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Introduction to ProFunc and Tempura 
 

The ProFunc server has been developed to help identify the likely biochemical function of a protein 
from its three-dimensional structure. It combines a number of sequence-based and structure-based 
methods, utilising in-house software as well as external services through the use of webservices to 
analyse an uploaded Protein Data Bank (PDB) structure. The results are presented to the user in an 
easy to navigate set of html pages with an additional summary of the most likely functions provided as a 
list of Gene Ontology terms. The server was developed as part of a structural genomics initiative but is 
freely available to all. 

You will learn about: 
• The various methods available for function prediction from structure 

• The ProFunc and Tempura servers – what they are and when to use them 

• How to interpret the results from both servers 
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1 Introduction 
 

High-throughput structure determination projects (structural genomics) were designed to address the 
growing gap between the quantity of protein sequence data and that of protein structure data. The main 
focus of these projects was, through careful target selection, the identification and structural 
determination of novel proteins with previously unseen folds, which could help homology model 
much of the “sequence world”. One consequence of the high-throughput target selection process is a 
large number of the structures solved have little or no functional information associated with them. 
This is in direct contrast to traditional structure determination projects where, in general, much is 
already known about the biochemical and biological function of a target protein; the structure serving 
to clarify the mechanistic details or the unique modifications that modulate function.  



 

The experimental determination of a protein’s function is expensive in terms of both time involved and 
resources required. In order to help overcome this problem a number of computational methods have 
been developed to predict protein function, generally involving the transference of function based on 
similarities between proteins. The first step in the process is usually to identify sequence-based 
similarities and relationships to proteins of known function. When these approaches provide little or 
no functional clues the protein structure can be examined to provide additional information. The 
structure-based methods range in scale from global fold and multimeric assembly comparisons, 
through localised clefts and pockets, down to highly specific arrangements of particular residues. Each 
level of comparison can provide similarities that indicate distant evolutionary relationships and 
functional adaptations not visible using current sequence methods. 

2 What is ProFunc and when should it be used? 
 

No single method (sequence-based or structure-based) will provide correct predictions all of the time. 
Therefore a more prudent approach is to use as many different methods as possible, the assumption 
being that the more methods which agree on the same function the more confident the prediction is. 
However, manually submitting requests to all the different servers on the web, waiting for results and 
storing them, is a very time consuming process. The ProFunc server aims to help researchers by 
combining a variety of protein function prediction methods in one site providing ease of submission 
and results returned in an easy to understand format. The server does make a general assessment of the 
most common functional terms using Gene Ontology terms, but the goal is to present the top scoring 
matches to the user for their expert analysis.  

You can go straight to the ProFunc page by using the Databases – Structure – ProFunc drop-down 
menu options on the EBI webpage: http://www.ebi.ac.uk (Fig. 1). 

 

 
Fig 1: Accessing ProFunc from the EBI home page. 

 

2 

http://www.ebi.ac.uk/


 

The ProFunc server runs a number of analyses that can be classified into two categories: sequence-
based and structure-based. 

 

Sequence-based methods: 

• BLAST search against the UniProt Knowledgebase. 

• FASTA search against sequences of structures in the Protein Data Bank. 

• InterProScan 

• Superfamily search 

• Residue conservation mapped onto structure 

• Genome location analysis 

 

Structure-based methods: 

• Fold matching using MSDfold and DALI 

• Helix-Turn-Helix motif search 

• Nest analysis 

• Surface clefts analysis 

• Template methods 

• Enzyme active sites 

• Ligand binding sites 

• DNA binding sites 

• Reverse template search 

 

For detailed descriptions of each of these methods see the ProFunc documentation or the references in 
the suggested further reading. 

3 Submitting a query to ProFunc 
 

Submitting queries to ProFunc is a simple process and involves one of three starting points (Fig. 2). 
Either submit a structure file, enter a PDB code or access previously run analyses with a user ID and 
password. A number of previously run ProFunc analyses can also be accessed through links from 
corresponding PDBsum pages.  
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Link to ProFunc 
documentation 

Option to upload 
a PDB-format file 

Link to example 
results 

Option to access 
previous analyses 

Option to use a 
known PDB code 

Fig. 2: The ProFunc home page 

 

On uploading a PDB-format file or selecting a PDB entry not already analysed by ProFunc you will be 
faced with a screen requesting more details (Fig. 3). An email address is requested so that a link to the 
results can be sent to the user when the job is complete. This is primarily because a request can take a 
few hours or longer depending on the complexity of the protein analysed and the load on the server. 

 

 

Header details 
extracted from 
uploaded file or 
PDB entry 

Requested user 
details. The name 
and email address 
are required 
details.

Fig. 3: User details request page 
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As the submission process is so straightforward, to familiarise you with the ProFunc results we will look 
at previously completed results. 

1. Open the ProFunc homepage in a Web browser via the EBI homepage or directly 
(http://www.ebi.ac.uk/thornton-srv/databases/profunc/index.html) 

2. In the ‘Use existing PDB file’ box on the ProFunc main page, type in “3bro”. 

3. Click on the ‘Get’ button.  

4. You will then be taken to the ProFunc summary results page for this protein.  

 

This example is a MarR transcriptional regulator from Pseudomonas aeruginosa. The MarR family of 
transcriptional regulators is a vital weapon in the arsenal of bacteria and archaea, as many of the genes 
they control confer resistance to a wide range of antibiotics, combat the effects of oxidative stress, are 
involved in the metabolism of aromatic compounds and are critical for the control of virulence factor 
production. Sequence specific binding of the MarR family members to their palindromic/pseudo 
palindromic sites on the DNA is moderated by the binding of a wide variety of small molecule effectors 
which are usually phenolic in nature. For this protein of known function we will briefly examine each of 
the results in turn from ProFunc to illustrate how they can be interpreted in order to gain clues about a 
protein’s function. 

4 Interpreting the results 
 

Accessing the ProFunc results takes you to a general summary page illustrating the results from the 
various methods used by the server. At the top of the page, just below a description of the protein taken 
from the PDB header details, is a summary of predicted function using Gene Ontology and protein 
name terms (Fig. 4). This is designed to give a rough overview of the most common terms across all 
methods in ProFunc and should not be treated as a specific prediction but highly scoring terms (with 
scores >10) are more than likely to be correct.   
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General 
information about 
the protein 
extracted from 
the PDB header 
or relevant lines in 
a submitted 
coordinate file 

Links to view the 
protein structure – 
options available 
are to use Jmol or 
Rasmol. 

Most common 
protein name 
terms (extracted 
from the title of 
each hit) 

Most common 
GO terms from 
each of the three 
ontologies 
(Cellular 
component, 
Biological process 
and Molecular 
function) 

Fig. 4: Summary info from ProFunc 

 

In the example shown the most common name terms are “regulator” “transcriptional” and “marr”, the 
most common gene ontology terms suggest the common function suggestions are a DNA-binding 
transcription regulator. All of this information is what would be expected for a MarR transcription 
factor. 

To enable a brief overview, the top 5 results for each method are then listed, grouped into sequence-
based and structure-based methods. Each method has a separate page with expanded details of results. 
To access the full results for each method from the ProFunc summary page click on the symbol to the 
left of each method (for an example see Fig 5). 

 

 

Click on the 
InterPro symbol 
to access the 
InterProScan 
results. 

List of top 5 
results from the 
InterProScan 
search 

Click on this 
image to access 
the results from a 
Superfamily 
search. 

Fig. 5: Example illustrating where to click to access the full results for each method in ProFunc 
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a) Sequence-based methods 
 

InterProScan 

InterPro is a database of protein families, domains and functional sites in which identifiable features 
found in known proteins can be applied to unknown protein sequences. The InterProScan script is 
used to identify motifs from the following sources:  

• PROSITE patterns  

• PROSITE profiles  

• PRINTS  

• ProDom  

• Smart HMMs  

• Pfam HMMs  

• TIGRFAM HMMs  

• PIR SuperFamily  

• SUPERFAMILY  

Click on the InterPro symbol to go to the results page. The motifs matched by the InterProScan run 
are shown schematically on a wiring diagram with the match details listed in a table, as illustrated in Fig 
6. The wiring diagram schematically shows the secondary structure of the query protein, with the red 
jagged elements representing the protein's helices, the yellow arrows its beta strands and the purple 
lines its coil regions. The regions matched by the InterProScan motifs are indicated by the coloured 
bars, labelled on the left by the motif identifier and coloured according to the motif type.  
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Wiring diagram 
(helices in red and 
strands in yellow) 
of query protein.

InterPro motif 
match for InterPro 
motif PF1047 

Database the 
matching motif 
comes from View location of 

motif on your 
structure using 
Rasmol

Motif identifier 
hyperlinked to the 
appropriate 
database 

Fig. 6: Explanation of InterProScan results page 

 

Click on the Rasmol icon. Your protein will be shown as a white backbone trace with the motif 
region(s) shown with thicker bonds of the colour corresponding to the motif type. 

In the case example of the MarR protein it is obvious that there are a number of motifs and domains 
matching the sequence. Examinations of the detailed descriptions show that the motifs identify 
different parts of the DNA-binding helix-turn-helix motif (HTH) or identify the MarR transcription 
regulator family. The 5th match in the list has no description associated but the reference code indicates 
it is from the Gene3D resource (G3D). As this deals with entries in the CATH database, the remainder 
of the reference code relates to a CATH identifier (1.10.10.10). Go to the CATH website 
(http://www.cathdb.info/) and find out what this code corresponds to – what does this tell you? 

 

SuperFamily 

The Superfamily program searches against a library of Hidden Markov Models (HMMs) derived from 
the SCOP superfamilies. The display is identical in format to that of the InterProScan results with the 
exception that a statistical measure of the significance of the match (e-value) is calculated and displayed 
in the table of details about the match.  
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In the worked example you will find a single superfamily hit to the "Winged helix" DNA-binding 
domain in the SCOP database. The winged helix is a variation on the helix-turn-helix motif and 
therefore in this case the match narrows down the specific transcriptional regulator class further. 

 

 

FASTA search against the PDB 

The results displayed on the main ProFunc results summary page are usually adequate for identifying 
interesting hits but if you wish to look at further details of the hits click on the PDB symbol. 

You will be taken to the detailed results page which shows a multiple sequence alignment. Sequence 
matches to proteins of known structure in the PDB are found using a FASTA sequence search, then 
aligned to the query sequence using a simple pile-up procedure. The resulting multiple sequence 
alignment can be annotated with various structural and sequence information, including:  

• Residue type  

• Secondary structure  

• Number of H-bonds to ligand(s)  

• Number of contacts to ligand(s)  

• Number of contacts with metal ion(s)  

• Number of contacts to DNA  

• Active site residues  

• Residue similarity  

• Prosite pattern residues  

 

The alignment and annotation is performed by the Sequences Annotated by Structure (SAS) program. 
A separate link to SAS at the bottom of the page will generate a new search against the current PDB 
(useful where ProFunc was run some time ago and you would like to check the sequence against the 
most up-to-date version of the structural database). There are three options in the "View" box: 

• Structures (select which structures you want to view superposed in Rasmol, each structure can 
be coloured a different colour, or all structures can be coloured according to the current SAS 
annotation)  

• FASTA output (the original FASTA output on which the SAS alignment was based) 

• All annotations on target sequence (can highlight functionally important regions) 

The annotations of the sequences can be modified using any of the three options in the "Modify 
alignment" box (Fig 7). There are 9 colouring options in the “Annotate by” menu, as listed above, the 
default being to colour by residue type (a key at the bottom of the alignment describes whichever the 
current colour scheme is). The “Number” option individually numbers each sequence using the residue 
numbering in the source PDB file, which is useful for identifying specific residues and locating them in 
the 3D structure. The “Show secondary structure” option will add an extra line of secondary structure 
annotation below each sequence (helices indicated by a string of "H"s, strands by "E"s and random coil 
by hyphens). Click on the "APPLY" icon to apply the changes you have selected.  
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Fig. 7: Options to modify alignment from sequence scan against the PDB 

 

The resulting sequence alignment (Fig. 8) is shown in blocks of 65 residues, with each sequence's PDB 
code and chain shown on the left. Clicking on the PDB code will take you to that protein structure's 
PDBsum page.  

 

 
Fig. 8: The sequence alignment 

 

To the right of each sequence is the protein name. In some cases you will also see a number, n, shown 
as “×n”, to the right of the sequence. This indicates that the sequence represents n other identical 
sequences in the PDB. The representative sequence will also have an asterisk by its PDB code. Its 
annotation will come from all the sequences that it represents (for example all contacts to ligands in any 
of the other structures will be mapped onto the representative sequence to give a consensus 
annotation). A full list of the duplicate sequences is given at the bottom of the page along with the 
alignment statistics as reported by the FASTA search. A check box next to each PDB code allows you to 
include/exclude any of the sequences from the alignment. Click on the “SELECT” box to effect your 
selection changes. Any excluded sequences will be removed from the alignment and listed separately at 
the bottom of the page.  

In the example you are looking at the top matches are all to transcription regulators and MarR family 
proteins, as would be expected. All the sequence identities are less than 30% - this is to be expected for a 
structural genomics target as apart of the project selection criteria was sequence similarity should be 
less than 30% to anything in the PDB. In this example the low sequence similarity is also a defining 
feature of the MarR family.  

 

BLAST search against UniProt 

To identify sequence relatives with annotated functions we perform a BLAST search against the 
UniProt database. The sequences are then aligned, residue conservation scores calculated and the 
sequence alignment coloured by the conservation scores for each residue. Click on the UniProt symbol 
to get to the results for the BLAST search.  

The results are displayed as a multiple sequence alignment coloured by residue conservation score (Fig. 
9). Each sequence listed in the alignment is hyperlinked to the appropriate UniProt entry (click on the 
UniProt identifier to follow the link). 
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Sequence 
identifier is 
hyperlinked to the 
appropriate 
UniProt entry 

Alignment 
statistics 
indicating the 
percentage 
sequence identity 
of each hit

Click here to 
access the raw 
output from the 
BLAST search

Fig. 9: Multiple sequence alignment from BLAST search against the UniProt database 

 

Once again in our worked example, as would be expected, the top matches are to a number of 
transcriptional regulators and more specifically the MarR family. 

 

Residue Conservation 

The residue conservation calculated can be mapped onto the structure. Click on the protein structure 
symbol from the summary page to view the structure (using Rasmol or Jmol) with the residues 
coloured by conservation score. Only the most conserved residues are coloured with this script and 
therefore these colours only range from red (most conserved), through pink, to orange (average 
conservation).  

 

Gene Neighbours 
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Neighbouring genes, particularly on bacterial genomes, are often functionally related. Thus a 
functionally characterized neighbour may provide some clue to a query protein's role. Where the query 
protein's own genome has not been determined, or is not informative, the functional information can 
sometimes come from the genome of a homologous relative.  

The genome location search takes the top 10 UniProt sequences matched by the BLAST run and tries 
to locate the genes in the corresponding genomes. Where found, functional information, including 
Gene Ontology classification, is extracted from the UniProt files, where available.  

Click on the houses symbol to access the gene neighbours summary page (Fig. 10). The table shows 
which of the homologues matched by BLAST have genome location data. Those that do will have a 
"house" icon in the leftmost column.  

 

UniProt identifier  
of the BLAST hit 
(hyperlinked to 
the appropriate 
entry in the 

Click here to 
access the gene 
location 
information for 
this BLAST hit 

Gene ontology 
terms for the 
BLAST hit 

Fig. 10: Table of top 10 UniProt sequences matched by the BLAST run 

 

Click on the second house icon in the list (circled above). This will open a new page showing the gene's 
location in its genome and list its neighbours with any functional annotation found for them (Fig. 11). 
In our studied example the genome organisation is not as informative as other methods. This is because 
the surrounding genes are other transcription factors and there are only two BLAST hits with genome 
details to compare (when looking for similar genes in similar arrangements).   
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Fig. 11: Individual gene location data showing location and functional information 
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b) Structure-based methods 
 

Matching Folds 

Proteins with similar folds or conserved domains can not always be identified even by the most 
powerful sequence methods. Similarity in structure can sometimes indicate conserved function but 
there are many exceptions to the rule, especially in the very common folds such as the TIM barrel 
which can catalyse numerous different reactions. The ProFunc server uses the MSDfold (previously 
known as SSM) and DALI services to identify structural similarity.  The SSM (Secondary Structure 
Matching) program compares the fold of the given query structure against the folds of the structures in 
the PDB. It uses a fast graph-matching algorithm to identify possible matches based on the secondary 
structure elements (SSEs) present in the two proteins being compared. For all potential hits a precise 
3D alignment of C-alpha atoms is performed, and hits are ranked according to the Z-scores computed 
from the r.m.s.d. values obtained from the structural superpositions. 

 

Click on the fold symbol from the ProFunc summary results page to access the detailed fold matching 
results page (Fig. 12). Up to 10 structural matches returned by the SSM and Dali fold-matching 
programs are listed in the results, sorted in approximate order of significance. Also shown is a sequence 
alignment of the matches driven by the matched SSEs returned by SSM or the matched sequence 
fragment returned by Dali (illustrating the secondary structure of each protein using the schematic 
"wiring diagram" used throughout ProFunc). Clicking on the PostScript icon on the bottom right gives 
the original PostScript version of the diagram (useful for long chains, where the wiring diagram is 
compressed and difficult to see, as you can use your PostScript viewer to zoom in on any part of the 
image, as necessary. Note that, occasionally SSM seems to miss obvious SSE matches (which thus 
appear white on the alignment), but this is simply because the algorithms for calculating secondary 
structures differ between SSM and ProFunc.  

 

In the MarR protein case study we are examining, you will see that the secondary structures all align 
very well as they all have similar folds. If you view the superposition of the structures you should find 
that the global structures are all very similar, but that there are subtle differences between the 
structures. It is these differences that are often of interest as they are likely to help understand the 
differences in substrate specificity and targets observed in this family of transcriptional regulators. As 
the MarR proteins are dimeric in nature, small changes in the arrangement of helices in the monomer 
can have significant implications to the arrangement of the dimers, which can impact the ability of the 
protein to recognize its palindromic sequence on the DNA. This is a case where it is of more 
importance to take a look at the biological assembly rather than a single chain – this will not be covered 
in this tutorial but in order to look at the biological unit in more depth visit the PISA service at the 
MSD and query using the PDB code.  
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 Fig. 12: Fold match results from MSDfold and DALI 
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Helix-Turn-Helix DNA binding motifs 

The helix-turn-helix (HTH) is one of the most common motifs that proteins use to bind to DNA (being 
found in about one third of DNA-binding protein structure families). It tends to be relatively small 
(around 20 residues in length) and, in its simplest form, consists of two perpendicular helices joined by 
a short linker, or turn. Where DNA binding is sequence-specific, the recognition is performed by the 
second, or C-terminal, helix binding in the major groove of the DNA. 

HTH motifs are detected in a given protein structure by scanning the structure against a library of 3D 
structural HTH templates. Each template in the library corresponds to a representative HTH motif 
from a family of DNA-binding proteins. The templates consist of C-alpha backbone atoms 
corresponding to the motif extended by two residues either side.  

Matches are assessed on the basis of three parameters:  

• The r.m.s.d obtained from the optimal superposition of the motif in the structure with the 
template, the smaller the better.  

• The solvent accessible surface area (ASA) of the HTH motif as calculated by the NACCESS 
program; genuine DNA binding occurs at highly accessible parts of the structure.  

• The electrostatic potential (EMS) in the neighbourhood of the motif as computed by Delphi: 
DNA binding motifs tend to be positively charged.  

The method is able to identify HTH motifs in proteins belonging to different sequence and fold families 
and linear predictor using a neural network is used to assess how likely the matched HTH motif is to be 
a genuine DNA-binding HTH motif.  

 

Click on the HTH symbol from the ProFunc summary results page to access the results from the HTH 
query service (Fig. 13). In this example it is evident that there are a great number of highly significant 
matches to the HTH templates and that these are focused on helices 2 and 3 in our query structure. 
This is indeed the DNA-binding region of the MarR proteins so these strong matches are unsurprising 
but do confirm that residues 47-75 are likely to be involved in DNA-binding.  

 

Please note that the scores from the linear predictor are not a statistical estimate of confidence but 
simply reflect where the parameters lie in the space of the three variables. Nonetheless, a score greater 
than 3 is labelled as a "probable hit", i.e. it is likely that the protein has a DNA-binding HTH motif. A 
score between -3 and 3, is regarded as a "possible" hit. It is up to the user to decide whether this is a 
significant result or not. A score of less than -3, is an "unlikely hit". Such hits are listed for completeness 
only and are unlikely to be true DNA-binding HTH motifs, particularly where the r.m.s.d is greater 
than 3.0Å 
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 Fig. 13: Helix-turn-helix motif results for MarR family protein 
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Nest Analysis 

Nests are structural motifs that are often found in functionally important regions of protein structures. 
Simple nests are where 3 successive mainchain NH groups form a positively charged concavity capable 
of binding one or more negatively charged atoms. They are characterised by alternating enantiomeric 
mainchain dihedral angles from the alpha and gamma regions of the Ramachandran plot, and can be 
of RL (right handed - left handed) or LR type. They are most commonly found as part of hydrogen 
bonded structural motifs but are also found at functional sites.  More complex motifs involve successive 
alternating compound or tandem nests (RLR, LRLR, etc). These are found to bind larger anionic groups 
or parts of ligands and are usually functionally important motifs. 

Click on the nest symbol from the ProFunc summary results page to access the detailed results (Fig. 14).  

 

Residues in the 
query structure 
showing the nest 
conformation 

Region in 
Ramachandran 
plot the residue is 
found

Cleft information – 
solvent 
accessibility, part 
of a major cleft, 
depth in cleft.

Score indicating 
functional 
significance 

Link to view the 
location of the 
motif on the query 
structure using 
Rasmol 

Residue 
conservation 
score 

Fig. 14: Table of Nest motif matches 

 

Each hit has a score that indicates how functionally significant the nest is likely to be. The score takes 
into account the number of the NH atoms that are accessible to solvent, the conservation score of their 
parent residues and whether they associated with one of the larger surface clefts. A score above 2.0 is 
suggestive of the nest being a functionally significant one. 

Looking at the results in our example, there is only one significant hit and it is found in the region 
identified previously as being part of the HTH-motif. Here there is no additional functional 
information to be gained from the match as the function is DNA-binding and here the nest is more 
likely to be performing a structural role as part of the helix-turn-helix motif. 

For an interesting nest match look at the ProFunc results for PDB entry 5p21 – the significant nest hit 
is to a large loop binding to the bound ligand. This is a functionally important motif known as the P-
loop and is used by many proteins to bind ATP. 
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Cleft Analysis 

A protein ligand binding site (‘active site’) is often found to be the largest cleft in the protein, and this 
cleft is often significantly larger than other clefts in the protein. The identification and analysis of 
surface clefts can therefore lead to co-factor or ligand identification and hence, putative functions for 
the protein suggested.  ProFunc uses the SURFNET algorithm, which detects gap regions within the 
protein by fitting spheres of a certain range of sizes between the protein atoms. Once clefts and pockets 
are identified they can be compared against databases of known clefts to identify local similarities. 

 

Click on the cheese symbol from the ProFunc summary results page to access the detailed information 
on clefts in the query protein. The page lists the top 10 clefts, by order of size, in a table (Fig. 15) along 
with additional information on each cleft including: 

• Cleft volume 

• Number of accessible vertices 

• Number of buried vertices 

• Average depth of cleft 

• Numbers of each residue type 

• Numbers of residues at different conservation levels 

• Identification of any ligands bound 

 

 

Here the red 1 
and 7 indicate 
that there are 17 
residues in this 
cleft with the 
highest level of 
conservation 

Clefts selected in 
the table will be 
viewed in Rasmol A Glycerol 

molecule is bound 
in this cleft 

Here the red 1 
and 0 indicate 
that there are 10 
residues in this 
cleft with the 
highest level of 
conservation 

Fig. 15: Table of top 10 clefts identified in a query structure 

 

The clefts selected in the table can be viewed using Rasmol by choosing whether you wish to look at the 
surfaces (protein surface) or the clefts as 3D mesh shapes. 

19 



 

The residue conservation scoring details and classification of types of amino acid are detailed below the 
options to view the clefts on the structure (Fig. 16).  

 

 

Options to display 
either the binding 
site (solid mesh 
object) or a 
surface Displaying the 

surface allows for 
additional 
colouring options

Fig. 16: Viewing options to display selected clefts in the table in Rasmol and key to colour codes 

 

Template Approaches 

There are four types of template search performed in ProFunc:  

• Enzyme active site templates -these consist of manually derived side chain templates of 3-6 
residues. They correspond to the catalytic residues, plus any additional highly conserved 
neighbouring residues, that characterise the active sites of a large number of enzymes.  

• Ligand-binding templates – these are automatically generated 3-residue templates derived 
from non-homologous sets of proteins structures containing each ligand found in the PDB. 
The residues are those that interact directly with the ligand (either via hydrogen bonds or non-
bonded contacts), and each template contains only residues that are within a certain distance 
of one another. Any given ligand can provide several templates from any one structure, 
although no two templates can have more than one residue in common.  

• DNA-binding templates – these are similar to the ligand-binding templates but are 
automatically generated from a non-homologous set of PDB entries binding DNA. Again, 
only residues interacting directly with the DNA molecule are considered for templates.  

• "Reverse" templates - these are templates automatically generated from the query structure 
itself (up to 100 3-residue templates are produced), which are then used to search a 
representative subset of the structures in the PDB. Residue conservation scores are used to 
prioritise which residues are selected for building the templates.  

 

Search and scoring of matches 

For all the template searches a fast search algorithm, called Jess, is used. This can produce many 
thousands, or even millions of hits. Each has an associated r.m.s.d. which provides a measure of how 
close the match between the template and matched side chains is. However, as the r.m.s.d. is not 
sufficient to discriminate between true and false positives, each hit is further assessed by comparing the 
environments of the matched side chains in the two proteins. Using a cut-off of 10Å around the 
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template centre, identical and similar residues in corresponding positions in the two proteins are paired 
up and counted. The positions of the paired identical residues in their respective sequences are used to 
compute a correlation coefficient and its statistical significance.  

 

This proves a very sensitive means of discriminating between true and false positives; related proteins 
will tend to have more matching residues at identical positions in 3D, coming from similar locations in 
their sequences, than chance hits.  

 

Hits are classified according to their likelihood of being correct as:  

a) Certain matches (E-value < 1.00E-06), 

b) Probable matches (1.00E-06 < E-value < 0.01), 

c) Possible matches (0.01 < E-value < 0.10) and 

d) Long shots (0.10 < E-value < 10.0). 

 

To access the detailed results for any of the template searches click on the appropriate symbol on the 
ProFunc summary results page. As all four template searches are displayed in identical ways, in this 
walk through example we will look at the results from the reverse template approach. The results page 
for the template methods is a large table of the top 20 hits as illustrated below (Fig. 17).  

 

 

Hits are classed 
by likelihood into 
certain, probable, 
possible and long 
shots. 

PDB code of the 
matched structure 
(hyperlinked to 
the structure’s 
PDBsum page)

The number of 
times the 
template matched 

Click here to 
access the details 
of the specific 
match 

Expectation value 
(statistical 
significance of the 
match) 

Fig. 17: Table of results from the reverse templates search 
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In the case of reverse templates the templates have been automatically generated from the query 
structure and are numbered TMP00001 to TMP00100. For the enzyme active site templates, the 
template id will be of the form PSAxxxxx and relates to an entry in the Protein Site Atlas (PSA), which 
has now been replaced with the Catalytic Site Atlas – this site gives a more detailed description of the 
enzyme matched and the reaction it catalyses.  

The PDB code and protein name for the structure hit by the template search is provided in the table 
and is hyperlinked to its PDBsum entry. Where the same structure has been hit more than once, only 
the top-scoring hit is shown here. The number of hits, n, is shown as "×n", with the hyperlink taking 
you to a listing of them all.  

Clicking on the number, or the ball to its left, will take you to the detailed analysis page which includes 
an alignment of the query and target protein sequences. Click on hit number 4 (circled in Fig. 17) to 
access an example of a specific template hit (Fig.18). The specific results detail the statistics of the match 
along with an alignment. The alignment of the query and target protein sequences is driven using the 
matched residues from the template search, together with any equivalenced residues within 10Å of the 
template centre. 

The statistics from the alignment show:  

• Percentage sequence identity: calculated as the number of identical residues equivalenced in 
the alignment as a percentage of the length of the shorter sequence.  

• Sequence lengths of the two sequences: namely the query and target proteins.  

• The alignment overlap: being the number of residue positions, including insertions in either 
sequence relative to the other, across which the alignment spans. A very large overlap, relative 
to the length of the shorter sequence, suggests many insertions in the alignment and casts 
doubt on its meaningfulness.  

•  Structural similarity: two measures indicating how well the query and target protein 
structures can be structurally superposed. The values are obtained as follows. The sequence 
alignment is used as the basis of superposing the structures. A sliding window of 7 residues in 
length is slid along the alignment and the C-alpha atoms of the equivalenced residues in the 
two structures are superposed. If the fit gives an r.m.s.d. below the cut-off of 3.0Å the length 
of the window is extended and the superposition performed again. And so on, until extending 
the window further gives an r.m.s.d. above the cut-off value. All such "fittable" segments are 
noted and are shown on the alignment - which can be viewed by clicking on the hit number, 
or the coloured sphere to its left.  

This gives the two measures indicated in the summary page:  

• The percentage structural similarity: which is the number of residue-pairs in the alignment 
that lie in one or more of the fittable segments, as a percentage of the number of residues 
equivalenced by the alignment.  

• The longest fittable segment: gives an indication of the longest contiguous section of the 
alignment that can give a C-alpha superposition of the two structures with an r.m.s.d. below 
3Å. If this length is over 20 amino acids, it provides the basis of the superposition in Rasmol 
on the alignment page.  

 

It should be pointed out that, in the case of the other template searches (i.e. enzyme active site 
templates and ligand- and DNA-binding templates) the matched sidechains are those in the query 
structure.  
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Fig. 18: Individual report for a reverse template search match 
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In the case example we are looking at the reverse template match is a very good one – there is a high 
level of identical and equivalenced residues in the local structural comparison, and the structural 
similarity is very high. Compare the local percentage sequence identity of the template match (33.33%) 
with that of the full length alignment (17.04%). This illustrates how the reverse template approach can 
identify regions of local conservation not able to be detected from full length sequence comparisons. 
The top reverse template matches are all to transcriptional regulators and in particular the MarR 
family, thus confirming what we already know about this protein. 

5 What is Tempura and when should it be used? 
 

An analysis of the effectiveness of the various structure-based methods in the ProFunc server identified 
the “reverse templates” approaches as one of the two most successful methods in the suite of analyses. 
Reverse templates turn the concept of residue based template approaches on its head: rather than 
scanning an unknown structure against a database of templates, the query structure of interest is 
fragmented into a large number of templates each of which is scanned against a non-redundant version 
of the entire PDB. One potential drawback to this approach is the automated template selection 
process: there are no guarantees that the automated system will select the correct residues to use as a 
template. This is especially true in those cases where the protein has no sequence homologues so the 
resultant conservation scores are too low for use in the automated template generation process. In cases 
such as this, or if there is experimental evidence to suggest a particular residue or region is important to 
the protein function, it would be beneficial to choose the residues of interest. This is exactly what the 
Tempura server was developed to do.  

 

You can go straight to the Tempura page by using the Tools – Structural Analysis – Tempura drop-
down menu options on the EBI webpage: http://www.ebi.ac.uk (Fig. 19). 

 
Fig. 19: Accessing Tempura from the EBI homepage 

 

The Tempura server main page is identical to that of ProFunc; the differences are seen only on 
submission of a query. The first difference is that the user has the ability to select any residue, or 
combination of residues, that are to be used in the template generation process. Once selected, all 
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possible sensible three-residue templates containing those selected are generated. The next major 
difference is what the templates are scanned against; in Tempura the user is given three options:  

• scanning against the non-redundant PDB 

• scanning against a list of PDB entries – this option is useful in cases where the user is interested in 
a family of proteins or proteins from a specific organism 

• scanning against a single PDB entry – this option is for pairwise comparisons and superposition of 
proteins based on active sites. 

 

6 Submitting a query to Tempura 
 

Submitting queries to Tempura is a simple process and, similarly to the ProFunc server, involves one of 
two starting points: either submit a structure file or enter a PDB code (Fig. 20).  

 

Option to upload 
a PDB-format file 

Link to example 
results 

Option to use a 
known PDB code 

Fig. 20: The Tempura home page 

 

On uploading a PDB-format file or selecting a PDB entry, the structure is processed and you will be 
faced with a screen allowing you to select the residues of interest (Fig 21). By holding Ctrl or Shift 
whilst clicking on residues in the box you will highlight specific residues or ranges of residues 
respectively. Click on the “submit” button to go to the next stage or “Clear selection” to restart. 
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Residues selected 
for template 
generation are 
highlighted 

Fig. 21: Residue selection table – click on residues of interest. 

 

If valid templates can be constructed from the selection, the list of templates generated will be presented 
(Fig. 22) and the next stage, database selection, can proceed.   

 

 
Fig. 22: Successful template generation – list of templates 

 

At this point the user’s email address is requested (Fig. 23) in order to send the user a link to the results 
when they have completed. Tempura is a faster service than ProFunc as there are fewer processes being 
run (and therefore reduced load on the processor farm), but there is still a queuing system in place so 
the email address is a required parameter. 
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Fig. 23: Database selection stage and email address entry 

7 Interpreting the results 
 

The interpretation of results from Tempura is exactly the same as interpreting the reverse templates 
results from ProFunc (see section 4b for a reminder). The one difference to beware of is that when 
searching anything other than the non-redundant PDB dataset, the calculation of expectation value can 
be skewed so that significant hits are classified as long shots – this will be fixed in future versions of the 
server. 

8 Test examples to work through 
 

The walk-through detailed previously was designed to provide a known-function case study which 
illustrates strong matches using a number of methods. Real life examples are not so easy to interpret, so 
the following examples are listed in order for you to look at the results and make your own assessment 
as to possible functions.  

 

PDB 
code 

Description 

3c9p  Structural genomics, unknown function. Crystal structure of uncharacterized protein 
sp1917. 

3bjo Crystal structure of the C-terminal domain of a possible atp-binding protein from 
Methanocaldococcus jannaschii 
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Glossary 

 

BLAST – Basic Local Alignment Search Tool Finds regions of local similarity between 
sequences that can be used to infer functional and evolutionary relationships between sequences   

DALI A network service for comparing protein structures in 3D 
http://ekhidna.biocenter.helsinki.fi/dali_server/ 

Gene Ontology Provides a controlled vocabulary to describe gene and gene product attributes in any 
organism http://www.geneontology.org/ 

Homology Modelling Computational modelling of a protein structure from its sequence based on 
homology to known structures. 

HMM – Hidden Markov Model A statistical model where the challenge is to determine the hidden 
parameters from the observable parameters. The extracted model parameters can then be used to 
perform further analysis, for example for pattern recognition applications. 

InterProScan  Service to query your sequence against the InterPro database of patterns, motifs and 
domains http://www.ebi.ac.uk/Tools/InterProScan/ 

Jess This is the search algorithm underlying the rapid three dimensional template scans offered by 
three services at the EBI: CSS, ProFunc and Tempura. These servers and further details of their use can 
be found on the EBI website.  

Jmol A free, open source molecule viewer based on Rasmol but written in Java. 
http://jmol.sourceforge.net/ 

MSDfold An interactive service for comparing protein structures in 3D that allows for multiple types 
of search http://www.ebi.ac.uk/msd-srv/ssm/ 

PDB – The Protein Data Bank A repository of all protein structure data collected across the globe.  

PDBsum Provides an at-a-glance overview of every macromolecular structure deposited in the 
Protein Data Bank http://www.ebi.ac.uk/pdbsum/ 

Ramachandran Plot A way to visualize dihedral angles φ against ψ of amino acid residues in protein 
structure. There are plots showing the possible conformations of φ and ψ angles for individual amino 
acids and polypeptides. 
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Rasmol A freely available molecular graphics package. Can be downloaded from 
http://www.umass.edu/microbio/Rasmol/getras.htm  

R.M.S.D. – Root Mean Square Deviation The measure of the average distance between the atoms 
of superimposed proteins or residues.  

Structural Genomics The determination of the three dimensional structure of all proteins of a given 
organism in a high-throughput manner. 

Superfamily A database of structural and functional protein annotations for all completely sequenced 
organisms, based on the SCOP database http://supfam.cs.bris.ac.uk/SUPERFAMILY/ 

UniProt – Universal Protein Resource The world's most comprehensive catalogue of information 
on proteins and a central repository of protein sequence and function, created by joining the 
information contained in UniProtKB/Swiss-Prot, UniProtKB/TrEMBL, and PIR 
http://www.ebi.ac.uk/uniprot/ 

 


	You will learn about:
	Contents:
	1 Introduction
	2 What is ProFunc and when should it be used?
	3 Submitting a query to ProFunc
	4 Interpreting the results
	a) Sequence-based methods
	b) Structure-based methods
	5 What is Tempura and when should it be used?
	6 Submitting a query to Tempura
	7 Interpreting the results
	8 Test examples to work through


