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Abstract: A Deterministic Finite Automaton is constructeddentify the human protein called Erythropoietin
from a large collection of proteins. This new tege is a computational procedure to identify emyfioietin
without usingin vitro methods. This scheme accurately reflects a DNAputer serving as a tool to analyze
specified protein that can be matched with an dirgmogrammed protein sequence. Human erythropdieis
been taken as an example for this new techniquectmgnize the protein sequence extracted from dkegdse.
Erythropoietin is one of the highly marketed drdigisthe treatment of anaemia due to chronic kidiaéyres.
The current research is intensively concentratedh® use of erythropoietin in brain damage, nexgiggtion
etc., as it is involved in cell activation and fieafation. In the present study, we insist on thgalopment of a
technique for the identification of protein withythropoietin as an example to explain the funcdod utility of
the programmed machine constructed using Detertiiigite Automaton.

Keywords: DNA sequence, Protein sequence, Erythropoietin (EP€&erministic Finite Automata (DFA).

Introduction

DNA computation has been emerged as an interdisaipl field from mathematics, physics, chemistry,
molecular biology, bio informatics, and computeresce. It is one of the new area and acuity mettaids
computation, which uses molecules to perform catauh. It was initiated by Leonard M. Adleman [&fho is
the innovator for solving an instance of the dieecHamiltonian path by using the tools of molectlaiogy
i.e. by manipulating DNA strings. Mathematics playsital role in all types of computing particulaih DNA
computing. It specifies that the mathematics lieh@ origin of biology [2].

DNA is made up of four simple building blocks cdllé&denine (A), Thymine (T), Guanine (G),
Cytosine (C) and it is the control center of eanl avery cell. It contains all of the informatiorcgssary to
build an organism. DNA is a digitalized system afure. Genes otherwise called as segments of DbiAtam
specific instructions that make each individualquei. Generally the natural biological process idetuDNA
replication, transcription, post-transcription,nséation and post translation that ends up withigino Roteins
are the essential macromolecules of all organismispday a central role in almost all processes iwitells.
Proteins are the polymers of amino acids, refetoeals polypeptidesihe active protein is obtained after post
translational modifications to transform the protéito active state and each possessing its owtodioal
function.

In the present study, erythropoietin (EPO) is offaddeveloping a mathematical conduit to build a
bridge between the far understood systems biologysaftware systems. This research effort hasandaen
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in the subject of solving two difficult issues suah an expounding theory of systems biology anthgpired
computational model for gene expression in ordehdwe an appropriate response to external stiriiie
combination of these exceptionally challenging peots of research is a very attractive and booming
epistemological experiment leading to a significamtount of joint theory organization of both matlagical
solution and interpretation of experimental resuntbiological systems. As per Chomsky hierarcinyité-state
automata are the most fundamental computationakhwd this is the establishing point to build waride
DNA computers [3]. Some of the works have beenbstdlio build finite automata for protein synthediss

the work which attempt to develop the finite auttenia searching a protein by using the protein sage.

Characteristics of Human EPO

In 1958,Jacobson and co-workers [4] proposed that the k&imesre the source of this hormone, now
termed erythropoietin. Erythropoietin consists airggle chain of 16&mino acids with a polypeptide backbone
to which a large number of sugars giving the whaemone a molecular weight of 300 daltons [5]The
gene is located on chromosome numb@8]7and in the kidneys is activated by hypoxia, gibly via a heme
protein [7]. The principal action of erythropoietis to serve as a differentiation factor in the sbla
transformation of mature erythroid progenitor c€IFU-E) into erythrocytes and the process is termas
erythropoiesis. Thereby, it functions to incredmeriumber of red blood cells.

Cloning of recombinant Human Erythropoietin (rHUEPO)

Due to its functional importance as a drug beingdus the treatment of anaemia and other non-blood
functions, it has its own importance as a commepratein. In order to satisfy the increasing dathan the
medicinal market, scientists are concentratingewetbping an efficient expression systems for ttoglpction
of rHUEPO. The cloning of HUEPO includes the foliogvsteps: 1. Isolation and amplification of HUEBEénhe
(DNA) using polymerase chain reaction (PCR), 2. &3og the expression vector and an appropriatessgmn
system, 3. Restriction digestion of both the angadiHUEPO gene and the expression vector separaitilyhe
appropriate restriction endonuclease enzymes,gatibin of the restricted EPO gene and the expnesaotor
with the influence of the enzyme called DNA ligaSe Transformation of the expression vector comstinto
the respective host organism, 6. Trascription aadstation of the recombinant DNA to recombinantARN
inside the host, and 7. Purification of the rHUEfP@n the respective host by following the methodshe
downstream processes. The stages in cloning oha gee explained briefly in the following transitifigure

(Fig.1).

Fig. 1: Transtion diagram to get the purified recombinant Human erythropoietin
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Fig. 2: Trangtion Tablefor the process of purified recombinant human erythropoietin
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In Finite Automata, the transition table (Fig.2pise of the ways of representation. The set oéstand inputs
are denoted as follows:

Set of states = {MB, HUDNA, VDB, HUEPODNA, EV, REPODNA, RVDNA, EPODNAC, TH, REPORNA,
RHUEPO, PRHUEPO}

Inputs={A,B,C,D,E,F,G,H, |, J}

Transition procedures to get the purified recombinant erythropoietin from Human DNA are explained

below

1.
2.

N oo g &

8.
9.

Start from the current state as MB with input Addinen it goes to the state as HUDNA.
Start with the current state as MB with input Cg éimen it goes to the next state as VDB.

Start with the current state as HUDNA state witpuinB, and then it goes to the next state as
HUEPODNA.

Start with the current state as VDB with input Ddahen it goes to the next state as EV.
Start with the HUEPODNA state with input E, andrtlilegoes to the next state as REPODNA.
Start with the EV state with input E, and thenageg to the next state as RVDNA.

Start with the two states as REPODNA and RVDNA wiithut F, and then it goes to the next state as
REPODNAC.

Start with the REPODNAC state with input G, andhtitegoes to the next state as TH.
Start with the TH state with input H, and thenaeg to the next state as REPORNA.

10. Start with the REPORNA state with input |, and tltsgoes to the next state as RHUEPO.
11. Start with the RHUEPO state with input J, and thhgoes to the next state as PRHUEPO.
There are no more procedures are applicable irfFthise Automata except the above eleven procedures



R. Selvakumar et a/ /Int.J.ChemTech Res.2013,5(5) 2626

Therapeutic uses of EPO

It is a safe alternative to blood transfusion andffective in reducing anaemia in many conditiand
to boost hematocrits prior to per-surgical bloodnatmns for autologous transfusion. It is the tfirs
hematopoietic growth factor approved for humanapgr recombinant human EPO (rHUEPO) has been used
for the treatment of anemia resulting from chroré@nal failure, cancers (primarily chemotherapy-asded
anemia), autoimmune diseases, AIDS, surgery, boaeom transplantation and myelodysplastic syndromes
etc., for more than 2 decades.

Interestingly, recent studies have also observadrtituEPO has non-blood system functions and shows
the potential of being used as a neuroprotectiug for cerebral ischemia, brain trauma, inflammattisease
and neural degenerative disorders [8]. EPO havstarj of usage as a blood doping agent in enderaports
such as cycling, rowing, distance running, racekimgl cross country skiing, biathlon, triathlonsdamost
recently billiards [9].

Determinigtic Finite Automata (DFA)

An alphabet is a finite non empty set of symb8kmbols are denoted by small letter or digit. Angtr
is a finite sequence of symbols. (e2g= {a,b}, hereX is a alphabet; a, and b are symbols; and abbln, aba
ababab are strings) [10]. The set of strings dwemgiven alphabet is called a formal language.

Definition: A deterministic finite automaton is a five tupkes( X, Q, @, F,8) whereX is the input alphabet, Q

the set of statesy g Q the start state, € Q the final states ard: Q XX — Q transition function.

Two major elements in finite automata are statekiaputs. Here the change of state is fully govdrne
by the input and the current state. The state mfrees one place to another place due to the inpdtraaches
the final state. The term deterministic referste fact that on each input there is one and ong siate to
which the automaton can transit from its curreatestThe input mechanism can move only from leftigbt
and it can read exactly only one symbol on eagh ste

Existing biological methodsin purification of HUEPO

The conventional method for purifying erythropaefrom a culture supernatant of erythropoietin-
producing eukaryotic cells includes time consumdognstream process. The first step is to disruptcdl for
removing cell components for intracellular expressdf HUEPO. The extracellular expression and siecref
proteins include dialysis and ultrafilteration béie® the molecular weight. The purification is tHellowed by
chromatography methods in the order indicated dsws: i) reversed-phase chromatography; ii) anion-
exchange chromatography and iii) hydroxyapatit®etatography. The purified protein is further comiéd by
performing immunoblotting in comparison with tharstiard erythropoietin.

Computation process of Deter ministic Finite Automata

Chromatography method is one of the practical ¢egnexisting and difficult methods for identifying
protein from the collection of proteins.

Here we design a protein based programmable comgputeneans that a program is stored as a data
and any computation can be accomplished by jusbsthg a stored program. In protein based compuiters,
requires that a program is encoded into a molediffierent from the main and fixed units of proteimmputers,

a molecule encoding programs can be stored andgedarand a change of molecules encoding programs
accomplishes any computations [3].

In this paper, the strings are represented by BiNAnds and it is denoted by capital letter. Now we
extract a two set of strings of example DNA and Ré&§uences each containing 30 mer oligonucleotaia f
the active protein human erythropoietin.
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DNA Sequences:

ACGGGCTGTGCTGAACACTGCAGCTTGAAT

CCAGACACCAAAGTTAATTTCTATGCCTGG

This DNA sequence is changed into a RNA sequendiel RNA sequence we get Uracil instead of Thymine
RNA Sequences:

ACGGGCUGUGCUGAACACUGCAGCUUGAAU

CCAGACACCAAAGUUAAUUUCUAUGCCUGG

Let us take the DNA language D* as a set of alhgt over the DNA alphabet D= {A,T,G,C} and the RNA
language R* be a set of all strings over the RNghabet R= {A,U,G,C}. Then the protein language B*aset
of all strings over the protein alphabet

P={F,L,IMV,SPTAYHQNKDECWR,G}

By using the codon table we can explain the amamb @ames as a symbol [11]. The symbols are derasted

Symbol  Amino Acid Symbol  Amino Acid
F Phenylalanine H Histidine
L Leucine Q Glutamine
I Isoleucine N Asparagine
M Methionine K Lysine
\% Valine D Aspatrticacid
S Serine E Glutamicacid
P Proline C Cysteine
T Threonine W Tryptophan
A Alanine R Arginine
Y Tyrosine G Glycine

Through RNA sequence, we can easily get the praeience. The protein sequences are the groupind a
acids.

Protein Sequences:

TGCAEHCSLN
PDTKVNFYAW

For this protein we construct to accept a detesstinfinite automaton. If the sequence is accepted
our machine, then it reaches the acceptance dtatense it goes to reject state. When the endhefstring is
reached, the string is accepted if the automatonadse of its final states, otherwise the stringdjected.

The input mechanism can move only from left to righd reads exactly one symbol on each step. In the

following DFA diagramG D ,C T | etc., shows that the complement of G,D,C,T, etnd T -P represents
that the complement of T except P.
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Fig. 3: Example of a Finite Automaton

The Transition functions are denoted as
50T-P)=05(0T)=15(1G)=235(1,G)=0,5(2,C)=3,
5(2C)=0,6(3,A)=4,5(3,A)=0,5(4E)=55(4,E) =0,

5 (5H) =63 (5H)=0,5(6,C)=75(6,C)=0,5(7,S) =8,
5(7,S)=0,5(8,L)=9,5(8 L)=0,5(9,N)=105(9,N) =0.

§(0,P) =15 (11,D) =125 (11, D) = 0,8 (12,T) = 135 (12, T) = 0,

5 (13,K) = 145 (13, K) = 0,5 (14,V) = 155 (14,V ) = 0,5 (15,N) = 16,
5(15,N)=0,5(16,F) = 175 (16, F) = 0,5 (17,Y) = 185 (17,Y) = 0,
5 (18,A) = 19,5 (18, A) = 0,5 (19,W) = 205 (19, W) = 0.

Conclusion

According to the knowledge of the authors, on¢heffinest methods for the identification of pratei
has been designed in this paper. A programmabléimacan be constructed using DFA for the ideratfan
of protein by considering the respective DNA asmlate sequence. Through this new technique we can
extract the particular protein in a simple and tioehsuming method. This machine can be used in the
medicinal research to design drugs for anaemia lesth complexity.
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