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Module 8: Proteins, Complexes and Pathways 
Aims 

• Introduce protein sequence and protein domain databases 

• Perform homology searches to help elucidate protein function 

• Access and interpret protein structures and complexes 

• Perform basic homology modelling 

• Pathway databases 

 
Introduction 
Protein entries found in database such as UniProt, Ensembl and RefSeq can 

provide information about function.   UniProt represents the most 

comprehensive source of protein sequences.  Despite this, only a relative few 

sequences have been experimentally characterised.   Homology searches 

allow the identification of similar sequences, and consequently allow the 

transfer of annotation from one sequence to another.   Nevertheless, such 

pairwise searches have limitation.   An alternative approach to understanding 

protein function is the studying if sets of related sequences to identify regions 

of similarity (which may correspond to domains).  It is well known that proteins 

are usually comprised of one or more globular domains.  As these domains 

are independent units, they can be combined in different ways to give rise to 

functional diversity.  Identification of functional domains on a protein of 

unknown function can enable the potential function to be postulate. 

Only the elucidation of the 3 dimensional (3D) structure of a protein can allow 

the precise molecular mechanism of catalysis and/or function to be 

understood.  The primary protein structure deposition database (PDB) and 

two associated databases will be introduced.  These resources highlight many 

functional features found in protein structures, including protein interactions.  

Within the cell, proteins and protein domains are in contact with each other in 

order to carry out their function, e.g. signal relay or catalysis.  Knowledge of 

protein interactions allows the understanding of the role of proteins in larger 

networks and pathways.  
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In the second half of this module, the focus will shift to disease related 

resources that catalogue both phenotypic and genetic effects of the disease. 

Tools for understanding/elucidating the possible consequence of a mutated 

amino acid will be covered. Finally, resources from the emerging field of 

functional non-coding RNAs will be covered.  

6.1 UniProt – protein sequence database 

In the following section UniProt (Universal Protein Resource) is the world's 

most comprehensive resource for protein sequence and annotation data. 

UniProt is a collaboration between the European Bioinformatics Institute 

(EMBL-EBI), the SIB Swiss Institute of Bioinformatics and the Protein 

Information Resource (PIR). 

There are three parts to the UniProt databases: 1) the UniProt 

Knowledgebase (UniProtKB) 2) the UniProt Reference Clusters (UniRef), and 

3) the UniProt Archive (UniParc).  In this module we will explore UniProtKB in 

detail, which represents the central hub for the collection of functional 

information on proteins, with accurate, consistent and rich annotation. The 

UniProtKB consists of two parts, Swiss-Prot and TrEMBL.   UniProtKB/Swiss-

Prot contains manually-annotated records with information extracted from 

literature and curator-evaluated computational analysis. The sequences in 

TrEMBL, which represents more than 95 % of the protein sequences in 

UniProtKB, are derived from the translation of the coding sequences (CDS) 

which have been submitted to the public nucleic acid databases, the EMBL-

Bank/GenBank/DDBJ databases (INSDC). All these sequences, as well as 

the related data submitted by the authors, are automatically integrated. 
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Worked Example 6.1 - using UniProt to find proteins and exploring their 

annotation 

 

 

 

 

 

How many sequences are from the human genome?  How many sequences 

are really Serine/threonine kinases?  (Note, UniProt updates every month, so 

sequence numbers are in constant flux) 

 

 

STEP 1 – Open the UniProt homepage 
(http://www.uniprot.org) 
 

STEP 2 – Enter the gene name ‘ARAF’ to find Serine/threonine-protein 
kinase A-Raf proteins.  Make sure you are searching UniProtKB  
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Refine the search by clicking on the ‘Advanced’ button to the right of the 

search box.  Repeat the search, restricting the search to the field Gene Name. 

 

 

How many ARAF sequences are from Human? Do you think that the E.coli 

sequence is homologous? Why?   

Now explore the entry ARAF_HUMAN, by clicking on the sequence in the 

summary table: 

Summary of results 
UniProt/Swiss-Prot 
entries 

STEP 3 – Refine the search by restricting the search to Gene Names.  
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This represents one of the most complete entries in UniProtKB.  The left  

 

 

What is the function of this sequence?  What metal ion does this sequence 

bind? How many ions are bound?  Write a list of amino acids binding to each 

amino acid. 

This column allows you 
to jump to different 
sections or toggle on/off 
the display 

STEP 4 – Click on P10398 to view the protein entry 
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While the website provides an intuitive user interface, you may wish to 

download in different formats, either to get to the raw sequences or to parse 

information, or simply to provide a convenient notation for your workbook. 

 

 

Here is the same entry (part of) in text format. 

ID   ARAF_HUMAN              Reviewed;         606 AA.  
AC   P10398; P07557; Q5H9B2; Q5H9B3;  
DT   01-APR-1988, integrated into UniProtKB/Swiss-Prot.  
DT   01-OCT-1996, sequence version 2.  
DT   26-NOV-2014, entry version 177.  
DE   RecName: Full=Serine/threonine-protein kinase A-Raf;  
DE            EC=2.7.11.1;  
DE   AltName: Full=Proto-oncogene A-Raf;  
DE   AltName: Full=Proto-oncogene A-Raf-1;  
DE   AltName: Full=Proto-oncogene Pks;  
GN   Name=ARAF; Synonyms=ARAF1, PKS, PKS2;  
OS   Homo sapiens (Human).  
OC   Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;  
OC   Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;  
OC   Catarrhini; Hominidae; Homo.  
OX   NCBI_TaxID=9606;  
RN   [1]  
RP   NUCLEOTIDE SEQUENCE [MRNA] (ISOFORM 1).  
RX   PubMed=3029685; DOI=10.1093/nar/15.2.595;  
RA   Beck T.W., Huleihel M., Gunnell M., Bonner T.I., Rapp U.R.;  
RT   "The complete coding sequence of the human A-raf-1 oncogene and 
RT   transforming activity of a human A-raf carrying retrovirus.";  
RL   Nucleic Acids Res. 15:595-609(1987). 
.. 

And here is the entry in FASTA format. 
 
>sp|P10398|ARAF_HUMAN Serine/threonine-protein kinase A-Raf OS=Homo sapiens GN=ARAF 
PE=1 SV=2 MEPPRGPPANGAEPSRAVGTVKVYLPNKQRTVVTVRDGMSVYDSLDKALKVRGLNQDCCV 
VYRLIKGRKTVTAWDTAIAPLDGEELIVEVLEDVPLTMHNFVRKTFFSLAFCDFCLKFLF 
HGFRCQTCGYKFHQHCSSKVPTVCVDMSTNRQQFYHSVQDLSGGSRQHEAPSNRPLNELL 
TPQGPSPRTQHCDPEHFPFPAPANAPLQRIRSTSTPNVHMVSTTAPMDSNLIQLTGQSFS 
TDAAGSRGGSDGTPRGSPSPASVSSGRKSPHSKSPAEQRERKSLADDKKKVKNLGYRDSG 
YYWEVPPSEVQLLKRIGTGSFGTVFRGRWHGDVAVKVLKVSQPTAEQAQAFKNEMQVLRK 
TRHVNILLFMGFMTRPGFAIITQWCEGSSLYHHLHVADTRFDMVQLIDVARQTAQGMDYL 
HAKNIIHRDLKSNNIFLHEGLTVKIGDFGLATVKTRWSGAQPLEQPSGSVLWMAAEVIRM 
QDPNPYSFQSDVYAYGVVLYELMTGSLPYSHIGCRDQIIFMVGRGYLSPDLSKISSNCPK 
AMRRLLSDCLKFQREERPLFPQILATIELLQRSLPKIERSASEPSLHRTQADELPACLLS  
AARLVP 
 

 

Click on format to reveal 
the list of options 
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The entry P10398 represents one of the most well experimentally 

characterised sequences and contains links to all of the resources covered in 

this module, to many covered in this course and many more. It is impossible 

to cover all of the resource, but please feel free to ask the tutors about the 

different resources. 

However, not all sequences may be in UniProt (because they may be from a 

novel sequencing experiment) or may not have been experimentally 

characterised.   As this is more often than not the norm, it is important to 

understand alternative ways of investigating protein sequences and many of 

the annotations present in  UniProt are derived from these other databases. 

 

6.2 Protein Family databases 

In the following section the protein family/domain database Pfam will be 

covered.  The exemplar database has been chosen simply as Pfam is one of 

the most widely used databases, has high coverage of sequences, 

incorporation into other databases (such as InterPro and CDD) and 

connectivity to other major resources/tools, e.g. Ensembl, UniProt, HMMER 

and BLAST. 

 
Pfam 
Pfam is a database of protein families and domains.  This is the largest, 

original source of protein family data.  Currently, there are over 14,000 entries 

in Pfam that match to nearly 80% of all sequences in UniProt. Pfam can be 

accessed from the following location: http://pfam.xfam.org. 

 
In the following worked example you will be guided through a Pfam entry. 

 
 STEP 1 – Open the Pfam homepage. 
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STEP 2 – Click on view a Pfam Family and entry ‘RBD’ in the textfield. 
Alternatively, enter any accession or identifier into the ‘Jump To’ box. 
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Summary bar provides a 
quick synopsis on the entry 

The summary page 
contains a brief 
descriptions of the 
domain and 
database cross 
references from 
Wikipedia, Pfam 
and/or InterPro 

Clans are 
collections of 
related Pfam 
entries.  

STEP 3 – Click on ‘domain 
organisation’ 
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STEP 4 – Click 
on ‘Alignments’ 

Solid, coloured regions 
are Pfam domains. 
Striped regions represent 
Pfam-Bs, which are low 
quality ‘potential’ 
domains.  

The RBD is found 
associated with many 
different domains, many 
of which are involved in 
signalling 

Click to reveal all 
sequences with that 
domain organisation 
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STEP 5 – Select 
‘HTML’ version  
of the ‘full’ 
alignment 

Each Pfam entry contains two primary alignments, termed seed and full.  
The seed alignment contains a set of representative sequences that are 
used to build a profile HMM.  The full alignment contains all examples of 
the domains. Pfam provides additional alignments based on different 
sequence databases.  The representative proteomes provides different 
levels of redundancy, from complete proteomes.  

STEP 6 – Click 
on ‘HMM logo’ Get the alignment 

in variety of 
formats and levels 
of redundancy 
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A section of an HTML formatted alignment, 
coloured according to the Clustal colouring 
scheme. The (SS) lines show secondary 
structure information. 
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HMM logo Tab 
Profile HMMs are difficult to understand if you are not used to them, 

converting the amino acid frequencies in the seed alignment into probabilities. 

To help understand them a little better, logos can be used represent the 

profile HMM, where the height of the letter denotes the likelihood of that 

amino acid.  Thus, the key residues that define the family can easily be 

identified. 

 

 
 

 

STEP 7 – Click 
on ‘Species’ 
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This shows the taxonomic distribution of the hits 
in the family. Each segment is proportional to the 
family fraction of sequences matched for that 
taxonomic level. 

STEP 8 – Finally, 
click on ‘Structures’  

Select segments of the 
species distribution to extract 
matches according to 
taxonomy 

Mouse over the 
segments in the 
spiral to reveal 
taxonomic data 
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STEP 9 – Select 
‘Jmol’ to view the 
structure 

RDB domains with a known 
structure. Often a sequence 
can be solved multiple times. 

STEP 10 - Right 
click on the 
structure and open 
up the console. Left 
click on the 
structure to reveal 
amino acid 
positions. Try to 
modify how the 
structure is 
represented using 
Jmol. 
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Worked Example - Search your sequence against Pfam to identify domains.  

In the following example, we will analyse the sequence P14056 

(http://www.uniprot.org/uniprot/P14056.fasta) 

 

  

 

 

  

 

 

 

 

 

STEP 1 – Select Search from the menu at 
the top of any Pfam Page.  
 

STEP 2 – Paste 
your sequence in 
the textfield*.  
Check the 
‘Search for 
PfamBs’ 
checkbox and 
click submit 
 

The gathering 
threshold is defined 
by the Pfam 
curators. A score at 
or above this 
threshold is 
trustworthy, but 
using E-value 
based cut-offs 
means that 
borderline hits can 
be included. 
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What does the alignment codes mean?  The top row represents the HMM and 

the most probably sequence to be emitted from it (you can think of it as a 

consensus sequence). The uppercase letters indicate the high scoring 

positions. The next line is the match between your query sequence and the 

HMM.  Letters indicate an exact match, where as ‘+’ indicate similar matches.  

The final line is your query sequences (or at least part of it), with the 

sequence region that matches this HMM aligned to it.  These strings 

sequence can be punctuated with ‘-‘ characters denoting that your sequence 

is missing residues compared to what is expected in the HMM (delete states) 

or ‘.’ that indicate that your sequence has extra residues in it compared to 

what is expected (insert states).  

 

Multiple Searches 
If you have a lot of sequences to search against Pfam, rather than searching 

them one after the other, if you generate a fasta file containing these 

sequences in them, you can upload this fasta file and have the results 

STEP 3 – Click on 
show to reveal the 
alignment between 
the sequence and 
Pfam entry 
 

Graphical representation 
of trustworthy hits. 
Predicted active sites are 
shown as lollipops. 
PfamBs are striped 
regions (not shown). 
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emailed to you.  The fasta file is limited to 500 sequences at a time, but there 

is nothing stopping you submitting multiple files. 

 

 
 

 

 

 

 

  

Similar search 
options to single 
sequence searches. 



The Open Door Workshop                         Module 8: Proteins, Complexes and Pathways 
___________________________________________________________________________________ 
 

 

257 

Pfam Clans 
Pfam clans are groups of related families that have arisen from a single 

common evolutionary ancestor. A variety of tools are used for finding related 

families: structural similarity, sequence similarity, functionally similarity and 

profile-profile comparison tools. 

 

 
So why are they useful? Clans can provided functional insights for domains 

with otherwise unknown function. For example, the DUFs (domains of 

unknown function) in the ubiquitin clan are like to function as small binding 

domains.  It also allows the identification of more distantly related structural 

homologs.  The alignments are at the extreme edge of what can be achieved 

with current sequence analysis tool, but again can provide clues to key 

residues with the families.  One can also look to see if domains are commonly 

combined with members of the same clan of if they are specific.  There are 

two points of caution: 

i) Do not over interpret the transfer of knowledge 

ii) The are not currently scaling well on the website, hence the lack of 

screen shots 
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Other Domain Databases 
Two other databases that are not covered in this module, but worth 

mentioning are InterPro and CDD.  Both of these resources take domains 

from other third party databases and integrate them, adding annotations and 

other ‘value added’ information. InterPro provides a hierarchical classification 

of the entries, so that equivalent domains from the different member 

databases appear as a single entry.  Such integration allows the users to 

compare and contrast the different entries.  Furthermore, InterPro added GO 

terms for their entries (the groupings of the database entries) that are then 

propagated to the sequences in UniProt. CDD provides a similar hierarchical 

view, but integrates fewer databases.  However, the CDD curators make their 

own entries that complement the integrated database providing subfamily 

classification.  

 

6.3 Protein homology searches using HMMER 

An alternative and more typical way for searching for similar protein 

sequences is to use homology search. For many years BLAST has been the 

default tool of choice.  However, more recently the more sophisticate HMMER 

search tool has become available and is now faster than BLAST. 

 

Worked example – find all sequences with the same domain organisation as 

P10398 in the UniProt reference proteomes  

STEP 1 – Go to the HMMER homepage: 
http://www.ebi.ac.uk/Tools/Hmmer, then click 
on the search tab 
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This will fetch the sequence and perform the search against the reference 

proteomes and produces the following result page that shows all of the hits.   

 

 
 

There are over 64,000 matches to the sequence.  This is because the 

sequences contains a protein kinase domain. To refine the search go to the 

‘Domain’ tab. 

 

STEP 2 – Click on ‘Accession Search’ and 
enter P10398 into the lookup field.  Also select 
the reference proteome database 
 

STEP 3 – click submit 
 

STEP 3 – click ‘Domain’ 
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This will show the scores for all sequences that have the same domain 

architecture as the query sequence. 

 
 

 

This will allow the investigation of the hits according to their taxonomic 

distribution. 

STEP 4 – Scroll down until you find the matching domain architecture 
  

STEP 5 – Click ‘View Scores’ 
  

STEP 7 – Click ‘Taxonomy’ 
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The resulting page shows all scores from human – how does this list compare 

to the list of human hits from UniProt? 

 

STEP 8 – Click on the arrows to navigate to the human hits 
  

STEP 10 – Click on ‘Show Scores For All’ 
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6.4 Protein Structures and Complexes  

Finding and Understanding Protein Structures (PDB, PDBsum) 
In the previous section, we investigated different protein domains and features 

on a protein sequence, such as active sites.  However, knowing the 3-

dimensional structure of a protein is often vital for understanding protein 

function.  

 

The Protein Data Bank (PDB) is the primary database for storing protein 

structure data. Here, it is possible to search for structures by their identifier or 

by keyword.   

 

Worked Example – Find a structure with the PDB and use the site tool to 

investigate the bound ligand. 

 

 

 

 

STEP 1 – Go to the PDB homepage: 
http://www.rcsb.org/  
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STEP 2 – Enter the PDB 
identifier 2DQ7 into the textfield 
 

Explore the protein 
structure using Jmol 

Change between the 
different views. Click 
on ‘sequence’ to 
obtain structural 
sequence annotations 
 
 

Download entry for use in 
local structure viewers. 
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The PDB website provides a number of additional pages and tools that allow 

interrogation of protein structures.  These can be very powerful tools if you 

have a protein structure, but are beyond the scope of this tutorial.  However, 

some of the most useful are outlined in the appendix. 

 

PDBSum – As 3D protein structures can be very difficult to interpret, the 

PDBSum provide a series of display that provide users with detailed 

information about the structure via a user-friendly interface.  

 

Worked Example – Exploring a structure in PDBsum 

 

View the ligand / protein 
interactions. 
 

The boxes on the summary page provide 
details about the entities found in the structure, 
i.e. proteins, ligands 

STEP 1 – Go to the PDBsum home page 
http://www.ebi.ac.uk/pdbsum 
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STEP 2 – Enter 2dq7 into 
textfield and click find. You 
can also search by keyword 
and sequence 
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Click for 
orthogonal 
views of the 
structure 

STEP 3 – Click on ligands to 
get summary of interaction 
 

Summary of 
information 
contained in 
PDB/MSD 
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Now explore a different structure, 1gua that we looked at on the Pfam site. 

 

Simple 2D 
representation 
of ligand 
interaction 

STEP 4 – Enter 1gua in the ‘Go to pdb code’ box in the top right of 
the page and click on go. 
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This produces a similar page to the ‘top page’ for 2dq7.  However, you may 

have notice that there are two proteins in this structure.  Also, there is an 

additional tab ‘Prot-prot’. 

 

The Prot-prot tab is divided in to two parts.  The first is a gross summary of 

the protein interactions.  Below this is a detailed schematic of the amino-acid 

contacts and the bonds formed between them. 

 

 

 

 

 

STEP 5 – Click on 
the Prot-prot tab  
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Schematic of the 
protein-protein 
interactions 

Detailed 
interaction data 
is listed at the 
bottom of the 
page 
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SWISS-MODEL 
Although the number of known 3D structures is now over 100,000, the 

number of sequences in UniProt in over 100 times greater. To bridge the gulf 

in numbers, it is possible to use homology modelling to estimate the structural 

arrangement of a protein with an undetermined 3D structure. In the following 

example, the SWISS-MODEL server will be used to perform homology 

modelling.  More details about SWISS-MODEL can be found at 

http://swissmodel.expasy.org. 

 

 

Worked Example – Use the SWISS-MODEL server to identify structural 

homologues of a sequence and construct a homology model. 

 

 

 

 

 

STEP 1 – Go to the SWISS-MODEL server:  
http://swissmodel.expasy.org/  and click on ‘ 
 

Full search (slow) 
modelling 
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If the sequence has a structural template then a page like the following will be 
displayed. 

 

 

  

 

 

STEP 2 – Click 
Repository and Paste 
your sequence 
accession P14056 into 
the textfield and click 
submit to find structural 
homologs, or look to see 
if it is in the repository. 
 

STEP 3 - Click 
on a structural 
model to switch 
between results 
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Alignment of 
sequence to 
the template 
used, in this 
case 1uwj, 
chain A. 

STEP 5 - Look at both models.  Notice how the quality differs, as the 
sequence identity of the alignment changes. 

STEP 4 – 
Display the 
template and 
model in 
DeepView  

This graph shows where the model is 
expected to be bad (red) and good 
(green). As we have found an exact 
match, the model is very good. 
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Unfortunately, it is beyond the scope of the module to go in to any great detail 

as to how to use DeepView/Swiss-PDB viewer.  However, the tutors may be 

able to give you a quick introduction. 

 

Currently only a small fraction of proteins have been determined structurally. 

Thus, for the majority of proteins there are no structural homologs so 

homology modelling is impossible.  If you are really interested in structure, the 

only remaining form of analysis is secondary structure prediction.  As this is 

only of limited use, the uses of a secondary structure prediction tool as been 

consigned to the appendix. 

  

Target is shown in 
yellow and template 
as a ribbon 
representation of the 
structure. This view 
takes a bit of work! 

Alignment in DeepView 
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6.5 Protein Interactions  

The IntAct database contains protein interactions that are curated from the 

literature.  IntAct is part of a wider consortium, which regularly exchanges 

curated interaction datasets.  As such, IntAct contains one of the larger 

collections of protein interaction data. The following worked example 
illustrates how to access the data contained with this database. 

 

 

 

  
 

  

 

STEP 1 – Go to the IntAct homepage: 
http://www.ebi.ac.uk/intact 

STEP 2 – Enter P10398, the human ARAF 
gene into the search field. 
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STEP 3 – Click on interaction details. 
 

Details of the protein-
protein interactions 
and how they were 
determined and by 
whom 
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People often ask about domain-domain interaction. 3DID – is a database of 

high quality domain interactions. (http://3did.irbbarcelona.org/) 

 
 

 

 

STEP 4 – Return to the original search and 
Click on Graph. 
 



The Open Door Workshop                         Module 8: Proteins, Complexes and Pathways 
___________________________________________________________________________________ 
 

 

277 

6.6 Pathway databases  

At the cellular level, life is a network of molecular reactions that can be 

organized into higher order interconnected pathways. Molecules are 

synthesized, degraded, transported from one location to another and 

assembled into complexes and higher order structures with other molecules.  

This module will cover two pathways databases Reactome and MetaCyc.  

Reactome has been chosen as it is a curated database, primarily aimed at 

human pathways.  The second database, MetaCyc, is a broad pathway 

database.   

 

Reactome – Investigate the signal transduction pathways for the gene RAF. 

 

 

 
 

 

The resulting page contains a list of all pathways found in Reactome.   The 

drop down list of species contains a list of all eukaryotic species contained 

within Reactome.  

Three main entry points to 
the database 

STEP 1 – Go to the Reactome homepage at: 
 http://www.reactome.org 
 

STEP 2 – Click on “browse pathways” 
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The left panel contains a list of all 
pathway categories, while the image 
represents the same thing graphically 

STEP 2 – Click on “signal transduction” in 
the left panel and then the “RAF/MAP 
cascade” 
 

STEP 3 – Click on “RAF activation” in the 
left panel and then  “p-RAF binds 14-3-3” 
 
 

Focus the window on the highlighted part of the 
pathway network (bottom left)  
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This highlights a small sub-section of then entire signal transduction cascade.  

 

 
 

This depicts the two protein components (YWHAB and pRAF1) coming 

together to form a complex. The overview describes the events that occur as 

the complex is formed. 

 
 

You can then focus the annotation on the complex. This indicates the two 

proteins involved and shows that are know structures of this complex. In the 

network diagram is shows what the complex interacts with.  What happens? 

STEP 4 – Click on the “Raf1/14-3-3” complex 
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STEP 4 – Click on the Expression tab to reveal where 
these two proteins are expressed 
 

Key to the Reactome Pathway diagram  
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Now return to the Reactome homepage. Reactome uses manually-curated 

human pathways to electronically 'infer' their equivalents in 19 other species.  

To compare annotations, say between human and mouse, we can use the 

Reactome comparison tool. 

 

 
 
 

 
 
Yellow indicates that the protein has an inferred equivalent in the comparison 

species. Blue indicates that no equivalent was identified. This protein may not 

exist in the comparison species.  

 

 
 

STEP 5 – Click on ‘Analyze Data’ 
 

STEP 6 – Select ‘Mus musculus’ and click on compare 
 

STEP 7 – Descend down to the same pathway as before 
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Is this pathway present in mouse (at least inferred).  Look at the surrounding 

reaction network 

 

 
 
There are some entities (proteins/complexes and molecules) that are coloured 

differently. White regions indicates that inference was not possible. This is 

always the case for small molecules, DNA and other objects that have no 

UniProt entry (or did not at the time the pathway was constructed). Objects 

with bands of colour represent complexes or sets containing more than one 

molecule. The bands of colour reflect the inference success for the molecules 

within the complex/set. 

 

To view species comparison results for a complex or set right click it and 

select the option Display Participating Molecules. This reveals a table 

representing all the proteins involved in the complex/set. Each square in the 

grid represents one component of the complex/set, coloured as described 

above. 
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Finally, it is also possible to test whether a list of proteins are random, or are 

enriched for a particular pathway.  Paste the following list of accession into  

P27695 
Q13216 
Q16531 
P19388 
P36954 
P62875 
P23025 
P19447 
Q01831 
P18074 
Q92889 
P28715 
P51948 
P50613 
P51946 
P49005 
P27694 
P15927 
P35244 
P35251 
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Then click ‘Analyse’. 

 
This shows the pathways where the proteins match and in this particular case 

that the highlighted pathways are over-represented in the set. You can then 

use the table below, graphic or left menu to investigate these pathways 

further. 

 
 
MetaCyc – The MetaCyc database is a comprehensive and freely accessible 

database describing metabolic pathways and enzymes from all domains of 
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life. MetaCyc pathways are experimentally determined, mostly small-molecule 

metabolic pathways and are curated from the primary scientific literature. 

 

 

 

 
 

Rather than looking at a particular gene as we did with Reactome, lets 

considered a widely used drug – aspirin.  

 

 

STEP 1 – Go to the MetaCyc homepage at: 
 http://www.metacyc.org 
 

STEP 2 – Enter aspirin in the text field 

STEP 3 – Click on the aspirin triggered 
resolving D biosynthesis pathway 
 

Terms matching the query 
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The page above lists all pathways, compounds and EC numbers that have 

matched the query term. Clicking the link in step three, produces the following 

page, which has been broken down into a series of parts for this module. 

 

The top of the page shows the pathway for the generation of resolving D, 

which has been triggered by aspirin. The first enzyme if the pathway contains 

the aspirin acetylated COX2 enzyme.   

  

 
 

Below this section, is a description of the pathway and the literature 

references used in generating the pathway. 
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Finally, the initial pathway diagram can be expanded to reveal more details. 

 

 
  

STEP 4 – Click on ‘More Detail’ to reveal 
more information 
 

Additional 
information on the 
enzymes, the 
reaction and EC 
numbers are 
revealed.  A further 
click reveals the 
chemical structures 

Textual information on the pathway 
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KEGG – The KEGG database may represent on of the best-known pathway 

database, contains a description of cellular pathways.   However, the future of 

the database is unclear, so we are no longer presenting this database.  

However, for your information, we have retained the KEGG pathway 

information as a supplementary, to enable you to still understand the features 

of this resource.  KEGG is more commonly used to analyse metabolic 

pathways, but it also contains disease related pathways. In the following 

worked example you will be shown how to find information on disease 

related pathways. 

 
 
 

 
 

STEP 1 – Go to the KEGG homepage at: 

 http://www.genome.ad.jp/kegg/pathway.html  

 

STEP 2 – Select ‘human diseases’ 
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STEP 3 – Select ‘thyroid cancer’ 

Different pathways 
where mutations in 
constituent proteins  
manifest as thyroid 
cancers 
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It is also possible to 
search KEGG using 
keywords/genes name.  
Select KEGG2 from the 
home page and enter 
the term in the textfield. 
 
Alternative search 
strategies, such as 
BLAST, are shown 
under ‘search and 
compute’ 
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TASKS 

1) Search the sequence P52647 against the three different protein 

domain databases (Pfam and InterPro) outlined in the manual and 

appendix.  How do they differ? 

Tip: Compare http://pfam.xfam.org/protein/P52647 and 

http://www.ebi.ac.uk/interpro/protein/P52647 

  

 

2) Compare the ligand interactions found in PDBsum and with the ligand 

interaction view from PDB for the structure 2dq7.  Are they the same?  

Which are the most important interactions? 

 

3) Using PDBsum, find the cleft where the ligand is bound in the structure 

2dq7.  What is the size of the cleft? 

 

4) Perform homology modelling for the sequence P14056 using the 

template structure 2src, chain A. Look at the structure and the quality 

graphs. How do they compare to the automatically chosen template?  

 

5) Look at the aspirin example in MetaCyc.  How is taking aspirin useful 

after a stroke? 
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Answers 
1. InterPro integrates many different protein family databases. Each 

database has a different take on protein families. Some describe 

protein domains, others provide protein functions, and others provide 

sites/motifs.  InterPro gives you the access to the complete repertoire 

of annotations. Pfam is found within this set of annotations. Many of the 

databases agree on the domain definitions, and have been group 

together accordingly. 

2. They are not the same. The most important bonds are those higher 

order hydrogen bonds that are consistently called between the two 

different sites. The weaker Van der Waals differ, but this is based on 

parameters/cut-off used for the calculation of these bonds. 

3. This is the largest cleft, at 4195.97Å3. 

4. The model 2src does not have as high percentage identity to the query 

(just over 30% identity), so there are fewer confidently modelled 

regions. This is level of sequence identity is about the limit of what is 

useful for homology modelling, as there is such little confidence in the 

model, especially towards the C-terminus of the model. 

5. Aspirin cause the acetylations of COX2 to produce the 17R resolvins 

facilitates the inhibition of both leukocyte infiltration and cytokine 

expression, which cause an inflammatory response after a stroke and 

result in tissue damage. 


