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ABSTRACT : Restriction enzymes are the enzymes basicallyused by bacteria for theirdefensemechanism. after
the discovery of thése enzymes their utility in the biotechnology and molecularcloningis of wide perspective,
now a daysthis enzyme iswidelyused as molecularscissors in recombinant DNAtechnology. Restriction enzyme
cuts double strandedDNAatspecific sites. thispropertycanbeused to generate fragment of Desiredgene as well as
Restriction map of genome of an organismthistoolRerstriction site finderis a noveltoolbased on
PERLwhichcancomputationallycalculate the positions of DNAwhere a particular Restriction enzyme cuts and
Whole restriction map of the DNAsequenceprovided as input . Input must begiven in FASTA format. This
isanoveltool to prepare restriction map of a wholegenome and to previouslyfind the restriction sites for it.
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1. INTRODUCTION

A restriction enzyme (or restriction endonuclease) is an enzyme that cuts double-stranded DNA. The
enzyme makes two incisions, one through each of the phosphate backbones of the double helix without
damaging the bases. The chemical bonds that the enzymes cleave can be reformed by other enzymes known as
ligasesr, so that restriction fragments carved from different chromosomes or genes can be spliced together,
provided their ends are complementary. Many of the procedures of molecular biology and genetic engineering
rely on restriction enzymes. The term restriction comes from the fact that these enzymes were discovered in E.
coli strains that appeared to be restricting the infection by certain bacteriophages. Restriction enzymes therefore
are believed to be a mechanism evolved by bacteria to resist viral attack and to help in the removal of viral
sequences Restriction enzymes are DNA-cutting enzymes found in bacteria (and harvested from them for use).
Because they cut within the molecule, they are often called restriction endonucleases. A restriction enzyme
recognizes and cuts DNA only at a particular sequence of nucleotides. For example: The bacterium
Hemophilusaegypticus produces an enzyme named Haelll that cuts DNA wherever it encounters the sequence
5'GGCC3
3'CCGGH

The cut is made between the adjacent G and C. This particular sequence occurs at 11 places in the
circular DNA molecule of the virus phiX174. Thus treatment of this DNA with the enzyme produces 11
fragments, each with a precise length and nucleotide sequence. These fragments can be separated from one
another and the sequence of each determined Haelll and Alul cut straight across the double helix producing
"blunt" ends. However, many restriction enzymes cut in an offset fashion. The ends of the cut have an
overhanging piece of single-stranded DNA. These are called "sticky ends" because they are able to form base
pairs with any DNA molecule that contains the complementary sticky end. Any other source of DNA treated
with the same enzyme will produce such molecules. Mixed together, these molecules can join with each other
by the base pairing between their sticky ends. The union can be made permanent by another enzyme, DNA
ligase, which forms covalent bonds along the backbone of each strand (FIG NO 1). The result is a molecule of
recombinant DNA (rDNA). The ability to produce recombinant DNA molecules has not only revolutionized the
study of genetics, but has laid the foundation for much of the biotechnology industry.

1.1 MECHANISM OF ACTION OF RESTRICTION ENZYMES
The action of restriction enzymes is in many respects as varied as the enzymes themselves. In general,
however, the process is one of recognition of the binding site, binding of the enzyme dimer to the DNA,
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cleavage of the DNA, and enzyme release.. To begin, all restriction endonucleases will bind DNA specifically
and, with much less strength, non-specifically. This is a characteristic of many proteins that interact with DNA.
It is probable that even non-specific DNA binding will induce a conformational change in the restriction enzyme
dimer that will result in the protein adapting to the surface of the DNA strands (Vaidiu and Aggarwal, 2000).
These changes are not the same as those that occur when the dimmer binds to the recognition site though. As the
dimer slides along the DNA strands, it searches for recognition elements and, when these are encountered, an
interaction between the protein and the DNA ensues in which the non-specific complex is converted into a
specific complex. In general, intimate contact is held by 15 — 20 hydrogen bonds that form between the protein
and the DNA bases in the recognition site. These bonds are shown to be mediated through specific amino acids,
primarily ASP and GLU, held in a proper threedimensional configuration. (FIG NO :2) Simplified scheme of
the mechanism of Type Il restriction enzyme digestion. The homodimer will either bind directly to the
recognition site (Specific Binding) or nearby (non-specific Binding). The case of non-specific binding, if the
recognition site is not too far away the enzyme will move along the DNA strand until it hits the recognition site.
Once the enzyme locates the recognition site it will couple and then hydrolyze the sugar phosphate bonds of the
DNA. Finally, the enzyme will release leaving the cleaved DNA molecule behind.

1.2 RESTRICTION ENZYME - ACTION OF ECORI

The enzymes Dra I (TTTAAA), Ssp I (AATATT), and Pac [ (TTAATTAA) are but three of these “AT-
cutters.” Further, most restriction enzymes will cleave the DNA inside the recognition site but there are several
that do not. The enzyme Mnl | recognizes the non-palindromic sequence CCTC but cleaves the DNA seven
bases downstream (i.e., CCTC 7/7). Other examples include Bbv | (GCAGC 8/12) and Hga | (GACGC 5/10).
The enzyme Acc | recognizes the sequences GTATAC and GTCGAC. (Fig: 3)

The standard nucleotide coding system is:
A C,GTU
R (G or A) Purine
Y (T or C) Pryimidine
K (G orT) Keto
M (A or C) Amino
S (G or C) Strong
W (A or T) Weak
B (G, T,C) (not A)
D (G,A,T)(hotC)
H (A, C, T) (not G)
V (G, C, A) (not T or U)
N (all).
Table:1 and Table No. 2

I1. PROPOSED METHOD
Requirment: Perl 5.0 and Restriction Enzyme DatabaseRestriction Enzyme Data.The RE data is
available in a variety of formats, as a visit to the REBASE web site at(hhh://www.neb.com/rebase/rebase.html).
User can decide to get the information from the bionet file. REBASE version 604 bionet.604REBASE, The
Restriction Enzyme Database http://rebase.neb.com Notepad and Microsoft word is usable, but always save as
text or ASCII only.

2.1.2  Working of Program:
To run perl program depending on your operating system. Window is closely coupled with Intel 32 bit
chip; these are often called wintel or win 32 binaries. Eeample: Perl \usr\local\bin\ Perl re.pl

2.1.3 Windows
On window system, it is usual to associate the file name extension .pl with Perl program. this isdone as

a part of the Perl installation process, which modify the registry setting to include this file association. You can
launch allergen program by typing perl allergen.pl. Window has a path variable specifying folders in which
system looks for program, and this is modified by the Perl installation process to include the path to the folder
for the Perl association ,

C:\ If you are trying to run a Perl program that is not installed in a folder known to the path variable , you

can type the complete path name of program, for instance . Perl C:\window\desktop\ Perl re.pl.

Input file:

Nucleotide sequence for any gene or whole genome in fasta format.

Eg.: NM_000660. Reports Homo sapiens tran...[gi:63025221]
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>0i|63025221|ref[INM_000660.3] Homo sapiens transforming growth factor, beta 1 (Camurati-Engelmann
disease) (TGFB1), Mrna
CCTTCGCGCCCTGGGCCATCTCCCTCCCACCTCCCTCCGCGGAGCAGCCAGACAGCGAGGGCC
CCGGCCGGGGGCAGGGGGGACGCCCCGTCCGGGGCACCCCCCCGGCTCTGAGCCGCCCGLGG
GGCCGGCCTCGGCCCGGAGCGGAGGAAGGAGTCGCCGAGGAGCAGCCTGAGGCCCCAGAGTC
TGAGACGAGCCGCCGCCGCCCCCGCCACTGCGGGGAGGAGGGGGAGGAGGAGCGGGAGGAG
GGACGAGCTGGTCGGGAGAAGAGGAAAAAAACTTTTGAGACTTTTCCGTTGCCGCTGGGAGC
CGGAGGCGCGGGGACCTCTTGGCGCGACGCTGCCCCGCGAGGAGGCAGGACTTGGGGACCCC
AGACCGCCTCCCTTTGCCGCCGGGGACGCTTGCTCCCTCCCTGCCCCCTACACGGCGTCCCTCA
GGCGCCCCCATTCCGGACCAGCCCTCGGGAGTCGCCGACCCGGCCTCCCGCAAAGACTTTTCC
CCAGACCTCGGGCGCACCCCCTGCACGCCGCCTTCATCCCCGGCCTGTCTCCTGAGCCCCCGC
GCATCCTAGACCCTTTCTCCTCCAGGAGACGGATCTCTCTCCGACCTGCCACAGATCCCCTATT
CAAGACCACCCACCTTCTGGTACCAGATCGCGCCCATCTAGGTTATTTCCGTGGGATACTGAG
ACACCCCCGGTCCAAGCCTCCCCTCCACCACTGCGCCCTTCTCCCTGAGGACCTCAGCTTTCCC
TCGAGGCCCTCCTACCTTTTGCCGGGAGACCCCCAGCCCCTGCAGGGGCGGGGCCTCCCCACC
ACACCAGCCCTGTTCGCGCTCTCGGCAGTGCCGGGGGGCGCCGCCTCCCCATGCCGCCCTCCG
GGCTGCGGCTGCTGCCGCTGCTGCTACCGCTGCTGTGGCTACTGGTGCTGACGCCTGGCCGGC
CGGCCGCGGGACTATCCACCTGCAAGACTATCGACATGGAGCTGGTGAAGCGGAAGCGCATC
GAGGCCATCCGCGGCCAGATCCTGTCCAAGCTGCGGCTCGCCAGCCCCCCGAGCCAGGGGGA
GGTGCCGCCCGGCCCGCTGCCCGAGGCCGTGCTCGCCCTGTACAACAGCACCCGCGACCGGGT
GGCCGGGGAGAGTGCAGAACCGGAGCCCGAGCCTGAGGCCGACTACTACGCCAAGGAGGTCA
CCCGCGTGCTAATGGTGGAAACCCACAACGAAATCTATGACAAGTTCAAGCAGAGTACACAC
AGCATATATATGTTCTTCAACACATCAGAGCTCCGAGAAGCGGTACCTGAACCCGTGTTGCTC
TCCCGGGCAGAGCTGCGTCTGCTGAGGCTCAAGTTAAAAGTGGAGCAGCACGTGGAGCTGTAC
CAGAAATACAGCAACAATTCCTGGCGATACCTCAGCAACCGGCTGCTGGCACCCAGCGACTCG
CCAGAGTGGTTATCTTTTGATGTCACCGGAGTTGTGCGGCAGTGGTTGAGCCGTGGAGGGGAA
ATTGAGGGCTTTCGCCTTAGCGCCCACTGCTCCTGTGACAGCAGGGATAACACACTGCAAGTG
GACATCAACGGGTTCACTACCGGCCGCCGAGGTGACCTGGCCACCATTCATGGCATGAACCGG
CCTTTCCTGCTTCTCATGGCCACCCCGCTGGAGAGGGCCCAGCATCTGCAAAGCTCCCGGCAC
CGCCGAGCCCTGGACACCAACTATTGCTTCAGCTCCACGGAGAAGAACTGCTGCGTGCGGCAG
CTGTACATTGACTTCCGCAAGGACCTCGGCTGGAAGTGGATCCACGAGCCCAAGGGCTACCAT
GCCAACTTCTGCCTCGGGCCCTGCCCCTACATTTGGAGCCTGGACACGCAGTACAGCAAGGTC
CTGGCCCTGTACAACCAGCATAACCCGGGCGCCTCGGCGGCGCCGTGCTGCGTGCCGCAGGCG
CTGGAGCCGCTGCCCATCGTGTACTACGTGGGCCGCAAGCCCAAGGTGGAGCAGCTGTCCAAC
ATGATCGTGCGCTCCTGCAAGCAGCTGAGGTCCCGCCCCGCCCCGLCCCCGLCCCCGGLCAGGLCC
GGCCCCACCCCGCCCCGCCCCCGTGCCTTGCCCATGGGGGCTGTATTTAAGGACACCCGTGCC
CCAAGCCCACCTGGGGCCCCATTAAAGATGGAGAGAGGACTGCGGATCTCTGTGTCATTGGGC
GCCTGCCTGGGGTCTCCATCCCTGACGTTCCCCACTCCCACTCCCTCTCTCTCCCTCTCTGCCTC
CTCCTGCCTGTCTGCACTATTCCTTTGCCCGGCATCAAGGCACAGGGGACCAGTGGGGAACAC
TACTGTAGTTAGATC
I1l. EXPERIMENTALRESULTS
3.1: The Restriction Enzyme that cuts the Given Sequence.

The name file is human.txt.(given the >gi|63025221|ref[NM_000660.3] Homo sapiens
transforming growth factor, beta 1).Fig No. 4-6
Restriction Enzyme that not cut the sequence:

Avalll, Ava458l, Avil, Avill, Avrl, Avrll, AvrBIl, Bacl, Bac465l, Badl, Bael, Bael,
Bael,Bael, Ball, BamFI, BamGlI, BamHI, BamKI, BamNI, Banl, Banlll, Baul, Baul, Bavl, BavAl,
BavBIl, BavCl,Bazl, Bbel, BbeAl, Bbfl, Bbil, Bbill, Bbilll, Bbi24l, Bbrl, Bbr7l, Ubal211l,
Ubal2121, Ubal213l, Ubal215l, Ubal216l, Ubal2171, Ubal219l, Ubal220l, Ubal221l, Ubal222l,
Ubal2241, Ubal225l, Ubal226l, Ubal2271, Ubal229l, Ubal232I, Xmalll, XmaCl, Xmall, Xmil,

Xmll, XmlAl, Xnil, Xorl, Xorll, Xpal, Xphl, Yenl,YenAlYenBlI, YenCl, YenDlI, YenEl, Zhol, Zral,
Zrml, Zsp2l And More than.........

3.2 : Result of Bioedit Software : -

The result is obtained from bioedit software are given below
Aflll 453, 561

AfllI 1326

Apol 955, 1068

Banll 187
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Bbsl 896

Bbvl 111, 621

Bglll 16, 1011

Bpll 1011, 104

Cac8l 11, 50, 144, 911
Cjel 392, 424, 467

Cjel 351, 426, 465
CjePl 427

CjePl 467

Dral 1052, 1217

Drdll 469, 931

Earl 535, 658, 941
Haell 10, 727

HaelV 524

Hgal 45

HgiEll 446

Hin4l 50, 524, 1030
Hpy178I11 13, 95, 573, 841, 985, 1010
Mboll 9, 172, 529, 544, 550, 652, 679
Mnll 183, 334, 505, 532, 535,
Bpll 1011, 1049

Bpml 115, 611, 734
Bsall 61, 420, 588
BsaW!I 983

BsaXl 49

Bsbl 811, 1190

BseMII 178, 1355
BseRI 556, 559
BsiHKAI 275

Bsll 62, 156, 595, 1240
BsmAl 1037, 1310
Bsp241 428

Bsp241 466

Bsp12861 187, 275
BspEIl 983

BspGl 1167

BsrDI 353

BsrGl 402

Ecil 121

Eco47lll 8

Eco571 2, 734
Eco01091 194, 874
EcoRV 1104

Faul 35

Fokl 331, 562, 679, 999
SfaNI 513

Sfcl 884

Smll 453, 561

Sse86471 874

Sth1321 36, 160

Styl 420

Tatl 402

Tth111ll 926, 1138, 1225
BspLU1 11 1326

BstYl 16, 1011

Bsu361 190

538 584, 655, 697, 991, 1017
Msll 178, 488, 1302
Mwol 45, 763
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NgoGV 47, 196, 608

NlalV 47, 196, 608

Nrul 13

Nspl 1330

PfIMI 156

Plel 534, 787

Pmel 1052

Psil 1122

Psp511 874

TspRI 386, 452, 485, 734, 1027
Xcml 1237

Bsrl 273, 386, 442, 475, 724
Btsl 1022

3.3 :ENZYMES THAT DO NOT CUT:

Aarl, Aatll, Accl, Acelll, Acll, Ahdl, Alol, Alwl, AlwNI, Apal, ApaLl, Ascl, AvalAvrll, Bael, Bael,
BamHI, Banl, BbvCl, Bce83l, Bcefl, Begl, Begl, BeiVI, Bcell,Bgll, Bmgl, Bmrl, BpulOl, Bpul102l, Bsal,
BsaAl, BsaBl, BsaHI, BseSl, Bsgl, BsiEl ,Bsml, BsmBI, BsmFI, BspMlI, BsrBI, BsrFl, BssHII, BssSl, BstAPI,
BstDSI, BstEll,BstXI, Bstz171, Btrl, Clal, Dralll, Drdl, Eael, Eagl, EcoNI, EcoRl, Fsel, Fspl,Gdill, Hael,
Hincll, HindlIl, Hpal, Hphl, Kpnl, Mlul, Mmel, Mscl, MspA1l, Munl,Narl, Ncol, Ndel, NgoAlV, Nhel, Notl,
Nsil, NspV, Pacl, Pfl11081, PinAl, Pmll,Ppil, PshAl, Pstl, Pvul, Pvull, Rcal, RIeAl, Rsrll, Sacl, Sacll, Sall,
SanDl, Sapl,Sbfl, Scal, SexAl, Sfil, Sgfl, SgrAl, Smal, SnaBl, Spel, Sphl, Srfl, Sspl, Stul,Sunl, Swal, Tagll,
Tagll, Tth111l, Vspl, Xbal, Xhol
1-To demostrate the using of restriction site finder, input file Homo sapiens transforming growth factor was
used the output file gave data for position which restriction could be foundaswellas those restriction enzyme for
which no site werwfound .
2-On further validation with bio edit when the result were comparable (please see output input File).
3-The restriction finder computes the sites of DNA sequence which are recognized by Restriction enzymes.

IV. FIGURES AND TABLES

GAATTC CCOG66
(TTAAG GOGCCC

Ymal restriction enzvme

Fig. 1- Buln end and sticky end
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Recognition Site
DNA ' '?estn‘mon EeoRI
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Release ‘ Clarage . Recontaart ONA

Restriction Enzyme
Action of EcoRI

Fig. 2&3- Mechanism of R.E.action

Microsoft Windows [Uersion 6.1.7608]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:\Users\hcli@>cd\perl\bin

C:\Perl\bin>perl re3.pl

Please enter Your seq file

human . txt

Wle lcome

WWhat do you want to do

1- For Restriction map

2- For search site for a restriction enzyme

Fig. 4- Choose The Oppition 1 or 2.

Fig 5: Choose The Options 1 result given.
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Fig.6:Choose The Opption 2 result given
TABLE 1:Different name of Microorganism and Restriction Enzymes.

Table 1
Examples of Restriction Enzymes
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TABLE 2:lt is the represented the some enzymes of recognition sequence and cut

Enzyme Source Recognition
Sequence Cut
EcoRlI Escherichia coli 5GAATTC 5---G AATTC---3'
3CTTAAG 3---CTTAAG---5'
BamHI Bacillus amyloliquefaciens 5'GGATCC 5'---G GATCC---3'
3CCTAGG 3---CCTAG G---5'
Hindlll Haemophilusinfluenzae 5'AAGCTT 5'---A AGCTT---3'

WwWWw.ijesi.org

18 | Page



Restriction Site Finder: A Tool for ...

3TTCGAA 3'---TTCGA A---5'

Mstll Microcoleusspecies 5'CCTNAGG
3'GGANTCC
Taql Thermusaquaticus 5TCGA 5'---T CGA---3'
3'AGCT 3'---AGC T---5'
Notl Nocardiaotitidis 5'GCGGCCGC
3'CGCCGGCG
Hinfl Haemophilusinfluenzae 5'GANTC

3'CTNAG

Alul* Arthrobacterluteus 5'AGCT 5'---AG CT---3'
3TCGA 3---TC GA---5'

CONCLUSION
Using Perl language a program restriction finder was developed. Which can run on Linux, UNIX and

windows platform? Perl is a marvellous language for bioinformatics. Validation of restriction site finder
program was performed by comparing output/input file with data with bio edit observed upon analysis of Homo
sapiens transforming growth factor obtained 99%accuracy.

ACKNOWLEDGEMENTS
I want to acknowledge Dr. Manish Kumar Gupta former lecturer Department of

Bioinformatics, UIET, and CSIJM University for his Kind support and guidance.

[1]
[2]
(3]

(4]

[5]
(6]

7
(8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
Websites:
[19]

[20]
[21]

REFERENCES

Bird AP 1989 Two classes of observed frequency for rare-cutter sites in CpG islands. Nucleic Acids Research 17: 9485.
R.Elinkage map in man using restriction fragment length polymorphisms. American Journal of Human Genetics 35: 795-815.
Daniels DL, JR de Wet, and FR Blattner 1980 A new map of bacteriophage lambda. Journal of Virology 33: 390-400. ©2005
Integrated DNA Technologies.

Daniels DL, JL Schroeder, W Szybalski, and F Sanger 1983 Appendix Il: Complete annotated lambda sequence. In:
RW Hendrix, JW Roberts, FW Stahl, and RA Weisberg (eds.) Lambda Il. Cold Spring Harbor, New York: Cold Spring
Harbor Laboratory Press. Pp. 519-674.

Galburt EA and BL Stoddard 2000 Restriction endonucleases: one of these things is not like the others. Nature
Structural Biology 7: 89-91.

Introduction: A brief history of the RFLP. In: Devor EJ (ed.) Molecular Applications in Biological Anthropology.
Cambridge: Cambridge University Press, pp.1-18

Jeffreys AJ 1979 DNA sequence variants in the GO, AO-, P, and N-globin genes in man.Cell 18: 1-10.

Jeffreys AJ, and RA Flavell 1977 A physical map of the DNA regions flanking the rabbit N-globin gene. Cell 12: 429-
439.

Kelly TJ, and HO Smith 1970 A restriction enzyme from Heomophilusinfluenzae. 11.Base sequence of the recognition
site. Journal of Molecular Biology 51: 393-409.

McCLelland M, M Nelson, and E Raschke 1994 Effect of site-specific modification on restriction endonucleases and
DNA modification methyltransferases. Nucleic Acids Research 22: 3640-3659.

MeselsonM, and R Yuan 1968 DNA restriction enzyme from E. coli. Nature 217: 1110-1114.

Much of the material in this tutorial was adapted from Devor EJ 1992.

Nathans D, and HO Smith 1975 Restriction endonucleases in the analysis and restructuring of DNA molecules. Annual Review
of Biochemistry 44: 273-293.

Pingoud A, and A Jeltsch 2001 Structure and function of type Il restriction

endonucleases. Nucleic Acids Research 29: 3705-3727.

Robinson CR, and SG Sligar 1998 Changes in salvation during DNA binding and cleavage are critical to altered
specificity of the EcoR | endonuclease. Proceedings of ~ the National Academy of Sciences USA 95: 2186-2191.

Smith HO, and KW Wilcox 1970 A restriction enzyme from Haemophilusinfluenzae. Purification and general
properties. Journal of Molecular Biology 51: 379-391.

Southern EM 1975 Detection of specific sequences among DNA fragments separated By gel electrophoresis. Journal of
Molecular Biology 98: 503-517

ViadiuH, and AK Aggarwal 2000 Structure of BamH | bound to nonspecific DNA: A Model for DNA sliding.
Molecular Cell 5: 889-895.

Weber JL, and PE May 1989 Abundant class of human DNA polymorphisms which Can be typed using the polymerase
chain reaction. American Journal of Human Genetics 44: 388-396.

Wyman AR and R White 1980 A highly polymorphic locus in human DNA.

Proceedings of the National Academy of Sciences USA 77: 6754-6758.

http://www.rcn.com/jkimball.ma.ultranet/BiologyPages/R/RestrictionEnzymes.html
http://www.accessexcellence.org/RC/VL/GG/restriction.html
http://www.accessexcellence.org/AE/AEC/CClrestriction.html

WwWWw.ijesi.org 19 | Page


http://www.accessexcellence.org/RC/VL/GG/restriction.html

