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ABSTRACT

This review is a "Food For Thought" about the role of the DNA repair genes, Food and, our genes in
health maintaining. From the different kind of diseases could be happening (including the degenerative
diseases) because of the defect or leakage in the DNA repair system; facts will be pointed about its role
in protecting us against "the major human killer" the "Cancer". The different types of interaction between
our genes and, our Food have been addressed. There is a need for systematic rearrangement of the
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information in our hand for better understanding for the role of the DNA repair genes and, better use of

our Food. | direct this review content to prove the "Inevitability of Balanced lives" for good health and,

safe life.
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[I] INTRODUCTION

We have perfect bodies designed to give each afhappy life.
If not, so why many of us are healthy? Those wizat gheir
lives with healthy bodies but gain illness —maddtmmselves—
such as smokers and, alcoholism are excepfibng]. Others
were born with genetic disorder diseases. The gedeforders
were investigated at the molecular level. Scientsn to find a
solution. In many cases, they related such diserttemherited

scientific facts in our life. Professionals are diwed in such
misuse. "Physicians are treating the mild bacténfakction with

broad spectrum antibiotics” The misuse of antib®tieads to
the elevation of different microbial resistarié¢. Perhaps, and,
because nearly all biological creatures followihg same laws;
our bodies will be affected by the misuse of thé&béstic too.

Such effect will be clear with antibiotics and, gsucan effect

factors[3-5]. In fact, the public did not receive a clear mgesaon DNA, RNA, protein synthesis and especially ine th

about the steps, which could lead to protection.sifple
solution will be the avoidance of continual margarom
relatives for several generations. That will sagsdram most of
the genetic disordef$—-8]. Marriage from foreigners will give
our offspring; more chances to escape from thetendg of
alleles carry genes responsible for different geneisorders.
Even our bodies were created perfectly to resisstnod our
mistakes; some irreversible damages if happenettl ot be
recovered. Particularly those affect important genBefore
damages become built in, signals and, alarms arengiWe
should not ignore the alarms and, the signals gibgnour
bodies. Such alarms and, signals include; pairedriess,
inflammation, fever, headache, and, so on. We nmester
believe or think that our bodies will resist aletlside effects
and, will pass all our wishes in case of mis(ige Diseases,
which, we are not responsible for, can be avoideds{ of
them). At least we can limit their side effectsieBce gave us
variable knowledge could lead to solutions. It i& durn to

mitochondria[9]. It is wrong to say, Antibiotics and, drug
effects on protein are safer than those effectBNA or RNA.
Proteins in the cell have a long life sdan, 11] If proteins are
chemically modified, they can effect on the othezlls
macromolecules including the DNJA2-15] Some other types
of different chemical structures could do the sainea fine

single cell such as. coli, an analog to the lactose —the
Isopropyl-f—D—thiogalactoside (IPTG) could impair the lactose

metabolism and, its regulatigi6, 17] How many synthetic
chemical compounds were added to our Food couldhdo
same![18]. We have a big genon&9], (three billion base pair)
and, we could not know where the attack has beppdmang. In

pregnancy, the effect of different forms of cherhimampounds
will be exponential and, clear, while if one cdll affected, it
will be divided into many others. Even the effegtciearer in
the pregnancy but adults are not safe. What hapjgens with

all those chemicals enter our bodies through differoutes?
We should reduce the use of synthetic chemicaldadty our

react. Not all infections are eVl There is a general ignoring of bodies are in a daily struggle to escape from thigie effect
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even after their degradatiof20]. However, the chemical diseases such as the degenerative diseases? THie &n aim
compounds are not shamefaced alone. Each of us faserful  of this review. Some examples will be selectedighlight the
biological system that was created to toleratetd2d]. Huge power of the biological system; to prove and, tacto facts
knowledge about our biological system was elevé?@ll We about Inevitability of Balanced livé's particularly how we can
are in need to apply such knowledge to the bestuofhealth protect our DNA and, the genes responsible for rthei
and, lives. Important criteria could be a guides lthatural and, maintenance and, repaif-dr a natural-auto—extra—protectidn
non—natural [23, 24] One should trust more in natural

compounds[25, 26] Non-natural or synthetic forms are not[ I] A FLASH. SICK BACTERIA! A LESSON FROM
harmful in all cases but we should put them undspéction

[27]. In contrast, some natural phenomena even appass@m PROKARYOTES
to be evil but they are not. Those natural phen@ntkat do not
agree with our understanding and, considering add fthe
biological system are a Bell alerts for us to avaigem.
Opportunistic pathogens are a real example abowt retture
could be on our side if we understand their actigd].
Opportunistic pathogens give us a first sign that leealth has
some leakages, even they are not perceptible. @lwgical
system works perfectly but even so, it could bescffd if
misused or extra—used. To understand how couldeadhange
in the DNA cause illness; Sickle cell anemia wil given as an
example [28]. The studying of this disease enables t
establishment of many modern biological and, mdérdssues.
This will open our eyes for a better understandhfiany natural
facts. To get the benefit and the goodness fromm ttagher than
stand against them. Knowledge will give us the up@ad. The

protection is always better than the treatmentwe.cRegular ime of ~90-120 min[39, 40} This deficiency enables
cold (Catch cold) caused by mild virus and, baatdrifection irreversible DNA mistakes, which cause mutationsnituous

should be re—evaluated. Normal mild infection sbobk an Protein production causes stress to its geneshdrabsence of
additional natural source for activating the innatemune €fficient repair mechanism, the conditions will eaage the
system to be ready for the wo€®]. There might also be other Mutation formation. As an example, Amara et al. 00

mechanisms, which we did not observe y&te"should react established ari_n vivo a random mutagenesis protocol for
naturally’. As an example, melatonin is excreted correctilyo Mutants screenin@haGeromonas puncrarynthase was the targeted
if we follow a correct day and, night cycle anceest in dark gene[Figure —1] [3_6]. XL1 red was used by other resee_lrchers
[30]. Again, we should stop and, think how we couldedeand, 0 Study/mutate different gengS7, 38} Why XL1 Red is a

repair leakages in our health? Those who are babig to mutator strain? Something makes it difference frother E.
believe in the Balanced Lifé will understand that what is COli strains. Normal or recombinaBt colihas a series of DNA

existed naturally is on our side. As an exampleethéogenous €Pairing genes. Three DNA genes that were impairéd coli
source of oxidants and, free radicals in our bogiesxists in XL1-Red strain is responsible for primary DNA repai
their natural concentration) are helpful. llines# whange the Pathways[34-36] They aremutS (error—prone miss—match
oxidant concentration level, but they are still urat. One €Pair),mutD (3" —to 5' — exonuclease of DNA polymerase |lI)
should differentiate between diseases could pads diseases @nd, mutT (hydrolyse 8-oxod GTP). MutS recognize

need an extra aid. If we are able to recover fralfisease after a Mismatched DNA with an efficiency _ depending on th
certain period, why should we force the conditiorbe passed Mismatch type and, sequence context (G:T and, AGCG and,

faster? Why should we force our bodies to recoastei? Why AA>T:T, C:T and, G:A>C:C)39]. The three genes and, others
not naturally? Unusual life style against the nateould be &'€ important for correcting natural mistakes hagpeduring
harmful for us. Antioxidants, which are believed iave an DNA polymerization. Such mistakes happened spomwiasiy or
absolute positive action, are harmful if they exteertain Ccaused by environmental stresses. DNA polymeraséhawn
concentration [31]. An extra supply of antioxidants will COrrect system and, does an accurate DNA polynieizalt
aggressively interfere with the endogenous oxidamd, makes errors ab.out one error in ever{-hiicleotidg40]. It has
antioxidant system. Some foods work as a chelagent and, an error—correcting activity ca_lled proofread[l.z!g, 42] Before_
can get rid of some types of toxic compounds bthef/ exceed the enzyme adds a nucleotide to a growing DNA chdin
a certain limit they will trap essential divalerations such as CNecks whether the previous nucleotide added iecity base—
Fe'2 causing anemi432]. Through all those mechanisms andPaired to the template strand. DNA polymerases tagaly
other we should navigate correctly, wisely andpredly. How Selective when dNTPs bind to the template—primezye
can we keep our perfect biological system workirgjlvAnd, ternary complex43]. Mispaired nucleotides bind less well than

how can we implement our knowledge to avoid dangﬁarothat correctly paired ongé4]. Proofreading is made by a 3'to
5' exonuclease activity intrinsic to the DNA polymage[45].

Could unicellular organism is being sick? Could ®aa is
being sick? For me, Yes. When | have run the @rgieriment
with E. coli XL1 Red, | start to refresh it from a stock was
frozen at —88C, and, to re—cultivate it in an LB plate. | inctda
the plate that contains tH& coli at 37C for overnight. After
three days, there was no growth. By referring as#ting about
that | have been informed that this strain is siokl, | should
wait for other days. In the fourth day a fine grbwias
appeared. Then the bacteria are starting to grawlbwly. This
pRacteria was. coli XL1 Red strain (F-enhll, gyrA96 (nal®),
thi-1, relAl, lac ginv44, hsdR1{; m'y), SUpE44, lac mutD5,
mutS, mutT, Tn1QTc")) made by Stratagefiglater owned by
Agilent Technologies)33, 35] This strain grows extremely
slow in rich media (such as LB medium), having ailding

MOLECULAR BIOLOGY
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Polymerase tests the accuracy of each addition Ktegmoves [48-50] One should observe th&. coli is tiny unicellular
mispaired bases by cutting the phosphodiester litohds just prokaryotic. On higher eukaryotic such as humanpifoeesses
made, releases the nucleotide, and, starts agdie. major even similar but will be more complicated. Diffeten
opening for proofreading occurs at the beginning tbé mechanisms for protection are in use, so the ddfeatne
subsequent polymerization cycle. If the energy lléseorrect, mechanism could be complement —even partly— by hanot
the polymerase adds the next nucleotide, if notpthlgmerase one(s)[51]. And, each of us has two similar chromosomes in
removes the mispaired nucleotide. MutT is an enzywvidch each cell. Each carries one allele of a certairegétopefully,
repair damaged nucleotides before they are inseérntiedthe the second allele is correct. The aid of our ifgefit DNA
DNA [46]. MutS starts repair by binding to the mismatch,andepair system will give us an additional chanceptass any
activates with other endonucleases, which incises abnormal condition§52]. DNA repair system is able to repair a
hemimethylated dam cites and, thereby mediatesndstrdot; or it can kill cells having serious defect. \ever, if one
disseminatiorj47]. Key genes in the DNA repairing system argains an incorrect copy at birth, genetic disordeuld be
more important than others. PCR could be used mdam elevated in clear form [53].
mutagenesis if unbalanced amounts of nucleotide® weed
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Fig. 1: XL1 Red mutator strain and, the in vivo random mutagenesis step lead to mutating a particu lar cloned gene carried
on a suitable plasmid. A process includes plasmid p reparation, transformation, in vivo mutagenesis, mutants selection
and, another cycle for mutation/selection.
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[ ] FOOD AND, GENES INTERACTION: LAC
OPERON

For a tiny microbe with a small genome sucheasoli[Table—
1], it is able to differentiate between similar stggauch as; the
lactose and, the glucose. This is mainly happebinghe lac
operon aided by some regulatory genes. [@beperon and, its
transcription regulatory region are responsible ftre
transportation and, metabolism of lactoseEincoli and,some
enteric bacterialac operon contains three genes. Tlae
transcription regulator region contains one gdéae) (encoded
the repressor gene). The three genes ofatieperon ardacz,
lacY and, lacA (lacZYA. lacZ encodesf—galactosidasdacY
encodes lac permease andJacA encodes thiogalactoside
trancacetylase[Figure —-2b] [54]. The
enzyme, lactose
galactose.

subsequently cleaves

The cell did not allow those enzymes to be expretfsthere is
no lactose[Figure— 2c] or if a simpler and, preferresugar
source is available in the medium such as the gkic®his can
be done through an efficient regulation—specifiortool for the
lac genes depending on the availability of the substi@ctose

to the bacterium. Th&acZYAare co-transcribed into a single

polycistronic mMRNA molecule. Transcription of akkmes starts
with the binding of RNA polymerase to the promotegion
(upstream of the genes). The cAMP-bound catabaliwator
protein aids binding of the promotffigure— 2d, 2e] cAMP
levels are low when intracellular glucose level® drigh.
Adenylate cyclase (the enzyme that catalyzes faygntamp)

E. colimap

3000000

lactose permease
transports lactose into the cefl-galactosidase, a cytoplasmic
into glucase, a

apparently senses the intracellular level of andemiified
intermediate in glucose catabolism. When glucosel$edrop,
CcAMP levels rise and, cAMP interacts with a proteialed
cAMP-receptor—protein to form a compl@gure— 2b]. The
change increases its affinity to thec operon adjacent to the
RNA polymerase binding sitgFigure-2b]. This binding
facilitates transcription dfc operon by stimulating the binding
of RNA polymerase to form a closed promoter complehen,
the RNA polymerase proceeds to transcribe all tineet genes
(lacZzYA into mRNAs. Thdac | gene coding for the repressor
protein lies nearly upstream to thec operon and, is always
expressed (constitutive). If lactose is missingrfrthe growth
medium, the repressor binds tightly to a short DsEguence
just downstream of the promoter near the beginmihdacZ
called lac operator[Figure— 2c]. The repressor binding to the
operator interferes with the binding of the RNA ysokrase to
the promoter, and there is no transcription (or l@wvel)
[Figure—2c]. When the cells are grown in the presence of
lactose, a lactose metabolite called allolactoseddito the
repressor. The repressor 3D configuration aftedibip to the
allolactose will be changed and, becomes unablen to the
operator and, the RNA polymerase transcribes ldélcegenes
leading to higher levels of the encoded protgkigure —3d].
Another control mechanism caused by the respongtutmse,
which is transported into the cell by the PEP—depah
phosphotransferase system. Transport of
accompanied by its phosphorylation by EIIBGIc, whinds to
the lac permease I4cY) and, prevents it from transferring
lactose into the cell. Thus, if glucose and, lagtase present,
the transport of glucose blocks the transport ef itiducer of
thelac operon. This process is called inducer exclugidi.

Fig. 2-a
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Fig. 2: E. coli lac operon; (a) E. coli 042 genomic DNA map (5241977 bp) created by GENtle v 1.9.4. Software (This
study); (b) E. coli lac operon contain: Repressor gene, pB-Galactosidase gene ( lacZ), Permease gene (lacY),
Trancacetylase gene ( lacA), promoter and, operator region; (c) lac operon in absence of lactose; (d) lac operon in
presence of fewer amount of glucose and, enough lac  tose amount (e) lac operon in the absence of glucose and
presence of lactose
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3.1. IPTG: A FRAUD

smoking, and so on. Or as a side effect of drugsven our
Food.

Isopropylef—-D-thio—galactoside (IPTG) is an example about

how could analog to a nutrient impairs a highly uleged
system such as the lactose metabolism (even insngte cell,
the E. coli). IPTG binds to the repressor protein and, inattis

3.2. OUR BIOLOGICAL SYSTEM IS PERFECT!

One should ask himself how amazing chemicals ae@iig the

it, but it is not a substrate f@rgalactosidase. Its concentratiorform of different macromolecules are able doinghsuork in

remains constanb5]. Such Fraud has done fiac operon and,
its transcription regulator region could happeroir bodies if
similar chemical compounds have the ability to fihdir way to
our cells. Those compounds could be due to potistio

Table.1: Different genomes from prokaryotic an

Source

Organism/gene

the different biological system, spontaneously,femly and,
selectively. Moreover, the above example describeswork
done by a few gend$§0]. Table 1 shows what could happen in
larger genomesTable 1 will give the proper contrast between
gene and, genomes.

d, eukaryotic system and, one gene ( lacZ)

Gene/Genome size Reference

lacz A gene in lac operon of E. coli 3,075 [54]
Virus Varicella—Zoster virus 124884 [56]
Bacterium E. coli K12 4,639221 [57]
Insect Drosophila melanogaster 130,000,000 [58]
Mammal Homo sapiens 3,200,000,000 [59]

[IV] THE CELL CYCLE

Cells after completing the differentiation processd,
becomes as a part of a tissue and, organ, it wilticue in the
division by binary division to two identical daughtcells[70].
Completion of the cell cycle requires varying pdadrom a
few hours to several days. The time depends orerdift
factors such as cell type, nutrient, temperatungamism
different activities, age, and, others. Differeppds of cells
following (all) nearly the same cell cycle stef@] with

identical copiesThe first step in DNA replication starts with
unzipping process, where the hydrogen bonds betvitsen
dsDNA are broken. This results in ssDNA. A new ctament
produced by the activity of the DNA polymerase aney The
new strand is a reverse copy of, or complementayythe
original one. G2 (gap 2): This phase contains fesll c
activities; the cell synthesizes RNA and, proteieguired for
mitosis. M—phase (mitosis): The function of mitosss to
finalize the genetic materials in the form of daubumber of
the original chromosomes. Each new cell gets thmesa

recognized Stagd§igure_ 3] G1 (gap 1) phase: is a period of number of identical chromosomes. At the end of ted

intense biochemical reaction. Cells after diffelaitin into
different cell types replicate by dividing each Icelto two
identical daughter cell§70]. Completion of the cell cycle
requires varying periods from a few hours to sdvdags. The
time required from one cell to be divided into ta@aughter
cells is different depending on factors such ad tgle,
nutrient, temperature, organism different actigitiage, and,
so on. Cells from different tissues and, organsnta@ their
activities. The cell increases in size, and, itszyemes,
ribosomes, mitochondria, and, other cytoplasmic emues
and other structures have also risen in humbersd irclude
microtubules, actin filaments, and, ribosomes. Menbus
structures, such as the Golgi complexes, lysosowaesioles,
and, vesicles, are all apparently derived fromehdoplasmic
reticulum. The two centrioles start to separatenfeach other
and, to replicate. The cell enlarges and, preperegplicate

replication process, the cell is divided into twaughter cells
equivalent genetically to its parent cell as wallta its sister
cell. Mitosis is divided into: prophase, metaphameaphase
and, telophase. Mitosis is concluded with telophasken
sister chromatids arrive at the opposite poleshef gpindle,
decondense and, become enveloped by new nucl
membranes to form the daughter nuclei. After miteaid, if
the genetic materials and, the other componentiseo€ell are
identical the process will be followed b@ytokinesis (G)
where the two daughter nuclei, cytoplasm, orgasglle
centrosomes and, cell membrane are divided egbathyeen
the two daughter cells. The new cells either materes1
again immediately, or alternatively, may undergest period
(termed GO) until presented with a stimulus toiege. GO is
called the restriction poinfgure—3]. Cells may undergo up
to 30-45 divisions during a lifetime (dependingamtl type),

MOLECULAR BIOLOGY

the DNA [63]. S—phase (DNA synthesis): DNA makes newafter which the cells die (after a period of seeese)[73-75]
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encoding the proteins involving in the cell divisicegulation
4.1. CELL CYCLE REGULATION will lead to arrest the cell cycle. The cell isalbb detect and,
repair many forms of genetic damage. It has vartgpes' of
checkpoints to prevent the incorrect cell from extieg the
cell control process during the division procedserg are two
important cell cycle’s regulatory molecules, cyslirand,

Cell cycle’s different stages are highly regulat€de nutrient,
cell validity and, viability, time, existence of Itelamage

signals, DNA repair different genes/systems, chetip and, - )
other many factors are critical issue in the succdsa correct  Cyclin—dependent kinases (CDKs). There are tworobhieA

cell division. DNA or genomic damage results inl agicle ~ d@mage response molecules, which are ATM and, ANRA(

delay through activatingell cycle checkpoints. If the damage @1d, Rad 3-related) protein kinase. ATM mutations wa
is repaired then the cycle resumes. If damagerisilsie then detected in ataxia telangiectasia. ATM and, ATRobgl to

the cell may undergo apoptosis (programmed celihjed@he serine—threonine kinases. They have C—terminal vathlytic
cyclins, for example Cdc25A and, cyclin D, plus tlenor motif containing a phosphatidylinositol 3—kinasendon [68,

suppressor proteir’h RB and, PTEN contribute to cell cycle 91 ATM and, ATR are able to respond to various typés
control in mammalian cell§57]. Loss or impairing of genes DNA damage.
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7y —— 5
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Phase

Fig. 3: The cell cycle: G1 Replication of cytoplasm ic organelles; S Chromosomal material is replicated : G2 Cell
synthesizes RNA and, proteins required for mitosis; M Cell divided into two daughter cells because of the complete
division of the cytoplasm, nucleus and, the cell wa 1.

IWNEMSm

4.2. Cell Checkpoints inhibitor will suppress cycline W/Cdk2 kinase adtjv
resulting in arresting of the cdlf0]. S—phase checkpoint: In
G1 checkpoint: at G1 phase the checkpoint checkstHie the S—phase the DNA is synthesized by division araking a
damaged in the DNA. If there is damage in the Di¥, cell new additional copy. If there is damage in the DNie S—
will be prevented from being duplicatéd0]. When the cell Pphase checkpoint will decrease the rate of the Diyi#thesis
grows normally in this stage, th&®’mmount is low because of aiming to give time and, chances for its repairthiére is a
interaction with MDM2 which targets®bfor nuclear export break in the genes involved in these checkpoirgscétl might
and, proteasome—mediated degradation in the cyoglal]. pass it and, the digested DNA will duplicate assiand, the
If there is/are damaged in the DNA, ATM activatdskg[72],  cell either will be unable to live and, will be dear it will be
which turn the phosphonylates residue S20%fapd, blocks Mmutated. For example, ataxia telangiectasia (ATNigmegen
p>JMDM2 interaction and, 3 is accumulated in the cgli3].  breakage syndrome (NBS) fail to decrease the fetteedDNA
p> up—regulates some target genes including thossvied in ~ duplication if exposed to Ii74—76] However, in normal cell
the DNA damage response such as MDM2, GADD45 # will activate the S-—phase checkpoint by ATM and,
p?Y/Cip. By accumulating 7, the cyclin—dependant kinase phosphorylating Chk2 kinase (at T68) by ATM4-76] It
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will be phosphorylate Cdc25A on S123. Dephosphoeda
Cdc25A will stop it from removing inhibitory phosetylation
(T14 and, Y15) from Cdk2. Cdk2/cycline A and, E quex
become inactive and, DNA synthesis will stop. Themesome
other mechanisms for DNA synthesis control. Mosttham
are based on phosphorylation of proteins, which inierfere
with the DNA synthesis. Loss of the sites of thgseteins
where the phosphorylation is happening because utétion
will lead to the interference with S—phase checkizovalidity

where a single cell differentiates to differentstiss, organs
and, biological systems. Different cells are cadlliating
perfectly and, react wisely. Even differences gittlstructures
they are often being had the same genetic matefihky are
doing their work spontaneously and, continuousiyt, Bhat is
the case of the healthy persons. So what happentke non—
healthy ones? In this review, | will focus on ilssegot through
heredity; those gained due to a hidden problenhéngenetic
materials or due to a direct and, clear inheritésbrder

[74-77] G2 Checkpoint: Cyclin—dependent kinases Cdc2nclude the cancer (which is not in all of its cadellow the

control the mitosis stepr8]. The validity of the inhibitory
phosphorylation on Cdc2 (on T14 and, Y15) is esakfar
G2 checkpoint activation. ATM and, ATR involved in
modulating the phosphorylation status of thesesgit&]. If
there is a DNA damage, kinases Chkl and, Chk2 wiste
activated by ATR and, ATM-dependent phosphorylatioh
phosphorylate Cda25C on position S2159]. The
phosphorylated Cdc25C then will bind to the 14-+8tein
to form 14-3-3/Cdc25¢c complex and, Cdc25C will uaeab

heredity rules). As described above in the celleyart, the
cell succeeded to arrest its division/self-damag®gtosis) if
there is a clear problem. If the DNA repair systisnable to
solve the problem(s), the cell will finish the mitoprocess,
and, will be divided into two daughter cells. Howeyvif an
error has been escaped from the mitotic contratgss it will
be a built-in—change in the gene/genes. If it édhery to the
cell, the cell will die. Alternatively, it will notaffect the cell
survive (directly), but it can affect the tissue the organ

EDOR

I

._I'__L activate Cdc2 through removal of the T14 and, YfifBkitory  where it existed. And, the health will be affectedlly. The

= phosphorylation. So Cdc2/cyclin B1 complex will nbe changes in a gene could be due to either one rtigddechange

m activated and, the cell wills not mitog$i&]. or more than one. About diseases caused by a single
nucleotide change Sickle cell anemia will be givas an

= 4.3. Other controlling elements example. More changes that are complicated williéscribed

O too. One should highlight that some types of cdioeccould

~ p°% The p° protein is a transcription factor that becomedead to an extra problem such as the excise of atmed

@ activated when the cell is subject to various typeDNA  nucleotides in both sides of the DNA (such as isecaf

damage and/or other cellular stresses. Once amtiygi® xeroderma pigmentosum).

plays an essential role in inducing cell cycle sirrand,
activating DNA repair enzymes. Cells with un-rephlie

If the excision is happening in both of the DNAesit this will

DNA lesions undergo permanent cell Cyc|e arrest o}ead.to mutation formation rather than reqﬁﬁ] The DNA
programmed cell death (apoptosis), which may algo brepair system if not work probably will be a mubati
initiated by p° [89, 90] Centrosome: The centrosome isgenerator. In general, the hereditary diseasedransferred

IVRERO

increasingly being recognized as a key player gulaing cell

following the Mendelian laws. During meiosis, onember of

cycle events, such as orchestrating entry into sisifo €ach of the autosomes and, sex chromosomes pars ar

anaphase, cytokinesis, G1/S transition, and, mongdNA
damage. Recently, the centrosome has also beernbdekas a
hub where regulatory complexes, such as
phosphatases and, other cell cycle regulators adetento
coordinate the multiple cell cycle—specific funcd66, 82]
The cell cycle different steps and, checkpoints, ADN
replication, and mitosis are highly controlled prssed, which
are critical to the maintenance of the fidelity BNA and,
genomic stability.

[ V] OUR GENETIC MATERIAL

In the previous part issues about single cell, egitfrom
prokaryotes or eukaryotes have been highlighted.tha
coming part more examples about the existing gerkdiorder
will be discussed. Each of us has about 3 billiocleotides
for each cell in our body (except haploid cellstsas sperm
and, ova). Following the cell cycle as above eaahgrows,
multiplies, dies, and, in between there is an umknaumber
of biological activities were done daily. In faoye have
different cell types due to the miracle of the eliéntiation,

distributed to each haploid egg or sperm. The dell of 46
chromosomes is reconstituted after fertilizing thether's egg

kinase¥ith the father's sperm. If the defected alleleins one
chromosome and, another correct one is on the decon

chromosome (from the second parent) of the autosdinge
person will be probably normal or with a mild ilsge
However if the born child gains two defected aleleach in
one of the parents' chromosomes, the responsildeask
because of this deficiency will clearly appear;dese in such
case there will be no correct copy exis{8d]. The genetic
problems will be deeper if the disorder was notooie gene
but if parts of the chromosome(s) are involved.Sdisorder
can be detected by a karyotype examination. Chamga
chromosome, which contained thousands of genes heill
tremendously harmful or fatal. Nonfatal chromosom
deterioration will lead to genetic disorder diseaddonfatal
chromosome abnormalities include
syndrome), trisomy 18 (Cridu Cgat syndrome), Klaigér's
syndrome and, othef85]. Theoretically, most of the genetic
disorder that appears in the children come fronemarseems
to be normal. For understanding how could a pefisom

trisomy 21 (Down
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without any apparent illness is a source of gergitorder to
his offspring, an example followed the Mendeliawdawill be
described. Two apparently normal persons when gthrri
could transfer a harmful genetic disorder for thadfspring's.
Also, such genetic disorder could arise from onig @hange
in one nucleotide from the three billion nucleoidsach of us
have! When this single nucleotide change becomparaof
the genome, it will not be detected by any of théADrepair
system during the cell cycle steps. Such chandepads from
generation to generation until it could find itsrgp&r in the
second allele, and, then the genetic disorder wipear.
Alternatively, it could not be transferred aftemgptime of
different generations since the correct allele giagn more
chances to pass by marriage over the existed wooeg We
should not forget that each of us share his offgfsiin 50%
of their genes. God wellness when we gained theecbb0%
from each parent even one of them has incorredleall
Nevertheless, the chance for the escaping fromnberrect
alleles will be higher if our partner has a comgligtcorrect
genome. And, better if he/she is not from our retst

5.1. Sickle Cell Anemia; a nucleotide change!

The hemoglobin 4D structure consists of four poptjoe
chains, known as heme. In heme, nitrogen atomsatteapart
of a structure known as a porphyrin ring hold amiatom.
Sickle cell anemia is a disease in which the 4D tlod

Fig. 4: Different inheritance roots of the normal o

globin allele and, one sickle cell

r the sickle cell alleles of
globin ; AA ( % AA) two normal B— globin alleles; SS ( #SS) two sickle cell B- globin alleles; AS ( < AS ) one normal B—

hemoglobin molecules is defective. It is a diseakgenetic
disorders caused by Sickle hemoglobin (HgbS or Hb8g
mutated allele is recessive, meaning it must beritéd (from
each parent) for the individual to have the dise&sen if
recessive, it could still affect us if one allelarrying the
affected gene is existed. For that, some scientikés to
describe Sickle cell alleles as co—dominant ratktean
recessive[86]. The p—globin molecule contains 147 amino
acids. Humans carry twg—globin alleles. One allele is
inherited from each pareffigure— 4]. The existence of one
Sickle cell allele in a person will not cause agpamproblem,
however if two of the Sickle cell alleles exist @ame person
they will develop, the symptoms of Sickle cell anaffrigure
4-7]. When oxygen is removed from Sickle hemoglobinsth
molecules change shape and, combine with one amdthe
red blood cell structure changes from ring to Sickhape in
absence of oxygeffrigure— 5]. This causes blood to clot and,
deprives the vital organs from their supply of lpoesulting
in pain, intermittent illness, and, in many caseshortened
life span. The only difference between normal aidkle cell
hemoglobin is that in eacfi-chain, one glutamic acid is
replaced by one valingg87]. Valine, unlike glutamic acid,
contains a nonpolar grouffFigure 5-7]. The result is a
hydrophobic "sticky" region that can interact with
hydrophobic region with neighboring molecules, prcidg
the observed clumping [Figure 5-7] [100].

B—globin: A normal B- globin; S sickle cell B

B— globin allele
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Fig. 5: Exchange oxygen by red blood cell has AS ( <» AS) alleles of B— globin

k

—
= (a) (b)
i Valine Histidine Leucine | Threonine Praline Gluti:lmic Glu“.im“: Lysine
- acid acid
6 % ()
W
- i 1Y
0
= ) (@) (e)
Z_g Valine Histidine Leucine = Threonine Proline Valine Gh;tc?:imc Lysine
e (f)

Fig. 6: Fragment of the correct and, the mutant  B- globin; (a) The 3D of the normal fragment; (b) 3D of Glutamic acid;
(d) the amino acids sequence of the normal fragment showing the "“polar and, the T non poler amino acids; (e) The 3D
of the mutant fragment; (b) 3D of Valine; (d) the amino acids sequence of the mutant fragment showing the ! polar and,
the L) non polar amino acids. The fragments and, the amino acids were built using ArgusLab software V 4.0. (in this study)
[89].
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Fig: 7. The 3D structure of B—globin: ( @) Normal hemoglobin; (b) Sickle cell B—globin (Slight differences can be observed). The
two protein models were built using Modeller v 9.8 software (in this study).
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The HBB gene provides instructions for makifgglobin.
Various versions gf—globin result from different mutations in
the HBB gene. One particular HBB gene mutation pces an
abnormal version gf—globin known as hemoglobin S (HbS).
Other mutations in the HBB gene lead to additicataiormal

versions of p—globin such as hemoglobin C (HbC) and,

hemoglobin E (HbE). HBB’s gene mutants can alsaltes
an unusually low level gf—globin; this abnormality is called
S— thalassemigo0].

[VI] MORE CLEAR GENETIC COMPLICATIONS:
THE DEGENERATIVE DISEASE

The degenerative disease is marked by continuo
deterioration of cells, tissues, or organs withséssin their
function and, the patient's body could not controlrecover
spontaneously by forming such deterioration. Asneplas
about diseases consider to be related to the degeme
disease group: Amyotrophic lateral Sclerosis
Alzheimer's disease, Multiple system atrophy, Niem®&ick
disease, Atherosclerosis, Progressive superanugieisy,
Cancer, Essential tremor, Tay—Sachs disease, [@mbdeart
disease, Keratoconus, Inflammatory Bowel disea8D)l
Prostatis, Osteoarthritis, Ostroporosis, Rheumatuithritis,
Huntington's disease, Chronic traumatic encephtigpa

Xeroderma Pigmentosum (XP), Cockayne Syndrome (CS),
Obstructive

Trichothiodystrophy (TC) and, Chronic
Pulmonary disease (COPD). Because of the spacéisf t
review, selected diseases will be highlighted dutine text.
Cancer Human Killet' will take more focus while the
concepts of its formation match with the aim ofsthéview.
Cancer is a genetic disorder, degenerative diseast
elevated mostly because of genetic change, andaiieth
DNA repair mechanisrfp1-93]

6.1. CANCER

"Cancef is a general term applied to a series of malignans an extra correct copy as in case of the existefi@ second

diseases characterized by a rapid and, uncontrédledation
of abnormal cells that may mass together to forgncavth or
proliferate throughout the body, and, it may praegrentil it
causes the death of the organi§dd]|. Plants also develop
growths that resemble candéb, 96] For more details, refer
to 97 and, the references within. Progress on thecer
research was achieved after the discovery of thmgenic
viruses. This enablesn lab, tumor induction with clear
mechanism. Cancer is modifications happened in dbié
genetic material. During the change of the celifnreormal to
abnormal, the immune system does not recognizetibage.
In this way, the abnormal cell growth and, multliwithout
conflict with the surrounding biosystem. Hanahand,an
Weinberg (2000) suggested that six essential &ibesain the
cell physiology collectively direct malignant grdwet{96]: (1)a.
self-sufficiency in growth signals, (2) insensitywto growth—

(ALS) which causes an

inhibiting (antigrowth) signals, (3) evasion of grammed
cell death (apoptosis), (4) limitless replicativetgntial, (5)
sustained angiogenesis, and, tissue invasion a, (
metastasis. These criteria are the major and, arfieature of
cancer cell. | suggest two other major criteriat tf¥) cancer
cell still qualitatively similar to normal cell and8) cancer
cells can escape from the immune sys{émi. In general, a
certain level of DNA change or damage should bepbajng
to change normal cells to cancer cells. The pragiesancer
research will direct us to the real fact that moétthe
biological functions are caused by a protein tr@ahes from
the translation of the RNA. This RNA is a handy gap the
DNA. If this copy is correct, the protein is correand, the
fgnction of the protein is correct too. If not, ptems will
egin. Thus, cancer is a cell disease and, its gtaint
happened in the DNA. One can simplify the cancéinidien

in “Cancer is a sudden (in case of oncogenic virusether
exposure to a strong mutagen) or accumulative chang
(mutations) in specific gene(s) or in the cell'sgc materials
irregular uncontrolled growth and,
multiplication. This will lead to the death of thest but not
the death of cancer cells (whenever there is a iewtr
supplement) [97]. The change in the cell's DNA which
modifies it to a cancer cell can happen in one—atep direct
effect of a strong mutagen, or after a short timedmough for
utations accumulating till forming a true cancelfl.cOr, it
an start so early in the genome of the ancestotBe same
ancestry. The time needed for causing enough routatn the
DNA leading to cancer formation can be so shortlfsas by
some chemical mutagens) or might take some tinke (i
case of the allele example). In fact, the time banshort,
moderate, or longer until the constituents of thencer
formation criteria are satisfied. The different dirof the
defense mechanisms can elongate the time for cancer
formation or can protect against it. At a certagadl of DNA
damage, the DNA repair system becomes uselessdarhage
can attack the DNA repair genes themselves andpnhbec
irreversible or hardly corrected, but it can beorexred if there

allele. Cancer is mainly an abnormal change in gleetic
materials leading to the elevation enough critdba its
formation[97].

6.1.1. The roots of cancer

Perhaps there are three main routes of cancer \lyicme or
another way affect the cell's DNA in level enabloancer
formation: a) through heredity, b) DNA Cracker aqy,
mutagens. Any endogenous or exogenous factor(sgdma
affect the normal cell and, transform it to a careadl is/are a
cancer causative aggnf].
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A fit individual can be genetically free from anghierited
problem. However, being fit does not mean that ygemetic
material is accurate. This is because of the poesedf two
alleles; each can contain one copy of a partiqgae. Thus, if
one gene was impaired, the other correct one g@nsttond
allele) can probably recover its function. There amany
mechanisms and, possibilities transform cancerssatave or

retinoblastoma often developed the tumor in botlesey
Knudson suggested that multipleit” to DNA were needed to
cause cancer. The first hit was inherited in theAD&INd, any
second hit would rapidly lead to cancer. In noneited
retinoblastoma, twoHit" lead to take place before a tumor
could develop, explaining the age differefit@0].

initiator genes (oncogenic genes) or causativeofactrom q. DNA CRACKER

generation to generation. These possibilities wejueach
parent has one defect allele while the newbornsgtie two
defected alleles and, born with cangigure— 8]. Only one
parent has one defect allele and, the newborn ezver this
defect from the other inherited correct allgd&]. This is an
important example that clarifies many facts aboanhcer.
After some time, it is possible that a change ia #ingle
correct allele can happen. At that stage, the camisk

The first evidence of tumor viral etiology dateskdo 1907
when Ciuffo and, co—workers showed that human waotdd

be transmitted by cell-free filtrates derived frt@grions[101].

Mammalian viral infection and, plant bacterial ictien cause
cancer. For animals and, human, the oncogenicasrase the
causative agents for cancer. Later the viral indest as a
causative agent for malignant tumors was desciibbetlicken

probably can be elevated. This simply explained thgarcoma[102]. In 1911, Peyton Rous at the Rockefeller
Knudson's mode]97, 98] [Figure— 9]. One should consider |nstitute showed that a Transplantable, spontanspirsdle

the amount of such a defect. Defects in many geoakl not
elevate cancer but can support its formation sigsitte with
other criteria. This proves that our genome and,génomes
of other creatures are subject to a continuous fication as
well as continuous repairObservations lead to correct fatts
Those observations start in 1953 when Nording ndbed
industrialized nations have a higher cancer elemdtiequency
[99].

Knudson performed a statistical analysis on casés
retinoblastoma, a tumor of the retina that occuwthkas an
inherited disease and, sporadically. Children witherited

cell sarcoma derived from a Plymonth Rock chickeuld be
transmitted to healthy chickens using filtered fele tumor
extracts[102]. This avian sarcoma induced by Rous Sarcoma
Virus (RSV), as it becomes called, was shown a gadier by
Rous to represent a genuine cancer, similar togmatfit solid
tumors seen in mamma]$03]. For plantsAgrobacteriumis
able to introduce cancgt04, 105] Those causing agents can
be called the Cracker§ while they are able to crack the
genomic DNA and, transform a normal cell into aasncell
P97, 106]

Mermal comditions Mormmal growth
Marmeloell

Morrmial DRA Marmal DA

p—

Mormal DMA

Cancitions Enable minor
modification in the DNI‘.
But tolerant by the cell

DYAwith mingrdefect

Conditions Enablema.or
rodification inthe DRA but
no!ml@ ant I)v the cell

Abrnorn

Mormal DM A BRA wi-h major delect

Fig. 8: Normal, nearly normal, and, abnormal cells

based on the situation of their DNA,; (

N

Mo-mal growlh

B
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Mea |yndr|na| groweth
J\_/ )

Mealy normal <ell

mal growith

=)

a) Completely normal DNA

lead to a normal cell growth; (b) Minor modification in the DNA with conditions lead to a normal cell growth; (c) Minor
modification in the DNA with conditions lead to nearly a normal cell growth and, (d) Major modification in the DNA with
conditions lead to an abnormal cell growth (tumor or cancer).
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Fig: 9. Retinoblastoma and, two hit hypothesis of K

b. THROUGH MUTAGENS

Mutagen is any causative agent (physical or enuiemtal)
that can cause changes to a functional gene aféahction
protein. Mutagens cause loss/modification/new
elevation/tumor/cancer and, death. lonizing radre]
Ultraviolet light, various chemical smoke from wqocbol
and, vegetable leaves, automobile exhaust, crasdlscertain
levels of mechanical irritants and, so on., carseaor lead to
mutagenesis. These agents, physical and, cheméaal,
collectively called mutagens. Mutagens are ofteid $a be
oncogenic (Gr.onkos = mass or swelling). Inefficient or
damaged endogenous antioxidant systems cannot Ibetab
protect us from the side effects of the catabolesmd, the
anabolism or the active endogenous oxidant sys&trass on
cell(s)/organ(s), abnormal life style, alcoholsgariettes, or
even an excess of Food will be sources of oxidanty free
radicals, which attack our DNALO7].

[ VII] DNA REPAIR

The existence of a correct copy of each alleleahparticular
function in the cell and each existed in one chreonoe is
important for the transcription and, translationgass, which
will finally lead to the synthesis of an accuratetpin folded
and, does its function correctly. Any of our gefiesany cell)
is under regular attacks by different agents tlvaldc mutate
it. These agents can arise from endogenous/exogen
physical, chemical, and, biological sources. DNAmdge
could be lethal for the cells and tissues if werdd have a

mechanism for DNA damage sensing, repairing, orneve

killing. However, cells with problems if killed atgetter than

-
:

Sanped bt

nudson

survive with errors could lead to cancer. We ama, other
creature have different kinds of protection agamstagens.
Such protective agents include skin, melanin tagmtoagainst
UV, cytochrome P450s (to degrade nonpolar chenicals

tritdmmune system, and, so on. Even our excretion systed,

intestinal microflora are involved in protecting. ddowever,
what could happen if certain damage affects our DNDNA
damage can induce permanent changes in the DNAesegu
contributing to oncogenesis, premature ageing aedgere
genetic disordergFigure— 10] [108]. Cells could sense
damage for certain limit. Cells have complex signal
transduction, cell cycle checkpoints, DNA repairnda
pathways to sense most of the types of the DNA denaad,
running a system for maintaining genes to promaeogic
stability. Respective genes numbers associated DA
repair were identified in humans to date. Wood le{2005)
describe about 150 DNA repair genes and, the nunsbtr
increase[109]. Exposure of mammalian cells to genotoxig
agents activates an intricate network of mechanis
collectively known as the DNA damage responseThis
response includes DNA repair and, DNA damage siiggal
pathways that alert the cell to the presence of Didénage
and, coordinate the appropriate respdid®, 111] The DNA
damage response leads to slowing or arrest of malle
progression at defined checkpoints, and, to aivla¢ DNA
repair [112, 113] The existence of different efficient DNA
repair pathways is essential for cells to corregt expected
DNA damage. Some of the DNA repair pathways will be

MOLECULAR BIOLOGY

Offescribed to show the different levels of repaimmgchanisms

which start from DNA cross linkage, incorrect nwtlde
insertion until complete chromosome deterioratidrhese
pathways include the direct reversal pathway, thematch
repair (MMR) pathway, the nucleotide excision reg&ER)
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pathway, the Base Excision Repair (BER) pathway thalkylating substance is dimethylnitrosamine, whigtHormed

g homologous recombination (HR) pathway, and, thauring Food preparation and, during chemotherageuti
= nonhomologous end joining (NHEJ) pathway. treatment of cancer.®G adduct can also be generated as a
S side effect of the reaction of the cellular catébel with

g (a) Direct reversal pathway (figure 11) guanine. The methyl group at the® Qite of guanine is

a removed by the DNA repair enzymé-@nethylguanine—-DNA

There is some direct reversal correction and, repaMethyltransferase (MGMT) via a one-step methyl sfen

mechanisms for different types of lesions includifiy simple  "eaction [118]. During this reaction, the methyl group is
nicks can be directly relegated; (2) certain UV tppooduct transferred from the alkylated base onto an intecyateine
can be repaired by photoreaction; (3) certain alied bases residue within the active center of the alkyl-tfansse. This
can be repaired by removing of the adduct. A direcersal of results in the restoration of the guanine withie genomic
the DNA damage is not possible in most cases becafis DNA. The alkyl group transfer leads to irreversible
thermodynamic or kinetic reasons. In some casesever inactivation of the transferase and, targets itufoiquitylation
the DNA damage can be reversed directly. Theseirrepind: proteasome-mediated degradation. This sodcalle
reactions are direct, and, do not require manygjmstiike the Suicide reaction” implies that the cells’ capadity repairing
repair pathways. They are specific to the typeashage and, © —guanine lesions depends on the pre—existing MG&We&ls

do not involve breakage of the phosphodiester baoibUy N the cell, or the rate at which cells can resgsthre MGMT.
light induces forming abnormal covalently linkedraiers of DNA alkyltransferases are ubiquitously found in kanyotic

cytosine and, thymine bases, which are adjaceatith other and, eukaryotic organisnis09]. The human MGMT acts in a

|
LT—L on the same strand of DNJL15]. The reverse reaction can Similar way to the Ogt protein of. coli Whe'Ch IS
el occur when the photolyase enzyme is activated tsrggn cor)stltutlvel_y expressed in this mlcroorgamsm..—m.eG
m absorption of blue or UV light (300-500 nmjyL16]. lesions, which are not repaired by MGMT, may mispeth

thymine during the DNA replication. In the follovgnDNA
replication cycle, thymine will pair with adenin®y this
mechanism, the ®meG lesions cause distinctive G-C to A-T
point mutations, which are believed to be the dgviorce of

sites in guanine (such ag-@lkylguanine), thereby modifying thg carcinogenic effects of alkylating agents. hp_tavent of
the base, and, interfering with its pairing witttasine during failure of direct reversal repair, these mispaisidas can
DNA replication. The site in the guanine @mG) has the Potentially be repaired by the MMR pathwggs]. For more
highest mutagenic potential and, besides the N2tipos deta!lec_i about the direct reversal DNA alkylatianthge refer
highly selectively alkylated by substances thatcreda an 0 Mishina et al. (2006)L19].

SN1 mechanism{117]. The most abundant environmental

Photolyases are flavoproteins, which are able saw@ the
pyrimidine dimmer [66, 115] Photolyase activation is
dependent on energy absorbed from blue/UV lighkykating
agents can transfer methyl or ethyl groups to we&i® or N

(=\i@]]
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Fig: 10. Different roots of DNA damage (Biological, chemical and, physical) and, the different roots o f DNA repair
mechanisms.
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REPAIR OF SINGLE STRAND NICKS will lead to a stable mutation. In this case, tie&rmutation
will be homogenous and, built—in within the DNA23]. If it
In this case, the damage is the presence of siiglad nicks ~ becomes a fixed change, it could not be detecte@aired
having free Shosphates and, 3—hydroxyls. Nicks with other by any mechanism anymore. The only cover for such
configurations or nicks accompanied by additioretkbone =~ mutation is that, the cell could be dead due to ragon or
or base damage require more complex processing fio there is another correct copy in another alleléhincell that
repair. DNA ligase repairs single strand nicks byatyzing ~ could complement the deficiency caused by the neitant.
phosphodiester bond formation using ATP or NABs = DNA MMR is a highly conserved process from prokaego
energy donor[120]. Okazaki fragment is short, newly to eukaryotes. IfE. colia number of genes were discovered,
synthesized DNA fragment that is formed on the lagg Which when mutated lead to hypermutation. Thus, gaee
template strand during DNA replication. Completia products of these genes are calledtS mutL and, mutH
lagging strand DNA synthesis requires processingpofo 50 Their proteins interact with each other as homodarsror
million Okazaki fragments per cell cycle in mamraalicells ~ heterodimmers/trimmers and, are the key playedetecting
[121]. Ataxia Oculomotor (AOA1) Apraxia 1 is an example @ DNA mismatch and, its preparation for repair. yhe
about the problem of unrepaired single strand barak the  determine the exact position of the mismatch onddneghter
accumulations of adenylated DNA nidk<2]. strand; induce the strand separation and, the itiegrof an
exonuclease, which excises the mismatched base tafte

() MISMATCH REPAIR (MMR) PATHWAY (FIGURE separated daughter strand, was nicked. There amsarhu
12) homologues ofmutS (msh2 msh3 and, msh§ and, mutL

o
QD
=
o
=
(o]

|
_T_L (mlhl and,pms), but notmutH The endonuclease function
= Mismatch of bases (e.g. G-T or A-C) is a common DNA of MutH in prokaryotes leads to the above—mentioB&A
m e nicking prior to strand separation. In humans, ftigction is

lesion due to a failure in proofreading during DNA
replication. As in the direct reversal DNA part,smiatch of
the base could be due to the filer of direct reaferspair,
where in the second cycle of DNA replication theustl that
have the incorrect base will be a template for @ srand,
which will contain new incorrect but stable basel,afinally

accomplished bynutL homologueg85]. MMR factors also
seem to be involved in the physiological functiofi o
immunoglobulin (Ig) diversification, an essentiabpess for
immunity. Another common lesion in the DNA is
incorporateduracil rather than thyming 24].
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Fig: 11. Direct reversal of DNA damage; UV induce d immer formation between two thymine while Photolyas e and, 9
white light cause reverse repair. %
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Fig: 12. Mismatch repair (MMR); C = |G ,T>» ClL~
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(1) NUCLEOTIDE EXCISION REPAIR (NER)
PATHWAY (FIGURE 13)

The NER pathway plays an important role in the irep&

different kinds of DNA damage caused by UV radiatand,

mutagenic chemicals, and, its impairment in humasns
associated with growth defects, excessive UV sigitgjtand,

in certain cases, increased skin cancer. In NERermyme
system hydrolyses two phosphodiester bonds, oneittwer

side of the lesion, to generate an oligonucleotiaeying the
damage. The excised oligonucleotide is releaseth fthe

duplex, and, the resulting gap is then filled ird aligated to
finish the repair reaction. This nuclease activilmique of
DNA repair, is called excision nuclease (exinuctasrhe
enzyme activity of exinuclease results from seqaérnd,

partly overlapping activities of several polypepsdthat bind
to DNA and, utilize the energy released by ATP loyghis to

deform (kink and, unwind) the DNA and, eventualkgise the
lesion by dual incisiong125]. A side effect of this wide
substrate range is that exinuclease even ‘exciseshatched
nucleotides; however, in contrast to the MMR prscdbe
exinuclease will excise a mismatched base fronee#trand.
If two mismatches were removed opposite to eacleroim

each strand of the dsDNA nucleotides excision wmtduce

mutation when both mismatches treated at the sange This

can actually cause mutation fixation rather thantation

avoidance. Only three proteins (UvrA, UvrB and, Oyrare
required by NER in the prokaryotes, whilst morentHz0

proteins are involved in the mammalian NERG].

During the multistep process of the NER pathwayg, EINA
lesion is recognized and, the oligonucleotide dairig the
lesion is removed. The gap is then filled with tigg a new
oligonucleotide, is complementary to the opposiiADstrand
[66].

NER is involved

(V) BASE EXCISION REPAIR (BER) PATHWAY

Base damage is the most common insult to celluABase
damages are repaired by the Base Excision Reptiwpg
(BER) [66]. BER includes a short—patch BER sub—pathway
that replaces a single nucleotide, and, a longhpatd—
pathway during which 2-13 nucleotides are incorfsata
Initially the damaged base is removed by glycogdasuch as
Oggl and, MUTYH. The base is removed by hydrolifsibe
N-glycoside bond which attaches it to the sugag fim the
DNA backbone. After excision of the base by the DNA
glycosylase, an AP (apurinic/ apyrimidinic) sitegenerated
[128]. The endonuclease APEL1 then digests the DNA stand
the apurinic or apyrimidinic site. DNA polymeragd€Pol j),

in the case of the short-patch BER sub—pathwayPars
and/or Pol e or d, in the case of the long—patchiR Biab—
pathway, fills the gap by incorporating nucleotideshe DNA
strand. The complex XRCC1l/ligase lll then carrieg the
strand ligation during the short—patch sub—pathw@ther
proteins are involved in the long—patch sub—path¥eaythe
DNA synthesis step, and, ligase | carries out trend ligation
[129].

Examples of BER include removal of uracil, hypoxdane
and, methyladenine from DNA; however, BER has atéich
substrate range because the DNA glycosylasesrtiiaté the
repair process are in intimate contact with théolesiuring
catalysis. BER is involved in human disorders orcancer
[66, 130} The main function of the glycosylase MUTYH in
the BER is the excision of adenines misincorporatgposite
8—-0x0G when oxidative DNA damage occurs. When this
damage is not repaired properly, G:CT:A mutations are
induced. These mutations are typically found in the
adenomatous polyposis coli (APC) gene in MAP tuniib84].

in three human genetic syndromes:

Xeroderma pigmentosum (XP), Cockayne Syndrome (CS)V) HOMOLOGOUS RECOMBINATION (HR) and,
and, Trichothiodystrophy (TC). These syndromes arqJONHOMOLOGOUS END JOINING (NHEJ) (FIGURE

characterized by neurodegeneration,
frequency and, ageing. XP patients are sensitivehtot sun
exposures and, have a greater than 1000—fold swedeskin
cancer risk that usually develops at an averageofi)@ years
old. XP individuals may also develop neurological
abnormalities. CS is an autosomal recessive gengiase
and, it is rare in humar$27]. CS patients are also sensitive to
sunlight but they do not have predisposition foinstancer.
This disease is characterized by growth retardatognitive
impairment and, ophthalmologic disorders. CS irtliails
have a short lifespan and, usually die in the firstsecond
decade of life. The causes of CS are mutationsimwitivo
proteins that are essential for DNA damage recagnitn
NER. TTD is also rare and, inherited as an autosom
recessive disorder. The clinical features of TTB fanttle hair
and, nails, dwarfism and, ataXie27].

increased cancgy )

DNA double strand breaks (DSBs) are consideredntlost
dangerous form of DNA damadgé6]. They are generated
when the two complementary strands of the DNA detialix
are broken simultaneously at sites that are seffity close to
one another that base pairing and, chromatin streiccare
insufficient to keep the two ends juxtaposed. DSBs be
generated due to many factors such as: IR, X-aralys which
is probably the most significant exogenous agenuding
DSBs; radiomimetic or chemotherapeutic drugs, sash
bleomycin,  neocarzinostatin, etoposide and, other
topoisomerase inhibitorgl32]. DSBs are generated also by
ndogenous agents such as reactive oxygen spéR@S) (
produced during cellular metabolisf@6]. HR is involved in
copying the missing information from undamaged
homologous chromosomes. It is an error free prochss
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contrast, NHEJ is an error—prone process. It jtiresbroken detailed refer to Lynch (20096].
DNA ends using little or no sequence homology. Fare

Thymine dimer

TITTTH AT

SN NI B,

Excision
» ,
mimml mbrm .
AL LRI R
o Removal "l
11.I.I.I.I.I.I.I.I.III.I.I.I.I.I.I.I.I.I C
Newly polymerized

AL RO BN O LN

Ligation

T Iinr .
LU I D ae g

Qo
QD
o
o
=
«

Fig. 13: Nucleotide Excision Repair (NER);  (a) Thymine dimmer formation; (b) Excision; (c) removal; (d) newly polymerized; (e)
ligation and, (f) back to the normal DNA.

Fig: 14. Homologous recombination repair (HR);  (a) Oxidant, free radicals and, radiation cause DNA double strand
break; (b) Coating of ssDNA with Replication protein A; (c) Loading of BRCAZ2; (d) loading of RAD51; (e) after homologues
recombination polymerization using DNA polymerase and, dsDNA is formed [133].
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[ VIII] THE THIRD EYE rapidly in the daytime. Exposure to light during titark cycle
interrupts  producing melatonin. Melatonin  decreased

The pineal gland, which secretes the hormone nmélatis a pr_oductiqn during_long—day period is belieV(_ad 'toabeociated

small lobe in the forebrain, lying near the cemtithe brain in ~ With the increase in the sexual horm@@€]. Missing a correct

human. Melatonin production rises sharply at nighd, falls day/night cycle will cause iliness due to melatodéficiency.
Melatonin deficiencies are believed to be assodiati¢th some
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disorders includes: Schizophrenia (Only in a suletjon)
[134]; Multiple sclerosig135], Primary obsessive—compulsive
disorder [136], Meniere's diseasfL37], Fibromyalgia, Pain
[138, 139] Migraine[140], Canceif141] Critical illness[142]
and, other forms. There are a respective nhumbelisgfases
associated with the melatonin disorder. As a pdrtoar
hormone system, and, is mainly excreted in the ecorr
day/night time, it could explain the importancetbé correct
lifestyle for our health.

[ IX] NITRIC OXID AND, THE RELAXATION OF
ARTERIOLES

Endothelial cells are able to release substance edam
endothelial-derived relaxing factor (EDRF). EDRHResased
from all arteries, microvessels, veins, and, ewmnphatic
endothelial cells. Apparently, Nitric Oxide (NO) arrelated
compound was formed by the action of nitric oxigatbase
on arginine. NO causes relaxation of vascular smaoaiscle
by inducing an increase suppresses platelet aictivaind,
reduces adhesion of leukocytes to endothelial .céllsost
any type of endothelial damage decreases formafi®@DRE.
Neutrophils and, macrophages use arginine speltjfiica the
production of nitric oxide and, stimulation of botkll types
increase nitric oxide synthesid51]. NO is a labile bio—
regulatory molecule that is synthesized by many tgdes
from L—arginine with L—citrulline as the major caeguct. It
is highly lipophilic and, therefore rapidly travess cell
membranes making it an effective intra— and, irdellular
messenger. It has a short half-life (3—9 seconudd) must be
produced in large quantities or over a long petiochave
prolonged biological effect. When produced by eich as
macrophages it can rapidly enter microorganisms amdor
cells and, exert cytotoxic and, the cytostatic affef rising
cyclic-GMP synthesis and, inhibiting host mitochoald
electron transport and, DNA replicatifitb2].

NO BECOME A PARADOX

Is NO a tumor suppressor or inducer? Apparenthaitount
and, from which cell type it was produced are @alpioints.
However, as a part of our endogenous oxidant sygtém it

has many vital roles. Crowell et al (2003) repdattspresence
in high amount in much type of cancer c¢ll§3]. Abnormal
amounts of NO does not mean that it is harmful. Taecer
cell is a cell out of control, and, the amount @ Nn it does

expression are an example. The relationship betwa#ients
and, gene expression lead to elevating the scienfce
"Nutritional genomics which also called Nutrigenomics.
Mistakes in a gene will be result in a modified teio with
altered activity or dysfunction, which could elevalisease.
Such diseases are specified as a genetically biégsssse. The
environment and, the type of the sublimated nutsieaould
cure disease side effect. Why not? If a diseasesigonsible
for a certain product deficiency; which is essdritathe cells
and, their biological activities, exo—source cougluver such
deficiencies. Meanwhile nutrients could have batke sffect
when they influence some diseases rather than eec&or
that, the type of the used nutrient will be linkedthe type of
the missed metabolites and, will fill in the leakagpused by
the partially defected gene or recover it in cabeanplete
defect. In simpler words, if gene ‘A’ responsibte producing
proteins ‘A’ which produce a product ‘A’ used byopein ‘B’.

If the gene ‘A’ is defected, product ‘A’ will notebproduced
and, the gene's ‘B’ protein will be useless. Howgevewe
gained the product ‘A’ from an exo—source gene B, ats
protein will work and, the deficiency will be recred. Exo—
source of nutrient such as the type of Food coldd help in
increasing the expression of certain metabolic \pays,
which is in need for stabilizing certain illnes$.tthe defect
was in gene ‘B’, the product of gene ‘A’ will beagnulated
and, could be harmful to the cells and, the bodycunulating
metabolites intermediate, which did not satisfy telular
demand or might interact wrongly could cause anaeikhess.
So, nutrient is important as a therapeutic toolifoproving
health and, minimizing the risk of disease in sptbée
individuals. Drug metabolism is different from pens to
person regarding to a genetic basis. Food will itheesame
effect. Different persons metabolize Food diffelerfor this
reason, Food should be personalized. Genetic aridtional
science is identifying the influence of the Foodst@tuents on
the gene expression. A science, which nandutrigenomic.
The Food decreases the load on cell macromoledmes
supplying it with similar gradients (it producedhis will lead
to safe the cell time and, energy. and, will allitnve cell to do
more argent biological activitig407] and, to reduce the total
number of DNA/RNA/Protein cycles, which could in@éuc
spontaneous mutatiofit55]. Food science has shown al
increasing interest perhaps for the following ressd-ood is
safe (in most cases), if used wisely, Human hasmpced
different types of Food and, has a good backgrabmlt their
different positive and, negative effects, Food heaper than
the other medical forms, Food has fewer side effdebod is

not mean that NO is a cancer promoter. However, NGh continuous demand by our bodies. So it can bemted as a

produced in our body by a healthy person is a claar
proving that it involved in vital mechanisrisb4].

[ X] NUTRIGENOMIC

Food has a direct effect on the gene expressioa.ETttoli
lactose metabolism has been well studied by seisntiFrom
the eukaryotic system, the glucose level and, tulin

key for treatment by anyone, Many Food forms ach iin
some special vitamins, elements, sugars etc, amdused in
different kind of illness. They are

will not give the same side effect as in using theorrect
drug.

EDOR

recently called
"Nutraceutical Fool, Using incorrect Food for a short time
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[ XI] OUR GENES AND, ITS RESPONSIVENESS
TO NUTRITION THERAPY

Epigenetics, genetic polymorphism, genome
and, proteome

Epigenetics is characterized by alterations to DNA
molecule that affect gene expression but do nonghahe

from different types of oxidants (Os) and, FreeiRald (FRs).
Antioxidants are essential for our survive and, Idobe
produced either by endogenous or exogenous solteesnan
(1956) was the first to describe the damage (cejamisms
and, tissues) caused by FRs and, oxidants OS. mdRsde
OH, 0Z", NO, NO*, ROO and, LOO [151]. Os such as
H,0,, G;, 10, HOCI, HNG, ONOO, N,Os; and, LOOH.
FRs—Os as a part of the biological system, theyraaved in
many essential and, vital processes [for more léetaefer to

nucleotide sequencg85]. There are at least three known[107] and, the references within]. FRs—Os are genegithdr

mechanisms: DNA methylation, Histone modificatiand,
genomic imprinting. Genetic differences could affdbe
interaction between the genes and, the nutrientaative
compounds in Food. Such differences including nat
impaired genes, methylated genes, single
polymorphism (SNP) and, damaged genes. Differeacesss
entire regions of an individual's genome resulirfrearious
nutrient imbalances and, deficiencies. Genetic atimm
between individuals is the rule not the excepfib®7, 156]
As an example about the role of genetic variatidmctv could
interact with our Food there are three isoformsugier oxide
dismutase SOD (SOD1, SOD2 and, SOD3),
polymorphisms have largely been implicated withagarrisk.

nucleotid@testine

from endogenous or exogenous sources. Exampled #imu
endogenous sources are included: mitochondria,iraesgy

chain, immune system activity, inflammation, merg&dess,
excessive exercise, ischemia, infections, cantemge in the
microflora, ageing, genetic  susceptiilit

phagocytosis, and, cytochrome enzymes P450 (CYP450)

[152]. Examples about the exogenous sources are incladed
and, water pollution, cigarette smoke, alcohol, iyea@r
transition metals (Cd, Hg, Pb, Fe, As), certaingdrguch as
ciclosporine, tacrolimus, gentamycin and, bleomycin
industrial solvents, cooking (smoked meat, usedfat) and,

SODZadiation [91]. Diet, lifestyle, and, the exposure levels are

important factors in determining the capacity of@aganism

The most commonly studied polymorphism of Mn—SOD iso mount a protective responge)7]. Different diseases were

Val 16 Ala on mitochondrial target sequence. Otisaamples
like Pro 197 Leu SNP of the Glutathione peroxid&fexl

associated with the high level of FRs—Os such axera
artherosclerosis, pulmonary disease, cardiovasdalit#ases,

(GPx) gene have been associated with FRs-O redédedses neurodegenerative diseases, allergies, metabokeasés,
[157]. CAT SNP is responsible for Japanese acatalasemigyeing, insulin resistance, Down's syndrome, familiLS,

[158]. The CAT C-262T SNP is the most widely studied taransplantation complications, and, many ofiéf7]. We have
date; it has been associated with a decrease alaSatCAT a Comp|ete endogenous antioxidant System, Wh|c|fmet
activity and the risk of developing FRs—Qsl9]. Other SNPs  ys from the FRs—Os. An extra exo—source (exo) ¢iOan
located within this region include G-844A, which sva could be Supp|emented through diet. The mitochomdis a
associated with hypertensidfi07]. These SNP regions can pyjlt-in and, a continuous source of FRs—Os. Atitigathe

(=\i@]]

IWRNEMm@e

influence either nutritional status or the re—tigdn process
because re-nutrition becomes progressively moréculif

endo—antiO system is a process consumes energynuitaat
generation rate in the presence of high levels R§HOs is

with age [159]. The success in using the new moleculagreater than that produced in normal cd44€5]. AntiOs are

biology tools such as genomics, proteomics,

andgoing their functions by slowing down or preventitige

metabolomicg150] will map the interactions between genes,oxidation process. We have different types of emdtio

nutrients, and, environment and, in this way wilgHiight
their downstream effects on human hedliR4]. Adequate
supplement of antioxidants could recover such s#nés
critical for the above genetic disorder to avoidaltte
deterioration.

[ XIl] EXTERNAL HELP!

Our bodies could not survive out of nutrient. Hoee\certain
nutrients could satisfy our request but it shoudude some
types of constituents, which our bodies could netable to
synthesis from other intermediates. Certain amicidsa fatty
acids, vitamins, and, minerals cannot be synthdsire the
body and, must be provided through the diet to gmev
dysfunction and, disease. For example, human Hetig the
enzyme gulonolactone oxidase and, cannot synthggemin
C, human being are unable to synthesize the eakamiino
acid and, fatty acids. Antioxidants as an exampteeat us

enzymes such as superoxide dismutase (SOD), whishtine
first antiO enzyme to be discoverétlh3]. Catalase (CAT),
glutathione peroxidase (GPx) (both of which redpeeoxides
to water), glutathione S—transferases, hemeoxygefia@HO—
1), thiol-specific antiO enzyme and, macrophagesstprotein
all play a central role in protecting against FRs-{0654].
They are in most cases working as a network. Aexample,
glutathione and, vitamin C can act in concert tevdte a
variety of O stresses. Vitamin C is able to regateer
tocopherol in the lipid phasg155]. p—Carotene and,
tocopherol act synergistically against lipid pedation.
Polyphenols, such as flavonoids, provide antiO gotidn,
which is enhanced by vitamin C. AntiO vitamins plaajor
roles in the protection against FOs—Os and, differelated
disease$107, 156] The endogenous antioxidant system could
not stand alone but diet depend¢hb7]. AntiO responds
differently in different tissues, which should haa@me link to
the tissue gene specificity. A study shows thabeersupply
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of antiOs could inhibit the endogenous antiO systamtiOs

cause a reduction in the intracellular environmesmhich

keeps more Keapl molecules in the reduced configata
With less oxidized Keapl molecules present, ubimaiion

and, degradation of Nrf2 increases. A decline if2Nvould

lead to impairing the endo-antiO$158]. Calculated
antioxidant amounts in the Food diet should be dee@ach

age/situation. The need will be more argent in soases such
in case of the existing of inherited diseadeésd)].

[ XIl] OVERVIEW

This review is aimed to highlight that a correcaltiey life is
based on maintaining certain balance between nmastgrs. It
focuses on the role of the genes and, the Foodrimealth as
well as the interaction between both of them. ltams some
examples from the prokaryotic and, eukaryotes fmpett its
aim. Those examples highlight the importance o
understanding the role of the genetic materialpdrforming
correct different biological activities and, in m&dining our
health. Prokaryotes and eukaryotes biological systre
following nearly the same roles. They react witimikr
biological macromolecules proteins' activities whic
responsible for specific functions. Those proteshsuld be in
certain 3D folding configuration to do such funasocorrectly
and, efficiently. Any modification in such 3D cogfiration
could lead to incomplete, inaccurate, and, nonsipeci
function(s). Alternatively, could impair completelgrotein
function. The source of each of those proteins igeae.
Different genes located in the organism genom¢hif gene
copy is correct, it will be transcribed to a fulNR, which will
be translated into a correct protein. This is wags the case.
Some changes could be happening in the genes ¢etalia
mutation. Sickle cell anemia was given as an exanfirong
evidence reclaimed that Sickle cell anemia was ognais a
natural selection for people having such changechSu
selection was done by malaria. Sickle cell anenaigept is
able to survive if infected by malaria. Was it doemutation
or did it exist in our first father genome? Sciemas not able
to prove such issue yet, even the source of theatioatin
prokaryotic due to environmental factors is cldart in case
of eukaryotic system, the case is different. In asyétic
system, transforming genetic materials from gein@nato
generation is different. Both parents give 50% twirt
newborn. But, why brothers are different? This igimy
happening during the meiosis stage to form spernover.
Moreover, to be inherited, mutation should readhegi the
sperm or ova. For that, the genetic disorders atecommon
among different human populations; however, it bees
clear in populations where marriage between redatig more
common. Such marriage should be avoided. One pers
having a genetic disorder disease will not be &bleure from
this disease by all the technologies we have. Hewelie
might be able to recover its side effect with the af the
foods or drugs able to supply the body with missintrients.
Food science will play a crucial role in future doehat. Food

is the most clinically studied compounds over tlamas of
years. Lemon could protect us from Catching cold or from
Scurvy Nearly all populations on the earth know that.
Keeping our bodies safe is much better than takaraceous
and, synthetic drugs. Why taking herbs containiitgrwin C if
we can buy some fresh lemon from the market? Insethat
the quality and, quantity of our daily consumptafr-ood will

be the final winner over the synthetic medicinesigd, and,
herbaceous plants. The most promising Food matefal
treating particular disease will be that which adible but
contain high amount of active constituents. Thas@mounds
are now known asNutraceutical Foodl The role of the
various effects of the different types of foodsoimr genome
and, the genomes of other creature was illustratadtose
metabolism inE. coli was given as an example. This single
cell microbe can utilize lactose through & operon. The
process could differentiate between lactose and, dther
gugars. If a sugar is preferable for the dgllcoli will stop the
metabolism of lactose as well as its transportcdntrast, one
analog to allolactose, the IPTG, is able to activdhe
metabolism of lactose in the absence of lactoself.its

Moreover, and, because IPTG was not degraded in the

presence of thef—galactosidase, the activation/production
process will not be stopped. | wonder how many Ilsimi
compounds (similar to IPTG) are we consuming daityong
the huge amount of synthetic compounds in our FoodRis
review | aim to clarify the role of genetic matdsiain
degenerative disease, an example from prokaryotas w
discussed. It was about the rolekofcoli XL1 Red in mutating
genes. As above, this strain was impaired in ttoke¢heir
DNA repairing genes. This will take us directly the
mutation and, the DNA repair issues. DNA repairgenes is
essential for any of the biological fornis. coli XL1 Red has
deficiencies in three of its DNA repairing genesad to
mutations formation during its normal growth. Timscrobe
becoming a well known mutator strain and, usedhttuce a
different kind of mutation. Particularly it used &s vivo
random mutagenesis package. This clarifies thatjufations
have been happening in the DNA repairing genes wikkye
unable to correct the spontaneous mutations hagpamneven
they will be a source for the mutation promotion. the
eukaryotic system, as we are part of it, we haveigger
genome. One or more mutants can be happened ielessor
function less DNA part, which will not affect on .us
Additionally we are a multicellular creature, arifione or
even a few cells have been affected, we still leatbeg chance
of survive. Or it is a correct mutation in an imgamt gene lead
to an important protein. This mutant could leacatdisease.
However and, due to that we have another copyerstdtond
allele we have, the defect due to this mutant béllrecovered.
M{hy E. coliXL1 Red is able to introduce stable mutants? This
is because it was impaired in three keys of its Difair
genes. It will be unable to correct changes happeneits
genome. In this review, | described that if one paised
nucleotide has escaped from the DNA repair systewh a
pathways; it will become a fixed mutant in the setaell
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division and, will not be detected anymore durihg further
DNA replication. As a single cell, the rate of ntiga will be

particular type of Food could supplement use widttan
products in higher amounts. Fortunately, we allehavdefect

high in E. coli. In a single cell organisms, the rate will begene for vitamin C production. We should not neglec

either one mutant/cell (in case of single mutant)ntany
mutant/cells (in case of multiple mutant). However, a
eukaryotic organism such as human, the mutatianwét be
one mutant/ 100 trillion cells or many mutant/ 100lion
cells. Which might be considered as nothing paldity if
such mutant/mutants happened after complete
differentiation. This proves that we are naturaltgtected. For
an extra natural safety, we gain only 50% of ouragee from
one of our parents. Therefore genetic disorder avibby is
rare to happen. It is happening mainly due to a @rance.
However, the genetic disorder chance will be high&th
those who are married from relatives. Relativesukhdave
similar alleles. At the molecular level, proteinse athe
macromolecules in our bodies, which are responéisldoing
nearly all functions. Few seldom structures outtha§ role
could do some activities similar as the proteinldalo. So, if
the protein is correct due to a correct start p@@otrect DNA)
it will do its function perfectly and, correctlyrém diseases
such as Sickle cell anemia, we can learn a lotingls base
pair change has led to a new amino acid. This sifglse

misevaluate the experiences gained from long human
observation. At least we should evaluate them tald: what

is beneficial for us. There are many examples, sridntist
should give clear and, simple advices to peopteetp them to
escape from such diseases, like the most formshef t

callegenerative and, inheritance disorder. It is olg and, it is

an ethical need to advise those who do not havén suc
knowledge. It will be easier to give students diosis clear
information about such issues when they are stiling. Such
issues should not be shamed or judged as non-ficiet
professional materials. The molecular biology toelsre
widely involved in clarifying different types of dliogical
mechanisms in our bodies such as: the cell cydA Bepair
genes, the role of the inheritance factors in oealth, the
importance of the protein 3D structure, the effefcERs and,
oxidants in our macromolecules, the roots of careet, the
different mechanisms associated with it, and, mathers.
Some of them were described in more detailed tharothers
in this review. However, a hidden line connectingtaose
things together was touched through this long lertic is the

change will change one of th&-globin amino acids. This "Inevitability of Balanced LivésAiming that this review will

amino acid, even one out of 147 amino acids whigwdhe

be read by specialized and, non—specialists, |diagblified

3D structure of thé—globin; it causes enough interaction tomy scientific words in many parts to make this esvi

deform the correct structure. It interacts wronglith its

neighboring molecules and, gives the Sickle shapetsire. A
single amino acid converts the Red Blood Cells fris
normal shape to the Sickle shape causing a disedseh is

painful and, harmful to us. What makes such exampique
is that it happened at the start point during lieafion, so
existed in the genome of our cells. For that, iildonot be
repaired only if a mechanism for modifying the wéngkenome
is discovered or invented by the molecular bioltgisThe
inheritance role is clear in our case of Sickld aremia. Such

readable. Back to theldevitability of Balanced Livéswe
could sense it in every example that was describethis
review. Might be the only example given from prolaes
look apparently to be odd. In fact n&. coli XL1 Red is a
sick bacteria have three impaired DNA repair geltes. sick
bacteria. If we give it Food and, allow it to dontiauous
replication, any gene —it could be carrying— wil & subject to
mutation. If such gene is carried in extra—chromoelomobile
elements such as a plasmid, the condition will bese. Why?
This is because during each cell division the mstraiill

disease as shown Figure 5 could not be appeared if one of duplicate its content for two copies. However, thera—

the parents has completely healthy genes. Marriage

foreigner will give more chances for healthy chéidr The
bigger the genetic distance between parents thierbtte
results. If a single genetic disorder appears withifamily,

then members of this family should directly avoidrnage
from their relatives. Traditionally, in Middle Eaahd, in Far
East in countries such as Kazakhstan there is iavilethat
marriage of relatives should not be repeated bugr afeven
generations. What about those, which are alreadyge ha
genetic disorder? Is there any solution. Being mgd defect
gene; one of the solution is to us the similar paigroduced
by another creature have the similar correct geitasne lead

to a product But if one has not had such a gene (as well aanger, excessive work, control our Food amountsletother

such a product); why not to get a benefit fromdkistence of
correct genes in other creatures? In another wavkl,can
recover such deficiency through different routesd,aour
Food is the easiest one. Our foods were subjeaethe
longest known clinical trials and, prove over dexado be
safe as well as their different effects were welbkn. A

chromosomal element will be multiplied until aboli©0

copies (in some plasmids). This will put such melgknetic
material under more chances to give us more mutatimne

of the genes carried by such plasmid is a subjeexgression,
mutation rate is expected to be even higher. Incase, we
will be the XL1 Red if we are sick, and, the gemeaocertain
plasmid will be the tissue or the organ, which igler stress
due to the missus. It is clear that this part (of bodies) will

be a subject for an extra—deterioration. When veesick or
old we should be wiser. Youths should prepare tlebras for
the time they will be old. They should avoid thieadies from
extra use or misuse. We should react naturallyidavg stress,
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simple words, we should not exhaust ourselves wwitmy
things. Food could eliminate most of the deficiescin our
bodies by supplying them with nutrient are missargcould
not synthesize.One should control his own desires and, the
desires for others; spreading clear knowledge aadyices
since protection is more useful than living longnfal lives
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