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The Coherent and Thermal Photons Radiation in the Enzyme

Mehrad Gavahi *

ABSTRACT

This paper presents the theoretical states of radiation field in the mechanism of enzyme, for
state of thermal and coherent radiation by concept of the quantum mechanics. For
illustrating the energy and distribution of photon, we used simple concepts of the radiation
field in the enzyme. We try to present the thermal radiation and coherent radiation happened
in the biological microscopic system especially in the enzyme, and show that, these
radiations could break the hydrogen bond pairs in the enzyme (substrate) at high
temperature (above 323K) and show its effects on the relative activity of the enzyme.

KEYWORDS: Quantum Mechanics; Photon Radiation; Biophoton; Enzyme; Biological
Physics.

La radiacion de fotones coherentes y térmicos en la enzima

RESUMEN

Este articulo presenta los estados teoricos del campo de radiacion en el mecanismo de la
enzima, para el estado de radiacion térmica y coherente por concepto de la mecanica cuantica.
Para ilustrar la energia y la distribucion del foton, utilizamos conceptos simples del campo
de radiacion en la enzima. Tratamos de presentar la radiacion térmica y la radiacion coherente
que se produjo en el sistema microscopico biologico, especialmente en la enzima, y
mostramos que estas radiaciones podrian romper los pares de enlaces de hidrogeno en la
enzima (sustrato) a alta temperatura (por encima de 323K) y mostrar sus efectos sobre la
actividad relativa de la enzima.
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Introduction

Understanding the photon radiation happening in the biological system with respect
to its effects on the biological systems is gaining an increased attention these days
(Mayburov, 2009; Niggli, 2014; Mayburov, 2015).

There, biophoton describes photons in low frequency which are produced by a
biological system. Biological physics and applying physical law in the biological system is
more benefitial for both the academic knowledge and experimental framework. Living cells
use a wide variety of cellular mechanisms for doing their activities. They do this at proper
place at proper time.

The basic design idea of these nano-machines is based on the quantum physics, and in
the quantum physics view, the enzyme is one kind of nano-machines. The enzyme plays an
important role to explain how cells and proteins work inside a biological system. In a living
system, there are various kinds of enzymes, however, the type of operation of all kinds of
enzymes is usually the same (Cooper, 2000). In this paper, we would like to illustrate that
the radiation state happens in the enzyme when the substrate binds to the active site.

Different types of enzymes have different classifications based on the kind of reactions
they catalyze. We selected the enzyme worked on the temperature between 293K-353K i.e.
before any reactions between the enzyme and the substrate, that enzyme’s temperature is
293k. When the substrate binds to the enzyme (active site), the temperature is raised to
353k. In this case we probe the energy of each photon by two variables (the temperature and
the frequency).

[t is more benefitial to spend more time to know about DNA helix, because any living
system is made up of DNA or RNA, and almost every cell in a human’s body has DNA. DNA
is made up of base pairs. The configuration of DNA is made of two long strands that called a
double helix. The structure of the double helix is bonding many elements like C, O, N, H, etc.
(Watson & Crick, 1993; Park & Lakes, 2007; Sheu et al., 2003). Those elements bond to each
other and make the DNA double helix. The important bond in DNA double helix is hydrogen
bond, the hydrogen bond is the heart of any biological structure. In this paper, we focus on
the formation of hydrogen bonds in the alpha-helix and beta-sheet secondary structures.
(Fig. 1)

In addition, hydrogen bonds are often playing the central role in the function of the

catalytic active sites in the enzyme (Sneppen, & Zocch, 2005).
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In Sec. 1, we show the description of the entire system (enzyme) and the type of
operation. In Sec. 2, follows our design in the quantum thermal radiation for the temperature
state. In Sec. 3, calculates the photon probability and the energy of photon in the coherent

radiation. Finally, in sec 4, we numerically solve our model.

1. Enzyme and Operation (Model)

Enzymes are the organic particles living inside the cell. Enzymes accelerate the rate of
all chemical reactions. They are vital for the life and serve the body, for example aiding in

digestion and metabolism (Briegel & Popescu, 2013).

The enzyme and the substrate can bind to each other by two ways: the lock-and-key
(Fig 2) and the induced-fit model, these two theories explain how enzymes work. This
research focused on the lock-and-key model and in this model, the substrate and active site
of the enzyme has the same configuration. When the substrate is binding to the active site,
the chemical reactions start to effect the substrate and change it to product. Then the
product leaves the active site of the enzyme and it goes on to catalyze the other reactions

(Kaplan, 2010).

Figure 1: DNA helix is made up of the base pairs. These pairs have complex structures and
are made up of particular elements like C, O, N, H, etc. Hydrogen is the most important
element in these structures.

As mentioned, the human body is made up of many elements like sodium, potassium,
calcium, magnesium, and hydrogen. These elements have electrical charges, called ions. All

of our cells and sub-cells are made up of these elements. The electrical charge in our body has
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studded in the bioelectric field (Elson & Haas, 2011). The enzyme is made up of some of these

elements. It is convenient to suppose that the enzyme has electrical charge.

Substrate

Product

N A £ R / N Yo\ 22N
Y N AR £ AHEN £ \ AR N
/ \ # \ { b, \ § \ { o \
[ ) £ \ { 7 | { | { \ ¢ |
\ / \

., . Enzyme |
h 4 A e y \ < 2P '\\ § v
Product Enzyme/Product Enzyme/Substrate Substrate
leaving complex complex entering to
active site active site

Figure 2: The enzyme has an active site in which the substrate could bind. A chemical
reaction happens between the substrate and the enzyme when the substrate and the enzyme
bind to each other, and due to the chemical reaction, the temperature rises. Then the chemical
reaction causes the substrate convert to product and this product leaves the enzyme.

In the microscopic view, while the substrate and the enzyme are binding
(enzyme/substrate complex), we supposed, the subsystem is made up of the alpha-helix and
beta-sheet secondary structures and the hydrogen bond always oscillates with a high
frequency, it is advantageous to ask how much free energy is related to the hydrogen bonds
between these ranges 0.1-0.3 nm. The range of the order-of-magnitude for these ranges is 0.15-
5.07 kJ/mol (Garrett & Grisham, 1997; Haynie, 2008; Van Der Spoel et al. 2006; Markovitch,
& Agmon, 2007; Yakovchuk et al. 2006).

An important factor for the enzyme activity is relatively activity, which is the ratio
between the activity of the enzyme and the activity of the temperature control, and it is
expressed in percentage.

Before we introduce the thermal radiation and coherent radiation, let think about why
we should focus on these two specific radiations. Biophotons are photons of light that are
produced by a biological system. These photons lie down in the ultraviolet and low visible

light ranges.
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The emission of the biophotons is either non-thermal or thermal depending on the
type of cells we select (Greffet et al., 2002; Bajpai, 1999), moreover, near the thermal source,
we can also find the coherent radiation. Due to these reasons, we measure and find the energy
of photons in both radiations. and the term of biophotons used here should not be confused
with the Biophotonic Field, which studies the general interaction of light with the biological

systems.
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Figure 3: The effects of the temperature stress on the enzymatic relatively activity. The
enzymatic activity starts below 20% at temperature 293k, when the substrate and the
enzyme bind to each other; due to chemical reaction between the substrate and the enzyme,
the temperature rises slightly. However, the enzymatic activity rises dramatically, the
enzymatic activity at 323k is 100%. The enzymatic relatively activity rapidly decreases when
the temperature rises above 323k. (De Freitas et al., 2014).

2. Thermal Radiation

This paper supposes that the interaction between the enzyme and the substrate
stimulate photons with respect to changing temperature. The chemical reaction between the
substrate and enzyme causes a rise in the temperature of the subsystem (enzyme/substrate
complex), and it causes a change in the temperature of the nearest electron in the structure
of the enzyme and then the substrate (electron) could emit the photon.

We suppose that, these photons are absorbed by the substrate with the fix frequency

1 and given the state of polarization. The energy of photon is given by E = Al], otherwise
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the electron can diffuse n photons, the total energy of photons could be written by E = nhl]
where f is plank’s constant, and those photons are attracted by the substrate.

Asmentioned, if the subsystem emits n of these photons, the energy essentially equals

to E = nhll. The probability of photon is proportional to Boltzmann factor E ~e¥T, where
k is Boltzmann’s constant and T is the temperature. We can write the probability of this

system as follows:

P,(E) = Ae~Bh'm 1)

where B = % and A is a normalizing factor. The radiation inside the substrate (cavity) can
be regarded by the oscillator, and the energy inside the oscillator can be written by E =
hl] (n + %) To determine what A is, we note that the sum of all probabilities must be equals

to 1.

Y=o P(En) /= )
AX g0 En/AT =
A ZZ;O e—nhw/KT =1

The above sum can be written in this form Y X =1+ X' + X% + -, where X =
e B This series, called binomial expansion of 1Tlx (Beloussov, 2003). Hence A =1 —x =

1 — e B"" then

P,(E) = Ae~Bhim 3)

Pn(E) — (1 _ e—Bh]n)e—Bh]n (4)

The average number of photons with frequency [} and given polarization can be

calculated in this form:
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1
() = 5)
For obtaining thermal energy of photon, we should multiply thermal average number
of photons times with the energy per photon. This relation is known as the Planck

distribution function:

hl
eh /KT _ 1

(E,)) = hil{n) = (6)

The factor eB" ' can be very large or very small, depending on frequency and
temperature. In this case, we have chosen A1 » KT and if we called (n) = n, photon

distribution can be written by:
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Figure 4: Photon distribution for thermal radiation of B, = — It can be found that n -

(I_1+1"+1).
0 has always the largest probability and the distribution falls off monotonically with
increasing n.

n 03dodr

—ei B This energy density is

The energy density is given by u([],T)ddT =

very close to Stefan-Boltzmann law in the thermal radiation. However in the enzyme, the
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temperature and the frequency are changed by the linear combination and it is the reason for
the extra integral in the energy density.
The opposite side of the thermal radiation is the coherent radiation. In this subsystem,

we modeled the oscillator coherent states.

3. Coherent Radiation
The main difference between the coherent and the thermal radiation is the wave
phase. In fact, in thermal radiation the source emission wave is in the random phases however
in the coherent source, waves are in the same phases. In the coherent thermal state, we should

introduce displacement operator and density operator in phase-space.

The density matrix of the coherent thermal state is represented by:

B iy ®
_ D(@)e™™™ D™(a)
- Z;ozoe—BnhH

where D (@) is the displacement operator generating the coherent state D(a)|0) = |a) with
the complex amplitude «
1 o a’
) = ¢ BPIRED(9)
where |r) is photon number operator. Photon distribution (probability) of the coherent

radiation can be calculated by

n

=)

(10)

B, = (n|a)|> ="

=

Probability(n)
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Figure 5: Photon distribution for the coherent radiation B, = e ™= is Poissonian

distribution.
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4. Result and Discussion

We suppose that the enzyme emits photons with particular energy, and this energy
depends on the specific frequency and temperature, i.e. if the enzyme seats on temperature
T; then it emits the photon with the specific frequency [; and in temperature T, emits [],.
We will determine the energy of these photons for the thermal and coherent radiations. The
energy to break the hydrogen bond of the alpha helices in isolated molecule is 4.79-5.57
KJ/mol, and the associated energy for this molecule in the water environment is 1.58-1.93
KJ/mol (Sheu et al., 2003).

We calculated, the maximum and the minimum content of the photon’s energy
respected to the thermal radiation that is 1.9 - 2.29 KJ/mol as shown in Fig. 6. As we mentioned
in section I, many cells follow either the coherent or thermal radiation state. For thermal
radiation of cell (enzyme), the energy of photon lies down between 1.9K]J/mol at temperature

294K and 2.3K]J/mol at temperature 360K.
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Figure 6: The minimum energy of photon is 1.9KJ/mol at temperature 294K, and the
maximum energy of photon is 2.2915 KJ/mol at 358K without applying attenuation
coefficient for the enzyme. The attenuation coefficient is a very small number depending on
the enzyme classification. The energy of photon at 294K does not have enough power to
break down the hydrogen bond, however when the temperature arises at 325K, the energy of
photon is able to break the weakest hydrogen bond. At temperature 350K, the energy of
photon can break all hydrogen bonds in the alpha helix in the water environment.
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If we assume the alpha helix in the water environment follows the thermal equilibrium
states, then at temperature 325K, the energy of photons can break down the hydrogen bond in
the DNA alpha helices.

The energy of photons for the coherent radiation (squeeze state) Fig. 7 is between 3.87-
4.73 KJ/mol. If we suppose that the hydrogen bond of the alpha helices in the isolated molecule
follows the coherent radiation then the energy for breaking the hydrogen bond stands at 4.79-
5.57 KJ/mol. However, we know that the distance between the hydrogen bond plays an
important role for finding the energy bond. If we suppose that the hydrogen bond pairis 0.1nm,
then the energy for the hydrogen bond in the isolated molecule is reduced to ~ 4.9K]/mol for
the stronger bond (Mitchell & Price, 1990).

438

Energy of photon KJ/mol
B e B ol s 8
e — ] w = [&)] (=] ~
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©
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290 300 310 320 330 340 350 360
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Figure 7: The minimum energy of the photon is 3.87 KJ/mol at temperature 294K, and the
maximum energy of photon is 4.73 KJ/mol at temperature 358K.

It is found that the relative activity of the enzyme was shown in Fig. 3, when the
temperature rises above 323k, the activity decreased dramatically. It may be because the
enzyme starts to deform the shape and this deformation causes disconnection of the substrate
and the enzyme. Regarding the radiation of the enzyme, it is reasonable to assume that the
photons radiated by the enzyme can break down the pair of DNA helices, and these photons

might play an important role to decrease the relative activity.

In the coherent modes, we could guess that after temperature 325K, the photons have

enough energy for breaking down the weakest hydrogen bonds. When the temperature rises
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above 325K, the energy of photons rises similarly, and thus these photons can break all the
hydrogen bonds in the alpha helix. The photons radiated by the enzyme directly affects the

relative activity of the enzyme.

Conclusion

In this paper, we supposed when the enzyme and substrate are binding to each other
due to a chemical reaction, the temperature in the enzyme changes. Due to change of the
temperature, the enzyme emits photons with respect to the thermal and coherent radiation.
After calculating the energy of photons for both types of the radiations and comparing it with
the DNA helix, we understood when the temperature sits at 293k, the energy of each photon
could not break these bonds. However when the temperature rises above 293k, the energy of
photon increases and it can break down the hydrogen bonds. By these results we noticed that
the photons radiated by the enzyme plays a role for decreasing the relative activity in the
enzyme.

The DNA helix is made up of the base pairs. These pairs have complex structures
which are made up of the particular elements like C, O, N, H, etc. In this paper, we focus on
hydrogen bond in the alpha-helix. The hydrogen energy bonding in the alpha-helix is
between 1.58-1.93 KJ/mol for the water environment and 4.19-4.9 for the isolated mode. We
assume when the enzyme’s temperature rises above 325K, the photons emitted by the
enzyme at this temperature can break the base pairs of DNA. In the other hand, as we
observed in Fig 3, the relative activity starts to decrease when the temperature rises more
than 293k. It is more benefital to mention that the enzyme begins to denature itself in high
temperature. However, if the enzyme could not denature itself, these photons are able to

break the connection between the enzyme and the product.

Conflict of Interests Statement

The authors declare that there is no conflict of interests.

References

Bajpai, R. P. (1999). Coherent nature of the radiation emitted in delayed luminescence of
leaves. Journal of Theoretical Biology. http://doi.org/10.1006/jtbi.1999.0899

23


http://doi.org/10.1006/jtbi.1999.0899

REVISTA DE LA UNIVERSIDAD DEL ZULIA. 32 época. Ano 11 N° 30, 2020
Mehrad Gavahi /// The Coherent and Thermal Photons Radiation in the Enzyme..13-25

Beloussov, L.V. (2003). BioSystems 68, 199-212. Photon emission and quantum signalling in
biological systems. DOI: 10.1016/S0303-2647(02)00096-5

Briegel, Hans J.; Popescu, Sandu (2013). Intra-molecular refrigeration in enzymes. Royal
society, 469: 20110290.

Cooper, G. M. (2000). The Eukaryotic Cell Cycle (2nd ed). The Cell: A Molecular Approach.
2nd Edition. Sunderland (MA). http://doi.org/10.1017/S0003055408080179

De Freitas, A. C., Escaramboni, B., Carvalho, A. F. A., De Lima, V. M. G., & De Oliva-Neto, P.
(2014). Production and application of amylases of Rhizopus oryzae and Rhizopus
microsporus var. oligosporus from industrial waste in acquisition of glucose. Chemical
Papers. http://doi.org/10.2478/s11696-013-0466-x

Elson M. Haas, M.D. (2011). Electrolyte Balance. ANATOMY AND PHYSIOLOGY, Chapter
26. Fluid, Electrolyte, and Acid-Base Balance.

Garrett, R. H., & Grisham, C. M. (1997). Biochemistry, Fifth Edition. Journal of Chemical
Education,pagel6,figurel.13. http://doi.org/10.1021/ed074p189.2,

Greffet, J. J., Carminati, R., Joulain, K., Mulet, J. P., Mainguy, S., & Chen, Y. (2002). Coherent
emission of light by thermal sources. Nature. http://doi.org/10.1038/416061a

Haynie, D. T. (2008). Biological thermodynamics: Second edition. Biological
Thermodynamics: Second Edition. Chapter 2 The first law of thermodynamics Table 2.3 page
37. http://doi.org/10.1017/CBO9780511802690

Kaplan PCAT (2010). Edition, chapter 2.

Markovitch, O., & Agmon, N. (2007). Structure and energetics of the hydronium hydration
shells. Journal of Physical Chemistry A. http://doi.org/10.1021/jp068960g.

Mayburov, S. (2009). Coherent and Noncoherent Photonic Communications in Biological
Systems. ArXiv Preprint ArXiv:0909.2676.

Mayburov, S. N. (2015). Photon emission and quantum signaling in biological system. EP]J
Web of Conferences ,95.03024 DOI: 10.1051

Mitchell, J. B. O. & Price, S. L. (1990). The nature of the N I H..OUC hydrogen bond: An
intermolecular perturbation theory study of the formamide/formaldehyde complex.
https://doi.org/10.1002/jcc.540111014

Niggli H.J. (2014). Ultraweak Electromagnetic Wavelength Radiation as Biophotonic Signals
to Regulate Life Processes. ] Electr Electron Syst 3:126. DOI:10.4172/2332-0796.1000126

Park, J., & Lakes, R. S. (2007). Biomaterials: An introduction: Third edition. Biomaterials: An
introduction: Third edition. http://doi.org/10.1007-978-0-387-37880-0

24


http://dx.doi.org/10.1016/S0303-2647(02)00096-5
http://doi.org/10.2478/s11696-013-0466-x
http://doi.org/10.1007-978-0-387-37880-0

REVISTA DE LA UNIVERSIDAD DEL ZULIA. 32 época. Ano 11 N° 30, 2020
Mehrad Gavahi /// The Coherent and Thermal Photons Radiation in the Enzyme..13-25

Sheu, S.-Y., Yang, D.-Y,, Selzle, H. L., & Schlag, E. W. (2003). Energetics of hydrogen bonds
in  peptides.  Proceedings of the  National = Academy of  Sciences.
http://doi.org/10.1073/pnas.2133366100

Sneppen, K., & Zocch, G. (2005). Physics in molecular biology. Physics in Molecular Biology.
Chapter7, http://doi.org/10.1017/CBO9780511755699.

Van Der Spoel, D., Van Maaren, P. ., Larsson, P., & Timneanu, N. (2006). Thermodynamics
of hydrogen bonding in hydrophilic and hydrophobic media. Journal of Physical Chemistry
B. http://doi.org/10.1021/ip0572535

Watson, J. D., & Crick, F. H. C. (1993). Genetical implications of the structure of
deoxyribonucleic acid. JAMA: The Journal of the American Medical Association.
http://doi.org/10.1038/171964b0

Yakovchuk, P., Protozanova, E., & Frank-Kamenetskii, M. D. (2006). Base-stacking and
base-pairing contributions into thermal stability of the DNA double helix. Nucleic Acids
Research. http://doi.org/10.1093/nar/gkj454

25


http://doi.org/10.1021/jp0572535
http://doi.org/10.1093/nar/gkj454

