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STUDY OF PROMISING HETEROCYSTIC CYANOBACTERIAL
STRAINS FOR BIOHYDROGEN PRODUCTION

Abstract. Nitrogen-fixing 3 strains of cyanobacteria as Nostoc calsicola R1-3, Anabaena variabilis R-1-5 and
Anabaeba sp. Z-1 were taken from collection for hydrogen researches. In order to select strains of cyanobacteria
characterized with high hydrogen-producing activity, hydrogen evolution was studied by the collection three strains
in the dark and under light conditions. According to the obtained results, from 3 collection strains of cyanobacteria,
Nostoc calsicola R1-3 and Anabaeba sp. Z-1 showed relatively high hydrogen-prod ucing activity in the dark. It was
established that the highest hydrogen productivity was in the strain Nostoc calsicola RI-3 from all. The maximum
hydrogen accumulation in this culture was observed after 72 h of incubation which in this case amounted to
0,032 pmol H, mg/chl/h. While in the light, there was an active accumulation of hydrogen by the cells of the strain
Anabaena variabilis R-1-5, the nitrogenase activity of which was also significantly higher in the light than in other
strains. The highest rate of hydrogen accumulation was 0,012 umol H»/mg chl/h.

Key words: biohydrogen, heterocystic cyanobacterial strains, gas chromatograph.

Introduction. The World energy problems and environmental changes are two main trends that are
forcing humankind to seek new sources of energy. Microorganisms played a main role in shaping the fuel
that we currently use: coal, oil, and gas. Millions of years ago, these types of fuels were cellular organic
material formed as a result of biochemical reactions. Currently, in connection with the development of
biotechnology, many living organisms can also be considered as raw materials for obtaining new, cheaper
and at the same time environmentally friendly energy sources — various types of biofuels [1].

One alternative, as an environmentally friendly fuel, is the production of biohydrogen. Hydrogen is an
environmentally friendly energy carrier for the upcoming energy industry. Based on the energy sources
and electron donors used by microorganisms, the microbiological processes for producing hydrogen can
be divided into dark anaerobic hydrogen evolution, light-dependent hydrogen evolution without oxygen
evolution, and light-dependent hydrogen and oxygen evolution, which is called biophotolysis [2,3].

Compared to green microalgae, cyanobacteria attract more attention from researchers for hydrogen
production. Among these species, special attention is paid to filament cyanobacteria, which use the
enzyme nitrogenase to produce hydrogen under conditions of nitrogen deficiency. At the same time,
hydrogen is produced as a by-product of nitrogen fixation and its conversion into urea, in addition,
nitrogenase uses ATP as a substrate for this reaction. In cyanobacteria that use this enzyme, nitrogenase is
located in heterocysts and thus it is protected from the inhibitory effect of oxygen, it has a very thick,
weakly oxygen-permeable membrane, moreover, heterocysts have active respiration (absorption). These
advantages of heterocystous cyanobacteria make them the only organisms capable of releasing hydrogen
in the presence of molecular oxygen in the air [4].
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However, it should be noted that despite the literature data indicating the possibility of hydrogen
production by cyanobacteria cultures with relatively high efficiency and in bright light, there are still
problems limiting the use of cyanobacteria for converting solar energy. In addition to the sensitivity of this
process to oxygen and the simultaneous release of oxygen and hydrogen, this is primarily due to the low
efficiency and speed of the process. In this regard, scientific research aimed at increasing the rate of
hydrogen evolution by photosynthetic microorganisms is currently very relevant. First, research in this
area should be aimed at finding new, more productive strains of cyanobacteria that actively produce
hydrogen and optimize the process of their cultivation in order to increase the efficiency of their
conversion of the substrate into hydrogen [5].

In this regard, the aim of this work was to search for new strains of heterocystous cyanobacteria,
active hydrogen producers.

The article presents the results of the 3 collection strains of cyanobacteria and their capabilities in the
evolution of hydrogen in the dark and in the light are studied.

Methods and materials. The experiments were carried out with three strains of cyanobacteria from
the collection of Biotechnology laboratory in KazNU (Almaty, Kazakhstan) — Anabaeba sp. Z-1 [10],
Anabaena variabilis R-1-5 [11], Nostoc calsicola RI-3 [11]. The optical density of the cultures was
recorded on a PD-303 UV spectrophotometer with a wavelength of 720 nm. The cultures were grown at
25°C under lighting with an intensity of 250 pmol/m?*/s in 250 ml conical flasks. The growth dynamics of
the cultures was determined spectrophotometrically on a PD-303 spectrophotometer at a wavelength of
750 nm, measurements were carried out every 24 hours [10]. To obtain biomass in order to determine the
hydrogen-producing ability, the strains were cultured under artificial light (45 pmol/m?/s) supplied from
three sides of glass tubes containing 70 ml of BG-11 liquid nutrient medium [11]. Nitrogenase activity
was determined by the level of acetylene-reducing activity of cyanobacteria by the acetylene method. The
accumulation of H, was measured using GC 3210 (GL Sciences, Japan). Methanol (100%) was used to
measure chlorophyll concentrations, and the absorbance of the supernatant was measured
spectrophotometrically at 665,2 and 750 nm. Determinations were carried out in five replicates. The
figures show the arithmetic means of 3-5 biological replicates and their standard errors.

Results and discussion. The most studies focus on hydrogen producing by nitrogenase enzymes of
cyanobacteria containing heterocysts. In order to find more productive strains of phototrophic
microorganisms actively producing hydrogen, three strains of cyanobacteria from Biotechnology
laboratory collection that with heterocysts were studied: Nosftoc calsicola R1-3, Anabaena variabilis R-1-5
and Anabaeba sp. Z-1. The study of pure cultures of cyanobacteria characterized by high productivity and
the determination of the hydrogen-producing activity of the isolated microalgae strains. Below are their
microphotographs and a brief description obtained on the basis of a study of their cultural, morphological,
physiological and biochemical properties (figure 1).

A

A — Nostoc calsicola R1-3; B — Anabaena variabilis R-1-5; C — Anabaeba sp. Z-1.

Figure 1 — Micrographs of isolated cyanobacteria (stole. 100x)

In order to determine the ability of the collection cyanobacteria strains to grow on a nitrogen-free
medium, the cultures of cyanobacteria were selected for productivity on the media BGo-11 (experiment)
and BG-11 (control). The productivity of biomass growth was determined by the coefficient of growth rate
and yield of dry biomass of cyanobacteria. To do this, the studied strains were cultured on nutrient media
for 9 days, the initial cell density for all the studied cultures was 0,5. After 9 days, the biomass of
42
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cyanobacteria was separated from the culture fluid, dried, and the yield of dry biomass was determined.
The results are shown in figure 2.
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Figure 2 — The results of determining the productivity of the isolated microalgae strains

The obtained results indicate a slight difference in the productivity of the collection strains on a
nitrogen-free medium, however, the strains Anabaena variabilis R-1-5 and Nostoc calsicola R1-3 showed
high values. These results were confirmed by the results of determination of the nitrogenase activity of the
studied strains by the acetylene method. Nitrogenase activity of three was detected in all 3 strains by GC
after creating anaerobic conditions after culturing for 24 hours in the light. Comparison of nitrogenase
activity, measured as the formation of ethylene, with specific Ho. According to the results, among the
studied isolated strains of Anabaeba sp. Z-1 showed significantly low results for the production of
ethylene (nitrogenase), while the strain Anabaena variabilis R-1-5 produces 3,57 nmol ethylene/mg DW/h,
for strain Anabaeba sp. Z-1 this value was 1,82 nmol ethylene/mg DW/h. Thus, the strain Anabaena
variabilis R-1-5 showed comparable high level of ethylene production (figure 3).
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Figure 3 — Rate of acetylene reduction, which measures nitrogenase activity of the isolated strains

At the next stage, in order to select strains of cyanobacteria characterized by high hydrogen-producing
activity, the evolution of hydrogen was studied by the isolated three new strains in the dark and under light
conditions.

It is known that the use of cyanobacteria, which contain heterocysts and are used for hydrogen
evolution with the help of nitrogenase and hydrogenase, as in the case of nitrogen-fixing cultures, is more
promising. In them, the enzyme nitrogenase is localized mainly in specialized cells — heterocysts, which
are formed under conditions of a lack of bound forms of nitrogen. In this case, oxygen is formed only in
vegetative cells. And the presence of a thick membrane that weakly transmits oxygen, which provides
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spatial protection of nitrogenase from its inhibitory effect, and besides, they are characterized by active
breathing (with oxygen uptake) makes heterocystic cyanobacteria the only organisms that can release
hydrogen in the presence of molecular oxygen in the air [11].

According to the results obtained, hydrogen evolution in the dark was observed in all studied cultures.
The highest hydrogen productivity was in the strain Nostoc calsicola RI-3, whose cells began to produce
hydrogen 24 hours after degassing in the dark. The hydrogen yield at this time was 0,005 pmol Hy/mg
chl/h. The maximum hydrogen accumulation in this culture was observed after 72 h of incubation, which
at the same time amounted to 0,032 pumol H,/mg chl/h; in the next hours of the experiment, a slow
decrease in hydrogen evolution is observed.

The remaining strains had less hydrogen-producing activity in the dark compared to Nostoc calsicola
RI-3. Moreover, a relatively higher level of H, production was observed in the strain Anabaena variabilis
R-I-5. These two strains were characterized by different values of the hydrogen yield, and differed from
each other by the time of its maximum accumulation. Thus, the accumulation of H» by Anabaena
variabilis R-1-5 cells after 24 hours was 0,0008 umol Ha/mg chl/h, and after 120 hours, the maximum H»
production equal to 0,025 pmol Ha/mg chl/h. Among the studied strains of cyanobacteria, a significantly
low ability to liberate hydrogen in the dark was revealed in the strain Anabaeba sp. Z-1. A slight hydrogen
evolution by this strain was noted after 24 hours of incubation, this indicator by this time amounted to
0,004 pmol Ho/mg chl/h, after which further decrease in this indicator is observed, and after 72 hours the
production of hydrogen is not observed at all (figure 4).
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Figure 4 — Hydrogen evolution by the studied strains of cyanobacteria under anaerobic conditions in the dark

At the next stage of work, the accumulation of hydrogen by the studied strains of cyanobacteria was
studied under lighting conditions. It is known that light energy is important for hydrogen evolution and
acts as an electron donor for direct biophotolysis [2]. During photochemical reactions in the thylakoid
membranes of cyanobacteria due to the energy of sunlight, under certain conditions, molecular hydrogen
is released. Under normal conditions, microscopic cyanobacteria do not form hydrogen. The activity of
PSI is not a prerequisite for the photodetection of hydrogen, although the electrons entering the thylakoid
electron transport chain (ETC) during photodegradation of water can be accepted by hydrogenase. This
leads to the fact that both oxygen and hydrogen are formed in cyanobacteria cells for a short time [12,13].

In this experiment, the studied cultures of cyanobacteria were cultivated similarly to the previous
experiment, the conditions for cell incubation in the study of hydrogen productivity were the same and
differed only in the presence of light. The initial optical density of the suspension for each culture was 1,5
at 730 nm. Hydrogen evolution by strains of cyanobacteria was observed during their incubation in an
argon atmosphere for 190 h at an illumination of 30 umol/m?*/s.

It was found that the most active producer of hydrogen in the light was the strain Anabaena variabilis
R-I-5. The production of hydrogen by Anabaena variabilis R-1-5 cells is observed on the first day after the
establishment of anaerobic conditions. Active hydrogen evolution persists for six days, and then began to
decrease. The highest rate of hydrogen accumulation was observed after 144 h, which amounted to
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0,012 umol Ho/mg chl/h. It should be noted that the Nostoc calsicola RI-3 strain, which actively produces
hydrogen in the dark, did not show similar activity under lighting conditions. Hydrogen evolution under
illumination conditions after 24 hours was 0,002 umol H»/mg chl/h, and after 120 hours, the maximum
production of H, was equal to 0,008 pmol H»/mg chl/h, then a gradual decrease in its evolution was
observed. For the Anabaeba sp. Z-1 strain, a similar pattern was observed in the evolution of hydrogen as
in the first experiment, a slight hydrogen production of 0,002-0,0003 pumol H»/mg chl/h was noted after
24 h and 48 h (figure 5).
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Figure 5 — Hydrogen evolution by the studied strains of cyanobacteria under anaerobic conditions under lighting

Thus, as a result of the studies, a high hydrogen-producing ability was established in the dark for the
strain of cyanobacteria Nostoc calsicola RI-3 and under lighting conditions for the strain Anabaena
variabilis R-1-5. In this case, the maximum hydrogen output by the cells of the strain of cyanobacteria
Nostoc calsicola RI-3 in the dark amounted to 0,032 pmol Ha/mg chl/h, which is almost 2,5 times higher
than the hydrogen production by the strain Anabaena variabilis R-1-5 under lighting conditions. Our
results are generally consistent with published data. There is information in the literature on the evolution
of hydrogen by the Spirulina platensis Geitl. strain under anaerobic conditions in the light and in the dark,
according to which this process optimally occurs at 32 °C, complete anaerobiosis in the dark [14]. There is
also evidence of the active release of hydrogen by Synechococcus Nag. PCC 7942 cells in the dark under
anaerobic conditions [15].

According to our experimental data, as expected, the production of hydrogen by isolated new strains
strictly depends on the presence of lighting. The optimal condition for the evolution of hydrogen by
Nostoc calsicola R1-3 and Anabaena variabilis R-1-5 cells was the absence of illumination, the presence of
illumination led to a sharp decrease in H» production. A likely reason for this may be too high activation
of PSII, which contributes to the appearance of oxygen concentrations that inhibit the process of hydrogen
evolution due to the inactivation of hydrogenase enzymes that catalyze the reduction of protons to
molecular hydrogen due to the directed photosynthetic electron flow.

Conclusion. The biological production of molecular hydrogen through photosynthesis, which has
several advantages over other methods for producing H,, is increasingly attracting researchers as a
possible alternative to modern non-renewable energy technologies. This technology can be put into
practice if you choose the right path for the efficient use of sunlight by phototrophic microorganisms that
can potentially turn solar energy into hydrogen energy. The future of such technologies depends on such
scientific achievements as the search for active strains with the required characteristics and the selection of
appropriate strategies for improving their strains for the photobiological production of hydrogen. Our
studies are aimed primarily at finding promising producers among nitrogen-fixing cyanobacteria and
understanding the mechanisms of this process. The article presents the results of the isolation of new
strains of heterocystous cyanobacteria from natural sources and the study of their capabilities in the
production of hydrogen. According to the results obtained, from the collection three strains of heterocystic
cyanobacteria, the strains Nostoc calsicola RI-3 and Anabaeba sp. Z-1 showed a relatively high hydrogen-
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producing activity in the dark. The obtained scientific results testify to the promise, practical significance
and the need for further study of the isolated cyanobacteria as biosystems capable of efficiently converting
light energy into chemical energy of hydrogen — an alternative and environmentally friendly fuel. This
scientific information, after additional research, can be applied comprehensively in the development of
methods for producing biological hydrogen by cells of heterocystic cyanobacteria.
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BUOCYTEI'T OHAIPYTE HEPCIIEKTUBTI TETEPOLIICTAJIBI
HOUAHOBAKTEPUAJIAPABIH LITAMM/IAPBIH 3EPTTEY

AnHoranus. I{paHoOakTepusuiap — METaOOJUTTIK EPEKIICIIKTEpl HETi3iHae TaOurarTa KeH TapajFaH >XOHE
TOMBIPAK TIEH TYIIBI CyJlapJaH MYXHTKa JEWiHri OpTypili OKOJOTMSUIBIK —aiMakTapia eMip CypeTiH
MHUKPOOPIraHU3MICPAiH YJIKkeH ToObl. Kasipri TaHma nmuaHoOaKTepUsUIApIbIH aKTHBTI IITAMMAAPHI KAIIbIHA KEIETIiH
SHeprus ke3zepin (0uoausens, OnocyTek, Ono3taHos, T.0.) anyaa OenceH i Typae Koaaansuiansl. [{uanodarepusiiap
Oouoxanapmaii any yuriH KyH coyneciHiH HeriziHzme »Xy3ere acaTblH (DOTOCHHTE3 IMPOLECIH KOJTAHAIbl JKOHE
HoTmKeciHae maina Ooxran sHeprusiiel AT® xone HAJI® TypiHae Kopra >KuHar, KiI€TKaJIAapZAbIH TipIIUIiriHe
KonpaHael. ConapablH imiHge UaHoOaKTepusIapMeH OMOCYTeK OHAIPY MPOIeci — OChl KYHTe JeliH KalbINTacKaH
azicTepiH €H MaHBI3IBICH! 00JbIn TaObutaabl. COHFBI TAaHJAFHl 3€PTTEYJIEp KOPCETKeHeH, IMaHOOaKTepHsIapIbIH
OapibeIK TYypiepi cyTek Oemyre kaOimerti. JlereHMeH, ONapIblH TIpIIUIIK €Ty epeKIIeNiKTepiHe call KaJlbIITacKaH
MOP(OTOTHS-TCHETHKANBIK, alBIPMAIIBUTBIKTAPEl HETI3IHAE CYTeK O6JIiHy MeImuepi MeH YaKbITBl OPTYpIi OOJBIT
keneni. IluanoOakrepusiiap H, Momekymangapeid exi (pepMEHT — THAPOreHas3a >KOHE HHUTpOreHasa OeaCeHIiTIri
apKbUIBI O mbiFapaasl. HuTporenasa — a3ot pukcanuscbina skayan OepeTin, Kypaesi GepMeHT kxoHe oyiap kebiHe
reTepoIycTalapia OpPHAJACKHI, CyTeK Oedyre KaOiUTeTTUTiK TaHBITamel. AJl, THAPOTEHA3a TEK KaHa BETreTaTHUBTI
KJIeTKaNap/Ja MIOFBIPJIAHBIN, KapanaiblM XUMUSUIBIK PEaKklMsHbI, SFHU, MPOTOHIAp MEH JJIEKTPOHIapliaH CyTeK
TY3UIyiH KaTalu3aeni.

KierkanapapiH cyTek Oeiin IIbIFapybl Tikelded OHOQOTONM3 mporeciHe OaiylaHbICTBI OOJBIT  KeJesi.
Bbrodoromns — 6yI1 cy bl MOJIEKYITAIBIK OTTET MEH CyTEeKKe 0Ty YIIiH OHOJIOTHSUIBIK XKYHeaepe KapblK SJHEPTHsCH
KOJIIaHBUIATBIH TIponecc. Asl 0MOQOTONN3 MpoIeci MaiJaJaHblIaThIH SHEPrUs Ko3iHe OalHaJbICTHI TiKelel KoHe
»kaHama sien exi OestiHeni. Tikened doronus - 1uaHoOakTepusuiap KieTKalapbl apKblibl (POTOCHHTE3 HeTi3iHje
aJBIHFaH YHEePTUSHBI CyIbI OTTETI MEH MPOTOHAAPFa BIIBIPATy MpOIleci OOBIN TaObUIaAbl. AJl, )kaHaMa OHO(POTOIH3
— CyTeri ajy IpoILeci, OHHa SIIEKTPOHIAP LMUAHOOAKTEPHSANAFbl TJIMKOTCH CHSKTBl CAKTAIFaH OpPraHMKAJIBIK
KOCBUIBICTapIaH anblHAAbl. Kaszipri TaHma >KYpri3iireH 3epTTeyliep OoNeNmereHAel, eKi Typii mpolecc Te
UaHOOAKTepHAIap YUIIH MaHBI3IBI OONBIT TaObUIaab], ceb6ebi KiIeTKamapIblH TIPIIUTIK eTyiHe OalIaHBICTHI OJapAbIH
KabireTTimikTepi op Typsti 6osbin keneni. COHOpIKTaH, )KaHaMa 0nodoToH3 mporeci KoOiHe KapaHFbl OPTaaa Ky3ere
acampl. Ochl TyKprelga, Oi3miH 3€pTTEyiMi3NiH MakcaThl — KOJUIGKIMANAH albIHFaH YII [HAaHOOAKTEepPHs
HITAMMIAPBIHBIH CYTeK 06y KaOUIeTIH TiKeel jkoHe kaHaMa OMO(OTOIIH3 MPOLIECCTEP] aPKBUIBI 3ePTTEY OOJIIBI.

bi30eH Kypri3uireH »*ymbICTa CyTeK 0eily KapKbIHABUIBIFBIH 3epTTey YuIiH Nostoc calsicola R1-3, Anabaena
variabilis R-1-5 xxone Anabaeba sp. Z-1 umanoOakTepusi mTaMMIapbl KoJUIeKUusaH anbiHabl. CyTeri eHAipyaiH
JKOFaphl OCJICEHIUTITIMEH CHUNATTAJIaThIH [IMaHOOAKTEpUsUIapAbIH ITaMIapblH TaHAAY YIIIH KapaHFbl )KOHE JKapbIK
JKaFailapaa KOJUISKIMSJIBIK YII INTAaMMHBIH CyTeri Oeily KaOuiteTi 3epTTeniHii. AJBIHFaH HITHIKelepre colkec,
MUaHOOAKTepHUATIApAbIH 3 KOJUIEKIUSUIBIK mMTaMaapeiHaH, Nostoc calsicola R1-3 xone Anabaeba sp. Z-1 KapaHFsIIa
CaNBICTHIPMAITBI TYPAE KOFAPHI CYTeTi OHIIpeTiH OeICeH Tk KopceTTi. KapaHFeiga cyTeTiHiH eH KOFapbl OHIMILTIT1
Nostoc calsicola RI-3 mrammpIMeH Tipkeni. By mraMMaa CyTeKTiH KOFaphl )KUHAKTAIYBI 72 caFaT MHKyOalusIaH
keiiin Oaiikangsl, 0,032 mMxmonms Ho/Mr xi/car kypamsl. A, kapblK skarmaiibiana Anabaena variabilis R-1-5
IITAMMBIHBIH KJIETKAJIAPBIMEH CYTEKTiH OelICeH/l KMHAKTaIybl OalKaiIbl, OHBIH HUTpPOreHa3a OenceHaimiri 6acka
mTaMaapra KaparaHzga endyip skorapbl Oomapl. Ocbl mTaMMEH CyTeK OeliHyiHIH €H JKOFapbl JKbUIIaMIBIFBI
0,012 mxmoap Ho/mr xi/car kypansl. Bi3miH SKCHEPUMEHTTIK MOJIIMETTEpIMi3re Coikec, OOIHIN KOJICKIUSIIBIK
HITAMMIAPMEH CYTeri eHMIIpICIiHE KapbIK Tepic ocepiH turismi. Nostoc calsicola RI-3 xone Anabaeba sp. Z-1
KJIETKaJIapbl apKbUIbl CYTEKTiH dBOJIIOLMSCH] YIIIIH OHTAMHIbI )KaFraail KapaHFbl OpTa OO0JIIbI XKOHE JKaPbIKTaHIBIPY IbIH
6omysr Hy enaipiciHin KypT Temenzaeyine akenni. Ce6ebi, ®C2 xmoduiaepiHiH THIM >KOFapbl aKTUBTEHYI OOIybI
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MYMKiH, 01 ()OTOCHHTETHKAJIBIK 3JIEKTPOHIAPABIH OaFbITTAIIFaH aFbIHBIHBIH OCEpPiHEH MPOTOHAAPIBIH MOJIEKYIAIbIK
cyTerire TOMEH/IEYiH KaTaJIM3/ICHTIH TUIporeHa3a (epMEeHTTEPiHIH WHAKTUBALMSICHI TYBIPBII, CYTEri 3BOJIOIUICH
MPOLIECIH TEKEUTIH OTTEr! KOHIIEHTPALMSCHIHBIH Taiiia 00JybIHA BIKIIAT €Tyl MYMKIH.

bizniH 3epTTeyiepiMi3 TeTepoIMCTaNbl IMAHOOAKTEPHUsIIAp apachlHIa MEPCIEeKTUBTI OHIIpymIiepai tadyra
’KOHE OCBI MPOLIECTIH MaHbI3bIH TYCIHYT'€ OAFbITTAIIbI.

Tyiiin ce3nep: 6nocyTek, reTeponrCT IMaHOOAKTEPHS ITaMJIaphl, Fa3 XPOMaTOTpausIChI.
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M3YYEHUE HITAMMOB IETEPOILIACTHBIX IMAHOBAKTEPHUIA,
HEPCHIEKTUBHBIX JJIA NIOJTYYEHUA BUOBOAOPOJA

AnHoTanus. [{naHoOGakTepuu MpencTaBisIOT cO00W OOJBIIYIO TPYIIIy MUKPOOPTAHU3MOB, KOTOPBIE IITHMPOKO
pacIpocTpaHeHsl B IPUPOE Oiiaroapsi CBOUM MeTabOJIMYECKUM CBOMCTBAM U JKHUBYT B Pa3IMUHBIX SKOJOTHIECKUX
30HaxX OT IIOYBbI U HpeCHOI‘/II BOAbBI 10 OKEaHa. B HaCTosAEC BPEMsS aKTUBHBLIC HITaAMMBbI L[IdaHO6aKTepPlﬁ AKTHUBHO
UCIIOJIL3YIOTCSI B TIPOM3BOJICTBE BO30OHOBJISIEMBIX HMCTOYHHMKOB dHEpruu (Omoamsesnb, OMOBOAOPOJ, OMOITAHON U
ap.). LnanobGakTepun MCMONB3YIOT Mponecc (OTOCHHTE3a, OCHOBAHHBII HAa COJIHEYHOM CBETE, JJIsl TIPOU3BOJCTBA
OuorormMBa W XpaHeHHs noiydeHHOW sHepruu B Qopme ATD u HAJID, koropwle HCIONB3YIOTCS JUIst
JKM3HEIEATENIbHOCTH KJIETOK. Ha ceromHsmHuMii JeHb Cpenu 3THUX MPOLECCOB NPOU3BOJCTBO OMOBOJOpOAA
IMaHOOAKTEPUSIMH SIBIISIETCS. OJJHUM W3 HauboJjee BaKHBIX MeToJ0B. HenaBHue uMccienoBaHusi MOKa3aid, 4TO BCe
TUNBl [MAHOOAKTEPUl CHOCOOHBI BBIAEHATH BOMOpoA. OIHAKO KOJMYECTBO M CPOKH BBIIEICHUS BOIOPOAA
BapbUPYIOTCS] B 3aBUCHMOCTH OT MOP(OJIOTHYECKUX M TEHETHUECKUX PAa3INIUi, CHOPMUPOBAHHBIX B COOTBETCTBHU
C 0COOCHHOCTSIMM MX cymiecTBOBaHMA. LlmaHOOaKkTepuy cekpeTupyroT MoieKynsl Hy Omaromaps akTHBHOCTH ABYX
(epMEeHTOB — T'MAPOTEHa30B M HUTPOreHa3oB. HuTporeHasa — 3TO KOMIUIEKCHBIH ()EPMEHT, OTBETCTBEHHBIH 3a
(ukcanuio a3oTa, KOTOPBI YacTO HAaXOMUTCSA B TETEPOIMICTaX M CIIOCOOCH BBIIENATH BomopoA. I'maporeHasa, c
JIPyroil CTOPOHBI, KOHLEHTPUPYETCS] TOJIBKO B BETETATUBHBIX KIETKaX M KaTaJIM3UPYET IPOCTYI0 XHUMUYECKYIO
peakiuio, To ecTh 00pa3oBaHUE BOJOPO/IA U3 IPOTOHOB U AJIEKTPOHOB.

Brienenue BoA0poaa KJIeTKaMy HapsIMYIO CBsI3aHO ¢ mporieccoM buodotonusa. buodoronus — 3to nporiecc, ¢
MOMOIIBIO KOTOPOT'O CBETOBAs JSHCPIHA HCIHOJIB3YETCSA B 6I/IOHOFI/I‘16CKI/IX cucreMax Jisdt pasicjieHuss BOABI Ha
MOJIEKYJISIPHBIH KHCIIOPOJ ¥ BOJIOPOA. A mporiecc 6nodoTosn3a AeIUTCs Ha NPSIMOM M KOCBEHHBIH, B 3aBUCUMOCTH
OT HCIIOJIb3yeMOTr0 MCTOYHMKa 3Hepruu. IIpsmoii ¢oToims3 — 3To mpolecc paciieIyieHds] BOJABl Ha KUCIOPOXI U
NPOTOHBI M3 SHEPTUH, IOJydaeMOW B pe3yibraTe (POTOCHHTE3a IHMaHOOAKTEpUAIbHBIMU KiIeTKaMHu. KocBeHHBIN
6mrodoTOoNN3 — 3TO MPOLECC MOTYIECHHS BOJOPOAA, TPH KOTOPOM JIEKTPOHBI MOIYYAIOT U3 XPAHUMBIX OPraHNIECKUX
COEAMHEHNH, TaKNX KakK IVIMKOTeH, nuanobakTepuu. HenaBHue mccneqoBanus IMoKas3aiy, 9To 00a mporecca BaKHBI
Ul IMaHOOAKTepHi, TaKk Kak MX CIIOCOOHOCTH BapbHPYIOTCS B 3aBHCHMOCTH OT BBDKHMBAaHHA KIETOK. [losTomy
Hpolecc HempsiMoro OMO(OTONIM3a YacTO MPOBOJUTCA B TEMHOTE. TakuM 00pa3oM, LENbI0 HAIIero MCCIeJOBaHUS
ObUIO M3yUEHHE CIIOCOOHOCTH BBIAEIICHUSA BOJOPOAA Y TPEX IITAMMOB LIMAHOOAKTEPHH U3 KOJUIEKIIMU MOCPEACTBOM
MPOLIECCOB MPSMOT0 ¥ HENpsiMOro 6uogdoromnusa.

Jnst mccnenoBaHui BOIOpOJAa M3 KOJUICKLMHM OBUIM B3SATHI 3 IITaMMa a30T(GUKCUPYIOUIMX IMAHOOAKTEpHi,
Takuk Kak: Nostoc calsicola RI-3, Anabaena variabilis R-1-5 u Anabaeba sp. Z-1. Jlns otOopa mTamMMOB
IMaHOOAKTEpHH, XapaKTEpPHU3YIOIMXCS BBICOKOW BOJOPOAIPOIYLHUPYIOMIEH aKTHBHOCTBIO, OBUIO IIPOBEIEHO
WCCIIEJOBAaHHE IO TPOM3BOACTBY BOAOPOJA BBIACIEHHBIMH TPEMsl HOBBIMH IITaAMMaMH B TEMHBIX W CBETJBIX
ycnoBusix. CoriacHO MOJTy4eHHBIM pe3ysbTaTraM, U3 3 KOJUICKIIMOHHBIX IITaMMOB IaHoOakTepuil Nostoc calsicola
RI-3 u Anabaena sp. Z-1 moka3amum OTHOCHTENBHO BBICOKYIO BOJOPOIO00PA3YIONIYI0 AaKTUBHOCTH B TEMHOTE.
VYcTaHoBIIEHO, YTO HaWOOJbBIIee BBIAEICHHE BOJAOpoAa Obuia y mramma Nostoc calsicola RI-3. MakcumanbHOE
HAaKOIUICHHE BOJOPOAA B 3TOW KyJNbType HAOIIONAIOCH MMocie 72 49 WHKYyOaluH, KOTOpOE B JAaHHOM CIydae
coctaBwio 0,032 mMkmonb Ho/mMr xm/4. B To Bpems kak Ha CBETy IPOMCXOJMIO aKTUBHOE HAKOILICHHWE BOJOPOJA
KJIeTKaMu mrtamma Anabaena variabilis R-1-5, akTHBHOCTh HUTPOT€HA3BI KOTOPOTO TaK)Ke ObLJIa 3HAYUTEIILHO BHIIIIE
Ha CBETY, YeM y Apyrux mrammoB. Camas BEICOKasi CKOPOCTh HaKOIUIeHHU Bogopoaa cocrasmia 0,012 mxmons Hao/Mr
XJ1/4. MakcuMallbHasi CKOpPOCTh BBIICIEHHS BOJOpOJa 3THM IntaMmMoM cocraisuia 0,012 mkmonbs Hao/Mr xi/d.
CornacHo HaIIUM OKCIICPUMEHTAJIbHBIM JaHHBIM, CBCT OKa3biBaJl HETATHUBHOC BJIMAHUEC Ha BblpaGOTKy BOOpPOJa
KOJUICKIIMOHHBIMU HITaMMaMMH. OnTuMalbHBIMU YCJIOBUSAMU [UIA 3BOJIOOHMKU BOAOpPOJAa UYCPE3 KIIETKH Nostoc
calsicola RI-3 u Anabaeba sp. Z-1 cramym TEMHOTa M HaJHM4YUE OCBEIIEHMS, KOTOPHIE W IIPUBEIN K DPE3KOMY
cHIKeHuro npousBozcTBa Hy. Xmodumasr @C2 MOryT MMETh CIMIIKOM BBICOKYIO aKTHBHOCTH, KOTOpasi BBI3BIBACT
WHAKTUBALNIO (EPMEHTOB TMJIPOTeHA3bl, KaTAIM3UPYIONIYI0 CHI)KEHHE TIPOTOHOB Ha MOJIEKYJISIPHBIA BOZOPOJ 10N
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BIMSHUEM HAIPaBJICHHOTO MOTOKA (POTOCHMHTETHYECKHX OJIEKTPOHOB M  CIIOCOOCTBOBATH BO3HHKHOBEHHIO
KOHIIEHTPALMH KHCJIOPOJIa, CASPIKUBAIOIIET0 TPOLECC SBOIIOLHMU BOIOPOIA.

Hame uccnenoBaHue ObLIO HalpaBlICHO HA MOMCK IEPCIEKTHBHBIX MPOJYLEHTOB BOJOPO/a IE€TEPOLMCTHBIX
MaHOOAKTEPUI ¥ TIOHMMaHKE BAYKHOCTH ATOTO Iporecca. [loydeHHble pe3ysbTaThl YKa3bIBalOT Ha IIEPCHEKTHUBBI,
MPaKTHYECKYI0 3HAYMMOCTh U HEOOXOIMMOCTh JAaIbHEHIIEro N3y4eHHs IHaHO0aKTepruii Kak OMOCHCTEM, CIIOCOOHBIX
3¢ PeKTUBHO MPeoOpa3oBHIBATE CBETOBYIO SHEPTHIO B MOJICKYJISIPHBIH BOJOPOJ ¥ SKOJIOTUYECKH YHCTOE TOIUINBO.

Ki1roueBble cj10Ba: OMOBOOPO/I, TETEPOLNCTHBIE IMaHOOAKTEPHAIbHBIE IITAMMBI, Ta30Bast XpoMaTorpadus.
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