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Abstract

The physiological influence of deuterium on the B+positive chemoheterotrophic bacteriBacillus subtilis
producer of inosine was studied on a heavy wat&/)trhedium with a maximal concentration #f,0. With
the use of IR-spectroscopy (DENS-method) were stidamples of hot mineral water and sea water efériv
from different sources of Bulgaria. There are pnése the data on the growth and the adaptatidh sfibtilisin
highly deuterated growth media with 2% (w/w) hygsdte of deuterated biomass of the methylotrophic
bacteriumBrevibacterium methylicuras a source gH-labeled growth substrates. It was studied thdimtise
and quantitative composition of the cellular profeimino acids and carbohydrates in the conditadreellular
adaptation t6H,O. The taxonomy of the studied bacterium and thktyakor assimilation of carbon substrates
was also analyzed on an evolutionary level. It slaswn on the example of chemoheterotrophic bactieatahot
mineral water with pH =811 is more suitable for maintenance and originfefthan other water samples.
Keywords: heavy water, adaptation, biosynthe@acillus subtilis hot mineral water, origin of life and living
mater

1. Introduction

One of the most interesting biological phenomeniagsability of some microorganisms to grow in heasater (HW)
media in which all hydrogen atoms are replaced déthterium {H) (Mosinet al, 2000). The chemical structure of
H,0 molecule is analogous to that one #BO, with small differences in the length of the dewa H-O-bonds
and the angles between them. The molecular ma¥4,6f exceeds on 10% that one 1850. That difference
stipulates the isotopic effects, which may be sifitly big for HH pair (Lobishev & Kalinichenko, 1978). As
a result, physical-chemical properties®sf0O differ from HO: ?H,O boils at 101.4%, freezes at 3.82, has
maximal density at 11.2C (1.106 g/cr). The chemical reactions fi,O are somehow slower compared to
H,0. ?H,0 is less ionized, the dissociation constant isllemaand the solubility of the organic and inorigan
substances ifH,0 is smaller compared to these one$lj0. Due to isotopic effects the hydrogen bonds with
the participation of deuterium are slightly strongen those ones formed of hydrogen. Accordintipéotheory
of chemical bond, breaking up of covalert®tbonds can occur faster, thd#-O-bonds, mobility ofH;O"ion

is lower on 28.5% thaH;O"ion, and GH ion — on 39.8% than OHon. The maximum kinetic isotopic effect,
which can be observed at ordinary temperaturehémical reactions leading to rupture of bonds g H
and?H lies in the range of 4 to 6 for-& versus G°H, N-H versus N°H, and G-H versus G?H-bonds (Cleland
et al, 1976).

The content of deuterium in nature makes up appddd.5 atom% (Vertes, 2003). In natural watersréti®
between’H,0 andH,O compiles approx. 1:5700 (with the assumption #iateuterium presents in form of
’H,0) (Lis, 2007). In mixture$H,O with H,O it is occurred with high speed the isotopic exgewith the
formation of semi-heavy water tHO): °H,0 + H,O = HHO. For this reason deuterium presents in smaller
content in aqueous solutions in formEAHO, while in the higher content — in form 1,0.

For a long time it was considered that heavy wigtércompatible with life. Experiments with the tuétion of
cells of different organisms ifH,0 show toxic influence of deuterium. The high cartcations ofH,0 lead to
the slowing down the cellular metabolism, mitotitibition in the prophase stage and in some casesnatic
mutations (Thomson, 1960). Experiments show tHa® influences negatively the different organismsisTia
observed even while using natural water with angiased content 6H,0 or HHO (Bild et al, 2004). Bacteria
can endure up to 90% (v/$i{,0 (Mosin & Ignatov, 2012), plant cells can develagmally up to — 75% (V/v)
’H,0 (Kushneret al, 1999), and animal cells — up to not more tha¥ 36/v) °H,O (Daboll et al, 1962). The
decrease of the deuterium content in water to 2886 (of the physiological level stimulates the oédr
metabolism (Sinyakt al, 2003).
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With the development of new biotechnological apphes, there appears an opportunity to use adapted t
deuterium strain producers as amino acids and esides. The traditional method for productiorfigflabelled
compounds consists in the growth in media contginmaximal concentrations oH,0 and deuterated
substrates, e.g.HJmethanol, fH]glucose etc. (Mosiret al, 2013). The adaptation 61,0 allows to obtain the
unique biological material for the studying of mmiéar structure with NMR (Crespi, 1989). The recent
advances in the technical and computing capalsildfeanalytical methods have allowed to considerairease
the efficiency of de novo biological studies, adlvas to carry out structural-functional studieshnileuterated
molecules on a molecular level.

This study is a continuation of our research ferphactical utilization of different microbial proders of natural
compounds as nucleosides at the growtf-®. They relate to different taxonomic groups ofamgms having

a chemoheterotrophic pathway of assimilation oboarsubstrates. It is believed that the initia [ibrms on
Earth had probably existed as heterotrophic bactidvat received food and energy from organic satesr
(Baleux, 1977). That is why the chemoheterotroftaicteriumBacillus subtiliswas chosen as a model for our
studies

The purposef our research was studying the physiologicaluierfice of deuterium oB. subtilisapplicable to
possible processes for origin of life and livingttaa

2. Material and Methods

2.1. Bacterial Strains

The object of the research waen inosine producerstrain of spore-forming aerobic Gram-positive
chemoheterotrophic bacteriuB. subtilis B-3157 polyauxotroph of histidine, tyrosine, adenirand uracil
(demand, 10 mg/l), obtained from the Institute @nétics and Selection of Industrial MicroorganigiRassian
Federation). The initial strain was adapted to eiéuin by plating individual colonies onto 2% (w/ajarose
with increasingH,0 concentration and subsequent selection of col@téxly to the action 6fl,0.

2.2. Chemicals

Growth media were prepared usiftd,0 (99.9 atom%’H), HCI (95.5 atom%°H), and fH]methanol (97.5
atom%?H), purchased from JSC “Izotop” (St. Petersburgsdfan Federation). 5-dimethylamino(naphthalene)-
1-sulfonyl (dansyl chloride) of analytical reaggmade was from Sigma-Aldrich Corporation (St. LOUISA).
Deionized water was provided by the Milli-Q intelgveater purification system (“Millipore”, USA). Imganic
salts and D- and L-glucose (“Reanal”, Hungary) wigmiéally crystallized in 99.9 atom9%H,0. “H,O was
distilled over KMnQ with subsequent control of the isotope purity by Rilgpectroscopy on a Brucker WM-250
(“Brucker Corp.”, USA) with a working frequency @0 MHz (internal standard — M®i).

2.3. Biosynthesis of H-Inosine

[*H]inosine was produced with an output 3.9 g/l imhewater (HW) medium (89—90 atonf#) with 2% (w/v)
hydrolysate of deuterated biomass of methanol-alsging strain of the facultative Gram-negative
methylotrophic bacteriunBrevibacterium methylicuras a source ofH-labeled growth substrates. The strain
was obtained by multistage adaptation on a solid (2%) agarose M9 minimal medium containing 3 g/l
KH,PQO,, 6 g/l NgHPO,, 0.5 g/l NaCl, and 1 g/l NKI with 2% (v/v) fH]methanol and a stepwise increasing
’H,0 concentration gradient (0, 24.5, 73.5, and 98%) RH,0). Raw methylotrophic biomass (yield, 200 g/l)
was suspended in 100 ml 0.5 NCI (in ?H,0) and autoclaved for 30-40 min at 0.8 atm. The ltiesu
suspension was neutralized with 0.2 N KOH%h0) to pH = 7.0, and used as a source of growth satlest
when cultivating the inosine producer strain. Fos purpose, an inoculum (5-6% (w/w)) was addetthéoHW
medium with?H,0 containing 12% (w/w) glucose, 2% (w/w) hydrolysafedeuterated biomags methylicum
2% (w/w) NHNOs, 1% (w/w) MgSQ 7H,0, 2% (w/w)CaCOs3, 0.01% (w/w) adenine, and 0.01% (w/w) uracil.
A protonated medium with 2% (w/w) yeast proteinamiin concentrate (PVC) was used as a control.

2.4. Growth Conditions

Bacteria were grown in 500 ml Erlenmeyer flasksnfaming 100 ml of the growth medium) for 3—-4 daygs
32°C under intensive aeration in a Biorad orbital shakBiorad Labs”, Hungary). The bacterial growth sva
controlled on the ability to form individual colas on the surface of solid (2% (w/w) agarose) mediavell as
the optical density of the cell suspension measared Beckman DU-6 spectrophotometer (“Beckman @oull
USA) atA = 540 nm in a quartz cuvetwith an optical pathway length 10 mm.

2.5. Analytical Determination of [?H]Inosine

Inosine was analytically determingd culture liquid samples with a volume of 10 on Silufol UV-254
chromatographic plates (150150 mm) (“Kavalier”, Czech Republic) using a stariset of ribonucleosides
“Beckman-Spinco” (USA) in the solvent systembutanol-acetic acid—water (2:1:1, % (v/v)). Spotseneluted
with 0.1 N HCI. The UV absorption of eluates wasamreled on a Beckman DU-6 spectrophotometer (“Beckma
Coulter”, USA) using a standard calibration ploheTlevel of bioconversion of the carbon substrates w
assessed using glucose oxidase (EC 1.1.3.4).
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2.6. Protein Hydrolysis

Deuterated biomass (10 g) was treated with a cfdore-methanol-acetone mixture (2:1:1.5, % (v/v)H an
supplemented with 5 ml 6 RHCI (in 2H,0). The ampules were kept at 1€0for ~24 h. Then the reaction
mixture was suspended in hti,0 and filtered. The hydrolysate was evaporated amb® Hg.?HCI was
removed in an exsiccator over solid NaOH.

2.7. Hydrolysis of Intracellular Polycarbohydrates

Dry deuterated biomass (50 mg) was placed into @ r@bround bottomed flask, supplemented with 50 ml
distilled H,0 and 1.6 ml 25% (v/v) bBO, (in ?H,0), and boiled in a reflux water evaporator for +8i0. After
cooling, the reaction mixture was suspended in wmieame of hot distilled®H,0 and neutralized with 1 N
Ba(OH), (in *H,0) to pH = 7.0. BaS®was separated by centrifugation on a T-24 centif(tHeraues
Separatech”, Germany) (1500 g, 5 min); the supamatas decanted and evaporated at 10 mm Hg.

2.8. Amino Acid Analysis

The amino acidof the hydrolyzed biomass were analyzed on a Biidrd C-5001 (230x 3.2) column
(“Eppendorf-Nethleler-Hinz”, Germany) with a UR-3Beckman-Spinco”, USA) sulfonated styrene (7.25%
crosslinked) resin as a stationary phase; the tgatiameter was 2pm; 0.2 N sodium—citrate buffer (pH = 2.5)
was used as an eluent; the working pressure — 58tr80the eluent input rate — 18.5 ml/h; the ninfryéhput
rate — 9.25 ml/h; detection at= 570 and. = 440 nm (for proline).

2.9. Analysis of Carbohydrates

Carbohydrates were analyzed anKnauer Smartline chromatograph (“Knauer”, Germasguipped with a
Gilson pump (“Gilson Inc.”, Germany) and Waters Bl4refractometer ("Water Associates”, Germany) gsin
Ultrasorb CNC18 as a stationary phase: the column size —x280mm; the granule diameter — ffh; the
mobile phase — acetonitrile—water (75 : 25, % (@ input rate — 0.6 ml/min.

2.9. FAB Mass Spectrometry

FAB mass spectravere recorded on a VG-70 SEQ chromatograph (“Fis¢é@sAnalytical’, USA) equipped
with a cesium source on a glycerol matrix with d&@ding voltage 5 kV and ion current 0.6-0.8 mA.

2.10. El Mass Spectrometry

El mass spectravere recorded with an MB-80A device (Hitachi, Jgpaith double focusing (the energy of
ionizing electrons — 70 eV; the accelerating vadtag8 kV; the cathode temperature — 180—20@ffter amino
acid modification into methyl esters of N-5-dimdtayino(naphthalene)-1-sulfonyl (dansyl) amino acid
derivatives according to an earlier elaboratedqo@it(Mosin & Ignatov, 2013).

2.11. IR Spectroscopy

Samples of water for the research by the IR-spsoctqoy method were taken from various sources ofdid: 1

— hot mineral water (75°C) from Rupite village (Batia); 2 — sea water (Varna, Bulgaria); 3 — caftice of
Echinopsis pachanoiR-spectra were registered by Dr. Kristina Chakar(Bulgarian Academy of Sciences,
Sofia, Bulgaria) on Fourier-IR spectrometer BruckKertex (“Brucker”, Germany) (a spectral range:rage IR

- 370—;?00 ci; visible — 2500—8000 c the permission — 0.5 ¢haccuracy of wave number — 0.1 tmon
2000 cnY).

3. Results and Discussion

3.1. Adaptation of B. Subtilisto Deuterium.

We have investigated isotopic effects of deuteritmprokaryotic cells of various taxonomic groups of
microorganisms including chemoheterotrophic baatexihich are believed to be at early stages ofutionl. As

a model for our experiments was used an inosinedymer mutant strain of the Gram-positive
chemoheterotrophic bacteriuBy subtilis VKPM B-3157 (Mosinet al, 1999) polyauxotrophic for histidine,
tyrosine, adenine, and uracil (preliminary adagtedeuterium by selection of individual colonies swlid 2%
(w/v) agarose growth media with 99.9 atom%O Because of impaired metabolic pathways involirethe
regulation of the biosynthesis of purine ribonusldes, this strain under standard growth conditigC
medium, late exponential growth, ¥J°synthesizes 17-20 gram of inosine per 1 litercaifural medium
(Mosinet al, 2013). The maximal inosine yield for this straias reached on a protonated growth medium with
12% (w/v) glucose as a source of carbon and eremmgy2% (w/v) yeast PVC as a source of growth facamd
amine nitrogen. In our experiments it was necessaryeplace the protonated growth substrates whidir t
deuterated analogs, as well as to U® of high isotopic purity. For this purpose, we usetioclaved biomass
of the Gram-negative facultative methylotrophic teaiam Brevibacterium methylicuiB-5662 strain adapted to
deuterium capable to assimilate methanol via theilose-5-monophosphate (RuMP) pathway of carbon
assimilation. Owing to a 50-60% rate of methanotbnversion (conversion efficiency, 15.5-17.3 gafrdry
biomass per 1 gram of assimilated substrate) aidesgrowth in a deuterated M9 minimal medium v@g%
(viv) *H,0 and 2% (v/v) fH]methanol, this strain is the most convenient seufor producing deuterated
biomass; moreover, the cost of bioconversion imipaletermined by the cost &f,0 and fH]methanol.

67



Journal of Natural Sciences Research www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) JLEN
Vol3, No.9, 2013 IISTE

The strategy for the biosynthesis GHJinosine using biomass d8. methylicumas growth substrates was
developed taking into account the ability of mettigdphic bacteria to synthesize large amounts ofejms
(output, 50% (w/w) of dry weight), 15-17% (w/w) @blysaccharides, 10-12% (w/w) of lipids (mainly,
phospholipids), and 18% (w/w) of ash (Mosihal, 1998). To provide high outputs of these compasuadd
minimize the isotopic exchangeéH-’H) in amino acid residues of protein molecules, Hiemass was
hydrolyzed by autoclaving in 0.5 RHCI (in ?H,0). Since theB. subtilis inosine-producing strain is a
polyauxotroph requiring tyrosine and histidine fég growth, we studied the qualitative and quatitiea
compositions of the amino acids in the hydrolyzedthylotrophic biomass produced in the maximally
deuterated medium M9 (98% (viAH,0 and 2% (v/v) {H]methanol), and the enrichment levels (Table He T
methylotrophic hydrolysate contains 15 identifiedimo acids (except for proline, detectableélat 440 nm)
with tyrosine and histidine contents per 1 grandof methylotrophic hydrolysate 1.82% and 3.72% (Ww/w
respectively, thereby surrisfying the auxotrophéguirements of the inosine producer strain for éhasino
acids. The contents of other amino acids in thedlydate are also comparable with the needs ostifzén in
sources of carbon and amine nitrogen (Table 1). inbiEator determining the high efficiency of deiuen
incorporation into the synthesized product is hitggrees of deuterium enrichment of amino acid nubdes;
which vary from 49 atom%H for leucine/isoleucine to 97.5 atonf4 for alanine (Table 1). This allowed to use
the hydrolysate of deuteratddl methylicumbiomass as a source of growth substrates for etiliy theB.
subtilisinosine-producing strain.

Table 1. Amino acid composition of hydrolyzed biomass of ttaeultative methylotrophic bacterium.
methylicumobtained on a maximally deuterated M9 medium wBB6(v/v) °H,O and 2% (v/v) H]methanol
and levels of deuterium enrichment*

Amino acid Yield, % (w/w) dry weight per 1 gram pNumber of| Level of deuterium

biomass deuterium enrichment of
atoms incorporated molecules, % of
Protonated sample Sample from| into the carbon the total number o
(control) deuterated Mg backbone of & hydrogen
medium molecule** atoms***

Glycine 8.03 9.69 2 90.0

Alanine 12.95 13.98 4 97.5

Valine 3.54 3.74 4 50.0

Leucine 8.62 7.33 5 49.0

Isoleucine 4.14 3.64 5 49.0

Phenylalanine 3.88 3.94 8 95.0

Tyrosine 1.56 1.83 7 92.8

Serine 4.18 4.90 3 86.6

Threonine 4.81 5.51 - -

Methionine 4.94 2.25 - -

Asparagine 7.88 9.59 2 66.6

Glutamic acid 11.68 10.38 4 70.0

Lysine 4.34 3.98 5 58.9

Arginine 4.63 5.28 - -

Histidine 3.43 3.73 - -

Keys: * The data were obtained for methyl estersNeb-dimethylamino(naphthalene)-1-sulfonyl (dansyl)
chloride amino acid derivatives.

** When calculating the level of deuterium enrichmhethe protons(deuterons) at the carboxyl COOHt an
amino NH- groups of amino acid molecules were not takewo iatcount because of the dissociation in
H,0/H,0.

*** A dash denotes the absence of data.

The growth and biosynthetic characteristics of imegroducing straiB. subtiliswere studied on a protonated
yeast PVC medium with 0 and 2% (w/w) yeast PVC and on an HW medium wbegv/v) °H,0 and 2%
(w/w) hydrolysate of deuterated biomass Bxf methylicum(Figure 1). Experiments demonstrated a certain
correlation between the changes of growth dynawofig subtilis(Fig. 1, curved, 1'), output of inosine (Fig. 1,
curves2, 2, and glucose assimilation (Fig. 3, cur&$8'"). The maximal output of inosine (17 g/l) was alvse

on protonated PVC medium at a glucose assimilatioe 10 g/l (Fig. 1, curv@). The output of inosine in the
HW medium decreased 4.4-fold, reaching 3.9 g/l.(Eigcurve?'), and the level of glucose assimilation, 4-fold,
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as suggested by the remaining 40 g/l unassimilgiedose in cultural medium (Fig. 1, cung). The
experimental data demonstrate that glucose iseffieently assimilated during the growth in the HWedium

as compared to the control conditions. This red@fhanded the examination of the contents of gluangeother
intracellular carbohydrates in the biomass of Bhesubtilisproducer strain, which was performed by reverse
phase HPLC on an Ultrasorb GML8 column (10um, 10x 250 mm) with acetonitrile and water (75 : 25, %
(v/v)) as a mobile phase (Table 2). The fractiomtfacellular carbohydrates in Table 2 (numberecbeding to
the sequence of their elution from the column) cosgs monosaccharides (glucose, fructose, rhamoske,
arabinose), disaccharides (maltose and sucrosgfpan unidentified carbohydrates with retentianés of 3.08
(15.63% (w/w)), 4.26 (7.46% (w/w)), 7.23 (11.72%/\), and 9.14 (7.95% (w/w) min (not shown). As was
expected, the output of glucose in the deuterageldatysate was 21.4% (w/w) of dry weight, thathiggher than
the outputs of fructose (6.82% (w/w)), rhamnosd{% (w/w)), arabinose (3.69% (w/w)), and maltosk.§2%
(w/w)) (Table 2). Their outputs did not differ camhsrably related to the control iH,O except for sucrose,
which is undetectable in the deuterated hydrolyskte levels of deuterium enrichment in carbohyebataried
from 90.7 atom9%H for arabinose to 80.6 atom¥d for glucose.

The using of a combination of physical-chemical meis for isolating®H]inosine from the cultural medium of
the inosine producer strain was determined by gexlrfor preparing inosine of a high chromatograjphidty
(no less than 95%). Since cultural medium cont@insganic salts, proteins, and polysaccharidesicplwith
inosine, as well as accompanying secondary metabobf nucleic nature (adenosine and guanosine) and
unreacted substrates (glucose and amino acidsguthgal medium was fractionated in a stepwise mearior
isolating fH]inosine. The fractionation consisted in low-temgiare precipitation of high molecular weight
impurities with organic solvents (acetone and medija adsorption/desorption on the surface of atts
carbon, extraction of the end product, crystaliamat and ion exchange chromatography. The protaims
polysaccharides were removed by low temperatureigitation with acetone at €°with subsequent adsorption
of total ribonucleosides on activated carbon indbkl. The desorbed ribonucleosides were extraftted the
reacted solid phase by eluting with EtOH-N$tlution at 60C; inosine — by extracting with 0.3 M ammonium—
formate buffer (pH = 8.9) with subsequent crystallion in 80% (v/v) of ethanol. The final purificah
consisted in column ion exchange chromatograph&®@80WX 4 cation exchange resin equilibrated witB BL
ammonium—formate buffer containing 0.045 M J@H with collection of fractions a& = 0.5. Figure 2 (curves
1-3 shows UV-absorption spectra of inosine isolateainf the cultural medium. The presence of major
absorption band 1, corresponding to natural ino$lpg,= 249 nm,ee= 7100 M'cm?), as well as the absence
of secondary metabolites Il and Il in the obtairsadnple (Fig. 2, curv8), demonstrates its uniformity and the
efficiency of the isolation method.
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Figure 1.Growth dynamics oB. subtilis(1, 1" (cells/ml), @, 2) inosine accumulation in cultural medium (g/l),
and B, 3) glucose assimilation (g/l) under different expental conditions: 1-3) — a protonated yeast PVC
medium and 1'-3") — HW medium with 2% (w/w) hydrolysate of deuteh biomass oB. methylicum

The level of deuterium enrichment ofH]inosine was determined by FAB mass spectrometrg, high
sensitivity of which makes it possible to detec? 10 10"°moles of a substance in a sample, being considerabl
higher as compared to NMR. For this purpose, FABcsp were recorded for the deuterated and pratdnat
inosine, according to the difference in the molacibn peaks for which the level of deuterium emment was
calculated. The formation of a molecular ion peakifosine in FAB mass spectrometry was accompalyed
the migration of H. The level of deuterium enrichment of deuterataahge obtained from HW-medium was
determined by a peak (I) of a molecular ion of inegM + H]" atnv/z 274 with 38% (instead oM + H]" atnz
269 with 42% in the control conditions in®)) (Figure 3). Consequently, the presence of twealty” peaks in
the FAB mass spectrum of inosine fragments of gbb$CsHsO,)* at m/z 136 (46%) (instead afvz 133 (41%)

in the control) and hypoxanthine 11l §8,0N,)" atmy/z 138 (55%) (instead afvz 136 (48%) in the control), as
well as the peaks of low molecular weight sheltagients formed from FAB-decomposition of hypoxareh
fragment aim/z 111 (49%) (instead afvz 109 (45%) in the control) anuvz 84 (43%) (instead of 82 (41%) in
the control) suggests that three deuterium atomsnaorporated into the ribose residue of the im@snolecule,
and two other deuterium atoms — into the hypoxaethésidue. Since the protons (deuterons) at positf the
ribose resudue in the inosine molecule could haaenhoriginated from glucose, the character of diute
inclusion into the ribose residue is mainly detem®di by hexose-5-monophosphate (HMP) shunt, asedciat
with the assimilation of glucose and other carbobies. Since glucose in our experiments was used in
protonated form, its contribution to the level cfuteration enrichment of the ribose residue wadeotsg.
However, deuterium was incorporated into the rib@sédue of the inosine molecule owing to the preséon

of the minor pathways of de novo glucose biosyrithé$umerous isotopitH—’H exchange processes could
also have led to specific incorporation of deuteriatoms at certain positions in the inosine mokec@uch
accessible positions in the inosine molecule amrdyyl (OH)- and imidazole protons at NHeteroatoms,
which can be easily exchanged on deuteriufHi® via keto—enol tautomerism. Three deuterium atamihié
ribose residue of inosine could have been origthdtem HMP shunt reactions, while two other deuteri
atoms in the hypoxanthine residue could be syrthdsde novo at the expense GfH]Jamino acids that
originated from methylotrophic hydrolysate. In jautar, the glycoside proton at position of theosbk residue
could be replaced with deuterium in the reactior€0% elimination at the stage of ribulose-5-monophospha
formation from 3-keto-6-phosphogluconic acid witibsequent proton(deuteron) attachment atthposition

of ribulose-5-monophosphate. In general, our ssud@nfirm this schemédowever, it should be noted that the
level of deuterium enrichment of inosine molecideditermined by isotopic purity 6H,0 and deuterated
substrates.

Table 2. Qualitative and quantitative compositiofisntracellular carbohydrates isolated frddn subtilisafter
cultivation in HW-medium and levels of the deutemienrichment*

Carbohydrate Content in biomass, % (w/w) of 1 g of dry biomass Level of deuterium
enrichment of molecules,
Protonated sample (control) | Sample from the HW %***
medium**
Glucose 20.01 21.40 80.6
Fructose 6.12 6.82 85.5
Rhamnose 2.91 3.47 90.3
Arabinose 3.26 3.69 90.7
Maltose 15.30 11.62 -
Sucrose 8.62 ND -

Keys: * The data were obtained by IR-spectroscopy.
* ND - not detected.
*** A dash denotes the absence of data.

Our experiments demonstrated, that the effectsrobdeat the cellular growth ofH,O possess complex
multifactorial character connected to changes ofpmological, cytological and physiological paramste
magnitude of the log-period, time of cellular getem, outputs of biomass, a ratio of amino acids,
carbohydrates and lipids synthesized?0, and with an evolutionary level of organizatiohimvestigated
object as well. The general feature of bacterialxgh in ?H,O was the proportional increase in duration of the
log-period and time of cellular generation and dtameous reduction of outputs of microbial biomabke
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experimental data testify that cells realize thectd adaptive mechanisms promoting functional ganization
of work of the vital systems in the presencéh®fO. Thus, the most sensitive to replacemerit @ “H are the
apparatus of biosynthesis of macromolecules andspiratory chain, i.e., those cellular systems qudiigh
mobility of protons and high speed of breaking dighydrogen bonds. Last fact allows consider adaptab
’H,0 as adaptation to the nonspecific factor affecsimgultaneously the functional condition of severaimbers
of cellular systems: metabolism, ways of assintlatdf carbon substrates, biosynthetic processelstransport

function, structure and functions of macromolecules

100

90 +

Absorbance, %

280

220 230 240 250 260 270

Wavelength, nm

Figure 2.UV-absorption spectra of inosine (0.1 N HCI solajio1) — initial cultural medium after growtB.
subtilisin HW medium; ) — natural inosine, an@) — inosine extracted from the cultural medium.uxak

inosine @) was used as a control: (1) — inosine, (ll, lliecondary metabolites.
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Figure 3.FAB mass spectra of inosine (glycerol as a matmder different experimental conditiona) ¢
natural inosine;l) — ?H]inosine isolated from HW medium (scanning intéminvz 50-350; major peaks with
a relative intensity of 100% at/z 52 andn/z 54; ionization conditions: cesium source; accelegatoltage — 5
kV; ion current — 0.6—0.8 mA; resolution — 7500itery units):| relative intensity of peaks (%); (1) inosine; (ll)

ribose fragment; (111) hypoxanthine fragment.

3.2. Possible Conditions for Origin of Life and Living Matter.

Biological experiments witfH,O allow the better prognostication of the condiiamder which life and living
matter had evolved (Ignatov, 2010; Ignatov, 20@)culating in bowels of cracks, crevices, chanreld caves
karst waters are enriched with Ca(H{£{and other minerals, actively cooperating with liweatter. Once
appeared in these waters the process of self-aajgom of primary organic forms in water solutiomsyy be
supported by thermal energy of magma, volcaniovéigtand solar radiation. We have conducted expenits
for the testing of various samples of mineral wétem karst springs and sea water from Bulgariathedcactus
juice of Echinopsis pachanawith IR-spectroscopy and Differential Non-equilion Energy Spectrum (DNES)
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method relative to the control — deionized watdre Tactus is chosen as a model system becausetdireo

approximately 90% (w/w) pO (Table 3).

Table 3.The local maximums of various water samples meashbydR-spectroscopy*.

Cactus juice| Mineral water (Rupite] Sea water, cih Cactus juicepm
cm? Bulgaria), cnit

898 897 — 11.13

955 953 — 10.47

1019 1018 - 9.81

1034 1037 - 9.67

1099 - 1099 9.10

1117 1113 - 8.95

Key: *A dash denotes non-maximums.

As shown from these data the closest to the spaatfucactus juice is the IR-spectrum of the minevaters of
Rupite village (Bulgaria). IR spectra of the plgmte and mineral water with HGQ(1320-1488 mg/l), Ca
(29-36 mgl/l), pH (6.85-7.19), have local maximurh$8.85, 9.67, 9.81, 10.47 and 11.[&. Common local
maximums in the IR-spectrum between the plant jaicé the mineral water are detected at @ut0 The local
maximums obtained with IR method at 9,81 (1019 crit) and 8.95m (1117 cri) (Table 3) are located on the
spectral curve of the local maximum Qi (1031 crit) (Figure 4). With the DNES-method were obtaineel th
following results — 8.95, 9.10, 9.64, 9.83, 10.461 41.15um, or 897, 957, 1017, 1037, 1099 and 1117 wave
numbers (cr).

Another important parameter measured by the DNE&adewas the average energye(;. o) of hydrogen
H...O-bonds between individual molecules@Hto be at 0.1067 + 0.0011 eV. When the water teatpee is
changed, the average energy of the hydrogen Hor@sis changed. There is a restructuring of eesergi
between HO molecules with a statistically reliable increa$éocal maximums in spectra.

It was observed that in the hot mineral watersltdoal maximums in the IR-spectrum are more marefést
compared to the local maximums obtained in the saater at a lower temperature. The difference eltical
maximums from +20 to +80°C at each +10°C accordin§tudents’ t-criterion — p < 0.05. Such a chanaof
the IR- and DNES-spectrum, and distribution of lopaaks may prove that hot mineral alkaline water i
preferable for origin and maintenance of life tl@her types of water analyzed by these methodsséeldata
indicate that the origination of life and living tter depends on the structure and physical -chépicperties

of water. The most closed to each other were IRped alkaline mineral water interacting with Cagénhd
then sea water..
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Figure 4. The IR-spectrum of water from Rupitéagk (Bulgaria).
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In connection with these data are important théofahg reactions participating with CaG@h aqueous
solutions:

(1) CO, + 4H,S + Q = CH,0O + 4S + 3HO

(2) CaC03+ Hzo +C02 = Ca(H(I)g)z

(3) CO, + OH = HCOg4

(4) 2HCQ + C&* = CaCQ + CQ, + H,0

The equation (1) shows how some chemosynthetiehaaise energy from the oxidation of3Hand CQto S
and formaldehyde (CJD). The equation (2) is related to one of the nomshmon processes in nature: in the
presence of D and CO,, CaCO; transforms into Ca(HGs),. In the presence of hydroxyl Okbns CO,
transforms into HO3 (equation (3)). Equation (4) is valid for the presef formation of the stromatolites —
the dolomite layered acretionary structures forineshallow sea water by colonies of cyanobacteria.

In 2010 D. Ward described fossilized stromatolitasthe Glacier National Park (USA) (Ward, 2010).
Stromatolites aged 3.5 billion years had lived &rmvy and hot water in zones of volcanic activity,iahhcould

be heated by magma. It was previously thought tiimatfirst living forms evolved in hot geysers (P@tsal,
2011). The water in geysers is rich in carbonatésle the temperature is ranged from +100 to +150AQ011

a team of Japanese scientists under the leadesERipSugawara showed that life originated in wammmore
likely, hot water (Kuriharaet al, 2011). From aqueous solution of organic molecul2NA and synthetic
enzymes were created a proto cells. For this thmlisolution was heated to a temperature closevdter's
boiling point +95°C. Then its temperature was loxeeto +65°C with formation of proto cells with pitive
membrane. This laboratory experiment is an excetienfirmation of the possibility that life origited in hot
water.

The above mentioned data can predict a possibleaidsansition from synthesis of small organic nwlles
under high temperatures to more complex organiceoubés as proteins. There are the reactions of
condensation-dehydration of amino acids and nudestin separate blocks of peptides occur undealiatk
conditions, with pH = 911. The important factor in the reaction of condeios of two amino acid molecules is
allocation of HO molecule when peptide chain is formed (Miller,68R As reaction of amino acid
polycondensation is accompanied by dehydratatios, O removal from reactional mixture speeds up the
reaction rates. This testifies that formation ajamic forms may occur nearby active volcanoes, useat early
periods of geological history volcanic activity aceed more actively than during subsequent geotbdimes.
However, dehydratation accompanies not only amuid polymerization, but also association of othkrcks
into larger organic molecules, and also polymeidrabf nucleotides into nucleic acids. Such asgmriais
connected with the reaction of condensation, atkfiiom one block removédsd®, and from another — hydroxyl
group with formation of KO molecule.

The possibility of existence of condensation-dehtidn reactions under conditions of primary hydrese was
proven by M. Calvin (Calvin, 1969). From most cheahisubstances hydrocyanic acid (HCN) and its déxigs

— cyanoamid (CbN,) and di-cyanoamid (HN(CN) possess dehydration ability and the ability ttalyae the
process of linkage of # from primary hydrosphere (Mathews & Moser, 196B)e presence of HCN in
primary hydrosphere was proven by Miller's earlperiments. Chemical reactions with HCN and its\dgives
are complex with chemical point of view; in the ggace of HCN, CkN, and HN(CN) the condensation of
separate blocks of amino acids accompanied by datigd, can proceed at normal temperatures in glyon
diluted HO-solutions. These reactions result in synthesisnfrseparate smaller molecules larger organic
molecules of polymers, e.g. proteins, polycarboajes, lipids, and ribonucleic acids. Furthermore,
polycondensation reactions catalyzed by HCN, andétivatives depend on acidity of water solutiong/hich
they proceed (Abelson, 1966). In acid aqueous isolsitwithpH = 4—6 these reactions do not occur, whereas
alkaline conditions withpH = 9-10 promote their course. There has not beeguivocal opinion, whether
primary water was alkaline, but it is probable,tteachpH value possessed mineral waters adjoining with
basalts, i.e. these reactions could occur at theacbof water with basalt rocks.

It may be supposed that primary water might contabre deuterium at early stages of life evolutiangd
deuterium was distributed non-uniformly in hydrosmhand atmosphere (Ignatov & Mosin, 2012). Theara
of this is that the primary atmosphere of the Eavds reductive, without ©0O; layer protecting the Earth
surface from rigid short-wave solar radiation cengyhuge energy. This simplifies radiation to fseglass
through Q-free atmosphere and reaching hydrosphere, malebeause of further radiolysis and photolysis of
water. Energy of radiation, volcanic geothermalgesses on a hot Earth surface and electric disebdry
atmosphere, could lead to the accumulation of diemein hydrosphere in the form of?HO that evaporates
more slowly then KD, but condenses faster. This fact may make ingrintthermostability of deuterated
macromolecules as the covalent bonds formed kthre more stronger than those ones formed witihdugh.
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4. Conclusions

The experimental data indicate that the phenomenaeellular adaptation t&H,0 and origination of life have a
complex multifactorial nature. These data have gdothat life originated in hot mineral alkaline ematThe
evidence indicates that the emergence of life dépemn the physical-chemical properties of watenfterature,
pH value) and its composition. Mineral water int¢iiag with CaCQis closest to these conditions. Next in the
line with regard to quality are sea and mountainewaFor chemical reaction of dehydration-condeéosato
occur in hot mineral water, water is required tabaline in the pH range-21. The content of deuterium in hot
mineral water may be increased due to the physitainical processes of the deuterium accumulatibes&
are solar radiation, causing radiolysis and phaislgf water, geothermal activity and electricalctharges in the
atmosphere devoid of the protective ozone layerhdétka perspective selection of heterotrophic biacter our
research as they are the microorganisms locatettieofower stage of evolutionary development, anidkdy
adapt to changing environmental factors.
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