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Homepage - submission

Paste your sequence here:

Paste sequence and Run

email address: optional
Job description: optional
Or submit (Reset) (3dligand$ite search)

your own . . . .
— click here to submit your own protein structure (i.e. a pdb file)

structure

Retrieve
results

“b id to view 3DLigandSite results:

About News Help FAQ Example

Contact

Disclaimer




Homepage - submission

Upload your structure: (Choose File) No file chosen U P|Oad structure

email address: * | ooptional

Job description: 'optional

(Reset) (3d|igand$ite search)
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Submission details

| Submission Details

Email: mark@wass.com
Unique Job
identifier:  8cedf8cafic2sseb  JOB |ID

Description: eg4

Date: Tue Sep 20 11:36:45 BST 2011
Submissi . .
Typer " sequence  Submission type — sequence/structure

GLAACEGEYSQKYSTMSPLGSGAFGFVWTAVDKEKNKEVVVKF IKKEKVLEDCWIEDPKL
GKVTLEIAILSRVEHANIIKVLDIFENQGFFQLVMEKHSGLDLFAFIDRHPRLDEPLASY
IFRQLVSAVGYLRLKDIIHRDIKDENIVIAEDFTIKLIDFGSAAYLERGKLFYTFCGTIE

Query Seq: YCAPEVLMGNPYRGPELEMWSLGVTLYTLVFEENPFCELEETVEAAIHPPYLVSKELMSL
VSGLLQPVPERRTTLEKLVTDPWVTQPVNLADYTWEEVFRVNKPESGVLSAASLEMGNRS
LSDVAQAQELCGGE
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Structural model

Structural Model JOB ID —same as

Phyre2 job: 8ceof8cafic285eb 3DLig job id

Phyre2 template: 3dIsA

Phyre2 confidence score: 100.0 Model confidence

0 (low) -100 (high)
Structural Search
confidence data from search of structural library with

Mammoth
Average InE: 29.965 . . .
Mo J . a4 64 Similarity of
aximuim Ene: ‘ structural hits
Min LnE: 28.45

(higher value =
structures more
similar)

Min InE value used =7
Predictions using low LnE
values e.g. < ~12-15 should be
treated with caution
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Ligand Clusters

Ligand Clusters Identified

Note prediction based on first cluster
Click on other clusters to view the potential sites associated with them

MAMMOTH Scores
Cluster Ligands Structures Av min max

1 [ & ] 22 <O 284 346
2
1

2 28.5 28.4 28.6
2 28.5 284 28.6
1

2
3
4 28.7 28.7 28.7

Clusters ranked by number of ligands.

Mammoth scores for cluster displayed to indicate how similar
the structures are that contributed the ligands in the cluster.

Top cluster displayed as main prediction. Click on rows to
view predictions for the other clusters.
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Interpreting predictions — what ligands?

Heterogens present in Predicted Binding Site
Heterogen Count source structures

STU 9 1yhs_A,3ckx_A,1ub9 A,1gpd_A,1gpj_A,
2dq7_X,3cd3_A,3bkb_A,3cbl_A

3dis_F,3d5w_A,10l7_A,1mq4_A,10I5_A,
ADP 6 292 B

MG 16  20u7_A3dis_F,1xr1_A3f2a_A,10l7_A,
2v7a_B,1mq4_A,10l5_A,3cly_A

AMP 1 1yxu_C
ATP 1 1ql6_A

Lists the ligands that are present in the
cluster and the structures that they are from



Interpreting predictions

Residue

19
20
21
27
40
42
79
95
96
97
98
100
101
102
103
145
146
148
158
159

Amino
acid

LEU
GLY
SER
VAL
VAL
LYS
ILE

MET
GLU
LYS
HIS

GLY
LEU
ASP
LEU
GLU
ASN
VAL
ILE

ASP

contact av distance 48
divergence
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Predicted residue table

 Residues in cluster that are < 0.5A
+vdw of 25% of cluster predicted

 Number of ligand contact

 Av distance between residue and
these ligands

« JS Divergence — conservation score
(range 0 — 1).

« These values can be used to refine the
prediction — e.g.
* residues that contact few of the
ligands
 are further from the ligands
« Have low conservation scores



Structural View of Prediction

_Take snapshot of current view

Download model and pymol Script

Display Modification

colour by: ®prediction (OJensen Shannon Divergence
spacefill: ®off 020% (O100%
wireframe: ®off Owireframe Owireframe 50 O wireframe 100

¥ cartoon

spacefill: ®off 020% (O100%
wireframe: Ooff Oon Owireframe 50 () wireframe 100

Ycartoon
Jlabel

Display of Metalic heterogens
spacefill: Ooff 020% *100%

Display of Non Metalic heterogens
spacefill: ®off 020% (O 100%

wireframe: Ooff (Ostandard Owireframe 50 (®)wireframe 100

Reset to original orientation

Cspin

background black +

Prediction colour legend: Other residues [T ERVETLHWVETE

Conservation Score Colour legend: 0-0.15 0.16-0.30 0.31-0.40




Interpreting predictions

Display Modification

colour by: (®)prediction () Jensen Shannon Divergence
spacefill: (Doff ()20% ()100%
wireframe: (*) off ()wireframe (wireframe 50 () wireframe 100

@ cartoon

spacefill: ®off ()20% ()100%
wireframe: Ooff (Jon ()wireframe 50 (*)wireframe 100

@cartoon
(Jlabel

Display of Metalic heterogens
spacefill: Ooff ()20% (*)100%

Display of Non Metalic heterogens
spacefill: (Doff ()20% ()100%

wireframe: O off ()standard ()wireframe 50 (*)wireframe 100

Control:
Colouring of protein — by prediction
or conservation

Display of protein:
Spacefill/wireframe/cartoon

Label predicted residues so they can
be identified in the graphical view.

Separate controls for display of
predicted residues

Modify display of ligands:
Spacefill/wireframe

Overall:
Make protein rotate
Change background colour



Interpreting predictions - Metals

Metals found bound like this — with 3-6 residues Binding sites with a single residue contacting
Often the residues aren’t sequential the ligand are likely to be wrong



Interpreting predictions - Metals

Sometimes the cluster of residues might overlap with the protein structure as in
the examples above. This is more likely where the cluster is close to a loop. The
prediction may be good but it might also be slightly affected by the overlap of the
cluster and the structure



Interpreting predictions - Metals

2 clusters for the same protein.

Multiple ligands in cluster

Multiple residues contacting ligand

Looks like it could be a ligand binding site . . e
Divergence colouring help suggest residue that might not Unlikely to be a ligand binding site
be part of the binding site.

Single ligand in cluster
Single residue binds the ligand



Interpreting predictions - Oligomers

Prediction viewed with other chain of

dimer from one of the templates
When predictions only seem to contact part of the ligand in some example this is because

the ligand is bound between chains in an oligomer. Therefore part of the binding site might
be missed. Different clusters predicted for the binding site may predict different residues
that when combined contain the full binding site

Site only binds part of cluster



Interpreting predictions — large Clusters

Large cluster of many different ligands.
This is unlikely to be a binding site



Interpreting predictions

Suggestions for interpreting results:

Consider the similarity between the structure and the hits

The number of ligands in a cluster may be indicative of how likely it is for the
region to be a binding site

Use of the JS Divergence score may help refine predictions

Metal binding site predictions can have high levels of false positive.
» Especially if there are many clusters and the clusters only contain a
single metal ion
* Metal ions a generally contact multiple residues
» Checking the conservation score may be helpful here to remove false
predictions

Clusters can occasionally become very large — with many ligands covering a
large are of the protein. Such a large site is likely to be incorrect, although
part of it may be ligand binding.



Structural View of Prediction

_Take snapshot of current view

Download model and pymol Script

Display Modification

colour by: ®prediction (OJensen Shannon Divergence
spacefill: ®off 020% (O100%
wireframe: ®off Owireframe Owireframe 50 O wireframe 100

¥ cartoon

spacefill: ®off 020% (O100%
wireframe: Ooff Oon Owireframe 50 () wireframe 100

Ycartoon
Jlabel

Display of Metalic heterogens
spacefill: Ooff 020% *100%

Display of Non Metalic heterogens
spacefill: ®off 020% (O 100%

wireframe: Ooff (Ostandard Owireframe 50 (®)wireframe 100

Reset to original orientation

Cspin

background black +

Prediction colour legend: Other residues [T ERVETLHWVETE

Conservation Score Colour legend: 0-0.15 0.16-0.30 0.31-0.40







ConFunc/CombFunc

MTEYKLVVVGAGGVGKSALTIQLIQ

ConFunc Domains
(Residue BLAST (Interpro)

Conservation)

Interactions Co-expression

| | |
GO GO GO GO GO

Prediction Prediction Prediction Prediction Prediction

Machine I Learning (SVM)
Wass et al., NAR 2012 G O
Wass & Sternberg 2008 Bioinformatics

Prediction

LIl
Il

\

Imperial College
London



CombFunc - submission

Paste your sequence here: (example input formats)

Paste sequence

Ulipcos jo: Uniprot Id is optional Optionas
email address: optional
Job description: optional

Reset CombFunc search

 a few seconds to respond after hitting submit, please do not press more than once

Retrieve Results

Enter job id to view CombFunc results: Fetch

Retrieve /
results



CombFunc - Results

All predictions are:
* Gene Ontology Terms (e.g. GO:0003924, GTPase activity)

 In either Molecular Function or Biological Process ontology

« Associated with a confidence score (0-1 — 1 highest confidence)

* Presented in multiple formats for users to investigate

The overall results are displayed first

Followed by results from each individual method



CombFunc
Overall results



CombFunc - Results

Molecular Function Predictions

GO Term Description Number SVM Probability

GO0:0008601G0O protein phosphatase type 2A regulator activity 10
GO0:0004722G0O protein serine/threonine phosphatase activity 10

G0:0005488G0O binding I 10

Link to Gene Description of

Ontology GO term Number of
website for GO SVMs that
term predict function

(1-10)

0.441

Confidence
score



CombFunc - Results

Equivalent for Biological Process Terms

Biological Process Predictions

GO Term Description Number SVM Probability
G0:0007067GO mitosis 10 0682
G0:0010458G0 exit from mitosis 10 0631
GO0:0006470G0O protein amino acid dephosphorylation 10 0.307
GO:001056r regulation Il cycle process 0.303

Link to Gene

Ontology Description of Number of Confidence
Webs'tte forGO GO term SVMs that score
erm

predict function
(1-10)



CombFunc - Results

li Predictions also
gt~ displayed on GO

S~ T graph
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CombFunc - Results
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CombFunc - Results




CombFunc - Results

Predictions also displayed in a list view

Molecular Function Predictions

Collapse back
Expand All Collapse All to this view

Show all
parents

G0:0008601 - protein phosphatase type 2A regulator activityGO
G0:0004722 - protein serine/threonine phosphatase activityGO
- bindingGO

Click to show
parent term



CombFunc - Results

Molecular Function Predictions

Expand All Collapse All

= GO:0008601 - protein phosphatase type 2A regulator activityGO
= GO:0019888 - protein phosphatase regulator activityGO
= GO:0019208 - phosphatase regulator activityGO
= GO:0030234 - enzyme regulator activityGO
« GO:0003674 - molecular_functionGO

= GO:0004722 - protein serine/threonine phosphatase activityGO
= GO:0004721 - phosphoprotein phosphatase activityGO
= GO:0016791 - phosphatase activityGO
= GO:0042578 - phosphoric ester hydrolase activityGO
= GO:0016788 - hydrolase activity, acting on ester bondsGO
= GO:0016787 - hydrolase activityGO
= GO:0003824 - catalytic activityGO
* GO:0003674 - molecular_functionGO



CombFunc

Results of Individual
methods




CombFunc — Individual Results

ConFunc

The terms predicted by ConFunc are disaplyed below.
subalignment that was generated for that term.

ConFunc Molecular Function Results Show/hide

ConFunc Biological Process Results Show/hide



CombFunc — Individual Results

Go Term Function Z Score Z Score Ratio g:::z:lrces
GO:0042578G0O phosphoric ester hydrolase activity 25.163
G0O:0016791G0O phosphatase activity 25.163
GO:0016788G0O hydrolase activity, acting on ester bonds 25.163
GO:0016787G0O hydrolase activity 25.163
GO:0004722G0O protein serine/threonine phosphatase activity 25.114
G0O:0004721G0O phosphoprotein phosphatase activity 25.114

G0O:0019888G0 protein phosphatase regulator activity 23.702
G0O:0019208G0O phosphatase regulator activity 23.702
GO:0008601G0O protein phosphatase type 2A regulator activity 23.702
GO0:0030234G0O enzyme regulator activity 21.0589
GO:0003824G0O catalytic activity

G0:0003674G0O molecular_function

15.72

Higher the Zscore! #Seqs in

better max(Zscore) alignment



CombFunc — Individual Results

BLAST

The top 3 sequence hits with either
to 6 sequences Iin total are shown -
annotations

BLAST data Show/hide




CombFunc — Individual Results

BLAST data Show/hide

e- %seq

Hit Acc
value

Q925E7 r
activity

1

e-value

identity

Shows top 3 GO annotated BLAST hits

Query

coverage

Q66LES r
activity

Sequence I

hit

Molecular Function annotations
coverage

Term:GO:0008601

Description:protein phosphatase type 2A regulator

Term:GO:0008601
Description:protein phosphatase type 2A regulator

Term:GO:0008601
Description:protein phosphatase type 2A regulator
activity

% hit
aligned

% query
aligned

Biological Process
Annotations

Term:GO:0007067
Description:mitosis
Term:G0O:0010458
Description:exit from mitosis
Term:GO:0007067
Description:mitosis
Term:G0O:0010458
Description:exit from mitosis
Term:GO:0007067
Description:mitosis
Term:G0O:0010458
Description:exit from mitosis



CombFunc — Individual Results

Interpro

The Interpro hits to the query sequence are shown belov
Ontology functions that are commonly associated with tr
will also have some of these functions. Links to further ir
clicking the link on the interpo accession. The domain hi
where on the sequence the domains are identified

Interpro Hits - Tabular Data Show/hide

Interpro Hits - Graphical View Show/hide




Database

FPrintScan

FPrintScan

FPrintScan

HMMPIR

FPrintScan

HMMPanther

FPrintScan

FPrintScan
PatternScan

FPrintScan

FPrintScan
PatternScan

FPrintScan

FPrintScan

FPrintScan

superfamily
Gene3D
Gene3D
Gene3D
HMMPfam
HMMSmart
HMMSmart

Accession

PRO0600

PRO0600

PRO0600

PIRSF037309

PRO0600

PTHR11871

PRO0600

PRO0600

PS01025

PRO0600

PRO0600

PS01024

PRO0600

PRO0600

PRO0600

SSF50978
G3DSA:2.130.10.10
G3DSA:2.130.10.10
G3DSA:2.130.10.10
PF00400

SM00320

SM00320

start finish e-value

267

105

295

182

323

76

180

419

238

89

41

349

210

34
417
36
179
100
171
89

294

133

322

452

209

453

348

104

194

448

266

103

61

375

237

444
443
139
383
129
210
129

Interpro

IPR000009

IPR000009

IPR000009

IPR000009

IPR000009

IPR000009

IPR000009

IPR000009
IPR018067

IPR000009

IPR000009

PR018067

IPR000009

IPR000009

IPR000009

;

IPR011046
IPR015943
IPR015943
IPR015943
IPR019781
IPR001680
IPR001680

1

5.00e-01

--
N
o
(]

+

(=1
o

4.70e+00

Desc

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55
Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55
Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

Protein phosphatase 2A, regulatory subunit PR55

WD40 repeat-like-containing domain
WD40/YVTN repeat-like-containing domain
WD40/YVTN repeat-like-containing domain
WD40/YVTN repeat-like-containing domain
WD40 repeat, subgroup

WDA40 repeat

WDA40 repeat

, conserved site

, conserved site

CombFunc — Individual Results

Interpro Hits - Tabular Data Show/hide

GO Terms

G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159

G0:0008601

G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159

G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0008601
G0:0007165
G0:0000159
G0:0005515
G0:0005515
G0:0005515
G0:0005515

G0:0005515
G0:0005515

Go function

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein phosphatase type 2A regulator activity
signal transduction

protein phosphatase type 2A complex

protein binding

protein binding

protein binding

protein binding

protein binding
protein binding



CombFunc — Individual Results

Interpro Hits - Tabular Data Show/hide

Database Accession start finish e-value Interpro Desc GO Terms Go function

protein phosphatase

GO:0008601 type 2A regulator

IPR0O00009 Prct;’teir)t gf;);sphatase 2A, regulatory GO:0007165 a'ctivitlyt duct
— subuni GO:0000159 Signal transduction

protein phosphatase

type 2A complex

protein phosphatase
GO:0008601 YPe 2A regulator

FPrintScan PR00600 267 294

FPrintScan PR00600 105 133 IPRO0000G " rotein phosphatase 2A, regulatory ‘555407465 3Ctivity .
subunit PR55 GO:0000159 signal transduction
= protein phosphatase
type 2A complex
e-value Domain
Domain associated

description GO terms



CombFunc — Individual Results

Interpro Hits - Graphical View Show/hide

i PROO600
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1 PIRSF037309
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SSF50978
G3DSA:2.130.10.10
G3DSA:2.130.10.10
G3DSA:2.130.10.10
PF00400
SMO00320
SMO00320
SMO00320
SMO00320
SMO00320
SMO00320

SMO00320

1 0 100 150 200 250 00 50 00 450



CombFunc — Individual Results

Search of structural library

The Phyre2 fold library has been searched using HHsear
that are homologous to the query sequence. The table st
of the structures are displayed in the last column.

Structural Search Results Show/hide




CombFunc — Individual Results

. - Query Template GO
Pdb chain Probability evalue Range Range Annotation

G0:0004722
G0:0005515
G0:0008601
G0:0000184
s 421 PDB ] : : ] " G0:0006470
G0:0010467
G0:0016070
G0:0016071
453 ]

Type Domain Family Superfmaily Fold Class

490-110 PDB - - - - -
Cell cycle
via A 88E- 32- .0 scOP gﬁgs"tycigtein arrest WD40 Z::Laded All beta GO:0005515
31 416 P protein repeat-like proteins GO:0043130
BUB3 BUB3 propeller

I I Overlap SCOP GO terms

e-value Detween classification for protein
query and structure
template

probability



CombFunc — Individual Results

Interactome Analysis

MINT and IntAct have been searched for inf
of the interactions partners have been ident

Molecular Function Data Show/hide

Biological Process Data Show/hide



CombFunc — Individual Results

0, 0

50 emn Description dc::':::‘tt tf;rect g\%li‘:‘etct if;direct
G0:0005488 binding 22 91575 |
G0:0005515 protein binding 22 87.546 |
G0:0003824 catalytic activity 8 34.554
GO0:0016787 hydrolase activity 6 15.018
G0:0051082 unfolded protein binding 6 4.518
GO0:0016788 hydrolase activity, acting on ester bor 5 7.570
GO0:0016740 transferase activity 3 148 18.071
GO0:0030234 enzyme regulator activity 3 148 18.071
GO:0016772 transferase activity, transferring pRgs} 3 136 16.606
GO0:0016301 kinase activity 3 134 16.361

#direct with . o t . t

this GO Yo of all #|_nd|re.ct %o of all

annot directly with this GO indirectly

interacting annot interacting

proteins proteins



CombFunc — Individual Results

indirect




CombFunc — Individual Results

0, 0

50 emn Description dc::':::‘tt tf;rect g\%li‘:‘etct if;direct
G0:0005488 binding 22 91575 |
G0:0005515 protein binding 22 87.546 |
G0:0003824 catalytic activity 8 34.554
GO0:0016787 hydrolase activity 6 15.018
G0:0051082 unfolded protein binding 6 4.518
GO0:0016788 hydrolase activity, acting on ester bor 5 7.570
GO0:0016740 transferase activity 3 148 18.071
GO0:0030234 enzyme regulator activity 3 148 18.071
GO:0016772 transferase activity, transferring pRgs} 3 136 16.606
GO0:0016301 kinase activity 3 134 16.361

#direct with . o t . t

this GO Yo of all #|_nd|re.ct %o of all

annot directly with this GO indirectly

interacting annot interacting

proteins proteins



CombFunc — Individual Results

Gene Expression

CoxpressDB has been searched for co-expression data for the query pr
coexpressed proteins have been identified and are summarised in the t:

Molecular Function Coexpression Data Show/hide

Gene Co-expression data for GO Biological Process Show/hide

Gene Co-expression data Show/hide




CombFunc — Individual Results

Go Term #CoExp Av MRmin MR max MR GO Term Description

G0:0009987 6 26.9 [EN41.0 cellular process
G0:00442371 5 268 [ 41.0 cellular metabolic process
G0:0008152] 5 26.8 {410  metabolic process
G0O:0044238 5 317 primary metabolic process
GO:00431700 4 294 macromolecule metabolic process
GO:0044260 4 294 cellular macromolecule metabolic process
GO:0043412 4 326 macromolecule modification
GO:0019538 3 298 protein metabolic process
G0O:0006464 3 298 protein modification process

#genes co-

expressed Mutual rank

with function Av — average over co-exp genes

Min — smallest over co-expressed genes
Max — largest over co-expressed genes
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