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Abstract

An important approach of therapy the target gene sequence causes diseases via
repair/recombine the mutated gene (gene transfer) using a restriction enzymes in the
laboratory. This approach will cause multiple problems happening accompany to biological
laboratory if ruled out problems outside of it like the digested DNA ran as a smear on an
agarose gel, incomplete restriction enzyme digestion, extra bands in the gel, etc. The paper
suggested new approach of therapy via repair/replacement mutated gene caused disease by
detecting primers and finding restriction enzymes using bioinformatics tools, software,
packages etc. then achieving the repair/ recombine of mutations before going to the biologic
lab (out-lab) to avoid the problems associated these laboratories. Implement and apply this a
proposed therapy approach on TP53 gene (which caused more than 50% of human cancers)
and after confirming there is mutations on P53 tumor protein shows an effective cost,

friendly therapy methodology and comprehensive.

Keywords — Therapy, Gene Transfer, Target Sequence, Polymerase Chain Reaction,

Primers, Restriction Enzymes, P53 Tumor Protein.
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1. INTRODUCTION

THERAPY of mutated gene caused diseases may be done by replacing the damaged gene
with another non-damaged using restriction enzymes and that needed to scan along a DNA
looking for a particular sequence of bases in general from 4-6 base pairs in length within
laboratory that will take approximately 3 days. The restriction digestion in the lab takes
place overnight and can be kept in the freezer until the next class period when it will be used
for gel electrophoresis, the gels may be stained overnight prior to

photographing or recording results.

n this pargraph will explain briefly some terminologies like DNA template is sample DNA
contains the target sequence (means the gene sequence which needed therapy). DNA
polymerase a type of enzyme, which is synthesizes new strands of DNA complementary to
the target sequence. PCR is based on using the ability of DNA polymerase to synthesize new
strand of DNA complementary to the offered template strand. Primers - short pieces of
single-stranded DNA that are complementary to the target sequence [1].

Process of gene transfer explained in following steps:

o Isolation of gene and vector (by PCR): Fig. 1 shows this task.

Promoter region
(transcription initiation)
Repressor sequence
(in some plasmids only) Recognition site
(for endonuclease)

Replication origin

(plasmid synthesis) “‘-\\
Recognition site
(for endonuclease)

Antibiotic resistance gene
(to select transgenic cells)
Fig. 1. Reveals Isolation of gene and vector.
Digestion of gene and vector (by restriction endonuclease): Both must be cut with restriction

enzymes at specific recognition sites as show in Fig. 2
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‘Blunt End’ Restriction Endonucleases

‘Sticky End’ Restriction Endonucleases

L Complementary 4| L Uniform Edges J

Owverhangs (No Overhangs)

Fig. 2. Shows Digestion of gene and vector.

o Ligation of Vector and Insert (by DNA ligase): Fig. 3 shows a format of a recombinant

construct.

complementary joins backbone
‘sticky ends’ (sugar-phosphate)

.

DNA Ligase

Plasmid

Fig. 3. Reveals Ligation of Vector and Insert.

Many of problems happening accompany to biological laboratory if ruled out problems
outside of it like finding genes, primers, diagnosis and classify mutations, etc. Some of
important problems are [2]:

1) Extra bands in the gel that may cause if larger bands than expected are seen in the gel,
this may indicate binding of the enzyme(s) to the substrate and partial restriction
enzyme digest.

2) No transforming that causes restriction enzyme(s) didn’t cleave completely.

3) Partial restriction enzyme digestion will cause cleavage is blocked by methylation,
Inhibition by PCR components, too few units of enzyme used, addition may lead to

presence of slow sites, DNA is contaminated with an inhibitor, etc.
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4) Digested DNA ran as a smear on an agarose gel this causes the restriction enzyme(s) is
bound to the substrate DNA.
So needed to integrate new approach for replacement a mutated gene (which caused
diseases) via candidate restriction enzymes that done by employing programs, online took
and software (supported bioinformatics tools) can produce integrated therapy approach

outside the laboratory to avoid the problems related.

2. RELATED WORK

complementary joins backbone
‘sticky ends’ (sugar-phosphate)

Plasmid

Fig. 3. Reveals ligation of Vector and Insert.

Colosimo A, Guida V, Antonucci, and others [2007], reveals gene therapy has been
proposed as a definitive cure for [I-thalassemia applied a gene targeting approach, based on
the introduction of small DNA fragments (SDF) into erythroid progenitor cells, to
specifically modify the [J-globin gene sequence at codon 39. The strategy was first tested in
normal individuals by delivering mutant SDF that were able to produce the [139 (C=>T)
mutation. Secondly, wild-type SDF were electroporated into target cells of [139/(139. [J-
thalassemic patients to correct the endogenous mutation in both cases, gene modification
was assayed by allele-specific polymerase chain reaction of DNA and mRNA, by restriction
fragment length polymorphism analysis and by direct sequencing. Unfortunately, the number
of corrected cells remaining from each experiment was insufficient to carry out protein

studies by MALDI-TOF analysis. More importantly, improvements in delivery approaches
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and/or design of SDF are clearly required to yield sufficient quantities of corrected cells for a
significant therapeutic benefit. [3].

Owen T. M. Chan, MD, PhD, Kenneth D. Westover, and others [2010], suggested methods
that assay hemoglobin B-globin chain variants can have limited clinical sensitivity when
applied techniques identify only a predefined panel of mutations. Even sequence-based
assays may be limited depending on which gene regions are investigated. They sought to
develop a clinically practical yet inclusive molecular assay to identify -globin mutations in
multicultural populations. The paper highlights the f-globin mutation detection assay (p3-
GMDA), an extensive gene sequencing assay. The polymerase chain reaction (PCR) primers
are located to encompass virtually all hemoglobin 8 locus (HBB) mutations. In addition, this
assay is able to detect, by gap PCR, a common large deletion (A619 base pair), which would
be missed by sequencing alone. We describe our 5-year experience with the B-GMDA and
indicate its capability for detecting homozygous, heterozygous, and compound heterozygous
sequence changes, including previously unknown HBB variants. The B-GMDA offers
superior sensitivity and ease of use with comprehensive detection of HBB mutations that
result in B-globin chain variants. [4].

The drawbacks of these methods (If you do not take into account the determinants of their
own), implementing the therapy of mutation gene caused diseases done within laboratory
and as referring to in section (1) there are multiple problems associated to the lab. The
motivation overcome those drawbacks in previous techniques to reach a new therapy
methodology, can replacement a mutated gene by predict the restriction enzymes based on
bioinformatics tools and software then later can go to biological laboratory to implement the
plan of replacement mutated gene via CAT methodology after classifying mutations at
protein (not only in its gene) too because “two sequences may have big differences in DNA

sequence but have similar protein” [5, 6].

3. PROPOSED THERAPY APPROACH

The proposed therapy approach started with find the gene (Homology normal gene) using
NCBI (DNA template). after that diagnoses and classify there is mutation, If GC% content

excepted then continue, else return from start to find another DNA Diagnosis and
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Classifying is there mutations at Person's gene and at protein too using ClustalW within

BioEdit. The algorithm for therapy approach as PCR application shows as follow:

4. EXPERIMENTAL RESULTS

The implement and applied of proposed therapy approach (shown in subsection 3) on
mutated TP53 gene and confirm stile there is mutation on the tumor protein P53 (which

caused more than 50% types of human cancers) explained as follow:

Algorithm of Proposed Therapy Approach

Input: DNA template includes sequence of gene target, and
sequence of mutated gene for the Person holds disease.

Output: Recombine gene of the patient holds disease via predicting
of restriction enzymes.

BEGIN
Step 1: Determine the primers of normal gene via package, program, etc
to avoid them when used the restriction enzymes.

Step 2: Predicting restriction enzymes using program of Analyze
Sequence.

Step 3: While (there is mutation) do:

i. Selecting the adjacent enzymes (around the mutilation
which needed replacement).
ii. Obtaining the foreign (Homology Normal) gene
sequence to replace a mutated gene for Person.
ii. Expected replacement mutated gene using restriction
enzymes which predicted in (a) above.
End While-do
END
Sequence.

A. Tools and Software are Required

The tools and software needed to implement and applied
the proposed therapy approach for replacement/ recombine is summarised in:
1) Searching a NCBI for nucleotide (DNA sequence) via the gene name to obtain the
DNA template (TP53 gene) then saved as FASTA format.
2) Determine unmuted TP53 Gene (Homology Normal Gene) using
COSMIC/GENSCAN Web Server at MIT within the gene sequence which obtained at (1)
above, will paste as shown in Fig. 4, A; this package can be extracted the normal TP53

gene (target sequence) and save it (in FASTA file) as shown in Fig. 4, B [8].
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The GENSCAN Web Server at MIT

Identification of complete gene structures in gemomic DNA

[@

For information about Genscan, click here

Server update, November, 2 been recently upgr:
some problems in the cutput of CAN. We apologize

e pairs (1 Mbp)
) .

copy of the pr
Organism Suboptimal esion cutoff {optional):
—

Run GENSCAN | Clear Inpul

Fig.4. Shows extract target TP53 sequence via GENSCAN

3) The FASTA file which obtained in steps (1 and 2) will use in ClustalW to display
result of alignment, i.e. diagnosis there is malignant mutations by comparing the normal
TP53 gene sequence with one sequence (or more than one) TP53 gene sequences for
persons at the same time. That is done using BioEdit by selecting Accessory
Application=> ClustalW Multiple Alignment—> Run ClustalW, then obtained the result
whether there is malignant mutation or not, and as example will suppose mutation at
codon 349 in TP53 gene for certain Person comparing with normal TP53 gene shown
mutation on that codon.

This classification on (3) above not enough as referring to in section (2) [5, 6], so needed
to transform the normal homology TP53 gene to tumor protein P53 as well as TP53 gene
for the Person transform to the tumor protein P53 then using the same tool ClustalW via
BioEdit package for diagnosis still there is mutation (in level of proteins) or not. In this
experiment shows the mutation at codon 349 (GAA—-> TAA) when transform to tumor

P53 will transformation from (E) to (stop) at Person's P53 gene. This confirm will classify
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in protein level in this mutation (position, which discovered) may cause lung cancer, head
or neck cancers based on the database (UMD _Cell _line 2010) of TP53 website as
modern and comprehensive database (URL:

http://p53.free.fr/Database/p53_MUT MAT.html [9]).

B. Applied the Algorithm of Therapy Approach

This subsection applies the algorithm of therapy approach as following using the mutated

TP53 gene (of Person) and the normal TP53 gene as referring to them in (A) above:

1) Step 1: determine the primers at normal TP53 gene (target sequence) that is done using
BioEdit by selecting normal TP53 gene—> BLAST NCBI-> then select Primer-BLAST—>
paste the FASTA sequence of normal TP53 gene, finally will obtain the primers
determines in (10), some of them shown in Fig. 5.

2) Step 2: Predict restriction enzymes via program of Analyze Sequence to select adjacent

enzymes (around each mutation of mutations at TP53 gene), can obtain by open Analyze

Sequence - paste the FASTA sequence.

»NCEU Primer-BLAST - results: Jobid=JSID_p{_105538_130.14.2210_3002_primertool _more

Tnput PCR template  TP53 (Normal)
1-1187
Specificity of primers  primers may mok be specic to the input FCR template o= tangets were found in selected database:Refseq mRHA [Organism
limited to Home sapiens)...help on soecfic primers
Other reports b Search Summary

¥ Detailed primer reports ~ ~

Primer pair 1

Start StopTm  GCY% Self 3"
Forward primer TGTGACTTGCACGTACTEEC Flus 20 33 332 BQGTSE006.00 100
Reverse primer ACCATCGCTATETGAGCAGE Minus 2 S 542 6RSTEEO0400 200
Produt length 162
Primer pair 2
Sequence (5>3) Tm GC% Seif "
Forward primer COATGAGCGCTGOTCAGATA Plus M 554 55 50575500800 200
crreTT M om0 841 60038000300 000

Product length 427
Primer pair 3

Sequence (5->3) Template strand L Tm GC% seit 3"
Forward primer GCTGSTCAGATAGCGATGGT Plus 20 542 £01 £RETES00A00 ©oo
Reverse primer CTTCAGGTGGCTEEAGTGAG Minis 20 1110108180.0460.00400 &oo
Product length 5%

Primer pair 4

‘Sequence (533} Template strand L Tm GC% Seif 3"
Forward primer TOAAGCTCECAGAKTGCCAG Plus 0 183 20 G00355004.00 100
Reverse primer GCTGCCCTEETAGETTTICT Minus 318 290 50.SO5.00400 o0
Product length 136

Sequence (53] Tm 6o ity Seft 3
Forward primer AGAAAACCTACCAGGGCAGE Flus 1 200 215 50900800400 a0
Reverse primer CTCCGTCATGTGCTGTGACT Minus. 0 513 404 80.0455.004.00 1.00
Product length 215

Fig. 5. Reveals part of extract primers using NCBI-BLAST
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TPS3 gene 1037-1042: Stul (AGG"CCT)
851 cagaggaaga gaatcteege aagaaagggyg ageccteacca cgagetgeee 900
%01 & actg aacaccagct ceteteccca 950 &
951 tag tggagaat tetcaccett cagatccgty 1

001  ggegtgageg cttegagatg ttcegagage tgaatgfpm BBtogaacte
aaggatgece aggetgggas ggagecagyy gggageaggy cteactecag
t otcagtcta t aaazaactca

101 1150
[ Map and Features ] Sequence ] Blast l Align ] Digest l Translate _

Cutters | Linear Digest | Circular Digest

acctoaas

SEGAI‘IEHCG 1182 bp
i cn3§}‘
MspA1l (432)
Ach (89) Neol (476) Sspl (979)
Il 1 ] I | -] |
T T T = Ll T
Al 243 1 (597 Stul (1039}
e Bme1$81 E&EG) Smil {WWi:
hspl Vw g Acel (1126,
Peil (700

Feature Options.
Restriction Enzymes ¥ Unique []2-cutters (ANl CINon-cutters
Accl Cuts after 1126 Pcil Cuts after 707

Acdll Cuts after 89 Pvull Cuts after 432

SgrAl Cuts after 243
Apol Cuts after 597 grAl uf ¥ md Resticon Enzyme
Bmel5801  Cuts after 656 Smil Cuts after 1048
MspAll  Cuts after 432 Sspl Cuts after 979 ——=——"—
15t Restriction Enzyme
Ncol Cuts after 476 Stul Cuts after 103
Nspl Cuts after 711

Fig. 6. Shows part of restriction enzymes at normal TP53 sequence

Step 3: Multiple steps required to implement continuity while there is mutation in TP53
gene as follow:
Selected the restriction enzymes (using program of analyze sequence), which are around
(adjacent) the mutation at codon 349 in TP53 gene are the Ecol47I (Stul) restriction
enzyme recognizes AGG*CCT sites (Blund end) and cuts best at 37°C in B buffer
(Isoschizomers: Aatl, Pcel, SseBI, Stul). While the second restriction enzyme
recognizes is Smol (Smll), where C*"TYRAG sites (overhang) and cuts best at 55°C in
Tango buffer (Isoschizomers: Smll) [10, 11].
Obtained the foreign TP53 sequence (without mutation and not primer)
(AGGCCTTGGAACTCAAG) will use for replacement the mutated TP53 sequence of
Person (AGGCCTTGTAACTCAAG) as shown the mutation at codon 349 (in red),
while restriction enzymes (in blue).
Fig. 7 reveals an expected procedure in biologic lab (before going to the laboratory) to
replace PT53 gene of Person which has mutation at codon 349 with foreign TP53

sequence (Normal gene).
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C. Discussion the Results

3) Table 1 shows comparing the results of proposed therapy approach of replacement

mutated gene with other methods.

5. CONCLUSIONS

The proposed therapy approach of replacement mutated genes via predicting the restriction

enzymes out-lab shows the following conclusions:

TP53 DNA Strands {Patient with mutation} and Restriction Enzymes

Eco1471 (Stul) Smol (Smll)
BN N EEIC T2 teraR BB Y R A G 3
3'...7 C CiC G A...5' ACATT 3'...G AR Y Ts+C...5'
TPS3 ONA Strands [Foreign
TP53 DA Scrands{Patient) without mutation)
Fcora7iiSeat) MEEE Smel Smil) Ece1s71iseut) smal {smil}

N AT TCCGGATGTAA CTCAAGE ]| TCCGEA TGGAA:CTCAAquW
ma}:{a_ccphc ATT GAGTTC, M _AGGCCT ACC TT GAGTTE

The enzyme cuts both 9 i
DHA Strands at samesllelmgs{ A2 ety

TPS3 DA Strands [Foreign
TP53 DNA Strands [Patient] ‘withaut mutation)
[Eca147i(5tul} Smol (Smil) [Ecoza71(5tu1) Smol (Sl
Pl

T€C CTCAAG:
AGGLCT: c

ACC TT GAGTT!

DHA fregments join
atzticky ends

Combine and Ligate

without mutation)

[ecorazilseul) Smel(Smil)

T TCCGGA TGGAA CTCARG,
AGGCCT: ACC TT GAGTTL
Replacement TP53 Gene
of Patient (without Mutation)

]

Fig. 7. Reveals an expected procedure of replacement TP53 gene by foreign sequence in

biologic laboratory.
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TABLEI
SHOWS THE COMPARISON OF PROPOSED THERAPY APPROACH WITH OTHER
TECHNIQUES/METHODS
Proposed Therapy Approach Method of Method of Owen
Colosimo A, and T. M. Chan, and
etal. [3] etal. [4]

Integrity the proposed therapy Focus on doing Focus on doing

approach out the lab starting these these operations
with finding DNA template, operations within lab
target gene, mutations in gene within lab

and its protein, primers; finally
replacement mutated Person's
gene causes disease.

Predict the restriction enzymes Not applicable Not applicable
via bioinformatics tools,
software, programs, etc.

Effective cost for analysis, Doesn't has this Doesn't has this
predict mutating gene and effective-cost effective-cost
restriction enzymes, etc may
reach about $3000 [6].

The following conclusions:

a)

b)

d)

Proposed therapy approach will classify the mutations at Person's TP53 gene and
confirm with its P53 tumor protein, and then start the process of replacement/correction
the mutated gene.

The proposed therapy approach offers friendly diagnosis for mutations at gene causes
disease and predicting restriction enzymes, and finally replacement mutated gene for
Person has diseases (e.g. cancer) as referring to in Table 1 Can use this therapy approach
by researcher or any other person interested, who needed to therapy malignant mutations
gene and its' protein caused diseases.

That therapy approach reveals the finding of target gene from DNA template, detecting
primers, predict restriction enzymes, etc. before going to biologic lab make reduce to the
problems associative to laboratory which referring to them in section 1.

As future works:
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#+ Using the Cas-Analyzer as tool in CRISPR RGEN [12] to simulate the
implementation of the replacement/recombine of mutated gene (as referring to it in
subsection 4; B; 3; iii and shown in Fig. 7) instead of keeping it manually.

#+ Create database based on the proposed therapy approach for all mutations (in codons)
of TP53 gene and their TP53 tumor protein caused diseases (50% of human cancers)
addition to any other important genes like breast cancer (BRCA1 and BRCA2 genes).
This database will allow mining technique and flexible retrieving the results related in

replacement a mutated gene using predicting restriction enzymes.
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