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Abstract

DNA-binding proteins play important role in various processes within the

cell.Various machine learning classi�cation algorithms and feature extrac-

tion techniques have been used to solve this computational problem of iden-

ti�cation of DNA-binding proteins in the last decade. It has many impor-

tant uses in transcription, DNA replication, compacting the chromosomal

DNA, study of antibiotics, drugs, steroids. In this paper, we propose a

novel DNA-binding protein prediction method named HMMBinder. HMM-

Binder uses monogram and bigram features extracted from the HMM pro-

�les of the protein sequences. We have proposed an approach to predict

whether a given protein sequence is DNA Binding or not. To the best of

our knowledge, this is the �rst application of HMM pro�le based features for

DNA-binding protein prediction problem. Support Vector Machines(SVM)

is used as a classi�cation algorithm. Our method was tested on standard

benchmark dataset and was able to improve signi�cantly over the perfor-

mance of the state-of-the-art methods. We get an accuracy of 86%.
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Chapter 1

Introduction

This chapter will describe the importance and application of Deoxyribonucleic acid(DNA)

binding protein and why we need to identify those, why we need automated predictor

to identify DNA-binding protein. The motivation, Aims & Objectives, Methodology

and our contribution are also stated here.

1.1 Problem Description

Proteins which make bond with DNA in both eukaryotes and prokaryotes while perform-

ing like activators or repressors are DNA Binding protein. DNA binding proteins play a

vital roles in various cellular processes.They are essential in transcriptional regulation,

recombination, genome rearrangements, replication, repair and DNA modi�cation [26].

It has been observed that the percentage of prokaryotes and eukaryotes protein that

can bind to DNA are only 2-3% and 4-5% [5, 6]. Prediction of DNA binding proteins

are expensive and time consuming. Wide varieties of in vitro methods [7, 8] like �lter

binding assays, chromatin immunoprecipitation on microarrays (ChIP- chip) genetic

analysis and X-ray crystallography are used to predict DNA binding proteins. Particu-

larly, the number of newly discovered protein sequences has been increasing extremely

fast. According to the Swiss-Prot [9] database contained only 3,939 protein sequence

entries whereas the current number is 553941 which is more than 140 times from the

25 years ago. Due to the rapid growth of protein sequence, there is a urgent need of

selecting a automated computational approach to identify DNA binding protein. Most

of the computational methods used in the literature to predict DNA binding proteins
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1.2 Motivation

formulated the problem as a supervised learning problem. Practically, the number of

known DNA-binding proteins is very small compared to the large non-binding proteins

and unknown proteins. However, DNA-binding protein prediction is often modeled

as a binary classi�cation problem where given a protein sequence as input the task is

to predict whether the protein is DNA-binding or not. Here we can notice that the

challenge here is to select a proper dataset for training and testing incorporating the

imbalanced situation.

1.2 Motivation

DNA Binding Proteins play important functions in regulation of chromatin structure by

binding to short stretches of DNA. It has been noted during the sequencing of eukaryote

genome that 10% of gene encode potential DNA Binding Protein.The interactions can

be formed by di�erent domains, such as the zinc �nger or the helix-turn-helix. These

interactions are involved in a variety of biological processes including DNA replication,

DNA repair, viral infection, DNA packing, and DNA modi�cations. DNA Binding

proteins have a fundamental role in the maintenance of genetic material and in the

regulation of gene expression. It has many important applications in antibiotics, drugs,

steroids for various biological e�ects and in bio-physical, bio-chemical and biological

studies of DNA. So we expect that our research result will be helpful in this area.

1.3 Aims & Objectives

We get the followings objective from above aims:

- Finding out and preparing data set.

- Extracting the monogram and bigram features from Hidden Markov Model(HMM)

pro�le.

- Using Support Vector Machine, AdaBoost and Random Forest as a classi�er.

- Using the standard evaluation metrics to improve the feature used.

- Analyzing the data and the result.

- Developing a web server.

2



1.4 Methodology

1.4 Methodology

According to Liu's [10] mentioned methodology, we followed the below procedures to

establish a predictor for DNA-binding Protein identi�cation with novel feature set.

- Selecting a benchmark dataset in order to train and test the predictor.

- Introducing or develop a powerful procedure to operate the prediction.

- Performing properly cross-validation tests to objectively evaluate the anticipated

accuracy of the predictor.

1.5 Contribution

Our contribution in this study is listed below. In the �rst phase, a Benchmark dataset

was selected. After that by our feature extraction method, we generate monogram and

bigram features. Monogram and bigram features concatenated together are then used

as training feature set to train the classi�er. We used Support Vector Machine(SVM)

with linear kernel as the classi�cation algorithm and a trained model was stored for the

testing phase.

1.6 Organization

The organization of this document is described below. In the �rst chapter, we discussed

about problem description, Motivations, Aims & objectives, Methodology and Contri-

butions. In the second chapter, we showed some biological preliminaries and literature

review. In the third chapter we will focus on dataset, System Overview, feature ex-

traction, feature selection method, StandardScaler, Cross Validation, description of the

classi�er and performance evaluation process. In the fourth chapter, we will present

and discuss about all kinds of experiments and results which we got in this study. In

the �fth chapter, we will discuss about summary of the study, limitations and future

works.
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Chapter 2

Background

In this chapter, we will discuss about some basic terminologies like Protein, DNA

Structure, Structure of the protein, DNA Binding Protein etc. Then we will discuss

about literature review of DNA Binding Protein.

2.1 Biological Preliminaries

2.1.1 DNA

The full abbreviation of DNA is deoxyribonucleic acid. A organic chemical of complex

molecular structure that is available in all prokaryotic and eukaryotic cells and in many

viruses. Genetic information are coded in DNA which is important for the transmission

of inherited traits. Almost every person has same DNA of which most of them is located

in the cell nucleus but a little amount of DNA can also be found in the microchondia.

In DNA, information is stored in coded form which is made up of four chemical bases:

adenine (A), guanine (G), cytosine (C), and thymine (T).

There are about 3 billion bases inhuman DNA among which 99 percent of those

are same in all people. This sequence is helpful in determining the information for

building the organism. Base pairs are formed like A with T and C with G. Each of the

base is �xed to a sugar molecules and a phosphate molecule which together is called a

nucleotide. Double helix are arranged in two long strands which is like a ladder. DNA

can replicate itself which is important during cell division where each cell have same

copy of the DNA presented in the old cell.
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2.1 Biological Preliminaries

Figure 2.1: DNA Structure [1]

2.1.2 Protein

Exerting biological function in the nanometer scale is the task of proteins. They build

the building blocks of all cell. Many important dynamic process of life like maintenance,

replication, defense and reproduction are carried out by proteins. Proteins are made

up of amino acids which joined together by chemical bonds and then folded in di�erent

ways to create three-dimensional structures for our body. There are two main type

of amino acids in the body. First, the essential amino acids which our body can not

manufacture and we must consume in our diet. Then other kind which our body can

produce for itself. There are twenty natural amino acids which group together to form

polypeptide chain or protein. The following task is carried out by protein our body:

- Because of Protein we can move.

5



2.1 Biological Preliminaries

- Protein can be the cause of killing us. Botox(Botulinum Toxin) is a protein

which makes our muscle relax. The muscles which control our lungs stop working

after taking food contaminated with botulism.

- Protein speed things up using enzymes that makes reactions go more quickly.

- Hemoglobin transport oxygen in our body.

2.1.3 Protein Structure

To understand the protein structure we have to know about the basic structure of

amino acid. There is a carboxylic acid group(-COOH) on one side and an amino group

on the other side. They may have the side chains which are unique to each indivdual

amino acid. There are 20 di�erent standard L-amino acids used by cells for protein

construction. Biochemists often refer to four distinct aspects of a protein's structure.

For levels of protein structure is shown in

i. Primary structure: The primary structure of a protein refers to covalent structure

and sequence of amino acid of polypeptide chain. There are 20 amino acids. This

are � amino acid. Amino acid is formed of amino group, carboxylic acid group

and hydrogen bound to the central carbon atom. The R-group di�ers from amino

acid to amino acid. The � carbon is tetrahedral and is bound to four di�erent

chemical moieties. For this reason, it is asymmetric (a chiral center) and there are

two di�erent enantiomers (D and L). Among them, glycine is somehow di�erent

whose R-group is a hydrogen atom which makes� carbon symmetric. Other

amino acids are L-amino acids. A series of condensation reactions between the

carboxyl group of one amino acid and the amino group of the next which are

forming a covalent bond and a polypeptide chain. This is called an amide bond.

ii. Secondary structure: The secondary structures in proteins are the regions in

which chains are arranged into regular structure which is known as alpha-helices

and beta-pleated sheets. Hydrogen bonds hold them together.The diagram show

that the form between lone pairs on an oxygen atom and the hydrogen which is

attached to a nitrogen atom. The exact pattern of hydrogen bond is di�erent

in an alpha-helix and beta-pleated sheet. In an alpha-helix, the protein chain is

coiled like a loosely-coiled spring. The meaning of "alpha" is if you look down the
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2.1 Biological Preliminaries

length of the spring, the coiling is happening in a clockwise direction as it goes

away from you. In a beta-pleated sheet, in order to lying alongside each other

the chains are folded.

Figure 2.2: Levels of Protein Structure [2]

iii. Tertiary structure: Two or more Alpha Helix and/or Beta sheet further folded

to form Tertiary Structure which is known as Globular protein. The whole chain

7



2.1 Biological Preliminaries

folds itself in its �nal three dimensional shape.The model shows the alpha-helices

in the secondary structure as coils of "ribbon". The beta-pleated sheets end in

an arrow head. The protein chain are random coils. This particular model has

two molecules locked into it with whose reaction this enzyme catalyzes. The

interactions between the side chains show of the "R" groups holds together the

tertiary structure of a protein.

iv. Quaternary structure: Most of the proteins are homo- or hetero-oligomers or

macromolecular assemblies or polymers. When two subunits (polypeptide chains)

interact to form an interface, there are two possibilities like interface may be either

isologous or heterologous. In the case of isologous, the association leads to the

formation of a symmetric dimer possessing a two-fold (diad) axis. On the other

hand in the case of heterologous, they may be symmetric.

2.1.4 Protein Synthesis

The process by which individual cells build their speci�c proteins is called Protein Syn-

thesis. Within this, the process are involved in both DNA (deoxyribonucleic acid) and

ribonucleic acids (RNA). The process is initiated in the cells nucleus, where speci�c

enzymes unwind the needed section of DNA, which makes the DNA in this region ac-

cessible and a RNA copy can be made. This RNA molecule then moves from the nucleus

to the cell cytoplasm, where the actual process of protein synthesis take place.There

are two steps of protein synthesis: transcription and translation. The information

which is encoded in DNA are taken in transcription step and encodes it into mRNA.

In translation, the mRNA works with a ribosome and tRNA to synthesize proteins.

DNA ) T ranscription ) P rotein

In the �rst step of transcription, the DNA molecule partially unwinds in order to tran-

scribe the DNA that codes for the needed protein. When the DNA molecule is unwound

at correct location, an enzyme called RNA polymerase helps line up nucleotides to cre-

ate a complementary strand of mRNA. As mRNA is a single-stranded molecule, only

one of the two strands of DNA is used as a template for the new RNA strand.The new

strand of RNA is made according to the rules of base pairing:

- DNA cytosine pairs with RNA guanine

8



2.1 Biological Preliminaries

- DNA guanine pairs with RNA cytosine

- DNA thymine pairs with RNA adenine

- DNA adenine pairs with RNA uracil

For example, the mRNA complement to the DNA sequence TTGCAC is AACGUG.

After transcription, the new RNA strand is released so that two unzipped DNA strands

bind together to form the double helix. Because the DNA template remains unchanged

after transcription, it is possible to transcribe identical molecule of RNA when the �rst

one is complete.

In translation process, mRNA is sent to the cytoplasm where make bonds with

ribosomes.There are three binding sites in Ribosomes: one for mRNA and two for

tRNA. The two tRNA sites are labeled the A site and P site. Translation begins when

the mRNA chain makes binding with the ribosome. The �rst codon �lls the P site and

the second codon �lls the A site. The tRNA molecule forms a temporary base pair with

the mRNA in the A site. A peptide bond is formed between the amino acid attached

to the tRNA in the A site and the methionine in the P site. The tRNA in the A site

moves over to the P site so that a new codon �lls the A site. The exact tRNA which

carries the appropriate amino acid pairs bases with this new codon. Between the two

adjacent amino acids held by tRNA molecules a peptide bond is formed. The tRNA

which was in the P side will binds with amino acid.When one of the three codons enters

the A site, the process stops. At that point, the protein chain which was connected to

the tRNA in the P site is released. Then the translation process is complete.

2.1.5 DNA-binding Protein

The proteins that bind to single or double -stranded DNA is called DNA-binding pro-

teins. Information that are coded for all cont traits are contained in DNA. There are

thousands of proteins in our cells that help modulate DNA's functions. These proteins

are called DNA-binding proteins, because they are attached to DNA.Proteins which

make bond with DNA in both eukaryotes and prokaryotes while performing like ac-

tivators or repressors are DNA Binding. It has been observed that the percentage of

prokaryotes and eukaryotes protein that can bind to DNA are only 2-3% and 4-5%

[5, 6].
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2.1 Biological Preliminaries

Figure 2.3: The Central Dogma of molecular biology : replication, transcription and
translation.[3]

DNA binding proteins do many important task like controlling protein function,

regulating cell growth and division and storing DNA inside the nucleus. DNA-binding

proteins are the parts of the cell that read and interpret the instructions to create

and maintain the body. Let's look at the di�erent types of DNA-binding proteins

and examples of each. DNA binding proteins play vital roles in various cellular pro-

cesses. They are essential in transcriptional regulation, recombination, genome rear-

rangements, replication,repair and DNA modi�cation [11].

2.1.6 Hidden Markov Model

Hidden Markov Model (HMM) is a statistical Markov model in which the system being

modeled is taken as a Markov process with unobserved states. We call the observed

event a `symbol' and the invisible factor underlying the observation a `state'. It can be

represented as the simplest dynamic Bayesian network. L. E. Baum and his cowork-

ers developed the mathematics behind the HMM. The hidden Markov model can be
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