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TEMPERATURE-SALT STRESS INCREASES YIELD OF VALUABLE
METABOLITES AND SHELF LIFE OF MICROALGAE

N. A. Chernobai®, N. G. Kadnikova'®, K. D. Vozovyk'®, L. F. Rozanov,

I. F. Kovalenko®, Y. G. Kot?
Unstitute for Problems of Cryobiology and Cryomedicine of the National Academy of Sciences of
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e-mail: nadiiachernobai@gmail.com
Submitted September 12, 2022; Revised October 25, 2022;
Accepted November 30, 2022

Background: Microalgae are very important for production of some chemicals industrially, such as
carbohydrates, peptides, lipids, and carotenoids. There are many ways by which the yield of the valuable
chemicals can be improved. They may include the reduction of cultivation temperature and change in the
composition of growth media.

Obijectives: study adaptive mechanisms of Dunaliella salina Teodoresco and Chlorococcum dissectum
Korshikov to low temperature and to develop the method for their hypothermic storage.

Materials and methods: The objects of research were unicellular green microalgae D. salina and
Ch. dissectum. Cold adaptation (for 24 hours) and hypothermic storage (for 3—-30 days) of cultures were
performed at 4 °C without lighting. Light and confocal microscopy methods were used to determine the
viability and pigment composition of cells. The Alamar Blue (AB) test was used as an express method for
assessing the metabolic activity of cells before and after cold adaptation.

Results: The study has showed that lowered cultivation temperature and increased salinity of the growth
medium increase the fluorescence of the NR dye in D. salina cells and do not affect this indicator in
Ch. dissectum. The 24 h exposition at 4 °C does not lead to a significant decrease in the relative fluorescence
units according to the AB test. Storage the algae at 4 °C does not result in their loss of viability and motility
for up to 30 days.

Conclusions: Incubation of D. salina at 4 °C for 24 hours increase carotenoid production compared to the
intact culture, while it has no effect on Ch. dissectum, regardless of the growth medium composition. The
short-term effect of low temperatures does not lead to a significant decrease in the metabolic activity of D.
salina and Ch. dissectum. Storage of museum collection of D. salina and Ch. dissectum is possible for a
period of 30 days at 4 °C without significant loss of metabolic activity, motility and cell concentration.
These results also demonstrate that a combination of high salt and low temperature stresses increase the
yield of valuable metabolites.

KEY WORDS: microalgae; salt stress; temperature stress; Dunaliella salina; Chlorococcum dissectum.

Microalgae today are a significant part of the bio-business, which is developing rapidly and
gaining global scale. VVarious types of microalgae under certain conditions are able to synthesize
valuable metabolites such as carbohydrates, peptides, lipids, and carotenoids [1-6].
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Halotolerant microalgae Dunaliella salina is one of the richest sources of natural carotenoids.
They can accumulate carotenoids under conditions that are sub-optimal for their growth high
light intensity, low temperatures, nutrient limitation, high salt concentrations. Under the
conditions carotenoids may make up 10% of their dry biomass. Chlorococcum dissectum is
another species of interest that may change its production of lipids and carotenoids depending
on changes in the composition of the growth medium, making microalgae a potential source of
important bio-business resources [7].

One of the primary environmental drivers of algal productivity is temperature. During mass
cultivation in open ponds, temperature fluctuations can stress or temporarily distort metabolic
processes affecting growth, overall productivity, and biomass composition [8—10]. As reported
for several taxa, cold stress, either individually or in some combination with another
environmental stress, reduces growth/productivity. However, it can stimulate lipid production
[11, 12] which is of industrial interest. Thus, the fundamental study of the mechanisms of
resistance of various microalgae to temperature stress is the basis for the targeted synthesis of
industrially important compounds.

The ability of algae to survive under extreme conditions has formed during evolution. Recent
metabolic analyses show that plants have developed a number of strategies to reorganize their
metabolism in adverse conditions, but the full extent of their adaptation mechanisms is unknown
[13, 14]. The cellular responses used by chlorophytes and other microorganisms to survive at low
temperatures have only been extensively studied in recent years, with a focus on psychrophilic
species [15, 16]. For different types of algae there are obviously common genetically determined
protective processes taking plays during the stress response phase. The processes enable them to
survive during short-term exposure to various chemical and physical factors such low temperature
[17, 18]. The processes include the synthesis of carotenoids, cold shock proteins, and activation
of the pentose phosphate pathway [6, 19]. At the same time, it has been shown that even a short-
term temperature decrease to 3 °C can lead to death of vegetative cells of blue-green algae
Anacystis nidulans and Chlamydomonas reinhardtii [20, 21]. Thus, the resistance of microalgae
to low temperatures depends on their taxonomic and morphofunctional properties. It is of high
priority to investigate the effects of cold temperature and other factor on certain types of algae.
On the one hand, this may allow to increase the production of metabolites, on the other hand, to
avoid the death of cell in culture because of too harsh condition.

The aim of this study was to examine adaptive mechanisms of Dunaliella salina and
Chlorococcum dissectum to low temperature and to develop the method for their hypothermic
storage.

MATERIALS AND METHODS
Microalgae culture

Unicellular green microalgae Dunaliella salina Teodoresco and Chlorococcum dissectum
Korshikov were included in this study.

Ch. dissectum is a freshwater biflagellate. Its cell wall consists mainly of glycoproteins
(hydroxyproline). Ch. dissectum has a massive chloroplast.

D. salina is a biflagellate, halophilic, unicellular photosynthetic microalga that does not
have rigid cell wall, which makes the alga sensitive to osmotic pressure.

Cultures of D. salina and Ch. dissectum were obtained from the collection of microalgae
cultures of the Department of Botany, V. N. Karazin Kharkiv National University.

Cultural medium and growth measurements
Cultures of D. salina and Ch. dissectum were grown under passive aeration conditions
before the stationary growth phase. Microalgae were cultured at 25+2 °C (normothermia).
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Biomass accumulation was performed in culture vials (TPP, Switzerland) with a volume of
40 ml, under round-the-clock illumination with white fluorescent light 52.84 pmol
photons m2s™ or 3 kLux [22, 23].

Ch. dissectum was cultured in growth medium BG-11 [24] and BG-11 with the addition of
sodium chloride at final concentrations of 0.06 M NaCl or 0.2 M NacCl.

D. salina was grown in two media containing different amounts of sodium chloride:
Ramaraj (Rm) [25] and Ramaraj with a high sodium chloride (Rmnaci) concentration of 4 M
NaCl.

Cold adaptation and hypothermic storage

Samples of all tested cultures (20 ml) in the stationary growth phase were placed in culture
vials (TPP, Switzerland) with a volume of 40 ml. Cold adaptation (for 24 hours) and
hypothermic storage (for 3-30 days) of cultures were performed at 4°C without lighting.

Viability and pigment analysis

Growth dynamics of all cultures, the amount of D. salina cells and their motility were
controlled by counting cells in a hemocytometer [26] using a light microscope. The preservation
of D. salina cells was assessed based on morphological properties: cell integrity, chloroplast
structure, motility, presence or loss of flagella. Additionally, D. salina samples were cultivated
in a liquid growth media.

Viability of Ch. dissectum cells was determined by controlling the number of colony-
forming units (CFU) for 10 days at 25 °C and round-the-clock lighting on agar medium BG-11
having an appropriate content of sodium chloride (n=3) [27].

The Alamar Blue (AB) test was used as an express method for assessing the metabolic
activity of Ch. dissectum and D. salina cells before and after cold adaptation [28]. The initial
concentration of cells in all samples was about 1.5x108 cells/ml. Control are cells under normal
cultivation conditions in the same growth media. Optical density was measured using a Tecan
Genios Microplate Reader (Tecan Inc, Australia) at a wavelength of 550 nm and an emission
of 590 nm. The obtained data were processed using XFLUOR4 v.4.50 and expressed in relative
fluorescence units (RFU).

To evaluate the intracellular synthesis of lipids before and after cold adaptation, Nile Red
(NR) dye (Sigma-Aldrich) was used, which was added at a ratio of 10 ul per 1 ml of culture
[29, 30].

The fluorescence of total chlorophyll and NR in D. salina cells was determined using a
LSM-510 Meta laser confocal microscope (Carl Zeiss, Germany) under excitation with a diode
laser at 405 and 543 nm. The fluorescence intensity was determined using the
AimlmageBrowser program.

Ch. dissectum cells were visualized by confocal microscopy using an Olympus FV10i-LIV
laser scanning confocal microscope (Olympus, Japan). The sensitivity of the detectors and the
intensity of the lasers in all the studied samples were the same. The size of the confocal aperture
was 2.0. Relative fluorescence intensity measurements in each individual cell and image
deconvolution were performed using the Olympus CellSens Dimension Desktop software.

All data were processed by Statistica 6.0 package for Windows (Tulsa, OK, USA), and the
results were expressed as means and standard deviation. Comparisons were tested using
Student’s t-test with Bonferroni correction. Values of p<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION
When studying the effect of short-term adaptation at 4°C, certain regularities were
revealed: within 24 hours, cell viability, and motility of D. salina and Ch. dissectum cultures
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did not change compared to control samples (normothermia). Despite this, structural changes
took place in D. salina culture, namely, an increase in the number and size of lipid globules
containing carotenoids (Fig. 1). NR fluorescence was also elevated compared to intact culture

(Fig. 2).

Fig. 1. Visualization of lipid droplets in D. salina cells by confocal microscopy during cultivation in Rm (A)
and Rmnaci (B) media depending on the cultivation temperature: 1 — control, 2 — after incubation at 4 °C for
24 hours. Yellow is NR fluorescence (scale bars =10 pm).
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The composition of the culture-adaptation medium also influenced the lipid synthesis. NR
fluorescence was higher in the medium with high levels of sodium chloride. The results indicate
the benefits of using a combination of low temperature and high salinity in a two-step culture
process to maximize the synthesis of valuable metabolites.

Measurement of the intensity of intrinsic fluorescence of total chlorophyll in D. salina cells
showed that short-term incubation at 4 °C and deprivation of light did not cause degradation of
chlorophyll in the cells regardless of culture medium composition (Fig. 3).
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Fig. 3. Fluorescence of chlorophyll (red color) (micrographs and intensity curves) in D. salina cells in
Rm (A) and Rmnaci (B): 1 — control, 2 — after incubation at 4°C for 24 hours (scale bars = 10 um).
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Incubation of Ch. dissectum cells at 4 °C for 24 hours did not lead to regular changes in the
fluorescence intensity of chlorophyll or NR regardless of the content of sodium chloride in the
growth medium (Fig. 4).

A

Fig. 4. Fluorescence of chlorophyll (green) and NR dye (yellow) in Ch. dissectum microalgae cells in the growth
media with different sodium chloride content: 0 M (A), 0.06 M (B), 0.2 M (C) before (1) and after (2) incubation
at 4 °C for 24 hours (scale bar=10um).

The absence of regular changes in the pigment composition of Ch. dissectum cells after
low temperature exposition and high salt stress may be species-specific. In contrast to
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halotolerant D. salina, which is able to adapt to abrupt temperature and salinity changes,
Ch. dissectum obviously lacks this rapid natural adaptation mechanism aimed at maintaining
cell viability under unfavorable conditions.

It was shown that the values of RFU of D. salina and Ch. dissectum cells slightly decreased
before and after cold adaptation.

No significant inhibition of D. salina cells’ metabolic activity was recorded (Fig. 5A).

The lowest RFU values (up to 35 %) compared to control group was observed in
Ch. dissectum culture in the medium containing 0.2 M sodium chloride. In other samples
metabolic activity decreased slightly or remained unchanged (Fig. 5B). This behavior of cells
may be due to the fact that Ch. dissectum cells were subjected to double stress: salt and
temperature. That would lead to slowdown in the respiratory chain electron transfer of the cells
and inhibition of their metabolic activity.
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Fig. 5. AB fluorescence in m — control samples and = — samples after cold adaptation of D. salina (A) and
Ch. dissectum (B) microalgae cells at 4 °C for 24 hours.

The effect of hypothermic storage on the viability and functional properties of
D. salina and Ch. dissectum microalgae cells

Low temperature storage is widely used to preserve various types of microalgae. However,
there is not enough information about the long-term effect of low temperatures on the stability
of the cells of D. salina and Ch. dissectum and their functioning. Therefore, after studying the
short-term effect of low temperatures on D. salina and Ch. dissectum, it was also expedient to
study the effect of long-term hypothermic storage on these cultures to assess the survival and
motility of the cells depending on the exposure time.

Our results showed that 30-day-exposure at 4°C had individual species-specific
differences.

The long-term storage of D. salina cells at low temperatures did not affect the cell
concentration during the entire period of observation (Fig. 5A). On day 30, there was a
significant increase in the concentration of D. salina cells in the Rm medium compared to the
control, which indicated an increase in biomass.

At the same time, hypothermic storage at 4 °C reduced cell motility (Fig. 6B). A significant
decrease by 20% was obtained in Rmnaci medium by day 10. The decrease in Rm medium made
up 40% by day 30. At the same time, the results indicate that such a decrease in mobility was
not fatal for these cells: the cells continued to divide and their concentration grew.

The study of Ch. dissectum viability showed that 30-day hypothermic storage in BG-11,
BG-11 (0.06 M NaCl) and BG-11 (0.2 M NaCl) at 4 °C increased the number of CFU compared
to the corresponding samples, cultivated under normothermia (Fig. 7). At the same time, a more
considerable increase in biomass was observed in BG-11 medium (0.06 M NaCl). These data
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have indicated that the cell culture of microalgae Ch. dissectum can be stored at 4 °C for 30

days without their viability loss.
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Thus, increasing the content of sodium chloride to 4 M for D. salina and 0.06 M for Ch.
dissectum can promote the synthesis of protective compounds, increase the resistance of the
cells to low temperatures, and prolong their hypothermic storage. Moreover, this may increase
the yield of valuable metabolites from the cells.

CONCLUSIONS

Incubation of D. salina at 4 °C for 24 hours increase carotenoid production compared to
the intact culture, while it have no effect on Ch. dissectum, regardless of the growth medium
composition; the short-term effect of low temperatures does not lead to a significant decrease
in the metabolic activity of D. salina and Ch. dissectum; storage of museum collection of D.
salina and Ch. dissectum is possible for a period of 30 days at 4 °C without significant loss of
metabolic activity, motility, and cell concentration. These results also demonstrate that a
combination of high salt and low temperature stresses may increase the yield of valuable
metabolites.
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AKTyajbHicTh. MiKpOBOZOPOCTI BayKJIMBI AJIs1 HPOMHUCIOBOTO BUPOOHHIITBA JESKUX XIMIYHUX PEUOBUH,
TaKMX SK BYIJIEBOJH, MENTUAM, JIMN Ta KApOTHHOIMU. € 6araTo crocobiB, 3a JOMOMOIOI0 SIKUX MOKHA
MiBUIIUTYA BUXIJ MIHHUX XIMIYHHX PEUOBHMH 3 KIITHH MIKPOBOJOPOCTeH. BOHM MOXYTh BKIIIOYATH
3HW)KEHHSI TEMIepaTypH KyJIbTUBYBaHHS Ta 3MiHY CKJIay CEpeJOBHILA ISl POCTY.

Mera po6oru. Busuntn Mexanismu ananranii Dunaliella salina Teodoresco Ta Chlorococcum dissectum
Korshikov 1o HE3BKOI TEMITEpaTypH Ta po3pOOUTH METOAMKY X TITOTEPMIYHOTO 30epiranHs.

Marepiaau i meromu. O6’eKTOM JOCTiKEHHST OYIIH OMHOKIITHHHI 3eseHi MikpoBomopocrti D. salina Ta
Ch. dissectum. KymbTuByBaHHsS 3HiHCHIOBAIM BIiNIOBIZHO 1O CTaHAAPTHAX METOIHUK. XOJOJOBY
amanTamifo (mporaroM 24 roawH) Ta TimotepmiuHe 30epiramHs (ympomoBxk 3-30 mHIB) KyJIBTYp
spiticaroBanu mipu 4 °C 6e3 ocBiTieHHS. JKHUTTE3MaTHICTh Ta MIrMEHTHWI aHali3 KIITHH BUBYAIH 3a
JIOTIOMOTOK0 METO/IiB CBITJIOBOT Ta KOH(pOKanbHOI Mikpockomii. Alamar Blue (AB) TecT BUKOpHCTOBYBaITH
B SIKOCTI EKCIpec-METOAy OLiHKH Merabomiunoi aktuBHOcTi Ch. dissectum ta D. salina go Ta micns
XOJIOJIOBO] ajanTarii.

PesyabTraTu. JlocmimpkeHHS mOKaszanu, IIO 3HIDKEHa TEMIIepaTypa KyJIbTHBYBaHHS Ta IiJBUILICHA
COJIOHICTh CepeZOBHINa POCTy 30uIbIIye Quyopeciieniio 0appauka NR y kmitunax D. salina ta He
BIUIMBAe Ha 1ei nmokasHuk B Ch. dissectum. Bymno BcTaHOBJEHO, 110 24-rOAMHHA SKCIIO3MIIIS CYCIICH31H
000X KynbTyp mpu 4 °C HE IPU3BOANUTH A0 3HAYHOI'O 3HIKECHHS BITHOCHUX OJMHHMIL (DIyopecreHmii 3a
AB-tectom. 36epiranas npu 4 °C He COpUYHHSAE BTPATy JKUTTE3NATHOCTI Ta PYXIMBOCTI JOCHIIHKEHUX
MikpoBogopocteii mpotsarom 30 mHIB.

BucnoBku. Jlenonysanns D. salina mpu 4 °C npotsirom 24 roauH 3011bl1ye BUPOOHHUIITBO KAPOTHHOI/IIB
MOPIBHSAHO 3 IHTAKTHOK KyNIbTYpor Ha Bimminy Big Ch. dissectum, ne He 3adikcoBaHO JOCTOBIpHHX
BIZIMIHHOCTEH, HE3alIe)KHO Bifl CKIaqy cepenoBuiia pocty. KopoTkouacHa Jisi HU3BKHX TeMIEparyp He
MPU3BOUTE JI0 ICTOTHOTO 3HIKEHHs MeTabomiunoi aktuBHocTi D. salina ta Ch. dissectum. 36epiranus
My3eiiHoi konekmiitnoi kynsTypu D. salina ta Ch. dissectum moximBo npotsirom 30 guis npu 4 °C 6e3
3HAYHOI BTPaTH METa0O0IYHOI aKTUBHOCTI, PyXJIMBOCTI Ta KOHIEHTpaIli KiIiTuH. OTpUMaHi pe3ysibTaTh
JIEMOHCTPYIOTb, IO ITOEHAHA /sl MiBHUIIEHOI COJIOHOCTI Ta HU3bKUX TEMIIEPaTyp MOXe 301IbLIUTH BUXi
LIHHUX METa0OJIITIB.

KJIFOUYOBI CJIOBA: mikpoBomopocTi; consoBuii ctpec; Temieparyphuii crpec; Dunaliella salina; Chlorococcum
dissectum.
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Background: In the past decades, the rapid development of molecular biology has led to a generation of
an unprecedented amount of biological data obtained by the scientific community. Therefore, there is a
significant and unmet need to store, process, and make sense of such a vast amount of data. There are
currently available a number of databases, that cover different fields of molecular biology.

Objectives: In this paper, we describe Protein-Nucleic Acid Structural Database with Information on
Accessible Surface Area, ProtNA-ASA, http://www.ire.kharkov.ua/ProtNA-ASA/index.php. The main aim
of ProtNA-ASA is to provide quick and convenient access to structural information about DNA and protein-
DNA complexes, that can be used for comprehensive study of protein-DNA recognition.

Materials and Methods: ProtNA-ASA database comprise information based on X-ray or NMR structures
derived from Nucleic Acids Data Bank: 973 structures of protein-DNA complexes, 129 structures of naked
A- and 403 of B-DNA ones; following structural parameters for each structure: conformational DNA
parameters calculated with the 3DNA/CompDNA analyzer; DNA accessible surface area calculated using
the modified algorithm of Higo and Go; DNA electrostatic potential calculated with DelPhi package.
Results: The recent update of ProtNA-ASA includes the electrostatic potential of the DNA minor groove
since it plays an essential role in the indirect protein-DNA recognition process. The update also includes
an advanced search, which serves to ease the use of the database and contribute to a more accurate structure
selection. Advanced search allows finding structures by PDB/NDB ID, citation, length and sequence of a
protein or DNA chain, type of structure, method of structure obtaining and resolution. All these queries can
be used in different combinations with and/or statements.

Conclusion: The combination of structural information and physical characteristics from the ProtNA-ASA
database is particularly useful to scientists studying the indirect readout, that based on DNA deformability.
The detail analyzes of protein-DNA complexes and mechanisms of protein-DNA recognition is essential
for implications in understanding cellular processes, DNA metabolism, transcriptional regulation, and
developing therapeutic drugs.

KEY WORDS: structural database ProtNA-ASA; protein-DNA complexes; DNA structure; protein-DNA
recognition.

The DNA functions (reproduction and regulation of genetic information) require the
specific binding of proteins to the target DNA sequences. Proteins need to find the appropriate
target rapidly, distinguishing between many similar and competing DNA sequences, and tightly
bind to their “own” sites [1, 2]. But despite the extensive study of protein-DNA recognition, it
is still impossible to formulate universal rules of its mechanisms similar to the principle of
complementarity [3, 4]. A successful approach for understanding the mechanisms of protein-
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nucleic acid recognition, along with the results from experimental investigations, is the data
analysis using molecular biological databases.

The rapid development of molecular biology in recent decades has led to the accumulation
of scientific data and the creation of various bioinformatics databases [5]. The databases contain
information received from scientific experiments, computational analyses, and published
literature. It allows scientists to access a wide range of biologically relevant data. Structural
databases [6-9] are informative for investigating protein-DNA recognition mechanisms.
Exactly, polymorphism and the ability to conformational rearrangements are properties of the
DNA double helix essential for successful recognition by proteins of their binding sites on DNA
and the formation of specific protein-nucleic acid complexes [10-13].

For example, there are several tools for extracting DNA structure parameters (3DNA [14]
and Curves+ [15]) and databases that hold protein-DNA interaction data: 1) 3d-footprint [16],
which provide structure-based binding specificities and sequence logos; 2) DP-Bind [17], that
takes a user-supplied sequence of a DNA-binding protein and predicts residue positions
involved in interactions with DNA; 3) ProNIT [18] provides experimentally determined
thermodynamic interaction data between proteins and nucleic acids; and 4) hPDI [19] holds
experimental protein-DNA interaction data for humans identified by protein microarray assays;
5) PDIdb [20], a protein-DNA interaction interface database; 6) DNAproDB [21] automatically
lays out nucleotide and residue interactions maps; ProDFace [22] is a web tool that characterizes
the binding region of a protein-DNA complex based on amino acid propensity, hydrogen bond
(HB) donor capacity (number of solvent accessible HB donor groups), sequence conservation
at the interface core and rim region, and geometry.

To the best of the authors' knowledge, among existing structural databases, most of them
collect or generate information about protein-DNA interactions but not presents sufficient
information on the accessible surface area (ASA) or electrostatic potential of protein-nucleic
acid complexes. However, the dependence of the availability of the nucleic acid surface for
contacts with solvent or/and protein, on DNA sequence is of great importance for understanding
the indirect readout mechanism.

Here we present an updated version of the Protein-Nucleic Acid Structural Database with
Information on the Accessible Surface Area (ProtNA-ASA) Data Base [23]. The latest update
includes information on minor groove electrostatic potential. In our previous research [24], we
demonstrated that conformation changes in the sugar-phosphate DNA backbone alter the
electrostatic potential of the DNA minor groove and are dependent on DNA sequences. Thus,
the data stored in the updated ProtNA-ASA Data Base can facilitate the investigation of protein-
DNA recognition mechanisms and allows the determination of several structural and physical
properties of the DNA that affect protein-DNA binding affinity.

MATERIALS AND METHODS

The presented ProtNA-ASA Data Base was built using the PHP 8.0.7 and the MySQL
database management system.

The ProtNA-ASA is based on the structural data of free DNA and protein-DNA complexes
extracted from Nucleic Acids Bank, NDB [6] according to the following criteria: X-ray or NMR
structures; resolution better than 2 A; double stranded DNA; non-modified base pairs; more
than 4 nucleotides in each chain.

Conformational parameters of DNA were calculated with the 3DNA/CompDNA analyzer
[25, 26].

Accessible surface area (ASA) of each DNA atom in minor and major groves was
calculated using the modified algorithm of Higo and Go [27], see ref. [28] for detail.
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The minor-groove electrostatic potential of DNA was obtained by solving the non-linear
Poisson-Boltzmann equation at physiological ionic strength using the software package DelPhi
[29]. Many studies showed that DelPhi provide an accurate calculation of DNA electrostatic
potential distribution, which is crucial for revealing the mechanisms of indirect recognition [24,
30, 31]. According to a method proposed [11], an electrostatic potential for each DNA base pair
was defined at the reference point located approximately in the center of minor groove and in
plane of the base pair. Such definition of reference point allows to measure of electrostatic
potential as a function of DNA sequence and conformation (see ref. [24] for detail of
calculation).

Each entry of the ProtNA-ASA database and calculated parameters are presented in
separate files available for viewing and downloading.

RESULTS AND DISCUSSION
1. Content of ProtNA-ASA database
After the update, the content of the ProtNA-ASA database increased to 1505 structures, of
which: 973 structures of protein-DNA complexes; 129 structures of free A-DNA and 403
structures of free B-DNA. All structures were extracted from the Nucleic acids Data Bank [6].
The user interface is presented at Fig 1 a. Each entry of ProtNA-ASA Data Base is referred
by PDB/NDB ID and contains the following information (Fig. 1 b—g):

a e

DATABASE CONTENT

FDBID NDB_ID  Title Authors Year  Resolutiol
103D 103D The unusual structure of the human centromere (GGA)2 moti. Chou, SH., Zhu, L., Reid. 1995
Unpaired guanosine residues stacked between sheared G.A BR
107D Q L ——————————————————————— e AR
nnnnnnnnnn

108D 108D:

109D GDL033

118D ADHD47

122D BDJB49

830 200 o©g

123D BDJBS50 DNA helix structure and refinement algorithm: comparison of Hahn, M.. Heinemann, U 1993 1.7
models for d(CCAGGCMSCTGG) derived from NUCLSQ, TNT
and X-PLOR.

b c d g (gauche) (gauche+)

1TRO 3HTS 1L1zB

Fig. 1. Content of ProtNA-ASA Data Base. (a) an interface of ProtNA-ASA Data Base; components of protein-DNA
complex from PDB file: protein (b), DNA (d) and water (d); (e) nucleotide torsion angles calculated with
3DNA/CompDNA program and available in the database (base pair and step parameters not shown); (f) visualization
of AT base pair electrostatic potential with different y angle conformations in minor groove, electrostatic distribution
colors (f): red — negative values, white — positive values; (g) the values of calculated ASA for Adenine in different
v angle conformations in minor groove; ASA colors: red — O atoms, blue — N atoms, gray — C atoms.

« crystallographic coordinates of the structure in pdb format and their separate
components: protein, DNA, water (if available);
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+ conformational parameters of DNA for each nucleotide;
» ASA of each DNA atom in minor and major groves separately;
« electrostatic potential of DNA minor groove.

2. Minor groove electrostatic potential.

The new version of the ProtNA-ASA Data Base is supplemented with information about
minor groove electrostatic potential. Electrostatic potential plays an essential role in the protein-
DNA interaction process since it is the most common and long-ranged type of interaction [32].
The influence of DNA conformation on its electrostatic potential only recently has been
discovered [30, 31, 33]. It was shown that the regions with a narrow minor groove are often
associated with enhanced negative electrostatic potential [11]. Moreover, the direct calculations
of electrostatic potential are sensitive to chemical signatures [34]. Despite similar minor groove
width, the electrostatic potential depends on functional groups because A-T and C-G base pairs
carry different partial charge distributions.

Early [24] we demonstrated that the structural rearrangements of a double helix (minor
groove sizes and the conformations of the sugar-phosphate backbone) induce changes in the
distribution of minor groove electrostatic potential and are dependent on DNA sequence.
Therefore, the minor groove sizes and distribution of its electrostatic potential can be used as a
signal for proteins' recognition of their binding sites on the target DNA in the realization of the
indirect or shape readout.

The examples of the distribution of minor grooves' electrostatic potentials are presented
in Fig. 1 f. The visualization of AT base pairs' electrostatic potential with different y angle
conformations in the minor groove is shown. One can see the significant difference in the
structural state and minor groove's sizes and the distribution of their electrostatic potentials for
the AT base pairs in the three different DNA structures. Thus, the information available in the
ProtNA-ASA Data Base make it possible to obtain a combination of data for the conformation
of local DNA fragments, the spatial and physical characteristics corresponding to these
fragments — the areas of the accessible surface of atoms, the changes in the polarity of these
surfaces, and the distribution of the electrostatic potential.

3. Web user interface

The database can be accessed through Internet at http://www.ire.kharkov.ua/ProtNA-
ASA/index.php. The web server has a simple user interface and include two search strategies:
basic and advanced. In a basic search, you have one search field for entering one PDB ID. In
contrast, an advanced search contains multiple fields which allow you to make more
sophisticated queries Fig 2. The simplest search by PDB or NDB ID list of identifiers will return
all matching entries in our database. Additional features can be specified as a filter, and only
entities matched this criterion will be returned. It includes search by structure summary, DNA
form or protein and their sequence, as well as experimental details. Description of each field is
available as hints. Typically, the result of a submitted query will return list of entries available
in the database with short description.

CONCLUSIONS
The increasing interest in the protein-DNA recognition process results in a growing number
of relevant data, as well as existing resources and databases that facilitate the study of protein-
DNA complexes. The information from ProtNA-ASA Data Base provides a possibility to
investigate how structural and physical characteristics of the DNA affect the protein binding
affinity. The ProtNA-ASA database represents a combination of data on DNA conformation,
its accessible surface area, and electrostatic potential. Consequently, the ProtNA-ASA Data
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Base can be useful for (i) discovering the general rules of the DNA conformation variability
and its specificity, (ii) study of the influence of double-strand conformation on the availability
of atoms for contact in DNA grooves and on physical characteristics such as electrostatic
potential (Fig. 1 f) or DNA accessible surface area (Fig. 1 g), (iii) for prediction of protein-
DNA binding sites. Predictions based on DNA sequence and structural information comprise
major computational strategies commonly used to identify DNA-binding residues in a protein
[35]. Therefore, using structural databases, in particular, the ProtNA-ASA Data Base [36] can
improve the accuracy of such predictions.
ProtNA-ASA Data Base is freely accessible for any academic and educational purposes.

Home | Database | Methods | Contacts | Related links | ‘ Search:

MENU ADVANCED SEARCH
0 LI Summary
= Database
= Methods
« Contacts PDB ID | Enter 4-character PDB identification code/codes ‘
gRelitediinks NDB ID | Enter space separated NDB ID ‘
= Advanced Search

Citation | Enter keywords for search by title | [AND v]
RESOURCES

Author | Enter space separated Authors | [AND V]
= Nucleic acid database

i Year ‘ from ‘ ‘ to ‘

= RCSB Protein Data Bank
= NCBI
= Cambridge CDC Polymer
= 3DNA analyzer

[ ® Al l [ O A-DNA l [ QO B-DNA l [ O Protein-DNA complex
DOWNLOAD DB

Protein | Enter space separated molecules | [AND V]
= ProtNA-ASA

Sequence

DNA Sequence ‘ Search by Nucleic Acid Pattern ‘

Min DNA sequence lenght | from \

Max DNA sequence lenght [upto |

Protein Sequence | Search by Nucleic Acid Pattern |

Min protein sequence lenght | from |

Max protein sequence lenght |upto |

Experimental Method

(@a] [Oxmy] [Owwr]

Resolution | from | |t

Submit Query Reset I

Fig. 2. Advanced search appearance.
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BA3A JAHUX PROTNA-ASA: HOBA BEPCIs, IO BKJIIOYA€ THOOPMANIIO ITPO
EJJEKTPOCTATUYHUM HNOTEHUIAJI MAJIOT'O KOJIOBKA JHK
M. 10. Kurnikosa, I'. B. lllecrona;iaosa
Inemumym paodioghizuxu ma enexmponixu in. O. A. Ycixoea HAH Ykpainu, eyn. Ax. Ilpockypu, 12, Xapxie, Ykpaina, 61085
Hapiiinma o pemakuii 15 nucronana 2022 p. Ipwuiinsta no npyky 13 rpyaas 2022 p.

AKTyaJbHicTh: B OCTaHHI eCATHIITTS IBUAKUN PO3BUTOK MOJIEKYJISIPHOT 010J10T1T IPHU3BIB 10 CTBOPEHHS
Oe3mpeneIeHTHOT KiIIbKOCTI 010JIOTIUYHHUX JTaHUX, OTPUMAaHUX HAYKOBOIO CIUILHOTOIO. TOMy icHYye 3Ha4YHa
notpeba y 30epiranHi, oOpoOIi Ta PO3yMiHHI BEIMKOTO oOcsATy maHuX. Ha maHuWil gac icCHye BelHka
KUTBKICTh crienudivHmx 0a3 JaHUX, SKi OXOIUTIOIOTH Pi3Hi rairy3i MOJICKYISIPHOT 010JIOTi1.

Mera poborm: CrarTs TpUCBIYEHA  oOmHCcy  OHOBIeHOT  0Oasm  maHmx  ProtNA-ASA
(http://www.ire.kharkov.ua/ProtNA-ASA/index.php). OcHoBHa Mera 0a3u gaHux ProtNA-ASA —
3a0e3NeYnTH MBHIAKUH 1 3pydHHid goctyn o iHpopmamnii mpo JJHK ta 6imkoBO-HYKIETHOBI KOMITICKCH,
sgKa MOXe OyTH BHKOPHUCTaHA Ui BCEOIYHOTO JOCHIDKEHHS MeXaHi3MiB OiJIKOBO-HYKIETHOBOTO
BITI3HABaHHI.

Marepianu ta meroan: ba3za nannx ProtNA-ASA mictuth iHpopMaio npo cTpykTypH 3 banky nanmx
HYKJICTHOBHUX KHCIIOT, OTPUMAaHHUX METOJAaMH PEHTTEHOCTPYKTYpHOTo aHamizy Ta SIMP: 973 crpykrypu
0171KOBO-HYKJIETHOBUX KOMIUIEKCIB, 129 cTpykTyp BitbHOT A- Ta 403 cTpykTypH BisibHOT B-/IHK; HacTymHi
napaMeTpu Ui KOXKHOI CTpyKTypu: KoHdopmauiiini napamerpu JHK, pospaxoBani 3a a0momororo
nporpamu 3DNA/CompDNA; mmomy moctymHoi moepxHi JIHK, pospaxoBany 3a J0MOMOTOIO
mojudikoBanoro amroputmy Higo i Go; enmextpocrarnunuii norteniian JHK, po3spaxoBanmii 3
Bukopuctanusm nakery DelPhi.

PesyabraT: OHoBneHa 6a3za maHux ProtNA-ASA Britodae 3Ha4EeHHs €I€KTPOCTATHYHOTO MOTEHIialy
JHK, po3noain sKoro y Majaomy *oJIo0Ky BiJlirpa€e BaX<JIMBY pOJIb y HENPSIMOMY OiIKOBO-HYKJIETHOBOMY
Bri3HaBaHHI. OCTaHHE OHOBJIEHHS TAKOX J03BOJISIE TPOBOJMTH PO3IIMPEHHMH MNOIIYK iHpopMarii 3
BukopuctanusiM PDB/NDB ID; nuryBaHHS; 10BXHHHU Ta nociaigoBHocTi Oinka i JIHK; tumy crpykrypu;
METOJIy OTPUMaHHS CTPYKTYpH Ta PO3AUILHOI 3JaTHOCTI. YCi 3aIUTH MOXXHa 3aCTOCOBYBAaTH B PI3HHX
KoMOiHaIisx 3 oneparopamu Ta/ado. e cyTTeBO moJierurye BUKOpUCTaHHS 0a3u JaHUX 1 CIpHsie OB
TOYHOMY BiIOOPY CTPYKTYP.

BucHoBku: O0’enHaHHS CTPYKTYpHOI iH(popMamii Ta (i3myHUX XapakTepucTuk 3 6a3su manux ProtNA-
ASA € BOXIMBUM IIPH JOCHI/DKEHHI HEMPSIMOTO MEXaHi3My BIli3HaBaHHs, 3aCHOBAHOI'O Ha 3JaTHOCTI
nongitiHoi cmipami JJHK mo xongopmamiiiHux mepeOymoB. JleTampHuid aHami3 CTPYKTYyp OLIKOBO-
HYKJIETHOBHX KOMIUIEKCIB 1 MeXaHI3MiB BIi3HaBaHHA HEOOXiMHWH U1 po3yMinHs merabomnismy JJHK B
KJIITHHI, peryJsiuii TpaHCKPHIILi{, po3pOoOKH TeparneBTHYHNX Nperaparis.

KJIFOUYOBI CJIOBA: crpykrypHa 6a3a nanux ProtNA-ASA; 0inkoBo-HyKkieiHOBI komiuiekcH; ctpykrypa JTHK;
01JIKOBO-HYKJICTHOBE BITi3HABAHHSI.
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Hocmimkernns Ceante [Taabo, HobemiBchkoro maypeara 3 ¢izionorii Ta megumuan 2022 p., aHaTI3YIOThCS
y JIBOX acCIeKTaX: HO-Tieplle, sIK HalsCKPaBilINi IPHUKIIa eBOMOLIHHOT TpaHChopMaLil KIaCHYHOT HayKH
y NOCTaKageMiuHy TEXHOHAYKy i, O-ApYyre, SIK €JIEMEHT HOBOTO IJI00albHO-ICTOPUYHOTO (EHOMEHY —
«O1ONOTITUYHOTO MOBOPOTY» Y COLIOTYMaHITPHOMY Ta MOJITHYHOMY 3HAHHI TEXHOJIOTIYHOT LUBLITI3aLii
Ta, 30KpeMa, Y KOHIEIIT «TPOMAISTHCHKOTO CYCITIIbCTBAY.

KJIFOUYOBI CJIOBA: naneorenomika; Cante [1aabo; HobeniBcbka npemis 3 ¢i3ioJ0rii Ta METUINHY;
TEeXHOHayKa; O10TOJII THYHHI TOBOPOT.

HobGeniBcbka mpemist 3 ¢isiosorii Ta meauuuHu 2022 p. mpuUcylKeHA MIBEACHKOMY
nocnigauky Cante Ilaabo (Svante Pddbo) «3a BIiIKpUTTS, SIKi CTOCYIOTHCS TE€HOMIB
BUMEPJIUX TOMIHI/IB Ta €BOJIONIT IroauHm» [1].

[Tonis 3HA4YHOIO MIpPOIO € 3HAKOBOK), a caM JlaypeaT — 3HAKOBOIO (Hiryporo Cy4acHOi
ictopii. Lle TBepaKeHHS € cripaBeVIMBUM IIPUHANMHI Yy IBOX aCIIEKTaXx.

[To-nepire, icTopis Ta dimocodis HAYKHW CTBEPIKYIOTh, 110 METOJIOJIOTIS Ta COIlaAIbHHUMA
CTaTyC HAYKH 3 MMOYATKOM HOBOTO THCSUOJIITTS BCTYIUIN Y HOBY a3y, M0 OTpUMaia Ha3By
nmocTakajieMiuHoi [2], abo TexHOHayKH [3], 1110 3HAYHOI MIPOIO BIAPIZHAETHCS Bl KIACUYHOT
Mozenl HaykoBoro 3HaHHs 18-20 cromith. CyuyacHe HaykoBe 3HAHHS Ha BIAMIHY BIJ
KJIACUYHOT HAyKH € iHTEepPIpeTaIiiHUM, TOOTO MOEAHYE B cOO1 00'€KTUBHMIA ONMKC AIHCHOCTI 3
Horo myOIiYHO0 (COIiaTbHO, MOJITUYHOI, €TUYHOIO Ta 1H.) oIiHKo [4]. HaykoBa Teopis
KOHIIEHTPYEThCS Ha BUPIIICHHI COIaIbHO-3HAYYIIOI MPOOJIEMHU Ta 1HIIIOETHCS HAsBHICTIO

SAx muryBatnm: Yemko B®D. [ocnimkenns 3 namneoreHomiku Cpanre [laabo y KOHTEKCTI MOCT-
akajeMiYHuX TpaHchopMarliil cydacHOl TeXHOHAYKH (IITPUXU A0 nopTpery HobenmiBchkoro naypeara
y COIIOKYJIbTYPHOMY KOHTEKCTI). Biogiznunuit BICHUK. 2022;48:25-32.
https://doi.org/10.26565/2075-3810-2022-48-03

In cites: Cheshko VF. Svante Pidbo's paleogenomics results in the context of post-academic
transformations of modern technoscience (strokes to the portrait of the Nobel laureate in the socio-
cultural context). Biophysical Bulletin. 2022;48:25-32. https://doi.org/10.26565/2075-3810-2022-48-
03 (in Ukrainian)
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BIJIMOBIIHOTO  COIIAJIBHOTO 3aMOBJICHHsS; HAYKOBI KOHIIENTH HaOyBalOTh aTpHOYTIB
PUHKOBOTO TOBapy. SIK HACTIAOK JJIsI TEXHOHAYKH XapaKTepHI Taki pucH sK Oe3rmocepeHi i,
HalyacTie, BUPIMAIBHUNA KOHTPOJb IMOJMITHYHHX 1 OI3HEC-CTPYKTYp HaJI Tedier 1
pe3yJbTaTaMH BCiX CTaAiil HAYKOBOTO JTOCIIKCHHS.

[lo ngpyre, 3acHOBaHa Ha  HAayKOBO-TEXHOJOTIYHOMY  PO3BUTKY TEXHOT€HHA
(TexHONIOTIYHA) TMBLTI3AIlSA, caMe€ B CHJIY HApOCTAIOYMX 3MiH BIACHOI KYJIBTYPHO-
€KOJIOTIYHO1 Hillll, 3a3Ha€ CEepHO3HUX 1 MIMOMHHMUX TpaHc(opMalliid BIACHOI €BOJIOMIHHOL
crparerii. 1[I Tpanchopmalii aeski JOCTIIHUKKA HA3WBAIOTh IJ100aIbHUM OiOMOITHYHUM
noBopoToM [5] i HaBiTh TpeHoM [6]. Moro dyHAaMEHT CTAHOBHTH HEOOXiJHICTH IIMPOKOrO
BHKOPHUCTAHHS TEXHOJIOTIH I€HETUYHOI Ta COLIaJIbHOI 1H)KEHEepii JUIS IOJI0JaHHS CUMIITOMIB
r100aIbHOT €KOJIOTO-IIMBUII3AIIMHOT KPU3HM — EHEPreTHYHOI, KIIMAaTUYHOI, MaHJAEMIYHOI
tomio. Bee 1e npu3BOAUTh 10 CEPHO3HUX MOJITUYHUX 3MiH, IO BiJOMBAIOTHCS Ha 11€0JIOTIi
Ta MEHTAJITETI Cy4YaCHOTO CYCIUIBCTBA Ta UIIOCTPYETHCA OCOOMCTICHUMH pHCaMH,
Oiorpadiero, BKIAJOM B Cy4acHY, MDKIUCIUIUIIHAPHY, BXKE 32 BU3HAYCHHSIM, HAYKY HOBOTO
HoGeniBchkoro maypeara. Ille OUIbIIO0 MIpOrO II€ CTOCYETHCS CHPHHHATTS BCHOTO BHIIIE
HABEJICHOI'O CydacHHUM cycrniibcTBOM. Ocobucticth CBante [Iaabo B 4oMych Cxo0’ka, aje B
IHIIUX BITHOCUHAX Pi3KO BIIPIZHAETHCS BiJj JlaypeaTiB OiIbIN paHHIX ICTOPUYHHUX MEPIOiB —
T.T. Moprana, I'. Memnepa, ®@. Kpika, /[x. Yorcona ta iH. binbIne Toro, rpaib 0COOMCTOTO,
IHTUMHOTO 1 CYCHIJILHOTO ICTOTHO 3MIHMJIA CBOIO KOH(Irypariiro Ta Mmexi. Ta i CBOr0 OCHOBHY
mpamo 3 mnaneorcHomiku [7] Ilaabo HamumcaB, 3MIIIABIIM BOEIUHO JKaHPH HAYKOBOI
MoHorpadii, HayKoBOI MOmyJispu3allii, MemMyapiB 3 e€JeMEHTaMHU IHTHUMHOI CIIOBIJi,
opopMUBIIM Bce II¢ B meppopMaHC HAYKOBOI OCBITH 1 PO3BAKAIBHOIO IIOY. SIBHIIE
HEMOXJIMBE 3 TIOTJISYy KPUTEPIiB Bepu(iKyeMOCT] y HayIll KIIACHYHIH 1 HE PiJIKICHE Y TIparsix
MPEJICTABHUKIB Cy4aCHOI TEXHOHAYKH ITOCT-aKaJEeMiuyHOI (SK MPHUKIAA — TBOPH BiIOMOTO
etonora ®panca ne Baana [8]. 3 pannix — «[loagiiina ciipane» k. Yorcona [9].

Ilepeoymosu eunuKkHenns naneozeHomiKu

Orxe, oauH 13 MaHOYTHIX 3aCHOBHUKIB HOBOI TpPaHCAUCIMIUIIHAPHOI BXKeE 3a
BHU3HAUEHHSM HAyKH — TMaJe€OreHOMIKH — HapoauBcs y 1955 p. sk mozaunumoOHUIl cuH
eCTOHChbKOI eMirpanTku y IlIBermii, Toro »* poky HapoAMBCS 1 MOr0 «3aKOHHHI» 3BeIeHUN
Opar. MoxHa ckazatu, mo Canrte [laabo HamexuTh 10 auHacTii HoOemBCchKkHUX Jlaypearis,
fioro 6areko, Kapn Cyne [letmod beprcrpem (1916-2004) orpumas mpemito B 1982 p. 3a
JTOCTIPKeHHsI TPOCTarlaHANHIB, IO BiJIrPalOTh BAXKIUBY pOJib B I1HAYKIII OONbOBUX
BiQuyTTiB (cnibHO 3 benrrom CamyenbcoHom 1 Jxonom Beitnom). Canrte Ilaabo
ineHTudikye cede K OCOOUCTICTh, IO HAJIEKHUTH O IIBEICHKOIO €THOCY, BU3HAIOYU IMPHU
IbOMY «OCOOJIMBI CTOCYHKH 3 ECTOHI€I0», X0 1 HE 3HAE €CTOHCHKOI MOBHU. J[OCHTH BiJIBEPTO
BiH IHUIIE 1 PO CBOIO I'eHJEpHY OiceKkcyallbHy MpuHaNexHIcTh [7, 11] (mpu Tomy, mo Mae
IIIJTKOM «KJJACHYHY» CIM'T0, IIACIUBO OJPYKEHHH 31 CBOEIO Koseroto — Jlingoro Bimkumant
(Linda Vigilant), BuxoBye nBox miteit).

Cgante [laabo mae mpodeciiiHy MiATOTOBKY, IO HAaWOLIbINE BiANOBIIAE BU3HAUYCHHSIM
TEXHOHAYKH, OCHOBHUM CHUMITOMOM SIKOi € TPaHCAUCIUILUTIHAPHICTP — CHUHTE3 B OJTHOMY
JIOCJIIJDKEHHI METOJIB 1 TEOPETUYHUX TMOOY/I0B MPUPOJHUYNX, COIIOEKOHOMIUYHUX Ta
TyMaHITapHUX HayK, JECKPUNTHBHO-HAYKOBHX Ta IIHHICHO-aKCIOJIOTIYHUX.

Bin 3akinuuB Yncanbchbkuil yHiBepcuteT y M. Yrcana (LLIBeris), po3rnoyaBuiy HaBYaHHS
(1975 p.) six MaiiOyTHI# (haxiBelp y ramysi JaBHBOT ICTOPIi (ETUNITONOTISA) Ta 3aKIHYMBIIN BKE
AK (haxiBeUb-IIUTONOT, 1 3aXUCTUB AucepTanito (1986) B ramysi MoJeKyIsIpHOI IMYHOJIOTIT
[10]. TTaaGo BosoAi€ KOMTCHKOIO Ta POCIHNCHKOIO MOBaMH, OTPHUMaB MiATOTOBKY B Taly3i
1CTOPI1 HAYKH, IKUHCH Yac MPAIIoBaB JiKapeM. 3 TBOX CKIAJOBUX — ICTOPIi Ta O10MEIUITNHI
— mepiia Oyna st MaliOyTHHOTO JTOCIITHUKA METOI Ta CEHCOM HAayKOBOI AiSIBHOCTI, a
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apyra — 3acobom ii mocsirHenHs. 3 nuTuHCTBa [laa®o 3axormiioBaBcsl JaBHBOIO 1CTOPIEIO
(erumeTchkoi mMBiMIZaIMii OCOOIMBO), ajie 3MICT KIACHYHOI HAYKH MOMY 3/1aBajiocsi Majio
BiJIMOB11aB Horo iHTepecam [11]. Horo nikasmia HacaMmIiepe;] 3MiHa JIFOJAChKUX MOMYJIAIINA Y
nporeci (popmMyBaHHSI Cy4acHOT JIOJUMHH B XOJII €BONIOIIHOTO mporiecy. [ mobanpHime, sKi
TeHETUYHI 3MiHM C(hOpMYyBaIU cydacHy Jitoauny [7, 11]?

[Tepenomunm y #oro momi craroth 1987-1990 pp., konu [Taabo OyB MOCTOKTOpaHTOM
Kamidopmniiicekoro yaiBepcutety (bepkimi, CIIIA), me ocBorooBaB CydacHi Ha TOH dac
TEXHOJIOT11 BUAUIEHHSI TCHETUYHOTO MaTepiaay 3 MaJeoHTOJNOTiYHMX 3paskiB. Lls TexHomoris
HaOyJsla Ha TOW Yac 3HAYHOI HAYKOBOI IIHHOCTI 3 HU3KU OOCTaBHMH. HallBa)IMBIIIOK 3 HUX
cTayio 3anmoyaTkyBaHHs peanizamii (1990) MikaapoaHOTo TIpoekTy «I'€HOM IIFoIMHWY (aHTIL.
The Human Genome Project, HGP). Ilounnanacs HOBa ermoxa, IO 3adilla€ BCi CTOPOHH
JKUTTS Cy4acHOI muBiuIizamii. Y cydacHiid Gpiu1ocoCchKiidi aHTPOIOJIOTI e mepexil MPHHHSITO
HasuBaTH «BTpaTor0 Tima» [12]. ComaTHuHa Opradisaifisi >KMBOI iCTOTH, 30KpeMa, JIOIMHH
CIIPUIMAETHCSL HUHI K TEKCTOBE IMOBITOMIICHHS, 3aKOJJOBAHE MOJICKYJSIPHAM 49U IU(DPOBUM
KOZIOM, OT)K€, JIETKO 1HKOPIOPYEThCA B MONITHYHI KOMyHikamii. B ictopii xutts CBanTe
[Taabo meii MOTHB TOE€THABCS 3 OCOOMCTICHOIO OpIEHTAIIE€0 Ha IMi3HAHHS ICTOPIi,
BUKOPUCTOBYIOUHM [UIsI LBOTO OYIb-SIKYy MOXIIMBICTb, IIO0 HAAAE€THCA TEXHOJOTTUHUMU
IHHOBAITISIMH, 1 BMIHHSIM BKITFOUATHUCS Y Oy/b-sIKi HAYKOBO-IOCIITHI «MEPEXKEBI CTPYKTYPHY,
SKI TaKy MOXJIMBICTb HAJalOTh. Y CydYacHIM TEXHOHAyIl CHpaBAi Jedaii Oulblie
MOMIUPIOIOTHCS TOCIIIHI TPYIH, [0 CHTYaTHBHO BUHUKAIOTH 33151 BAKOHAHHS KOHKPETHOTO
JOCTIAHUIIBKOTO TPOEKTY 1 mepeopMaTyroThes Ui pO3MaAa0ThCsl MIiCHs Horo 3aBepuieHHs. |
TaKi JOCIITHUIBKI TPYIH 3 KOPOTKHM TEPMIHOM KHUTTS CYTTEBO MOTICHIIIN KIACUYHI HAyKOBI
mkoau [13].

Ille B 1985 p. Ilaabo, 3a copusHHAM mpodecopa €eruntosorii  YmcaabChbKoro
yHiBepcutety PoctucnaBa Tomptroepa (Rostislav  Holthoer), otpumas moctym 10
€TUNETCHKUX MyMiil 1 3mir Buauutd 3 HUX (parmentu JIHK [14]. Vce ue BiH poOus
HaMararouuch He MPUBEPTATH 3aliBOi YBarn HAyKOBHX KEPIBHHKIB, MOMEPEHI €KCIIEPUMEHTH
MIPOBOIMIIMCS. HUM Y CBOTH KyXHi.

Y bepxmi [laabo craxxyBaBcs B salopaTopii, 110 NpPUMHUKae [0 Miclsg poOoTH
Kepi b. Mymica (Kary B. Mullis), sikuit po3poOuB 3a Kijibka POKiB /IO IBOTO TEXHOJIOTIIO
noniMepasnoi nanitoroBoi peakuii (ILJIP), sika mo3Bomsie ammmiikyBaTh MiKpOKUTBKOCTI
nociinoBHocTed HykiaeotuaiB JIHK nns momanbmioro BuBueHHs. Lle BiAKpHUTTS pO3AUTHIIO
ICTOPir0 TEHETUYHOI 1H)KEHEpii Ta BCi€l TEXHOJIOTTYHOI IUB1TI3allii Ha Bl €MOXH — JI0 1 MICTs
BuHaxony I[IJIP. BukopucrtanHs 1i€i METOAMKH JO3BOJMIO JOCIITHUKY 3aCyMHIBAaTHCS B
ABTEHTUYHOCTI MepIux BHUAUTEHUX 3 Mymii 3paskiB JIHK, sxa BusBumacs 3a0pyaHEHOO
HACTYIHUMHU KoHTakTamu. Ha meBHuii nepion y uentpi yBaru [laabo BUSIBUBCS T€HETUUHHM
Mmarepiajl BUMEPJIMX TBAapWH — TIraHTChKOI O€3KpHIIOl MTHIl MOa, POJUYKH 3e0pU KBarrw,
MJICHCTOIICHOBUX MPEAKIB KOHS, HABITh MAMOHTA.

Hacrynuuii nepion sxuttsa [laabo mos's3anuii 3 HimewyunHoto, J1e BiH cTaB npodecopom
3arainpHO1 Olosiorii, a 3 1997 p. odonMWB BIAMIT TEHETHKH TIJIBKHA IO OPraHi30BaHOTO
[actutyty eBomroriiiHoi antpomosorii Makca I[lnanka B Jlelnuury. BuUHHKHEHHS LHOTO
JIOCJIITHAIIPKOTO IEHTPY CTAJIO MOKA3HUKOM BXKE 3rafaHoro O1OTOJIITHYHOTO MOBOPOTY Ta
MOJOJAHHS BJIACTHBOTO HIMEIBKIH MEHTAJIbHOCTI HENPUUHATTA Oyab-SKHUX CIPOO
«O10JIOTIYHOTO ~ PEAYKIIIOHI3MY» CTOCOBHO TIPHPOAM JIIOAWHU —  CHAIIIUHU  «BiJ
HEMPUEMHOT0» HAIUCTCHKOTO MHHYJIOTO.

Tyt [Taabo Ta ioro crniBpoOITHUKY 3MOTJINA MOBEPHYTHUCS 10 OCHOBHOI TEMH — €BOJIIOLIT
mroauHA Ta i1 mpenkiB. [lepmum MOCSTHEHHSM MIcls KiTbKOX HEBAAU CTAlO CEKBEHYBaHHS
mitoxoHapianbHoi JIHK neanneprampus [15]. Lle no3Bosimio posnodaTtd TeHETHUHY
PEKOHCTPYKIIiO TeHEeasIorii Cy4yacHOl JTIOANHH, X049a 0 IO MAaTEPUHCHKIH NiHii.
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YeproBuii TEXHOJIOTTYHUN MPOPUB, — TEXHOJIOTIS TipocekBeHyBaHHS (1993—-1996 pp.),
ctaB BigomuM [laa®o 3aBIasKM 3HAHOMCTBY 3 OJHHM i3 po3poOHMKIB — Matiacom YiaeHoM
(Mathias Uhlen). Merox mnpumyckaB BHKOPUCTaHHS BHBUIbHEHHS mipodocdary mpu
BKIIFOUEHHI YEeproBOr0 HYKJICOTHUAY B TIOJMIMEPa3HUH JIAHIIOT, WO CYMPOBOKYETHCS
CBITJIOBUM CIIaJlaxOM Yy WPUCYTHOCTI JonudepuHy. HoBa TexHONOTiS —paauKaaIbHO
IIJIBHINMIA MOXJIMBOCTI CEKBECHYBAHHS MaJIUX KUIBKOCTCH I'€HETHYHOrO0 MaTepialy Ta Oyia
BUKOpHUCTaHa rpynoto [laabo miust mepexony no cekBeHyBaHHS xpomocomHoi JIHK mpenkis
JIFOTHH.

Ilaneozenemuuni 0ocniorncenna:
MIDIC €80IIOUIIIHOI0 MA KYJ1bMYPHOI0 AHMPONOI0ZIEI0

BuxopuctanHs HOBUX METOJIWK CEKBeHYBaHHs [16, 17] mo3Boimio 301LIBIIMTH BUXIJ
noctymnHoi g cekBenyBanHsa JIHK Bix 5 mo 200 pasis. Ilepion 3 xiamg 1990-x 1 go 2022 p.
MOJKHA OITMCATH SIK KacKaJl BIIKPUTTIB y cepi eBOIOIHHOT aHTPOITOJIOT1T JIFOTUHH.

Bxe y 2010 p. OyB omyOmiKOBaHWI IIONEPEIHIM BapiaHT CEKBEHOBAHOTO T'E€HOMY
HEaHJCPTAJIbI 3aBAOBXKKH IMoHany 4 miapna m.H. [18], anoncoBanmii ITaaGo B 2006 p.
[TopiBHSIHHSI HEaHAEPTAIbCHKOTO T€HOMY 3 F€HOMaMHU CYYacHHX JIIOJAEH J03BOJHIIO TOMAL K
BCTAHOBUTH JIOCHTh BUPAKCHY MPUCYTHICTh T'CHIB HEAHIEPTAIIBIIS Y TCHOMI Cy4acHUX JIFOJICH,
10 HAJIeXkKaTh JI0 €BPa3iiChbKUX, ane He 10 appUKaHChKUX monyssiii. Lle o3Hauano HasBHICTh
COIIAILHUX KOHTAKTIB Ta MIXKBHJIOBOI T10puan3aItii, o BimOyBanacs i gac mirparii Homo
sapiens 3 icropuuHoi npabatbkiBuHN (Abpukn) 10 A3iil Ta €BpoIH.

TakuM 4MHOM, TeHEeTUYHA iH(OpMAaIlisi BUMEPINX BUIIB poay Homo «3amo3uayBaiacsy
TEeHOMOM JIFOAMHU po3ymHOoi (Homo sapiens) [19]. 3 meBHUMHM BiAMIHHOCTSMH 1€l BUCHOBOK
OyB MiATBEPDKEHUH 1 M0N0 1HIIOTO MPEICTaBHUKA BUMEPIIOI JIFOJWHU, YUi OCTAaHKH OYIIO0
BusiiieHo y 2008 p. y JlenuciBeokiii meuepi B Cubipy (Homo denisovensis). ¥V 1somy
BUIAJIKy O3HAK IHTErpallii reHiB A0 Cy4acHOr'O HAcCeJEeHHs OULIbIIOI YaCTUHU 3€MHOI KyJl Ta
0 HEaHJEepTajlbI[iB HE BUSABIEHO, ane Onu3bko 4-5% TeHOMy Cy4YacHMX MEMIKaHI[B
Menanesii HecyTh caigu JJHK nporo Buay Bumepnux moneit [20]. Iloctano nutanHs mpo
BITHOCHE Ta a0CONIOTHE 3HAYEHHS YYXXOPIAHOI Ta BIACHOI T€HETUYHOI i1H(opMmarii st
MOJ1aJIbINOT ICTOPIT Cy4acHOI JIFOAMHHU Ta 11 010COo1IaIbHOT IPUPOAH.

bynu mignani mopiBHSIIBHOMY aHalli3y CEKBEHOBAHI YaCTHHHU T€HOMIB PI3HUX MOMYJISIiN
cydacuoi sroamau  (Homo sapiens), wneangepramsiis  (HOomo neanderthalensis) Ta
TIOAUHONOAIOHUX mpuMaTiB. OJHUM 13 MEpIIUX PE30HAHCHUX BUCHOBKIB [21] OyB Takwii:
HeaHAepTaliblll MalOTh 1IEHTUYHI 13 Cy4YaCHUMHM JIIOJAbMH JBI aMIHOKHUCJIOTHI 3aMIHU B T€HI
FOXP2, uo Oepe yyacTh y PO3BUTKY MOBH Ta 3a0e3redye HOro HOCISIM CYTTEBI aJanTHBHI
nepeBard. [Hakme Kaky4d, CydacHHUH BapiaHT Iboro reHa BuHUK panime 300 000—400 000
pPOKIiB TOMY, TOOTO [0 TOMITY JIOAMHH Ta HEaHJEpTablll Ha Bl EBOJIOLINHI TUIKH.
MoxiBo, 1€ YMOMJIHMBIIOBAIO OUIbII €()EeKTHUBHY KOMYHIKAIll0 MDK HUMH, a OTXKe,
PenpoayKTUBHI KOHTAKTH Ta OOMiH reHaMH.

[ToTik HOBHX (akTiB 1 TiMoTe3, SKI MPOHUKAIOTH 3 BJIACHE MAJICOTEHOMIKH B cdepy
COIIIOTYMaHITapHOTO 3HAHHS 1 J1aji B CTEPEOTUIIM MACOBOiI KyJIbTYpH, TpUBA€E. 3 OCTAHHIX 3a
4acoM pE30HAHCHUX BKHIAHb IMOTPIOHO 3rajaTW pe3yibTaTH, IO CTOCYIOTHCS TE€HETHKO-
MOMYJISIIITHOTO Ta €THIYHOTO PO3MAITTS peakilii Ha kopoHaBipyc COVID-19 [22]. IamtoTumn
(CYKyIHICTh YCHaJKOBAaHHMX CIUIBHO ajielei, KPOCUHIOBEp MK SIKUMHU BKpail piJIKiCHHUI)
xpomocomu 12 3umkye Ha 22% PU3HK 3aXBOPITH BAXKKOIO (POPMOIO TOCTPOTO PECTIPATOPHOTO
curapomy 2 (SARS-CoV-2), 1m0 BUKIMKAEThCS UM KOpOHaBipycoM. BiH mpUCYTHIN y BCix
MOMYJISIISIX CY4acHOi JIOJMHU, 32 BUHSATKOM a(pUKAHCHKUX, 1, 3 BUCOKOK WMOBIPHICTIO,
ycmaJKoBaHUM BiJ HeaHaepTanbliB. Panime rpynoto Cpanrte [laabo 6yB onucanuii 1 iHIIUI
TaruioOTHI, YCMAIKOBAaHUM BiJ HEaHAEPTANbLIB, 3 TNPSIMO MPOTHICKHOI i€ HA PHU3UK
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3aXBOPITH BaXKOI0 (hopmoro miel iHdekmii. [{el rammoTun JokamizyeTbes B XpoMocomi 3 i
TAaKOX 3yCTPIYAETHCSA 3 PI3HOI0 YAaCTOTOK B PI3HHX TeorpadiyHuX MOMYJSIisSX Cy4acHOT
monunan (1o 65% B [liBmeHHO-A31aTChKOMY PETiOHI 1 BChOro Jiniie 10 16% B €BpONEeHChKUX
KpaiHaX, IpH MIPAKTUYHO MOBHIN BiICyTHOCTI B CXimHiN A3ii).

B ocrannix mnyOmikamisx 3a ydacTio [laabo Bxke Oe3mocepeqHbO TOCIIIKYIOTHCS
ColliabHI BIAHOCMHU 1 CTPYKTypa COLIaTbHUX TPylm HeaHaepranbiiB. [ms 1poro
pPO3pOOIIIOIOTECS  CXEMH  TIOPIBHSUIBHOTO — aHAJli3y  pe3yJbTaTiB  CEKBEHYBAaHHS
MITOXOHIpiaNbHOT Ta XpoMocoMHOi JIHK BUKOMHHX pEmITOK HEaHAEPTAIbIIIB, BUSIBICHUX Y
nBox mneuepax y Cubipy [23]. Oxun 3 aBTOpiB KypHany "Science" nucas HemoaaBHo [24], 110
«IKk Tmoka3zana HoOemiBcbka mpemis, mnpucymkena Cpante [laaGo, xoua momyssmii
HEaHJEPTAJIBIIB 1 JCHUCOBI[IB BHUMEPJIH, iX TCHETHYHA CHAJIIMHA CTa€ BCE OUIBII
aKTyaJIbHOIO JUIS CydacHuUX Jiojaei». lle MeradopuuHe BHCIOBIIOBAHHS HEMOXKIUBO
MOSICHUTH TIPOCTOIO0 IIKABICTIO JIFOAWMHHU JO BJACHOI iCTOpii, NMPUYMHHU JIeXKaTh TIJIHOIIE.
Hocnimkenns [Taabo 1 #oro criBpoOITHUKIB € HAHOUIBII SICKPABUM IPOSIBOM MEHHCTPUMY
PO3BHUTKY TEXHOHAYKH KIHIII MHHYJIOTO 1 TOYaTKy HHHIIIHBOTO CTOMTTS. BoHum Oynu
00yMOBJICHI BUKOPHCTAHHSM KOMIUICKCY HAYKOBHUX METOJIB 1 PAJAMKAIBHOIO TMEepe0yTI0BOIO
TEOPETHYHHUX OCHOB cydacHoi Oiosorii. CimijoM 3a TUM IIi 3MIiHH I1HIIIFOBAIM HACTUIBKH K
pajuKallbHy TMepeOyoBy KOHIICTITYalIbHO-TEOPETUYHOTO KapKaca COILIOryMaHITapHOTO
3HAHHS 1 MEHTAJIBHICTh Cy4acHOT TEXHOJIOTIYHOT MUBLIi3aIlii, 0COOIUBOCTI TEOMOTITHIHOTO 1
COLIIATBHOTO KOHTEKCTY, TOOTO TOW caMuil O10MOJITUYHHNA TOBOPOT, PO SIKUH MU MHACAIN HA
MOYaTKy.

Bucnoeox. Ilaneozenomika ak pakmop ma cumnmom 6ionoaimuuno2o0 mpenoy
cyuachoi yueinizauii

Sk XapakTepHCTUKY TMPOAYKTUBHOCTI Ta CHUJIM BIUIMBY BYEHOTO  3a3BUYaid
BUKOPHCTOBYIOTh h-iHekc nuToBaHocTi ['ipmra. ¥V Bumagaky Ceante [Taabo ioro BennvnHa
KOJIMBAEThCS Yy Pi3HUX Oazax maHux y mexax 134 (Scopus) [25] — 168 (Google Axanmemist)
[26]. ToOTo aBTOp Mae He menm 134 abo 168 myOmikariii, sKi MUTYIOTHCS HE MEHII HiXK 134
a6o 168 paziB koxkHa BinnmoBiaHO. OTXxe, MOBa il HE PO OJUHUYHI HAYKOBI JIOCSTHEHHS, a
PO TOTOXHICTH JI0 3araJIbHOTO TEXHOHAYKOBOTO TPEHIY, M0 MAa€ BIUIUB, KU BUXOIUTH Y
M03aHayKoBY cdepy 3MICTy OIyOIiKOBaHMX JOCIHIKEHb, 17€0JIOTii, Ta € BaXKIWBUM
MOKa3HWKOM Cy4YacHOI HUBUII3allIMHOT CUTYaIll.

TexHOHayKa B JaHUH Yac € OJHIEI0 3 0Aa3MCHUX CKJIAIOBUX YACTHH HECHOT KOHCTPYKINi
JIBOICTOI MEHTaJIbHOCTI TE€XHOJOTIYHOI LKBUII3alii. BoHa oJHOYacHO CIyKUTh, MO-TIEpIIE,
OCHOBOIO 00pa3y iCHYIOYOi O0'€KTUBHOI PEalIbHOCTI, BKJIIOUAIOUU CIOAM YSIBICHHS JIOAMHH
nmpo camy cebe, 1, MO-Apyre, MPOIMOHYE METYy 1 METOAM PEKOHCTPYKII I1i€i peasbHOCTI.
JlocimKeHHsT TaJeOreHeTUKIB, TaK 4YM 1HaKme acoliioBanux 3 iM’sm Cante IlaaGo, €
MIPEKPACHOI0 MOJICIUTIO MEHHCTPUMY PO3BHUTKY OI10TEXHOJOTIYHOTO 1 TEHHO-1HKEHEPHOTO
CEKTOpa TEXHOHAyKH 3 MOYaTKy MPOEKTYBAHHS 1 pealizalii IpOeKTy CEKBEHYBAaHHS T€HOMY
monuHu.  DopMyeTbes  CaMOMIATPUMYBAHHMWA UK TEXHOJIOTIYHUX, TEOPETHUIHUX
(MpUPOTHUYO-HAYKOBUX 1 COIIIOTYMAaHITapHUX) 1 COIIOMOJITHYHUX TpaHCopMaIlliil.
KinueBoro cragi€ro 010MOJITHYHOTO MOBOPOTY MPOEKTYIOTHCS, 30KpeMa, pajuKaibHI 3MIHU
MOJIeIl TPOMAJITHCHKOTO CYCIUIBCTBA SIK OCHOBH TONITHYHOI ifeosorii 3axigHoro (TpaHc-
ATIaHTHYHOTO) BapiaHTy TEXHOJOTIYHOI muBimizamii. Moro (rpoMasHCBKOTO CYCITIbCTBA)
KOHIENTYaTbHO-KaTeropiaibHUi 1 TEPMIHOJIOTIYHUN anapar 3a3Ha€ B IaHUH Yac paJuKaIbHOI
nepely/10BU, B HbOMY 3'IBIISIOTHCSI HOBI (pyHAaMeHTanbH1 kateropii: (1) Buxin ocobucricHoi
1 TPYIIOBOI YHIKaIBHOCTI 1 HETIOBTOPHOCTI KOXKHOTO 1HAMBIAYyMa Ha IepIie MICIe B CUCTEMI
[[IHHOCTEH CyYacHOi TMOJITHYHOI MapaaurMu («CYCIHIbCTBO CHHTYIsIpHOCTEH») [27];
(2) O0'enHanHsT MONITUYHUX CYO'€KTIB, pa3oM 3 O0O'€KTaMH TOJITHYHUX i, B €JUHY
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KaTEropito «akTopiB momtuyroro mporecy» [28]; (3) IcroTHe 30iablIeHHs 3HAYCHHS 3B'SI3KY
MDK COMAaTHYHHUMHM BIIYYTTSMH 1 OpraHi3aifi€io moJiTHYHUX BiIHOCHH Ta IHCTHTYTIB BJaJH B
yMOBaX  CHCTEMHOI  [MBimi3amiiiHOi  Kpu3u  («mojiTMuHa  coMathkay»)  [29];
(4) BiorpomaastHCTBO, TOOTO «MAaCOBHM IIONUT, aje U BHOIPKOBHH gocTym 10 (opmwu
colLiaNbHOrO 3a0e3reueHHs, 3aCHOBaHOI Ha MEIWYHUX, HAYKOBUX 1 IOPUAUYHUX KPHUTEPIsX,
SIKI OJTHOYACHO BHU3HAIOTh O10JIOTTUHHI pu3MK 1 KomrmeHcytoTh oro» [30]; (5) reHomHwmit
CYBEpEeHITeT — 3JaTHICTb HapoAy, KpaiHW 4YM Halil BOJOJIITH, KOHTPOJIIOBAaTH AOCTYH Ta
BUKOPHUCTAHHS 3pa3KiB, JaHWUX Ta 3HaHb, MO0 CTOCYIOThCA a00 MOXOASITh 3 TEHOMHOTO
marepiany [31]. SIk rinoreTwuHe gomoBHeHHs (6) BHacmimok mii dakropi (1), (4), (B) —
MOKJIUBICT (OPMYBAHHSI Y TPOMAISTHCHKOMY CYCIUIBCTBI «KYJIBTYPH KEPTBU», B SKid
CoIliaibHI YIpYIOBaHHS 3 TOTCHIIIMHOK a00 aKTyaJIbHOK YpPa3iuBICTIO Oyab-SKOTO POIY
MalOTh OLJTBII BUCOKHUH COIAIILHUN CTATyC y MOPIBHSAHHI 3 IHITUMH WICHAMHU COIliyMy abo
MPETeHIYIOTh Ha HHOTO. SIK BBAXKAIOTH JIESKI COIIOJIOTH, KYJIbTypa *KEPTBU MOKE BUTICHUTHU
JOMIHYIOYY B 3aXiJIHIi MEHTAJIbHOCTI KyJIbTypy TimHOCTI [32]. 3B’SA30K Oi0MOJITHYHOTO
TPEHAY 3 TaJCOreHOMHUKOI KOHCTaTylTh pi3Hi gociaigHuku [33]. Ilpore, 1e moku me B
3HAYHINA Mipl TUTBKH IMMOTCHIIIMHMIA CIIEHAPIH 110 BIAHOIICHHIO JI0 TCHETUYHOT BPA3IMBOCTI, 110
00YMOBITIOETHCSI HASIBHICTIO 200 BiJICYTHICTIO NMEBHUX ()parMeHTIB Te€HEeTUYHOI 1H(opmMalii y
TEHOMI.

L{i kareropii B JaHWi 4Yac Ie 3HAXOAATHCSA B mporeci (PitocopchbKoro, MOTITHYHOTO 1
IOPUIMYHOTO OQOPMIICHHS 1 iX MalOyTHE mie JocuTh amOiBaneHTHE. OMHAK OYEBHIIHO, IO
MajeoreHeTUYH1 JIOCTI/DKCHHSI € MarepiajJoM Il CTBOPEHHS HOBOI 17€0JIOTO-TIOITHYHOI
napagurmu. HoOemiBchka mpemis Cpante [laabo 1eld BHUCHOBOK MigTBEpKye. Sk He
napaJ0KCalIbHO, IE€I0 MPEMI€I0 BiJI3HAYCHHH BHECOK HE TUIBKH 1 HE CTUIBKM B MEIUIIMHY 1
¢izioorito, CKUIBKH B COMAJbHO-TYMAaHITApHY HAYKy, TOYHINIE, B EBOJIOMIHHY 1
binocopchky aHTPOMOJOTII0 Ta TMOMITHUYHI Hayku. JlocsraeTbcs 1€ HUIIXOM 1HBasii
KOHIENmiii 1 wmeroAiB OioiHGOpPMATUKM B COLIOTYMaHITapHy HayKy 1 MOJaJbIIOL
peinTepnperanii KyJIbTypHHX 1 MOJITHYHUX Hapajur.
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The studies of Svante Pddbo, Nobel Laureate in Physiology or Medicine in 2022 are analyzed in two
aspects: firstly, as the most striking example of the evolutionary transformation of classical science into
the so-called post-academic (techno)science and, secondly, as an element of the so-called "biopolitical
turn" in the socio-humanitarian and political knowledge of technological civilization and, in particular, in
the concept of "civil society".
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