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ABSTRACT. The paper deals with the application of
biophysics in astrobiology and space medicine. The
interaction between cells, bacteria, and hard radiation in
near-Earth space is calculated. We studied role of photons
on the destruction of elementary biological structures.
Depending of the spectra and intensity of X-rays and soft
y-radiation we declared, that calculations of photon energy
deposition has been practical interest from the point of
view of space flight safety and the survival of various
forms in space. It was found how radiation energy transfer
processes in cells and bacteria, changes their spectrum.
This is leads to changing the cross sections of interaction
between quanta and biological structures, i.e., membranes
and organelles of cells and bacteria. We considered only
structure of this interaction, percentage contribution in
total extinction of the photon component of solar radiation
in the standard biological structure named “Soft Tissue”.
The main standards of biological tissues and anatomical
structures were used for calculations and their
interpretation. Different biological objects are stored in
specialized standards. In particular, in the National
Institute of Standards and Technology (NIST). Radiation
field in determine survivability of some types of
microorganisms from ionizing radiation is significantly
increased by drying and freezing. Drying and freezing
significantly  increases the radiation survival of
microorganisms when used separately, and the
combination of excision and freezing significantly
increases radiation survival. Within the framework of
Astrobiology, the study of the conditions proposed for
consideration helps to understand the possibility of
transporting multi-atomic structures (sugars, amino acids,
etc.), primary bacteria in comets and some types of
meteorites. It is noted that these cosmic bodies provide
sufficient shielding from external exposure to cosmic rays
during such transportation.

Keywords: astrobiology, energy deposition in bacteria,
radiology and space medicine, cell damage.

AHOTAIIA. Y pob6oTi po3rIIHYyTO 3acTOCYBAaHHS
pamianiitHoi Oionorii B acTpoOioyiorii Ta KOCMIYHIN
MeauiuHi. 3po0NeHO  PO3paxyHKH  B3aEMOMIl  MiX
KIITHHAMH, OAKTEpisIMU Ta MKOPCTKUM BHIPOMIHIOBaHHIM
Y HaBKOJIO3eMHOMY 1poctopi. Hamu otpumaHo, 1110 BIUTUB
(GOTOHIB Ha pYyHHYBaHHS eJIEMEHTapHUX OlOJOTIYHMX

CTPYKTYp 3aJIC)KUTh BiJi IHTCHCHBHOCTI Ta TOBXKHAHH XBHJII
PEHITEHIBCHKOTO Ta M’SKOTO Y-BHIPOMIHIOBaHHS. 3TiJHO
pe3ysbTaTaM po3paxyHKiB BUHUKAE TMPAaKTUUHHUN iHTEpec
3 TOYKHU 30py O€3MeKH KOCMIUYHUX MOJBOTIB 1 BIKUBAHHS
PI3HMX TPUMITUBHHUX Oi0JOTiYHHX (OPM Yy KOCMOCI.
OTtpumaHo, o y MPOoLeCi MepeHocy paiamiiHol eHeprii B
KITHHKax Ta OakTepisix ii cCHeKTp 3MIHIOETHCS, IO
IOBOAWTH JO 3MIiH TIepepi3iB B3aeMomii KBaHTIB 3
OionoriyHuMHU CTpyKTypamu. Lle crocyeThes MeMOpaH Ta
OpraHen KIITHHOK Ta OakTepiil. Mu po3rismand IuIIe
CTPYKTYpY B3aEMOAil MiK (POTOHHUM KOMIIOHEHTOM
COHSTYHOTO BUTIPOMIHIOBaHHS Ta OiooTigHOIO
CTPYKTYPOIO sIKa MOJENIIOBaJIacs BHIJISII HapaMeTpy
«M’sika TKaHHHa». [ po3paxyHKIB Ta IX iHTepIpeTaris
OynM BHUKOPHCTaHI TOJIOBHI CTaHZapTH O0i0JOTiYHHUX
TKaHUH Ta aHATOMIYHUX CTPYKTyp. Pi3Hm OiomoriuHi
00'ekTi 30epiraloThCsi B CHELiaNi30BAHUX CTaHAApTaXx.
3okpema B HarioHanbHOMY IHCTHTYTI CTaHHAPTIB 1
texHonoriit CHIA (NIST). TonoBHI  myHKTH, sIKi
PO3TIIHYTO Y POOOTI MiATBEPIKYIOTH PaHIIIe OTPUMaHi
eKCIICpUMCHTANbHI BUCHOBKH. TOOTO — IO KHMBYYICTh

JEeSKUX  THIIB  MIKPOOPTaHi3MiB  BiJi  10HI3yIO4OTO
BUIIPOMiHIOBaHHS 3HAYHO i IBULLY€THCS npH
BHUCYIIYBaHHI Ta 3aMOPOKyBaHHI. OpHouacHe

BUCYIIYBaHHS Ta 3aMOPOXKyBaHHs 3HA4yHO 301IbIIyeE
panianiiHy BH)KHBaHICTh MIKPOOPTIaHi3MiB IIPH OKPEMOMY
3actocyBaHHI. B wMexax Actpobionorii BHBYCHHS
3alpONOHOBAHMX IS  PO3MJISILYy  YMOB  JIOTIOMArae
3pO3yMITH  MOXIIMBICT TPAHCIIOPTY 0araToaTOMHHX
CTPYKTYp (caxapH, aMiHOKHCIIOTH Ta IHIII), TMEPBUHHHUX
OakTepiii y KOMeTax Ta JAESKHUX THUIAX METEOPHTIB.
3a3HavyeHo, IO i KOCMIiYHi Tijila 3a0€3MeYyI0Th OCTATHE
eKpaHyBaHHS BiJ{ 30BHIIIHBOTO ONPOMIHEHHSI KOCMIYHUMH
MIPOMEHSIMH IIiJ] YaC TAKOTO TPAHCIOPTYBaHHS.

KurouoBi cioBa: actpo0ioioris, JemoHyBaHHS eHeprii B
OakTepisix, pamioNorii Ta  KOCMIYHA  MEIUIIMHA,
TIOIKO>KECHHSI KJIITHH.

Highlights:

1. Ionizing radiation survivability of some type micro-
organisms is greatly increased by desiccation and
freezing.

2. Desiccation and freezing greatly increased radiation
survival of microorganisms when applied separately,
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and when combined, desiccation and freezing
increased radiation survival even more so.

1. Introduction

As a first approximation, we consider the interaction of
cosmic rays (therefore CRs) with soft tissues, referred to
as “Soft-Tissue” in the NIST standard. The CR consists is
energetic particles and quanta. It was considered only the
radiation component. The pattern of exposure to ionizing
radiation depends on the shape of the radiation component
of solar flares. A significant fraction of soft X-ray
radiation mainly falls in the energy intervals 0.2 — 10 keV
In motion of X-ray quanta in “Soft-Tissue” we observe
photo absorption, Compton and Rayleigh scattering. In
the spectral interval between 0.2 keV and 10 keV the
energy transfer of X-rays is determined by strong photo
absorption. Here the striking power of the radiation is
maximal. In the interval 10 keV — 60 keV, in the given
figures one can trace also the geometrical effect. Namely,
the dependence of the calculations results of the spectrum
coming out of the absorber on the effective sizes of cells
or tissues. An increase in the percentage of scattered
radiation as the size of biological systems increases is
observed. The sizes of cells and bacteria are limited to 150
nm, This results are presented in Fig. 1.

2. X-ray energy transport in Astrobiology

By the mid 0f1970-s, a number of papers by (Hoyle &
Wickramasinghe, 1983; Wallis et al., 1992; Dayal et al.,
2019; Stancheva et al., 2002) with therein reference had
raised the question of surface reactions for the synthesis of
complex molecules on ultracold particles within gas-dust
conglomerates. Typical reaction times of macromolecule
synthesis T,.q. are much shorter than the lifetime of gas-
dust nebulae 7;,,4. In 1970s, radio astronomy began the
pursuit of recording complex molecules down to sugars,
amino acids, etc. At the same time, even small doses of
hard radiations cause the appearance of surface charge of
dust particles, which further reduces the values of the
Treac On the other hand, the survival of macromolecules
strongly depends on the spectrum of cosmic rays crossing
these conglomerates. The question about the cross
sections of cosmic ray interactions with macromolecules
is reduced to their interactions with the atoms composing
the molecule. The high-energy part of the CR distribution
mainly penetrates into gas-dust nebulae. And the
interaction of these particles gives very small cross
sections in the interaction with atomic electron shells of
the considered molecules and do not significantly affect
the formation of macromolecules. Moreover, when
solving such a class of problems and the energy ratio, we
can consider these molecules with their constituent
electrons as quiescent. To solve the above problem, it is
necessary to calculate the total energy losses for dust
particles and molecular atoms separately.

3. Direct and Non-Direct, Internal

3.1. Direct interaction

Numerical calculations of macromolecule survival in the
field of hard radiation are gained prominence and relevance
after the publication of the articles (Kyriakou et al., 2022),
and (Imserti et al., 2018). In this source the open code
version is now in widespread use Giant4-DNA 11.2. The
simplified version of these codes is G. Weber X-Ray
calculator (see link). The wvarious model studies of
protozoan bacteria in media with standard dimension 150
nm presented in Fig. 1. A main component of deposit
energy’s is Eg., for photon field includes only photo
absorption. From Fig. 1 we may get the upper limit of the
energy absorbed by the proto-bacterium has Eg,, =
0.12 eV. The presented in Fig. 1. results define only direct
interaction of quanta with bacterial and cellular structures.
It is important to note that Eg,, energy is sufficient to
excite the fluorescence of a certain type of bacteria exposed
directly to the X-ray radiation presented in Fig. 1.

3.2. Non-Direct interaction

If bacteria live in water or liquid biological substrate to
the direct effects of X-ray and y-ray radiation is added the
mechanism of radiolysis in these liquids. The general
scheme of the hard-radiation interaction processes was
consistent with the solutions adopted in open code Giant4-
DNA 11.2. Taking into account characteristic times, we
divide the chain of processes into stages: ionization >
radiolysis + free radicals - reactions between free radicals
and bacterial membranes and organelles. The given scheme
was necessary for comparative characterization of
prediction of bacteria existence in biological environment
and without it. This algorithm begin from estimation of
energy deposition in “Soft-Tissue”.

3.3. Internal interaction

Internal interaction refers to the process of penetration of
radioactive isotopes from the environment surrounding a
bacterium or cell. These may be the free radicals described
in the previous section but containing a radioactive isotope.
These events are depends from the nuclear transformations
inducing their appearance. This issue has not attracted the
attention of researchers because of its low probability
relative to other events. There is a non-zero probability that
a radioactive isotope is present in a transport molecule that
participates in metabolic processes.

3.4. Radiology and space medicine

The new opportunities now study the effects of
radioactive isotopes penetrating across cell membranes
and decaying inside cells and bacteria. The advent of PET
CT led to the use of the decaying isotope'SF, which is
part of the transport radiopharmaceuticals molecule
(hereinafter RFP)-Fluorodeoxyglucose (hereinafter FDQG),
a biological analog of glucose. Its full name is 2-fluoro-2-
deoxy-D-glucose. When 8F atom is introduced into the
preparation, the names are supplemented with its mention,
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Figure 1: Attenuation in 150 nm bacteria wth size 150 mm
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Figure 3: Ibid for Soft-Tissue size 200 mm

e.g. 8F -FDG. For the model experiment the medium
conventionally called "living environment" (hereinafter
referred to as LE) is chosen. The LE experiences the direct
effect of positrons and gamma-quanta formed by decay in the
RFP. The calculations of the various model studies of proto-
zoan bacteria in media filled with radiopharmaceuticals
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Figure 2: Extinction in Soft Tissue. Layer size is 10 mm
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Figure 4: Ibid for Soft-Tissue size 300 mm

(hereinafter RFP)-Fluorodeoxyglucose (hereinafter FDG). In
this case a biological analog of glucose, were carried out. Its
full name is 2-fluoro-2-deoxy-D-glucose. When §F atom is
introduced into the preparation, the names are supplemented
with its mention, e.g. *SF-FDG. For the model experiment
the medium conventionally called "living environment"
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(hereinafter referred to as LE) is chosen. The LE experiences
the direct effect of positrons and gamma-quanta formed by
decay in the RFP. Bacteria or cell are placed inside the LE.
Having the results of measurements of hard radiation
fluxes on the PET CT, we set the field of gamma rays and
diffusely moving particles — decay products in the form of
positrons and recoil nuclei. As a result, we have two
reactions channels: *8F — 180 + e* and et +e~ > 2y.

The second case is applied to space conditions. Here
the field of hard radiations interacts directly with the
microorganism. The participation of RFP — Glucose
Fluorine in the processes of metabolism and synthesis was
considered in the form of different variants of their
placement in space. The effects of the decay products of
the isotope '8F in RFP on protozoan organisms and cells
are considered in the following cases:

— Free radicals during radiolysis arise in the bio-
solution around the bacterium and enter the intracellular
space (Kyriakou et al., 2022), and (Imserti et al., 2018).

— Decaying within the bacterium.

— Direct interaction of the cell membrane, organelle
and macromolecule with radioactive decay products.

The role of the RFP decay product 80 inside the
bacterium or cell as a result of ionization and direct
destruction of components of the internal structure of the
bacterium or cell is important because he mean free path is
drastically shorter. In consequences of this presence of 50
as a decay product of §F — 180 + e* and involved in the
damage of complex organic molecules were specificities.

4, Discussion

The calculation of the survival rate of already formed
complex molecules and possible simplest life forms is the basis
of the present work The free path lengths of positrons L,+and
180 atoms as L130 are noticeably longer than the specified size

of a bacterium or cell. Therefore, the localization of the decay
point of the radioactive isotope in or outside the cell or
bacterium is irrelevant. In this case it is necessary to solve the
problem for the case of direct interactions taking into account
chemical reactions of radiolysis.

In present time development of space technology
requires new approaches to the study of biological aspects
of prolonged stay of equipment and people in aggressive
environment. In order to model the properties of
biological systems, the program Geant4-DNA was
extended and applied to solve new biomedical problems in
the program Giant4-DNA 11.2 In some cases, Weber
codes have been used for the sake of simplicity. The
proposed codes are integrated into the NIST international
databases, on proteins and their interaction cross-section
with ionizing radiation.

The preliminary results allow us to construct inferred
spectra of radiation passing through biological tissues. In
present work, nanometer-sized volatiles and bacteria in
the X-ray radiation field form specific induced emission in
the form of classical fluorescence. The considered
macroscopic biological structures almost completely
transform the directed X-ray radiation into scattered
Compton radiation. On the other hand, the obtained
laboratory and model data are readily transferable to

Astrobiology tasks (Lifshits et al., 2005), and (Horne et
al., 2022). In particular, using Fig. 1, we can conclude that
in dense gas-dust clouds cosmic rays do not destroy
complex molecules and damage the simplest bacteria.

5. Conclusion

The calculations of X-ray and soft gamma radiation
transfer through soft tissues, cells and bacteria in space
and radiology have been carried out. Consideration has
been given to all detailed processes of energy absorption
and scattering between quanta in biological tissues are
taken into account. The yield spectra of X-ray and y-ray
emission from Soft-Tissue tissues at different geometric
sizes were determined. Percentage contribution of each
mechanism to the formation of the spectral response of
tissues is highlighted. Based on these data, conclusions are
made regarding the role of photo absorption and
incoherent Compton scattering in the formation of
absorbed dose. The calculations showed that at soft tissue
sizes larger than 10 mm these two processes compete. The
absorbed dose at quantum energies up to 10 keV is formed
exclusively due to photo absorption by atoms of biological
medium. If the size of soft tissues exceeds 100 mm, we
get an exclusive contribution of Compton scattering of X-
ray and gamma-quanta on free and weakly bound
electrons of atoms and molecules. In other words, initially
directed ionizing radiation becomes completely scattered.
Moreover, as it moves through soft tissues, the long-wave
part of the X-ray spectrum is significantly amplified,
reaching 10 keV and being completely absorbed by the
substance.
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