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"Spatial exclusivity combined with positive and negative selection of phosphorylation motifs is the basis for
f:ontext-dependent mitotic signaling”; ALExanbeRETAL.; (Scl. SIG2011) Tools & Databases of Short Linear Motifs
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“Spatial exclusivity combined with positive and negative selection of phosphorylation motifs is the basis for
context-dependent mitotic signaling”; ALEXaNDERET AL.; (Scl. SIG2011)
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PROTEIN PHOSPHORYLATION SITES

Kinase localization in Metaphase:
Cdk1  whole cell
Plk1  kinetochores
Aurora A centrosomes & microtubules
centromeres & spindle
Nek2 centrosomes

= Cdki/cyclin B
=== Plk1
==== Aurora A

= Aurora B
 \ck2

“Spatial exclusivity combined with positive and negative selection of phosphorylation motifs is the basis for
context-dependent mitotic signaling*; ALEXaNDERET AL.; (Scl. SIG2011)



PHOSPHO.ELM Phospho.ELI'II

Phospho.ELM

Database of experimentally verified phosphorylation sites in eukaryotic proteins.
Current release contains 8,718 protein entries covering more than 42,500 instances. (Instances are
fully linked to literature references.)



PHoOsSPHO.ELM

Phospho.ELZM

a database of S/T/Y phosphorylation sites

Home | PhosphoBlast | Contribute | Download

SEARCH

m for phosphorylation sites in proteins using protein name or gene name.
(eg. Paxillin, She, MAPK)

B by UniPROT accession or Ensembl identifier:
(eg. P12931 or

W by selected kinase (List)
None B

by selected phospho-peptide binding domain (List):
None B

Choose which organisms to include
Al

Caenorhabditis

Drosophila

Vertebrates

Do not show high throughput data )

OQutput &s Comma-Separated- Values (.csv) 0

m

Phospho.EL.M

Statisties
Instances 42,575
Kinases 310
Reference 3.672
Sequences 11.223
Substrates 8.718
Help | Links | About



PHOSPHO.ELM Phospho.ELI'II

Phospho.ELZM ==

. Kinases 310

a database of S/T/Y phosphorylation sites e a— oo
Sequences 11.223

Substrates 8718

Home | PhosphoBlast | Contribute Download Help Links | About

Substrate: P53 (Cellular tumor antigen p53)
Seq-ID: P04637 [Homo sapiens]
Interaction Network(s): CaSTRINGIN BT

External Source(s):

MINT Interaction(s): [show]
GO-Terms: [show]
Conservation:
©Click on table headers for sorting
Res. ¢ Pos. ¢ Sequence ¢ Kinase ¢+ PMID ¢ Src ¢ Cons. ¢ ELM ¢ l];l::..:: ¢ SMART/Pfam ¢ I“:::ED ¢ PDB i:l:_ 4
s 9 MEEPQSDPSVEFPLSQETF - 1875057 LTP | 075 - P53_TAD 034 - -
s 15 |osopsvePPLSQETFSDLWKL  DNA-PK | 10446957 | LTP | 100 | MOD_PIKK 1 - P53 TAD 066 - -
s 15 |ososvepPLSQETFSDLWKL  ATM 11875057 LTP | 1.00 | MOD_PIKK 1 - P53 TAD 066 - -
T 18 |psvepPLsQETFSOLWKLLPE CK1_group | 10606744 | LTP | 100 | MOD_CK11 - P53 TAD 066 - -
T 18 |psvepersgeTrepiukizee | TTK 19332659 LTP | 1.00 | MOD_CKi_1 - Ps3_TAD 066 - -
T 18 |psvepersoeTFSDLWKILPE  VRK1 | 10951572 | LTP | 100 | MOD_CK1 1 - Ps3_TAD 066 - -
T 18 |psvepersoeTFSDLWKILPE  VRK1 | 15542844 | LTP | 100 | MOD_CK11 - Ps3_TAD 066 - -
s 20 | vEPPLSQETFSDINKLLPENN - 15254178 LTP | 095 - Ps3_TAD 058 - z
s 20 | vEPPLSQETFSDINKLLPENN - 15489221 LTP | 095 - Ps3_TAD 058 - z
s 20 | vEPPLSQETFSDINKLLPENN - 10801407 LTP | 095 - Ps3_TAD 058 - z
s 20 | verrLsQerrSoIWKLLPENN - 12111783 TP 095 - Ps3_TAD 058 - z



PHOSPHO.ELM Phospho.ELlII

Phosgho.EElIl

a database of S/T/Y phosphorylation sites
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LINK OUT To OTHER DATABASES Phospho.ELI'II

Links to: Substrate: Caspase 9 (Cysteine protease)

-ID: P55211 [Homo sapiens]
o STRING S et |
N Ki Interaction Network(s): % Jrile B NetworKIN
(*]
e External Source(s):
@ Phosida ﬂ:ﬂ$]1m APAF_HUMAN
MINT Interaction(s): MINT-18815 CASP3_HUMAN

@ Phospho3D

MINT-25026 XIAP_HUMAN
[hide]

f . Molecular Function
Display: GO-Terms:

cysﬁe!ne—t_ype: endopeptidase activity,
@ MINT interactions pepteinincing

enzyme activator activity
@ GO-Terms



VIEW CONSERVATION IN JALVIEW Phospho.ELI'II

Precalculated conservation scores for the phosphorylation sites are presented using Jalview

800 /pEImPreCalcData/P/0/4/6/3/P04637 fmafft_outpu
10 20 30 40

Feature Settings
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UniRef80_03 5005 MARMO/1-391

. s Invert Selection | Un/Rer90 QOGMAT AMEME/ -287
Res.= | Pos. < | Ur/Ref30_PL 1360_CHICK/1-367
r =) L4 b |UniRerS0 PZ5035_ ONCAY /1396
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16 |epRoVERPLSQETESDLWKL  ATM | ol ereu 3 CMEGNGERDTMMVE- AELWLRNL | VR
18 | psvEPPLSQETFSDLWKLLPE CK1_group
18 ™ Disorder tendency query sequence
18 VAK1
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PHOSPHOSITEPLUS \" PhosphoSitePlus’

= [ Cell Signaling

‘ PhosphoSitePlus’

rant support from NAM g
g @ i Q== grm— r— p——r—

Home

PhosphositePlus® (PSP) is an online systems biology resource providing
comprenensive information and tools for the study of protein post-transiational
(PTMs) including acatylation an
methylation. See About Phosphosite above for more information.
Please cite the following reference for this resource: Hombeck PV. et al. (2012)
ic Acids Res. 2012 40|

KPROTEIN MODIFICATION RESOURCE

PROTEIN OR SUBSTRATE SEARCH

g | E— < <

Aug 2014 Download PTM-VarMut dataset: Overlap of disease missense

mutations & genetic variants, with their corresponding PTMs and flanking
sequences.

ACVANGEDSEARCFIER DRGNS HORTIONE 412012 Download Datasets of Regulatory or Disease-Associated Sites
Dec 2011 Download "PhosphositePlus: a comprehensive resource...” in
rch

January 2012 issue of Nudeic Acids Resear
Ju12011 Multiple Sequence Alignment (MSA) added to the Protein Page.

Protein, Sequence, or Reference Search

Site Search Jul 2011 Download PyMOL & Chimera Scripts from the Structure Viewer
window.

Comparative Site Search
Phosphorylation Site Statistics

sHhapes

Browse MS2 Data By Disease Non-redundant sites: 239,738
Non-redundant proteins: 19,680

Browse MS2 Data by Cell Line Sites curated from literature: 136,109
All sites using site-specific (SS) methods: 12,528

. Al sites using discovery-mode MS (MS) methods: 127,064

Browse MS2 Data by Tissue Sites using both SS and MS methods: 6,010
MS sites observed at CST: 151,472

Number of curated papers: 16,428

DOw! ADS, LINKS & APPLICATIONS
) Other Modification Site Statistics
L Reprints, References, Supplemental Tables | acetylation: 27,657 Caspase cleavage: 81
2,555 Methylation: 163
E“- Downloadable Datasets 4992 O-GaNA 2,118
1,390 Succinylatior 4,657
Tri-methylation: 321

816
% wotif Analysis Tools Ubiquitination: 51,255

[EIDEE) Frosproste, created by el Signaling Tchnology i censeg under
2 Creative Commons Attribution-NonCommercial-ShareAlike 3.0
rted License. Information about permissions beyond the scope
of this license are available at http://www.phosphosite.org/staticContact.do.

es of Short Linear Motifs




PHOSPHOSITEPLUS \—‘ PhosphoSitePlus’
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(@ PhosphoSitePlus’

v o om (@) M NAMY 3

yome. 'ASOUT PHOSPHOSITE | USiNG PHOSPHOSITE | CURATION PROGESS

h Results for:

{8 vocication zpecitic Antbacies Avaiable from Cel Signaling Technolagy®
Protein Genesymb__ ACCH Organism MW (Da) __Modifications(show legend)
P04537 human 43,653
Po2340 3155
psa @ s P10361 rat 43451 Hem1, K-ag, K-m1, K-m2, K-sm,
Q95330 rabbit 43,435 K-ub, R-m1, §-gl, §-p, T-p, Y-p
e nonkey 4369
qizsss human 213,574
tumorprotenpss  §@  TPSIEPL 70399 mouse 211340 D-ca, K-ac, K-m1, K-ub, R-i a3
binding protein 1 XP_215812  rat 212859 S, TP, Yp
2 ar3625 125616
Apoptosis-stmulatin TSI Qace7s 125000 Keub, S-gl, S-p, T-p, Y-
ook e X 223012 125312 Sl SPTR YR
Q9ERQS 0527
s (B Q8BUE4 40,635 Kk-ac, K-ub, §-p, Y-p
Anoo e 90,367
tumar pratei p53 oo PS604s 87,150 5, Tp, YD
nducioi protain 5 ¥_574586 98,746
305 21892
@ om oo W eune
Qsu2u6 21858
J— Qosro7 148,398
on CYFIP2. Q55QX6 145,659 K- - -py T-p, Y1
. ac, K-ub, 5-p, T-p, Y-p
P33 inciuciots protein s i
) 095967 49,405
LET T EFEMP2 Qowvis mouse 49,425 Y-p
Eioa on4681 human 38,065
tumar protei ps3 €24 61070 mouse 38,033 K-ub, 5p, T-p
inducie protei 8 Qakm77 rat 35893
o o1a682 human 66,130
tumar pratein p53 ency 035709 mouse s6113 Keub, $-p, T-p, Y-p
inducisi pratain 10 Qveto rat 66,15
qsme: human 2538
GADDASGIPL GADD45GIPT  QICRSS e 25520 Keub, 5-p, T-p, Y-p
QKW rat 26,487
Qusost human 65,920
53 and DNA
Gamage requatea g T qsspo0 mouse 68,734 Kem2, K-ub, $-p, T-p
motif protein
Rspsa Qougss human 60,868
Insuln receptor BAIAP QsEKxL mouse 59,237 K-ac, K-ub, 5-gl, 5-p, T-p, Y-p
substrate p53 Qs rat 59,183
my qanoes human 111,445
junction mediating and
Fegaatory prote, &2 QoQen  mouse Liosse  DeeaKoub, R-m2, 5-p, T-p, Y-
pa7929 human 15075
LRALE7R LeALs7 054974 mouse 15173 Yp
a Q99732 human 17107
tumor protein ps3 LITAF ouse K-ub, 5-p, T-p, Y-p
inducible protein 7. T L5
MADILL qovens human 83,087




PHOSPHOSITEPLUS \_‘ PhosphoSitePlus’

Modi

ation Site:

Parent Protein, Orthologs, and Isoforms
Show Multiple Sequence Alignment

55 Ms human mouse rat rabl
¥ Show Isoforms

6 o 2 ___mmprospesve sip __ wemsospIse si-p ___ wepsusbuse 54 ___wmmsospLsie e __ wEeraspesIE
31 4 sep @ oser M ose» s6 o s6 =
a3 s9p m s sep s s
358 2 s15-p [ It [ It @ s s15p
2 0 1159 [ TR T15p 18 110
10 1 s20-p. 20 m swe s20 s20
0 3 s3-p. m e m ™ s
65 3 s31p. s s39p L s s
85 2 sa6-p m Las a5 s46
PER 155  DDIEQWECEDPGRDE - s - s ust 55
2 o o1 s35-p E6 E38 be1
8 2 Te1p m o 219 218 o1
0 2 990, se3 m 591 596 s99
12 K101-w K95 xss K98 K101
10 s16p 100 1o w103 s106
o 1 R110-m1 nios 1o R107 Rri10
0 1 H115-m1 10 a1 ey s
23 1 K120-ac Kila-ac Ki1s-ac K1 K120
119 K120 K111 xi1s K K120
10 v126p ¥120 vi21 vi23 vi26
1 K132-u K126 K130 K129 K132
10 K139 133 x131 K136 K139
R susp s 5147 sus su9 o
1 s19-q1 n113 s101 5146 5109
4 8 11500 110 118 T 1150
a1 11539 s149-p 153 152 s135
a1 K161-ac [t xi62 K161 K164
11 K16a-up K158 K162 K161 K16
2 o s13-p s s181 s180 5103
0 1 R209-m1 203 207 R206 R209
10 1211 1205 209 208 21
0 1 R213-m1 207 r211 r210 ro13
a0 s215p s209 sa13 sa2 so1s
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Protein Page:
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Select Structure to View Below
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THE ELM SERVER EIEN

The Eukaryotic Linear Motif resource for
Functional Sites in Proteins

The resource

is a collection of more than 240 thoroughly annotated motif classes with over
2700 annotated instances.

It is also a prediction tool to detect these motifs in protein sequences employing
different filters to distinguish between functional and non-functional motif
instances.

"The eukaryotic linear motif resource ELM: 10 years and counting“; DinkeL, vaN ROEY, MICHAEL, DAVEY, WEATHERITT, BORN,
SPECK, KRUGER, GREBNEV, KUBAN, STRUMILLO, UYAR, BUDD, ALTENBERG, SEILER, CHEMES, GLAVINA, SANCHEZ, DIELLA'& GIBSON;

(NUCLEIC AcIDS RES. 2014) 10/22



THE ELM SERVER EIEN

The Eukaryotic Linear Motif resource for
Functional Sites in Proteins
The resource
is a collection of more than 240 thoroughly annotated motif classes with over
2700 annotated instances.
It is also a prediction tool to detect these motifs in protein sequences employing

different filters to distinguish between functional and non-functional motif
instances.

Functional Sites  ELM classes ~ ELM instances ~ PDB structures GO terms PubMed Links
Total 155 242 2675 347 495 2392
By category LIG 133  Human 1583
MOD 31  Mouse 252 Biological Process 256  From ELM class 1124
DEG 25 Rat 129
DOC 22 Yeast 94 Cell Compartment 112 From instance 1734
TRG 20 Fly 90
CLV 11 Other 547 Molecular Function 127

"The eukaryotic linear motif resource ELM: 10 years and counting“; DiNkeL, VAN ROEY, MICHAEL, DAVEY, WEATHERITT, BORN,
SPECK, KRUGER, GREBNEV, KUBAN, STRUMILLO, UYAR, BUDD, ALTENBERG, SEILER, CHEMES, GLAVINA, SANCHEZ, DIELLA'& GIBSON;
(NucLEIC AcIps RES. 2014) 10/22



THE ELM DATABASE E E m

DOC_CYCLIN_1

Funcrisa s, g s
ELM Class ot it e s o e i e s of s O

ELM vith this model:

Condensed information about a motif. Regular e

Patter;

Expressions used to annotate the motif (eg. Pt Py
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

in and thereby ncreases phosphorylation by eeliedk compleses.
)_CDK . i

PDB Structure: 1i1z4

11/22



THE ELM DATABASE

ELM Class

Condensed information about a motif. Regular

Expressions used to annotate the motif (eg.
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

24 nstances for DOC_CYCLIN 1

Protein Nama | Gena Nama | star | Ent Nota

R HuMAN - o wizs
14

QBuwgs Crick_| Jcomia | 594

PavTLHUMAN | oPvTs | 486

Er AN |oan % 24

ConComan [ cornc | 1

T ) I

T B

Aa12 MOUsE | okapiz | so1 N

cocs HuMAN | scocs | 94 Bl

conta HuMAN | scoRNIA | 19 i

once venst | Jores | 178

o [oress | se s

T e ) w2

e T )

HRANUNAN WA | 629

Functonslsite class:

Functionalsita
descripton:

ELM vith this model:
Dascripton:

ELEM

cases the speificity of phosphorylation by eyelin/CDK

DOC_CYCLIN_1

iterscts with cycling, and thereby

ooc_cveun s
Subsra

ite that interacts with cyclin and thereby i

hospharylation by cycin/cdk complexes

ELM Instance

pm— i PoBS

An experimentally verified instance of
an ELM class in a particular sequence.

11/22



THE ELM DATABASE

ELM Class

Condensed information about a motif. Regular
Expressions used to annotate the motif (eg.
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

e Start [ End | subsequence | Logic P08

(@99741) cocs numan | 94 | 05 | wsrmmscamzmmuzes | TP

' ELM Instance

A An experimentally verified instance of
an ELM class in a particular sequence.

= swrioaosao:

><

11/22



THE ELM DATABASE

ELM Class

Condensed information about a motif. Regular
Expressions used to annotate the motif (eg.
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

e Start [ End | subsequence | Logic P08

(@99741) cocs numan | 94 | 05 | wsrmmscamzmmuzes | TP

' ELM Instance

A An experimentally verified instance of
an ELM class in a particular sequence.

= swrioaosao:

@ Experimental Evidences

><
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THE ELM DATABASE

ELM Class

Condensed information about a motif. Regular
Expressions used to annotate the motif (eg.
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

e Start [ End | subsequence | Logic P08

(@99741) cocs numan | 94 | 05 | wsrmmscamzmmuzes | TP

' ELM Instance

A An experimentally verified instance of
an ELM class in a particular sequence.

= swrioaosao:

@ Experimental Evidences
@ Methods

><
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THE ELM DATABASE
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THE ELM DATABASE E E m

Condensed information about a motif. Regular
Expressions used to annotate the motif (eg.
”[KR]xLx{0, 1} [FYLIVMP]for Cyclin motif)

with eyelin, and.thereby fncreases the specifclty of phospherylation by cycin/CDK.

osph

teracts with cycin and thereby inc borylation by exlinjed compleses.
»_ci it

e Start [ End | subsequence | Logic P08

(@99741) cocs numan | 94 | 05 | wsrmmscamzmmuzes | TP

ELM Instance

A An experimentally verified instance of
an ELM class in a particular sequence.

= swrioaosao:

Experimental Evidences
Methods

References

Interactions

><

"iIELM — a web server to explore short linear motif-mediated interactions.”; WeaTHERITT, JEHL, DINKEL & GIBSON ;
(NucLEIC Acips RES. 2012)
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ELM DATABASE

. 70 The Eukaryotic Linear Motif resource for

Functional Sites in Proteins
kelch]
ELM CLASS: DEG_Kelch_actinfilin_1
ELM Home ELM Prediction ELMDB ELM Candidates ELMI E|\y CLASS: DEG_Kelch_Keapl_1

YT— — ELM CLASS: DEG_Kelch_Keapl 2
R — ELM CLASS: DEG_Kelch_KLHL3_1
ELM instances INSTANCE: P42260 GRIK2_RAT [881:885] DEG_Kelch_actinfilin_1
SEARCH the EL eim pas structures INSTANCE: Q14494 NF2L1_HUMAN [231:236] DEG_Kelch_Keapl_1

——— INSTANCE: Q16236 NF2L2_HUMAN [77:82] DEG_Kelch_Keap]_1
The ELM relational database s CUS =t about ey INSTANGE: P20482 CNG_DROME [456:463] DEG._Kcelchr_Keapl 1
curated from the literature, EL_ELM switches 1 by motif t INSTANCE: Q13501 SQSTM_HUMAN [347:352] DEG_Kelch_Keapl_1
site contains one to many EL scribed. by INSTANGE: Q96HS1-1 PGAMS_HUMAN [77:82] DEG_Kelch_Keapl 1
validated motif instances matc————— 1. All data ¢ |NSTANCE: 014920 IKKB_HUMAN [34:39] DEG_Kelch_Keap1_1
website according to the followi ELM related diseases | INSTANGE: Q5JTC6 AMER_HUMAN [286:291] DEG_IKelch_Keapl_1
239 annotated ELM cls, ELM viral instances INSTANCE: Q86¥C2 PALB2_HUMAN [89:34] DEG_Kelch_Keapl 1
2,675 expermentaly Valc Ly pathogenic use | 1xons | INSTANCE: Q13402 MYO7A_HUMAN [1636:164L] DEG_Kelch_Keapl 1
100 ELM methods des——— o " SN °% yerimentalf INSTANCE: Q12830 BPTF_HUMAN [729:734] DEG_Ke ch_Keapl 1

358 solved PDB struct ELM experiments ces (from £ PDB; DEG SPOP SBC 1,
118 globular ELM bindl £ 1 60 Terms  ©SMART, and $2interPro) DOC GSK3 Axin
1,031 d LIG CID NIM L,
836 regulatory switches mediated by curated ELM instances (from & Switches.ELM DE) LIG GBD WASP 1
784 pathways from ¢ KEGG involving linear motifs annotated in 832 Sequences LIG_Mtra Air2 1
219 viral instances interfering with host cellular processes G L in
11 ELM related diseases annotated as being caused by aberrant motif function e [ e 5
2 examples where pathogens abuse motifs to deregulate host cells |.|Gr7
Search ELM Instances and Classes LG

LIG RPA C Funai
LIG RPA C Insects
LIG RPA C Plants,

LIG RPA C Vert,
MOD MO _rev 2




ELM

DATABASE E E m

E I. The Eukaryotic Linear Motif resource for

Functional Sites in Proteins

ELM Home ELM Predicton ELMDB ELM i ELM i ELM Help

«MOD_WntLipid« »TRG_Cilium_Arf4_1»
TRG_AP2beta_CARGO_1

Accession: ELMEooo0247
Functional site class: AP-2 beta2 appendage CCV component motifs

Functional site description: Several motifs are responsible for the binding of accessory endocytic proteins to the beta2-subunit appendage of the adaptor
protein complex AP-2 as part of their recruitment to the site of clathrin coated vesicle (CCV) formation. Proteins binding the
platform subdomain have been found to be cargo family specific (for example can load all GPCRs, or all LDL receptor family
members) clathrin adaptors. Accessory proteins which help in CCV formation bind the sandwich subdomain site or the alpha
ear domain.

ELM Description: Motif binding as a helix in a depression on the top surface of the AP-2 beta appendage platform subdomain. The pattern
[ED}x(1,2)FxxFLIxoxR is conserved in beta Arrestins, ARH and Epsin-1, -2 of vertebrates. It is also found in homologues of
other metazoans, but the pattern is sometimes not matched exactly, meaning that the ELM regular expression will not
provide a match. In other lineages, if there is an equivalent motif, the pattern is likely to have diverged.

Pattern: [DE] .{1,2}F[*P]["P] [FL] [*P] ["P] [*P]R

Pattern Probability: 0.0000182

Present in taxon: ZMetazoa

Interaction Domain: B2-adapt-app_C (PFog066) Betaz-adaptin appendage, C-terminal PDB Structure: © 2G30

sub-domain (Stochiometry: 1:1)

-~
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ELM DATABASE

. The Eukaryotic Linear Motif resource for
Functional Sites in Proteins

[Search |ELs | nstances | Gandidtes | Links | About | News | Help | iseases |

Search ELM Instances

Full-Text Search (to show allinstances, enter ‘all or *')[ap2]

Fiter by instance Logic true positive | - | Fiter by organism_Homo sapiens g
[=o =]

W 58 Instances for search term 'ap2': port 58 nstances 2=: 2N I
(clck table headers for sorting)

ELM identifier Sequence | Start | End Subsequence Instance Logic | #Evidence | PDB Organism
TRG_LysEnd_APSAcLL 1 | OPRD_HUMAN | 241 | 246 | GLMLLRLRSVRLLSGSKEKD | true positive 8 — | Homo sapiens (Human)
TRG_AP2beta_CARGO_1 | ARRB1_HUMAN | 385 | 395 | TNDDDIVFEDFARORLKGMK | true positive 5 28 |Homo sapiens (Human)
TRG_LysEnd_APSAcLL 1 | HG2A_HUMAN | 19 | 24 | DOKPVMDDORDLISWNEQLP | true positive 5 [ Homo sapiens (Human)

LIG_AP2alpha_2 EPS15_HUMAN | 672 | 674 | DPFATSSTDPESAANNSSIT | true positive 4 — | Homo sapiens (Human)
LIG_AP2alpha_2 EPS15_HUMAN | 632 | 634 | SVETLKHNDPEAPGGTVVAA | true positive 4 — [ Homo sapiens (Human)
LIG_AP2alpha_2 EPS15_HUMAN | 709 | 711 | VARSDSATOPEASVFGNESF | true positive 4 — | Homo sapiens (Human)
LIG_AP2alpha_2 EPS15_HUMAN | 737 | 739 | TLSKVNNEDPERSATSSSUS | true positive 4 — [ Homo sapiens (Human)
TRG_AP2beta CARGO_1 | EPN1_HUMAN | 377 | 336 | FOTEPDEFSOFORLRTALPT | true positive 4 — | Homo sapiens (Human)
TRG_LysEnd_APSAcLL 1 | ATP7A_HUMAN | 1433 | 1485 | SVVTSEPDKHSLLVGDFRED | true positive 4 — [ Homo sapiens (Human)
LIG_SxIP_EBH_1 CLAP2 HUMAN | 492 | 502 | Asokmsk1ersqccsReAs | true positive 3 — [ Homo sapiens (Human)
LIG_SxIP_EBH_1 CLAP2 HUMAN | 515 | 525 | LSVARSSRIPRPSVSQGCSR | true positive 3 [ Homo sapiens (Human)
TRG_LysEnd_APsAcLL_1 | BCAM_HUMAN | 604 | 609 | HSGSEQPEQTGLLMGGASGG | true positive 3 — | Homo sapiens (Human)
TRG_LysEnd_APSAGLL_1 | NPC1_HUMAN | 1271 | 1276 | KSCATEERYKGTERERLLNF | true positive 3 — [ Homo sapiens (Human)
LIG_APCC_KENbox 2 | CKAP2_HUMAN | 80 | 84 | KLKTKMADKENMKRPAESKN | true positive 2 — |[Homo sapiens (Human)

LIG_MAPK_1 MP2KA_HUMAN | 3 | 11 | PKKKPTPIOLNPAPDGSAV | true positive 2 — [ Homo sapiens (Human)

LIG_MAPK_1 MP2K4_HUMAN | 40 | 48 | SSMOGKRKALKLNFANPPFK | true positive 2 — | Homo sapiens (Human)
TRG_AP2beta CARGO_1 | ARH_HUMAN | 256 | 266 | DDGLDEAFSRLAQSRTNPQV | true positive 2 2630 | Homo sapiens (Human)
TRG_LysEnd_APSAcLL_ 1 | CDA44_HUMAN | 708 | 713 | GEASKSQEMVHLVNKESSET | true positive 2 — [ Homo sapiens (Human)

LIG_AP2alpha_1 AMPH_HUMAN | 324 | 328 | QENIISFEEDNFVPEISVIT | true positive 1 1KY7 | Homo sapiens (Human)
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. The Eukaryotic Linear Motif resource for searcn ELI Daabase
Functional Sites in Proteins
ELMHome ELM Prediction ELMDB ELM ELM jon  ELM Help

Diseases mediated by short linear motifs

Several diseases are known which are caused by one or more mutations in linear motifs mediating important
interactions. Below you find a selection of such diseases; fnr linear muu& ahused by viruses, see the the dedicated
Viruses page. For a large-scale analysis on di tati = [Py ide analysis of human
disoase matations in showt linsar motifs: neglected players in cancer? um B, el al,, 2014]

Noonan Syndrome

The developmental disorder "Noonan Syndrome” can be caused by mutations in Raf1 which abrogate the
interaction with 14-3-3 proteins mediated by motifs and thereby the Raf-1 kin: tivity [
“Pandit et al, 2007]. The ./Raf-1 sequence features two LIG_14-3-3_1 binding sites, which are annotated at
256-261and 618—623.

Noonan-like Syndrome

A S$->G mutation at position 2 creates a novel MOD_NMyristoyl site (irreversible modification) resulting in
aberrant targeting of SHOC2 to the plasma membrane and impaired translocation to the nucleus upon growth
factor stimulation [ % Cordedu et al., 2007].

Usher's Syndrome

"Usher's Syndrome" is the most frequent cause of hereditary deaf-blindness in humans [ % Eudy and Sumegi, 1999],
affecting one child in 25 000. This disease can be caused by mutations in either PDZ domains in . Harmonin or the
corresponding PDZ interaction motifs in the ./SANS protein (annotated at 456-461) [ Weil et al.,, 2003, “Kalay
etal., 2005].

Auother example implicating PDZ domains s “fumilial with  hyp iuria and
inosis" (FHWEIN), an recessive wasting disorder of renal Mg2* and Ca2' that leads to
pmgresswe kidney fm]\ue Here, motifs mediating interaction to PDZ domains are mutated in ./Claudin 16,
ing important i i to the ing protein ../ZO-1 resulting in lysosomal mislocalization of the
protein [ % Miller et al, 2003, *Miller et al., 2006].
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ELM PREDICTION TOOL E I. m

— . W The Eukaryotic Linear Motif resource for
=1 ‘ = H ‘ Functional Sites in Proteins

ELM Home ELM Prediction ELMDB ELM Candi ELM ion  ELM Help
= ELM database update
Functional site prediction i Slowing Sincsmess hos
DEG _Kelch_actinfilin_1,
. DEG Kelch Keapl 1,
Protein sequence DEG Kelch Kesp1 2.
ap_2,
Enter Uniprot identifier or accession number: (auto-completion) DEG_Kelch KLHL3 1,
e.g. EPN1_HUMAN, P04637, TAU_HUMAN, [RANDOM] DEG Nend Nbox 1,
EPNL d_UBRbox 1,
CARP_CRYPA [P11838] Cryphonectria parasitica DEG Nend UBRbox 2
EPD1_CARAU [P13506] Carassius auratus ASTA format): DEG Nend UBRbox 3,
EPN1_ARATH [Q8VY07] Arabidopsis thaliana  ——— Wm{—‘
EPN1_HUMAN [Q9Y6I3] Homo sapiens |LRDEDRLREERAHALKTKEKLAQTATA o oaaTa]
|QLALSL.SREEHDKEERIRRGDDLRLON DOG_GSK3 Axin_1,
EPN1_MOUSE [Q80VP1] Mus musculus {DPWGGPPVPPAADPWGGPAPTPASGDP LIG CID_NIM_1
EPN1_RAT [088339] Rattus norvegicus JAFSDPWGESPAKPSTNGTTAAGGEDIE T T
ISPEPAATPTRTEPTRKTPESFLGPNAA LIG GBD WASP 1,
F2QLC2_PICP7 [F2QLC2] Komagataella pastoris e LIG_Miré_Air2 1,

KOKY34_WICCF [KOKY34) Wickerhamomyces ciferrii

AOAD24R451_HUMAN [AOAD24R4S1] Homo sapiens E

K7EMP4_HUMAN [K7EMP4] Homo sapiens

WBB7F4_CERCA [WBB7F4] Ceratitis capitata « Taxonomic Context LIG Pex14 4

AABX4H2_CAEBR [A8X4H2] Caenorhabditis briggsae LIG RPA_C Fung,

Type in species name (auto-completion): LIG RPA_C Insects,

Homo saplens LIG RPA_C Plants,

LIG RPA C

MOD_SUMO rev_2

e « Motif Probability Cutoff:

LIG_Mtrd_Trf4 1




ELM PREDICTION TOOL

ELEM

= Summary of features reported by the ELM resource.

KEY
DOMAINS:  [_] Smarl/Pfam domain
GLOBPLOT: [[] GlobDaom

2D STRUCT: ] Strand

I Signal peptide (pred) s Low-complexity region s Coiled-coil (pred.) lTM helix (pred.)
mmm Disorder
[] Helix

BLoop [1ar10 Helix

MOTIFS: urahle Contexst

Ir
CONSCORE: [] low Conservation
(Mouseover the maiches for more details )

Feature i

mart filtered

Dspa

[l medium Conservation

§ Neutral annatated: §TP OFP OTHFN <

<[] Assigned by
homology
[l high Conservation

PhosphoELM
SMART/Pfam domain

E_

Sequence: EPN1_HUMAN|GQIYEI

GlobPlot

EnTH
—

-

Disorder
IUFRED

Order

SW””W*

Secondary Structure

CLY_PCSK_FUR_1

LIG_&P2alpha_2

LIG_APCC_KENhox_2

LIG_BIR_Il_1

LIG_BRCT_BRCAT_1

LIG_Clathr_ClatBox_1

LIG_EH_1

(N} |

LIG_Ia

=]

LIG_MREOX

I

LIG_PDZ_Class_2
LIG_RGD
LIG_SCF_FBW7_1
LIG_SH2_PTFZ
LIG_SH2_STATS

S

1y LIG_EH_1
Structure Filter
LIG_NRBOX
[128,135]
— QLVALLR

[546,550]
TNPFL

(Cons.-Score: 0.988)

Target Domain Structure: d1h0aa_
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VIEW CONSERVATION IN JALVIEW [
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LINEAR MOTIFS AS MOLECULAR SWITCHES

Short Linear Motifs

@ are compact, degenerate protein interaction interfaces (in IDRs)

@ are ubiquitous in eukaryotic proteomes and mediate many regulatory
functions:
e directing ligand binding
e providing docking sites for modifying enzymes
e controlling protein stability
@ acting as signals to target proteins to specific subcellular locations

"The switches.ELM Resource: A Compendium of Conditional Regulatory Interaction Interfaces”; van Roey, DINKEL,
WEATHERITT, GIBSON AND DAVEY; (SCIENCE SIGNALING. 2013)
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functions:

e directing ligand binding
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Motif-mediated interactions

@ occur with low affinity,
@ are transient & reversible

@ can be easily modulated.
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LINEAR MOTIFS AS MOLECULAR SWITCHES

Short Linear Motifs

@ are compact, degenerate protein interaction interfaces (in IDRs)

@ are ubiquitous in eukaryotic proteomes and mediate many regulatory
functions:
e directing ligand binding
e providing docking sites for modifying enzymes
@ controlling protein stability
@ acting as signals to target proteins to specific subcellular locations

Motif-mediated interactions

@ occur with low affinity,
@ are transient & reversible

@ can be easily modulated.

Motifs mediate switches

This makes SLiMs ideal regulatory modules and enable them to conditionally switch between “on” and
“off” states or between multiple, functionally distinct on states.

"The switches.ELM Resource: A Compendium of Conditional Regulatory Interaction Interfaces”; van Roey, DINKEL,
WEATHERITT, GIBSON AND DAVEY; (SCIENCE SIGNALING. 2013)
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PTM-induced binding
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Tools & Databases of Short Linear Motifs



LINEAR MOTIFS AS MOLECULAR SWITCHES switches.ELM

PTM-induced incompatibility

P
¥> ?
NFATc1 NLS|— (NLS]H—

CYTOPLASM
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LINEAR MOTIFS AS MOLECULAR SWITCHES MMELM

(a) Binary switch
PTM-induced binding PTM-induced incompatibility Allostery

car
;_, 3 o
NFATc1 —{NIS]— AMJ— Recoverin  MGxxxSx MGme

CYTOPLASM >§ CYTOPLASM /

PLASNMA MEMBRANE

switch

P ity
Intrinsic affinity switch Competition switch Localisation switch

LIPID RAFT

NON-RAFT
- - MEMBRANE MEMBRANE
- P cD2 Ilgand b2
AN

NPxY PPP e PPPPGHR|
Integrin 3 Integrin B3

(c) Motif hiding

PTM-independent PTM-dependent
Gan. P ez
B
MRTF —{RPELINLS) AN RPELTNISI— LT-AG AN
CYTOPLASM CYTOPLASM

e w

Figure legend
@ protein @ Protein Smallmolecule () Post-transiational modification Motif (Regular expression) ] Motif (Name / Abbreviation)
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(a) Cumulative switch
Positive rheostat Negative rheostat

. . o ® o © o
o A AN P AN —\‘r;sxk s
®

(b) Avidity-sensing switch
PTM-dependent PTM-independent

WLE 25 0% SR 1111

Eps15— DPF—  Eps15—DPF—
ABORTIVE INTERACTIONS HIGH-AVIDITY INTERACTIONS

(c) Sequential switch
Priming PTM Sequential specificity switch

? Smad3—{P¥ box—sPxLsP—
HoF1 s — xaf N, & PRNER m?,

o Mewn
® L» .smgrf

© proein @ Protein Small molecule () Post-translational modification Motif (Regular expression)  [__] Motif (Name / Abbreviation)
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LINEAR MOTIFS AS MOLECULAR SWITCHES

switches.ELM

The switches.ELM database curates experimentally validated motif-based

molecular switches.

In addition, based on these validated instances, the switches.ELM prediction tool
was developed to identify possible switching mechanisms that might regulate a
motif-containing protein of interest.

switches.ELM

Introduction

The switches.ELM resource, hosted by the ELM consortium at the European Molecular Biology Laboratory (EMBL), consists
of a database that curates experimentally validated motit-based molecular swiches and a prediction tool to identify possible
switching mechanisms that might regulate a user-submitied moif of interest. This tool helps o exiend knowledge and direct
research on how motifs mediate cooperative decision-making in a context-dependent manner and direct reliable and fobust

cell reguiation

Submita paper for curation

Home Browse Analyse Search

Switch of the month

Links.

View predicted switches in the ELM database.

Definitions Help About

A Smad action tumover switch operated by WW domain
readers of a phosphoserine code.
ragon et al, Genes Dev, 2011

Links: PubMed Genes Dev. switches.ELM

Enter a PubMed ID submit
View switches currently awatting curation.
Browse database by Search database Analyse proteins for novel switches
Enter search term submit Enter protein submit

Switch | | Protein | Motif class | | Switch type

Examples: Prosphorytation | Mouss | LIG_GYGLIN_1

? W O EEm

Examples: P0437 | TP53 | Tumor suppressaor ps3



LINEAR MOTIFS AS MOLECULAR SWITCHES switches.ELM

The switches.ELM database curates experimentally validated motif-based
molecular switches.

In addition, based on these validated instances, the switches.ELM prediction tool
was developed to identify possible switching mechanisms that might regulate a
motif-containing protein of interest.

Steroldogenic factor 1 (Nr5a1)

Switch #: Sultch type: Switch subtype:
© SWTI0o00ss & Binary @ Physicochermical Mgnment Motls Modficatin Swiches  Stuctre Mutaton lsolorms  SNPs  Features  Disorder
compatbity @
o ez =
Switch Description: ot ormrest
Erosphayaton o szm I e Pint g mot of Siamiogais o | () 2
IMAinteracting 1 (Pini) HOUSE (togge exva speces) B S N RETK PEECCR NV
protein. wacwy
® con
) oRouE
3 e
St > i cammL 27HalEa 5 B!
Parelpant: L1 topge precicied ) . Pt
) Steroidogenic factor 1 (Nr5a1) ELirevex wver PosK sk aR mer e s
B ooyt ot emiraso NIMA-ineraoiing 1 Pini) D4 i o o an
SH2STE oK s
EnDoCYNSLC o Pt
Interactions suwo. Prodiin
Interaction #1NrSat - Pint [ 2
Intoriacos j—— ’ °
(1) LIG_ WW._Pin1_4moti {z00PYASPPa0s) in Steroidogeric facior 1 (Nrbat) snesprosnepus : s »

(2) WW domain (737 in Pepliclyl-prolyl cis-trans isomerase NIMA-interacting 1 (Pint) ey s s

Interaction Reguiati . oo e 1
PTHidopardent Inducton (Phosphorylaton of 208 on Stercdogenic facior 1 7 Strodonenicfacter

(a1t Smidogori actr { (W) LIG, WPt 4 ot opl == 2 °

profyi o i) s - n

References

(1) Pint faciitates the phosphorylation-dependen ubiqutination of SF-1 to reguate Fowered by Proviz

gonadotrogin beta-subunt gene ranscripton. vorover foatures ot dotas

Luo et al Mol. Coll. Biol. (2010)

See also

Other switches Involving participants
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