ELM DB motif:
DEG_APCC_DBOX_1
R..L..[LIVM].

Penalize the
Inconsistency
among the mapped
symbols

c
(negatively charged)

(positively charged)

16
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5. Results



Result:
Effectiveness of disorder prior

12

10 - B & i =
8 —IE -IE 7+
h
6 % [ &
= ﬁﬁﬁ
4
Tt 1l |
RO I IR L RO R @&;izoiﬁ
@@@Q@*
cq. coefficient of disorder prior.
(W,R)=(9,6)
W: motif width

R: #selected columns as motif part)



Result:

Effectiveness of (W,R)

(WR)

14,14
14,13
14,12
14,11
14,10
14,9
14,8
13,13
13,12
13,11
13,10
13,9
13,8
13,7
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12,11
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11,11
11,10
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11,6
10,10
10,9
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10,7
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9.8
9,7
9,6
9,5
8,8
8,7
8,6
8,5
8.4
17,7
1,6
7,5
74
6,6
6,5
6,4

6,3

19



Example: E3 SIAH2_HUMAN

Substrate
014974
075376
075925
P29590
P37840
P43146+
Q16633+
Q92667
Q9GZT9
Q9H6Z9

Pos
390
124
562
437
39
1330
45
284
77
62
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6. Future works



Future works

* Improvement of the likelihood function based
on amino acid indexing.

 Simulated annealing as a postprocessing.



