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Abstract: One of the most exciting subjects in science is the possibility of information loss in transcribing genetic se-
quence of DNA into proteins due to acceleration of Universe. This research is the first attempt to investigate this subject.
First, the probability that DNA is produced due to acceleration of Universe is obtained. It is found that as the Unruh tem-
perature increases, the effect ofacceleration on the production of DNA becomes systematically more effective, because ef-
fect at higher temperatures, the energy that is supplied to keep Universe undergoing acceleration becomes more and conse-
quently more DNAs are produced. Then the average number of binding proteins to DNA in two regions of Rindler space of
Universe is calculated. The effect of proteins produced in region II doesn’t observe in accelerating Universe. One observer
in acceleratingUniverse is unable to access information about the whole of space-time since, from his perspective, a com-
munication horizon appears. This can result in a loss of information and a corresponding degradation ofprotein binding to
DNA. This information loss disrupts the cellular dynamics and can lead to serious defects, including cancer.Next the averge
number of extra base pairs that are produced in DNA structure by the acceleration of Universe is derived. These extra base
pairs cause to be stored more information in DNA.These information can be transcribed of DNA into proteins and lead to
dangerous activity in Human body.Finally,the probability for substituting AT pair by CG pair in DNA structure is calculated.
It’s concluded that with increasing the Unruh temperature, more AT base pairs may be substituted by CG pairs and the
probability for generating cancer due to this point mutation is increased.
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temperature of Universe.

One of the most exciting subjects in science is the possi-
bility of information loss in transcribing genetic sequence
of DNA into proteins due to acceleration of Universe. It is
well known that practically all genetic information in living
systems is contained in the deoxyribonucleic acid (DNA)
sequence. The DNA is packaged into chromosome which is
localized in the nucleus ofthe eukaryotic cells. The famous
double-helix structure of DNA is made of two strands that
carry organic bases that are bound in pairs by hydrogen
bonds, keeping the two strands together.There are 4 types
of bases, called A, T, G, C, but only AT and GC pairs are
partof the structure of DNA. The AT pairs are bound by two
hydrogen bonds, while the stronger GC pairs are bound by
three hydrogen bonds[5]. The passage of its gene informa-
tion to protein, called gene expression, performs by the

1.Introduction

Recent observational data with high precision suggest
that our Universe is currently in an accelerating phase [1, 2].
They are consistent with the presence of a nonzero cosmo-
logical constant or quantum vacuum energy.According the
Unruh idea, there is a similar effect in flat space for a de-
tector undergoing the acceleration of Universe to a detector
near event horizon of black hole. Following Hawking’s
discovery that asymptotically-flat stationary black holes
emit thermal radiation: the detector in accelerating Un-
iverse appears to be in a heat bath at the Unruh tempera-
ture[3,4].0ne of the most important detectors in Universe is
the DNA that information is transcribed from it into pro-
teins.It seems that DNA detects extra proteins due to Unruh
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messenger ribonucleic acid (mRNA), which is usually a
single polynucleotide chain. RNA molecules carry the nuc-
leotide bases—A, U, C, G—with U very similar in chemi-

cal structure to T. A-U pairing is as strong as A-T pairing[6].

In this research we investigate the effects of acceleration
of Universe on DNAstructures. The outline of the paper is
as follows. In section II we discuss the information loss in
DNA due to acceleration of Universe.In section III we dis-
cuss the production of extra base pairs in DNA structure
due to acceleration of Universe.In section IV we obtain the
probability for substituting AT pair by CG pair in DNA
structure that leads to generation of cancer. The last section
is devoted to summary.

2. The Information Loss in DNA due to
Acceleration of Universe

TheRindler coordinates are appropriate for describing
the viewpoint ofthe Universe moving with acceleration.
The world lines ofaccelerated Universe in the Minkowski
coordinates correspond to hyperbolae in the left (region I)
and right (region II) of the origin which are bounded by
light-like asymptotes constituting the Rindler horizon, so
two Rindler regions are causally disconnected from each
other(see figurel.) [3,4]. The Universe thatundergoes the
acceleration remains constrained to either Rindler region I
or IT and has no access to the other sector.

Figure 1. Spacetime diagram, showing the trajectories of an inertial and
an accelerated observer[4].

Unruh showed that the accelerated observers in regions I
and II detect a thermal distribution of particles at Unruh
temperature.This temperature is given by[4]:
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where a is the acceleration of Universe.At this tempera-
ture ,DNA maybe detect extra proteins as a signature of the
acceleration of Universe.Using the mechanism in ref[7],we
consider the protein production near DNA.

The [ generating Hamiltonian for protein production

near DNAdue to accelerating Universe is given by:
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In this Hamiltonian MDNA is the DNA mass, nDNA,I/II
indicates whether DNA is produced due to acceleration of
Universe(= 1) or not (= 0) in regions I and II respective-
ly. The variables n;; and ny; indicate whether (= 1) or not (=
0) a protein is bound to site i of DNAin the regions I and II,
respectively. The variable N is the number of sites that pro-
teins bind to them, E, is the protein energy that causes to
change in free energy upon binding a protein to a DNA site.
We define [ as following:

B=— 3

Tocalculate the probability of a DNA is produced in re-
gion I or region II due to acceleration of Universe,we ex-
press the partition function as:
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The probability of a DNA is produced due toacceleration
of Universein regions I and II is given by the average value
of nDNA,I/II. After some mathematical manipulations, we
obtain:
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This expression for nDNA,I/Ilindicates that, there is the
potential for a sharp transition between two states: the
DNA:is produced due to acceleration ifF< 1 and isn’t pro-
duced ifF > 1. It is found that as the Unruh temperature
increases, the effect ofacceleration on the production of
DNA becomes systematically more effective, because at
higher temperatures ,the energy that is supplied to keep
Universe undergoing acceleration becomes more and con-
sequentlymore DNAs is produced. On the other hand at
lower temperature, the DNA will not be produced. This
leads to a decrease in the probability for DNA production
due to acceleration of Universe .We can obtain the average
number of binding proteins to DNA in regions I and II as

following:
1 0
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This average number depends on the DNA mass.As the-
mass of DNA is very high,the DNA can be source for pro-
tein binding.Infact there can be an enormous amount of
proteins binding to DNA due to acceleration.The detection
of these proteins by DNA,can be a signature of acceleration
of Universe.

The effect of proteins produced in region II doesn’t ob-
serve in accelerating Universe.Oneobserver in acceleratin-
gUniverse is unable to access information about the whole
of space-time since, from his perspective, a communication
horizon appears. This can result in a loss of information

and a corresponding degradation ofprotein binding to DNA .

3.The Production of Extra Base Pairs

due to Acceleration of Universe in
DNA

There is a difference between predicted and detected
number ofbase pairs in DNA.Because some extra base pairs
are produced due to acceleration of Universe.The generat-
ing Hamiltonian for base pair production in accelerating
Universe is given by:

Hbasepair =n, —base pair,l Ebase pair—DNA

®)

+na—base pair, Il Ebase pair—DNA

In this Hamiltonian, Ebase pair-DNA is the correlation
energy that correlates base pair to DNA and na-base pair,l
and na-base pair,II indicate the number ofbase pairs that are
produced in the regions I and II due to acceleration of Un-
iverse, respectively.To count the thermal distribution for
base pairs we write the partition function as a function of
Unruh temperature as
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The averge number ofbase pairs that are produced by the
acceleration of Universe is given by the average value of
na-base pair.
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As the Unruh temperature of Universe is very high ,there
can be an amount of base pair production in DNA struc-
ture.These extra base pairs cause to be stored more infor-
mation in DNA.These information can be transcribed of
DNA into proteins and lead to dangerous activity in Human
body.

4. The Probability for Generating Can-
cer due to Acceleration of Universe

Recently,it has been shown that most of cancerous muta-
tions in DNA are point mutation in which CG pair is substi-
tuted by AT pair[8,9] .We can write the generating Hamil-
tonian for this mutation as following:
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In this Hamiltonian nCG-AT indicates whether CG pair
is substitute by AT pair (= 1) or not (= 0).The variables
nAT-DNA,i and nCG-DNA,i indicate whether (= 1) or not
(= 0) AT or CG pairis located in site i of DNA, respective-
ly.The variable N is the number of sites that base pairs are
correlated to DNA, EAT-DNA and ECG-DNA are the ener-
gies that are supplied to keep AT and CG pairs entangled to
DNA , ECG-AT is the energy that causes to change in free
energy upon substituting CG by AT.

Tocalculate the probability of a AT being substituted by
CG,we express the partition function as:
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The probability of a AT being substituted by CG is given
by the average value of nCG-AT. After some mathematical

manipulations, we obtain

(n )=- Lo . _ 1
O AT BOE ;e 1+FY
_( E(,'G*DNA + EA T-DNA )
l+e Kl KT,
E AT-DNA E CG-DNA
R e (14)
F B _EAT—CG - EAT—CG +ECG—DNA +EAT—DNA)
e NKTy 4, NKT, KTy KT,

_( EAT*CG +EAT*DNA )

~ Eur-ce , Ecc-pna )
NKT, KT,

NKT, KT,

+e +e

This expression for nCG-ATindicates that, there is the
potential for a sharp transition between two states: the AT is
substituted by CG ifF< 1 and isn’t substitutedifF > 1.This
average number depends on the Unruh temperature of acce-
lerating Universe.With increasing the Unruh temperature,
more AT base pairs may be substituted by CG pairs and the
probability for generating cancer is increased.

Summary

In this research ,first we obtain the probability of a DNA
is produced due toacceleration of Universe. It is found that
as the Unruh temperature increases, the effect ofaccelera-
tion on the production of DNA becomes systematically
more effective, because at higher temperatures ,the energy
that is supplied to keep Universe undergoing acceleration
becomes more and consequentlymore DNAs is pro-
duced.Then we calculate the average number of binding
proteins to DNA in two regions of Rindler space. The effect
of proteins produced in region II doesn’t observe in accele-
rating Universe.Oneobserver in acceleratingUniverse is
unable to access information about the whole of space-time
since, from his perspective, a communication horizon ap-
pears. This can result in a loss of information and a corres-
ponding degradation ofprotein binding to DNA. This in-
formation loss disrupts the cellular dynamics and can lead
to serious defects, including cancer.Next we derive the av-
erage number of extra base pairs that are produced in DNA
structure by the acceleration of Universe. These extra base
pairs cause to be stored more information in DNA. Final-
ly,we calculate the probability for substituting AT pair by
CG pair in DNA structure.With increasing the Unruh tem-
perature, more AT base pairs may be substituted by CG
pairs and the probability for generating cancer is increased.
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