
Introduction to Bioinformatics 

5th practice 

Databases 

 

 

General useful information 

Databases are basic tools of bioinformatics, but be careful!!! The data is not reliable only 

because “it is in the database”. Databases are incomplete and may contain errors. 

 

Many databases have their own data format and ID. Conversion is not always simple. Pay 

attention to what you are working with. Protein and even atom names may be very different 

for the same protein/atom. 

 

Databases are updated, so save the files you work with before they’re gone! 

 

Brief biological background on LuxR and Quorum sensing 

One way of bacterial cooperation is quorum sensing. QS is a form of gene regulation 
based on cell-density, which depends on inter-cellular communication involving the 
production and response to signalling molecules. Using quorum sensing means the ability to 
achieve coordinated behaviour, which ensures competitive advantage to a microbial 
population. A colony can adapt to the environment with this mechanism, can use the 
resources more efficiently and can defend itself against harmful microorganisms. For 
pathogenic bacteria it often plays a role in activating the mechanism that triggers infection of 
the host. 

 

There are several types of QS systems. In Gram-negative bacteria the most commons are 
the LuxI/R systems. These contain regulator (R) and synthesis (I) genes. Having a 
system with one regulator and one synthesis gene, the scheme of the process is described 
below. 

 

The synthesis gene has a ground state activity, produces AHL (acil-homoserine lacton) 
molecules which will be distributed in the extracellular and intracellular space by diffusion 
through the cell wall and membrane. These small molecules contain a homoserine-lacton 



ring and some kind of acil functional group. The variability of acil groups ensures that 
different QS systems can work separately in the same environment or even in the same cell. 

When the density of AHL producing cells increases, the intracellular concentration of AHL 
grows. The luxR protein only can bind the AHL in high concentration, and after binding 
it two luxR proteins form a dimer structure, which binds to the DNA and has regulator 
functions. 

 

http://www.nature.com/nrmicro/journal/v14/n9/fig_tab/nrmicro.2016.89_F2.html 

It has two roles: at first, it upregulates the synthesis gene and autocatalyses the 
regulator gene (producing regulator protein). The system achieves a switch-like behaviour 
with this positive feedback loop. The second role of the regulator protein is activating the 
factor producing genes. Factors are the so called “public goods”, the materials that are 
secreted into the environment by the cells, for example enzymes. The production of these 
secreted factors is really energy consuming and one cell can produce only much smaller 
amount than the optimal level. So, if one or just some cells start to secrete the factors, they 
die. They run out of energy and do not achieve the goal of the process, for example, dissolve 
the food, because the factor concentration could not be enough. The members of a bacterial 
colony start the production and secretion of factors when they reach the efficient colony 
density to make enough factors for changing the environment in a required way. It means 
that the density information comes from the concentration of signal and luxR proteins 
can sense this density, they do counting for the cells. 
 

 

Example and exercise 

On today's session we will get familiar with a few databases while finding useful information 

about LuxR transcriptional regulator. Feel free to look around on the sites, there are a lot of 

useful links, tools categorised information that we will not have time to mention. 

 

NCBI 

National Center for Biotechnology Information (NCBI) is part of the United States National 

Library of Medicine (NLM), a branch of the National Institutes of Health. It is a collection of 

databases and tools. 

http://www.nature.com/nrmicro/journal/v14/n9/fig_tab/nrmicro.2016.89_F2.html


Go to: http://www.ncbi.nlm.nih.gov/ 

 
 

If we want to execute a specific job, we can choose it from the list on the left side 

(DNA&RNA, Genes&Expression, ...). On the right side we can find the the most popular 

resources of NCBI. On the top of the page we can search for a specific phrase (gene, 

protein, person,...). 

 

Here search for LuxR. 

 
You can see the databases and the number of hits categorized by the type of database. 

We will first look at PubMed, so open the PubMed link in a new tab. 

http://www.ncbi.nlm.nih.gov/


 
PubMed is a collection of biomedical papers. The abstract of a biomedical paper is always 

readable. We can execute a quick search or setup an advanced search with many different 

fields (title, author, publication date, issue, journal, language, …) 

 

How many scientific article contains the expression “luxR” in its title or abstract?  

How many of them are from 2016, 2015, 2014, 2013, 2012, 2011, 2010?  

When was the first mention of luxR? 

 

Notice the URL keeps it simple. This is very helpful in reaching data via script or commands 

(not only on this site). Also, see the YouTube tutorial link on the advanced search site in the 

right hand upper corner? (2:26 minutes) 

“scholar.google.com” is also frequently used for finding papers you are looking for. 

 

Nucleotide is the database of the nucleotide sequences. It contains the GenBank database, 

which is an open access, annotated collection of all publicly available nucleotide sequences 

and their protein translations. GenBank (USA) exchanges data on a daily basis with EMBL 

(Europe) and DDBJ (Japan) databases. 

Hits of Nucleotide are GenBank records that contain the sequences and annotation. The 

files describe a gene, a gene group, a chromosome or a full genome. GenBank refers to the 

database and the format. 

http://scholar.google.com/


Go back to the search results tab. Find the Nucleotide database and click... 

 
Here you can (almost) see that Nucleotide contains all kinds of nucleotide sequences: partial 

or full genes, cds (coding DNA sequence), full gene, mRNA, … With the help of the links on 

the left, you can narrow your search results. 

How many genomic bacterial sequences are in the database?  

 

 
Hits have title, length, Accession and GI (Gene Info) listed. Records can be opened in 

different formats. Open one of them in GenBank. Look around, look at the record. What 

kind of information can a GenBank record store? How long is your sequence (is it a 

full sequence or is it just partial)? What is the source organism? In a GenBank record 

the annotation is on the top, the sequence starts with “ORIGIN” and ends with “//”. 

 

 

Accession is stable, universal, and reportable. Version tracks changes in sequence (!!!) not 

in annotation. GI (Gene Info) is for NCBI internal use. More info on Accession format: 



https://www.ncbi.nlm.nih.gov/Sequin/acc.html. Note that usage of GI number is not 

supported by NCBI anymore (as of 2016 september) and accession number is prefered.  

Nucleotide has all nucleotide sequences, which means it is highly redundant. The same 

gene’s sequence can be uploaded from multiple sources. It contains sequences of varying 

quality, and contains both uncurated and curated data. 

RefSeq (reference sequence database) is a subset of the NCBI database. It is manually 

curated, contains high quality sequence data, and is non-redundant; this means that each 

gene (or splice-form of a gene, in the case of eukaryotes), protein, or genome sequence is 

only represented once. Because of the high level of manual curation required, RefSeq does 

not cover all species, and is not comprehensive for the species that are covered so far. For 

easier comparison and analysis, RefSeq records have a consistent format and distinct 

accession series: 

 
 

RefSeq and GenBank are different databases and have different accession formats. See at 

the nucleotide search results: 

  
The NCBI FTP site can be used for bulk downloads, for example if you need all the Gram-

negative bacteria sequence, all of the complete genomes, ect. Go to 

ftp://ftp.ncbi.nlm.nih.gov/ . You can see genomes, refseq, pubmed,... 

A few important file formats: 

fna: full DNA (fasta format) 

ffn: DNA decomposed to genes (fasta format) 

faa: protein sequence decomposed to genes (fasta format) 

gbk: EMBL type file (Genbank record - annotation information is added to the sequence) 

ptt, gff: table with gene info  

 

All these (and many more) databases are available online through the Entrez search engine. 

Entrez is NCBI’s primary text search and retrieval system. Options include popular 

https://www.ncbi.nlm.nih.gov/Sequin/acc.html
ftp://ftp.ncbi.nlm.nih.gov/


configurable preset facet filters to help focus on specific kinds of results, an Advanced 

Search interface that facilitates constructing more sophisticated queries. Specialized search 

fields are available for each database and can be browsed and selected in the Search 

Builder section of the Advanced Search interface. Source and more info: 

https://www.ncbi.nlm.nih.gov/books/NBK3837/ 

Instead of carrying out searches of the NCBI database on the NCBI website, you can search 

directly from code, for example Python, R or even UNIX shell (this option is also through 

Entrez). 

 

Another summarizing portal ExPASy (easy to memorize :)) concentrates on proteins (at 

least that’s what it’s most used for). Go to http://www.expasy.org/. 

 
ExPASy contains databases and tools for proteomics, genomics and many more… It has a 

nice structure and lists many-many online tools. For example, you can see the

  at the right hand side. Select proteomics and then 

. You can see the Databases on the left and Tools on the 

right. At Tools you can find ones we used on the last practice. Can you find T-Coffee? 

 

We will use UniProtKB, so click on . Next time you can can go straight there: 

www.uniprot.org 

 

 

https://www.ncbi.nlm.nih.gov/books/NBK3837/
http://www.expasy.org/
http://www.uniprot.org/


UniProtKB consists of two parts. is the curated part (relatively 

reliable) and  is translated from the nucleotide sequences of 

EMBL, it is not reliable. 

Note:  

 
 

Type “LuxR” in the search interface on the top of the page. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Hits marked with are from Swiss-Prot. Notice the entry 

names consist of two parts: “NAME_ORGANISM”. The id and 

the entry names are unique. Choose the one from Aliivibrio 

fischeri bacteria. 

 

With the help of this summary on the left, you can quickly get the 

information you want. Look around on the page. What kind of 

information do you see? Try links, get familiar with the site. 

Clicking on the names with little “i”-s, you can read summary 

information about it. 



The flags show the source of the information, so you can 

decide how much you believe it.  

 

At “Family & Domains” you can see if there are annotated domains in the protein and where. 

Clicking on the position you reach the domain in fasta format, ready to BLAST (see on 

next practice). 

What kind of domain(s) can be find in this protein?  

Is a reliable 3D structure available for the entire protein? 

 

At “Sequence” you can download it in fasta format. Click on . Notice the URL! 

With for example wget you can download more sequences at a time (if you know their id) 

without having to click your way through. 

 

 
Remember? Databases are updated. Let’s say you start your research with searching the 

databases. By the time you write a paper on it, or you just want to go back and double 

check, it may be gone. It’s safer to save it (considering the amount of data of course). 

 

At “Similar proteins” you can find the links to the UniProt Reference Clusters. 

 

Go back and find “Cross-references”. You can find links to many different types of 

databases. Read them through. (I don’t see any point of copying all of the titles, but they 

are important.) 

Open the Pfam links in new tabs. 

Pfam is a protein domain family database. There are two levels of quality to Pfam families. 

Pfam-A is based on manually annotated seed alignments (high quality) these ids start with 

PF and Pfam-B is automatically generated these ids start with PB. 

In Pfam you can look at multiple alignments of sequences from multiple databases, view 

protein domain architectures, examine species distribution, follow links to other databases, 

view known protein structures. 

 

 
Go through (read) the summary. Now we will look at the domain architectures. Click on 

“Domain organisation” or on the architectures picture. Examine the first hits. No wonder 

there were two links to Pfam. Why? See the two binding parts? Which one is the HTH 

domain? How many proteins are there with similar architecture? (There is a big 

difference in where you are looking at it from. HTH is probably more abundant and more 

frequently researched.) 



 

 
 

Click on structures and select one by its PDB ID. 

 

Click on the RCSB PDB link. 

 

 

 

 

 

 

 

 

 

PDB (Protein Data Bank) is a protein structure database. http://www.rcsb.org/ 

 
Structures are defined with X-ray, NMR (nuclear magnetic resonance) or electron 

microscope. Records contain the 3D coordinates of biological molecules. IDs are 4 digits. 

Look at the PDB Format. Starts with a 

“HEADER”, ends with “ END”. The coordinates 

are noted “ATOM”. You can see how long and 

not concise it is. There are better formats, but 

everybody uses PDB and tools, applications 

are designed to use PDB. 

 

 

http://www.rcsb.org/


Now we will look at how to browse genomes with ENSEMBL. Go to 

http://www.ensembl.org/. 

ENSEMBLE is a project of EBI and Sanger Institute. It is one of the largest genome search 

engines. Similar browsers can be found at NCBI and UCSC (University of California, Santa 

Cruz). 

Click on View full list of all Ensembl species. See all the 

species? Scroll to the bottom to Metazoa, Plants, Fungi,.. 

We need Bacteria, so click on . 

 

 

Search for “lux”. On the third page there are Lux-R hits. 

 
Selecting the MGMAQ_0952, you find summary information and the location of the gene. 

 
 

 

Look at the . 

 

 

 

 

 

 

http://www.ensembl.org/


Since the Human genome is more complete and different than the Bacteria, we will have a 

quick look at that too. Go back to the species list. 

http://www.ensembl.org/Homo_sapiens/Info/Index 

Click on the link, than . Now you can see the banding 

patterns of all human chromosomes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Checking the alternative browser can be very useful. All of these 

sites have their advantages and disadvantages. 

Select one of the chromosomes than chromosome summary. 

See how dense some coding regions are? Look at the variations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ensembl.org/Homo_sapiens/Info/Index


Click on “Synteny”. This Shows the similar regions in different 

species. If you want more info click on the “?”. 

 

 

 

Go back to the summary. Select a band and the offered region.  

 
 

 

Here you can select the gene you are looking for, examine what other genes are in the area. 

With the scroll on the top right zoom in, to select a gene. 

 
Check out the data you can see about the gene. 



Selecting the gene tab, 

 
You can reach data on the gene level (earlier we were on the chromosome level). You can 

find orthologues/paralogues genes data or GO annotation (if given). 


