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ABSTRACT. Bacterial Promoter Prediction (BacPP) is a tool used to predict 
given sequences as promoters of Gram-negative bacteria according to the 
σ factor that recognizes it. The first version of BacPP was implemented 
in Python language in a desktop version without a friendly interface. For 
this reason, a web version of BacPP is now available with the purpose 
of improving its usability and availability. The present paper describes the 
implementation of the web version of this tool, focusing on its software 
architecture and user functionalities. The software is available at www.
bacpp.bioinfoucs.com/home.
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INTRODUCTION

The regulation of gene expression plays an important role in the proper response to 
changing environmental conditions. This is a critical process for single-celled organisms, such as 
bacteria, and one of the genetic elements that play a role in the bacterial gene regulation process 
is the promoter region (Feklístov et al., 2014; Narlikar, 2014).

The promoter region is located upstream of a given coding region and its recognition by 
the RNA polymerase (RNAP) enzyme starts the gene expression process. The RNAP presents a 
subunit denoted sigma (σ) factor and, in bacteria, there are several σ factors (s24, s28, s32, s38, σ54, σ70) 
that are each responsible for initiating the expression of a set of genes related to a specific cellular 
function (Gruber and Gross, 2003; Feklístov et al., 2014). The major subunit is σ70, which is known 
as a housekeeping transcriptional regulator since it is associated with a large number of genes and 
biological pathways. Besides σ70 factor, the other σ factors are associated with only a few genes and 
they allow for specificity in biological processes. For instance, genes with promoters recognized by 
s24 and s32 respond to drastic temperature changes. While s28 is associated with mobility genes, σ54 is 
associated with nitrogen metabolism genes and s38 is associated with genes involved in the starvation 
response (Gruber and Gross, 2003; de Avila e Silva and Echeverrigaray, 2012; Feklístov et al., 2014).

In a global view, promoters present some degree of conservation in their nucleotide content. 
The canonical definition of the σ70 promoter sequence is two consensual motifs, located in the -10 and 
-35 regions upstream of the first nucleotide transcribed (+1). The content of these regions is usually 
TATAAT and TTGACA, respectively (Lisser and Margalit, 1993). However, these motifs are not highly 
conserved among either the promoters recognized by the σ70 factor or other σ factors (Feklístov et 
al., 2014). Therefore, the classification of a given sequence, according to the σ factor that recognizes 
it, is very important and remains as a challenge in bioinformatics (Song, 2012; de Avila e Silva et al., 
2014). There are many approaches to improve bacterial promoter prediction (Burden et al., 2005; 
Rangannan and Bansal, 2011; Song, 2012; Zhou et al., 2013; de Avila e Silva et al., 2014), but few 
of them are available on the web or present the σ factor classification.

Aiming at contributing to solving this problem in life sciences research, the present paper 
describes the web version of the Bacterial Promoter Prediction (BacPP) tool. This tool classifies 
an input sequence as a promoter or non-promoter of Gram-negative bacteria. In addition to the 
classification, BacPP provides the probability that each sequence (or fragment of the sequence) 
will be recognized by a given σ factor (de Avila e Silva et al., 2011).

MATERIAL AND METHODS

BacPP is as a free tool which provides the probability of a Gram-negative promoter 
sequence to be recognized by a given σ factor. The analytical approach of BacPP was originated 
by a process of weighting rules extracted from neural networks trained with promoter sequences 
known to respond to a specific σ factor. Its desktop version was implemented in Python programming 
language. The complete description of the BacPP approach is found in de Avila e Silva et al. (2011).

In the web version of BacPP (http://bacpp.bioinfoucs.com/home), the graphical interface 
was developed by using the PHP (hypertext preprocessor) web programming language. The 
communication between PHP and Python programs was made by using WSGI (web server 
gateway interface), which is a standard pattern communication between HTTP server and Python 
applications (PEP333, 2014). The information about portal contents and administrator area was 
stored in a MySQL database (MySQL, 2014).
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RESULTS

The web BacPP interface is viewable in all major web browsers and operating systems, 
including Safari, Internet Explorer, Firefox and Chrome using Linux, Windows, or Apple iOS. Its 
non-registered user interface is organized in the following levels: i) the initial page that presents 
the aims of the tool; ii) the help page with some frequently asked questions; and iii) the contact 
page that allows the user communication with the BacPP administrator. The BacPP tool page is 
only accessible after user registration, which is classified into two types of profiles: common and 
administrator. A workflow outlining BacPP user functionalities is provided in Figure 1.

Figure 1. A graphical view of the architecture of the BacPP web site.

The login for common users can be obtained either by doing a new registration or with the 
same login as the IntergenicDB database (http://intergenicdb.bioinfoucs.com/) (Notari et al., 2014). 
To carry out the promoter analysis, the user must do the following: i) enter a nucleotide sequence 
into the form field or upload a file in fasta format; ii) choose the σ factor (one or more than one); iii) 
choose the output format (screen display or file); and iv) click the run button. After processing, the 
result will appear according to the user’s choice from step three.

The administration area, called the content management system, is restricted to the manager 
of the portal. In this area, it is possible to: i) create, alter, and remove user information; ii) create 
dynamic pages (Home, BacPP, Help, and Content tabs); iii) establish the communication between 
BacPP web tabs and BacPP Python programs; and iv) create and remove items in the help tab.

DISCUSSION

The main goal of the BacPP web version is to offer a user friendly tool. The second goal 
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is to assist both gene regulation research and the progress of state of the art bioinformatics. 
For future implementations, we are committed to the improvement of prediction by reducing the 
number of false positives. This will be achieved with the incorporation of structural properties of 
promoter sequences, such as duplex stability, curvature, and bendability of DNA. Additionally, a 
Gram-positive version of BacPP is currently under development.
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