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STUDY OF PROMISING HETEROCYSTIC CYANOBACTERIAL
STRAINS FOR BIOHYDROGEN PRODUCTION

Abstract. Nitrogen-fixing 3 strains of cyanobacteria as Nostoc calsicola RI-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 RI-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 ~mol H2 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 ~mol W mg chli/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 ~mol/m2'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 ~mol/m2s) 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 H2 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: Nostoc 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 B C

A - Nostoc calsicola RI-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 BG0-11 (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
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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.

Anabaena variabilis R-1-5 Anabaeba sp. Z-I Nostoc calsicola RI-3
Strains

hBG-11 hBG-lI(-N)

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 RI-3 showed
high values. These results were confirmed by the results of determination ofthe 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 H2. 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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Anabaena variabilis R-1-5 Anabaeba sp. Z-1 Nostoc calsicola RJ-3
Strains

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 RI1-3, whose cells began to produce
hydrogen 24 hours after degassing in the dark. The hydrogen yield at this time was 0,005 ~mol LLI/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 ~mol H2/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
R1-3. Moreover, a relatively higher level of H2 production was observed in the strain Anabaena variabilis
R-1-5. 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 H2 by Anabaena
variabilis R-1-5 cells after 24 hours was 0,0008 ~“mol H2mg chl/h, and after 120 hours, the maximum H2
production equal to 0,025 ~mol W/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 ~“mol H2mg 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).

oM

24 48 72 96 120 144 166
Time (hours)

B Anabaena variabilis R-I-5 n Nostoc calsicola RI-3 u Anabaeba sp. Z-1

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 ~“mol/m2s.

It was found that the most active producer of hydrogen in the light was the strain Anabaena variabilis
R-1-5. 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 ywol H2Zmg 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 ~“mol H2mg chl/h, and after 120 hours, the maximum
production of H2 was equal to 0,008 “mol W 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 ~mol H2/mg chl/h was noted after
24 h and 48 h (figure 5).

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 “mol LU/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 RI-3 and Anabaena variabilis R-1-5 cells was the absence of illumination, the presence of
illumination led to a sharp decrease in H2 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 H2, 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.

Acknowledgements. This study was supported by the Ministry of Education and Science, the
Republic of Kazakhstan, under the framework of the project: AP05131218; AP08052481.
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BNOCYTEI1 OHA1PYTE MNMEPCMNEKTUBT1 FTETEPOLIMCTA/bI
LUMAHOBAKTEPUANTAPAbL, LULTAMMOAPBIH 3EPTTEY

AHHOTaumsa. LinaHobakTepusinap - MeTaboNuTNK epeKLUenikTepi HerisiHge Taburatra KeH TapairaH >X3He
Tonblpak MeH TAWbl CynapgaH MAXUTKa feRiHri  apTYpni  3KoMorvsanbiK — aivakTapga emip  CYpeTiH
MUKPOOpraHnsMaepaiH YkeH To6bl. Kasipri TaHga umraHobakTepusnapablH akTUBTI LUTaMMAapbl KannbiHa KeneTiH
3Heprus KesgepiH (brogmsens, 6uocyTek, 6moataHon, T.6.) anyga 6encengi TYPge KongaHbinagpl. LinaHobaTtepusanap
6roxkaHapmaii any YwiH KYH cayneciHiH HerisiHge >Xysere acaTblH (POTOCMHTE3 MpPOLECIH KongaHadbl >K3He
HaTWXKecWae nNaiga 6onraH aHeprusHbl AT® xaHe HALD TYpiHge Kopra >XuHar, KAeTKaniapAbiH TipLiniriHe
KongaHagbl. ConapabiH LW BAe LyaHobaKTepusinapMeH 61UOCYTeK eHAipy MpoLeci - 0Cbl KyHre AeliiH Ka/bInTackaH
3AKTEPALL eH MaHblI3gbIcbl 60/1bIN Tabbliaabl. COHrbl TaHAArbl 3epTTeynep KepceTKeHAel, LmaHobaKTepusnapabIH
6apnblk TYpnepi cyTek 6enyre KabinetTi. [ereHMeH, onapiblH TipLWiNiK eTy epekllenikTepiHe cail KasbinTackaH
MOPONorma-reHeTUKasbIiK alibipMallblIbIKTapbl HEri3iHAe cyTek 6en” Meswepi MeH yakbiTbl 3pTYpAi 60/bIn
kenefi. LinaHobakTepusnap H2 monekynanapbiH ekl ¢epMeHT - ruaporeHas’a >aHe HUTpOreHasa 6GesceHAiniri
apkblbl 6enin Whirapagsl. HATporeHasa - a3oT gKcaumscbiHa xxayan 6epeTiH, KYPaeni chepMeHT >aHe onap keblue
reTepouncTasiapfa opHasacbin, CyTeK 6enyre KabineTTiNiK TaHbiTagbl. A, rMgporeHasa TeK KaHa BeretaTuBTi
KMeTKanapga LUorbIp/aHbIn, KapanalibiM XUMUS/IbIK peakUMsiHbl, SFHW, MPOTOHAAP MEeH 3/eKTPOHAapAaH CyTek
TY3inyiH Katanuaaenai.

KneTkanapablH CcyTeK 6enin wWbirapybl TiKene 6M0G0TONM3 Mpoueclle 6GainaHbICTbl 60MbIN  Kenegi.
BrodoToNmM3 - 61 Cyabl MOEKyNasbIK OTTen MeH cyTekKe 6ey YLLiH 610norusanbIk XY enepe »apbIiK 3Heprusichl
KoMfaHbNaTbiH npouecc. An 6ModoToM3 NpoLec NaijanaHblnaTbiH 3HePrusa afsile 6ainHanbICTbl TiKenen >xaHe
»KaHama fen ekl GeniHegi. Tikenein oTonMs - UmaHoGakTepuanap KieTKanapbl apKblUlbl POTOCUHTE3 HerisiHAe
a/bIHraH 3HepPrusiHbl CyfAbl OTTEN MeH MPOTOHAAPra bigbIipaTy npoleci 60/bIN Tabbliagbl. A, XxaHama 61ogoTonm3
- cyTenm any npouea, OHAA 3NEKTPOHAAp LuaHobaKTepusifarbl TFIMKOFEH CUSIKTbl CaKTa/iraH OpraHWKaslbiK
KOCbINbICTapAaH anbiHagpl. Kasipri TaHga XYprisinreH 3epTTeynep [AanengereHgein, eki TYpai npouecc Te
umaHobakTepusaiap YLiH Maubi3abl 60bIn Tabblnagbl, cebedi KneTkanapabiH TipLinik eTyle 6alinaHbICTbI 0napabIH
KabineTTinikTepi ap TYpni 60nbIn Kenegi. CoHAbIKTaH, XxaHama 61ohoTonm3 npouea KebiHe KapaHrbl opTaga xYsere
acagbl. Ocbl T/Kprblga, 6i34iH  3epTTeyiMi3giH  MakcaTbl -  KOMMeKUMsigaH anbiHradH Y uuaHobakTepust
LUTaMMAapbIHbIH CyTeK 6eny KabLUeTLL TiKesei XaHe XaHama 61ogoTo/IM3 NPoLEeCCTepi apKbbl 3epTTeY 60N4bl.

Bi3beH XYprisinreH X MbicTa cyTeK 6ey KapKbiHAbUIbINbIH 3epTTey YiiH Nostoc calsicola RI-3, Anabaena
variabilis R-1-5 »xaHe Anabaeba sp. Z-1 umaHobakTepusi WTaMMaapbl KonnekumsgaH anbiHabl. CyTen eHAipyaiH
Korapbl 6e1CeHAINIrIMeH cunaTTanaTbiH LnaHobaKTepusnapabiH LWTaMAapbiH TaHAay YLUiH Kapaurbl XX3He XapbIkK
Xargannapga KonnekuysinbiK Yi LWTaMMHbIH cyTeri 6eny KabineTi 3epTTeniHai. AnbIHraH H3TWDKeNepre Caikec.
umaHobaKTepusnapabiH 3 KoNeKumsnbIK wramgapbiHaH, Nostoc calsicola RI-3 »aHe Anabaeba sp. Z-1 KapaHrbiga
canbICTbIpMaibl TYPLe »orapbl cyTeri eHAipeTiH 6enceHAinik kepceTTi. KapaHrbiga CyTeriHiH eH »xorapbl eHiMainiri
Nostoc calsicola RI-3 wTammbIMeH Tipkengi. BN wWtammaa cyTeKTL, XKorapbl XXMHaKTaslybl 72 carat MHKybaumsgaH
KeiliH Gaikangbl, 0,032 Mkmonb H2mr xn/car k¥pagbl. An, XapblK >kargaibiHga Anabaena variabilis R-1-5
LITaMMbIHbIH K/eTKanapbIMeH CyTeKTIH 6enceHfi >XmHakTanybl 6alikanibl, OHbIH HUTPOreHasa 6enceHAiniri 6acka
WTampapra kaparaHfa efayip >xorapbl 6ongpl. OcCbl LWITaMMeH CyTeK 6efiHYiHiH eH >Xorapbl >Xbl1gaMapIrbl
0,012 mkmonb H2mr xn/car k¥papgbl. Bi3fliH 3KCnepMMeHTTIK MafliMeTTepimisre calikec, GeniHin KONMeKUMsNbIK
wTaMMaapmeH CyTeri eHpipiciHe »apblk Tepto acepiH Turisgi. Nostoc calsicola RI-3 »a3He Anabaeba sp. Z-1
KneTKanapbl apKblibl CYyTEKTLL, 3BOMOLMACHI YLLIH OHTaW bl Xarjai KapaHrbl opTa 60/14bl XX3He YXapbIKTaHAbIPYAbIH
6onybl H2 eHpipiciHiH KYPT TeMeHAeyiHe akengi. Cebeb6i, dC2 xnodungepLull TbiM Xorapbl akTUBTeHYi 60/1ybl
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MYMKLL, 0/1 POTOCUHTETMKA/IbLL, 3/IEKTPOHAAPAbLL, 6arbITTasiraH arbiHbIHbIL, 3CepLUEeH NPOTOHAAPAbLL, MOMEKYNabIK
cyTerire TeMeH/eyiH KaTaM3aenTl rugporeHasa (hepMeHTTepPIHIH MHAKTUBAUMSCLI TyAbIpbIn, CYTen 3BOIOLMSCHI
NPOLLECIH TEXENTIH OTTer KOHLeLWpauusacbIHbIL Nanga 601ybIHa biKnan eTyi MYMKIH.

Bi3giH 3epTTeynepimi3 retepoumcTanbl UpaHobaKTepusiap apacbiH4a NepcneKTUBTI eHgipylinepgi Tabyra
>K3HE 0Cbl MPOLECTLL, MaHbI3bIH TYCiHyre 6arbmranibl.

TyLH ce3gep: 6MoCyTeK, reTepoLUCT LiMaHOo6aKTepms LUTamMaaphbl, ra3 XpoMaTorpadumsice.
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N3YUYEHWE WITAMMOB FrETEPOLUMCTHbIX LMAHOBAKTEPUIA,
MEPCMNEKTUBHbIX 414 NMOJ1YYEHUA BUMOBOAOPOOA

AHHOTauus. LimaHobakTepun NpeaCcTaBnsioT CO60i 60MbLUYO FPYMNy MUKPOOPraHU3MOB, KOTOPbIE LUMPOKO
pacnpocTpaHeHbl B MpuUpoge 6narofaps CBOMM MeTabo/IMYeCKNM CBOMCTBAM U XXMBYT B Pa3/IMUHbIX 3KOOMMYECKMX
30Hax OT MouBbl M NPECHOIM BOAbl [0 OKeaHa. B HacTosillee BpeMs akTMBHblE LUTaMMbl LiMAHOGAKTEPUA aKTUBHO
MCMO/Ib3YIOTCA B MPOU3BOACTBE BO306HOBSEMbIX UCTOUHUMKOB 3Heprun (6roamsens, 6uoBogopos, 6vmosTaHon v
4p.). LimaHobakTepmn UCMonb3yoT Mpouecc (hOTOCUHTE3a, OCHOBaHHbIM Ha CO/THEYHOM CBeTe, A4/ NPOM3BOACTBA
ouoTOoNIMBa W XpaHeHMs MOJlyYeHHor 3Heprum B dopme AT® u HAL®P, KoTopble WCMONbL3YKOTCA Ans
XKU3HEAESATENIbHOCTM K/IETOK. Ha cerogHsIlHWIA [eHb CpeaM 3TWX MpPOLEeCCOB MPOM3BOACTBO 6MOBOAOpOAA
UmaHo6aKTepUAMU SBMSIETCA OAHUM U3 Hambonee BadKHbIX MeTOLOB. HefaBHMe MccriefoBaHMS MOKasan, YTO BCe
TUMNbl UpMaHo6aKTepuii CrnocobHbl BbidensiTb BOAOPOA. OAHAKO KOMMYECTBO W CPOKM BbldefeHWs BOAOpOAa
BapbUpyOTCA B 3aBMCUMOCTM OT MOPJOSIOrMUYECKUX U FEHETUYECKUX PasNnynii, chopMMPOBaHHbLIX B COOTBETCTBUM
C 0CO6EHHOCTAMU KX CyLlecTBOBaHUSA. LinaHobakTepuun ceKpeTUpYrOT MoseKynbl H2 6narogaps akTMBHOCTU ABYX
(hepMeHTOB - rMApOreHas’oB M HUTPOreHasoB. HWTporeHasa - 3TO KOMMJIEKCHbIM (DepMEHT, OTBETCTBEHHbIN 3a
(hMKcaumio a30Ta, KOTOPbIA Y4acTO HaxXOAMTCA B reTepoumcTax U CnocobeH BbIgenATb Bogopod. maporeHasa, c
[pYyroii CTOPOHbI, KOHLEHTPUPYETCS TOMbKO B BEreTaTMBHbLIX KIETKaxX W KaTa/msuvpyeT MPOCTYH XUMUYECKYHO
peakuuio, To ecTb 06pa3oBaHne BOAOPOLA U3 MPOTOHOB U 3/1EKTPOHOB.

BblgeneHne Bo4opoaa KeTkamy Hanpsmyto CBA3aHo ¢ npoueccoM 6mooTonmsa. bruothotonms - 3To npovecc, ¢
NMOMOLLIbIO KOTOPOr0 CBETOBas 3HEPrusi MCMOMb3yeTcs B 6GMOMOMMYECKMX CUCTEMaX AN1A pasfeneHust BOfbl Ha
MOJIEKYNISIPHBIA KMCMOPOA 1 BOAOPOA. A npotecc 6rodoTonmsa AeNnTes Ha NPsIMOlA U KOCBEHHbIW, B 3aBUCUMOCTH
0T MCMOMb3YeMOro UCTOYHMKA 3Heprun. Mpsmoi ¢oTonmn3 - 3TO MPOLECC pacLlenneHns BoAbl Ha KUC0POA Y
NPOTOHbI U3 3HEPruu, MoslyvyaemMoii B pe3ynbTaTe (hOTOCUHTE3a LMaHobaKTepuasibHbIMU KeTKaMn. KOCBeHHbIN
6rooToNMN3 - 3TO NPoLECC NOAyYeHNS BOAOPOAA, NPY KOTOPOM 3/1EKTPOHbI MOJyYatoT U3 XpaHUMbIX OpraHUyecKmnx
COeAMHEHN, TaKMX Kak MMNKOreH, LmaHobakTepun. HepgaBHMe mccnefoBaHUs nokasann, 4Tto ob6a npolecca BaXKHbI
4N UmMaHoGaKTepuid, Tak Kak MX CMOCOGHOCTV BapbUpYHOTCS B 3aBUCUMOCTU OT BbDKMBAaHUS KIETOK. [MoaTomy
NpoLEecc HernpsMoro 6MooToNN3a YacTo MPOBOAMTCA B TEMHOTE. TakvM 06pa3oM, Le/blo HaLLero uccnefoBaHns
6b1710 M3yYeHVe CNOCOBHOCTU BbifeseHNs BOAOPOAA Y TPeX LUTaMMOB LiMaHO6aKTepuiA U3 KOIEKLUM NOCPeSCTBOM
NPOLLECCOB MPSAMOro M HenpsaMoro 6uodoTonnsa.

[nsa mnccnefoBaHMii BofopoAa M3 KOMMEKUMM 6binn B3SATbl 3 LUTaMMa a30TRUKCUPYIOLLMX LiMaHOBaKTepuii,
Taknk Kak: Nostoc calsicola RI-3, Anabaena variabilis R-1-5 n Anabaeba sp. Z-1. [Ons oT6opa LWTaMmoB
UMaHO6aKTePUA, XapaKTepU3yIOLWLMXCSA BbICOKOM BOLOPOAMPOAYLMPYIOLLEA aKTUBHOCTbIO, 6bl10  MpoBefeHO
uccnefoBaHWe Mo NPOM3BOACTBY BOAOPOAA BblAeNIEHHLIMW TPeMs HOBbIMW LUTAMMamMy B TEMHbIX W CBET/IbIX
ycnoBusix. CornacHo MnostydeHHbIM pesynibTaTtaM, M3 3 KOMIEKUMOHHBIX LUTaMMOB LinaHobakTepuin Nostoc calsicola
RI-3 1 Anabaena sp. Z-1 nokasa OTHOCUTENIbHO BbICOKYHO BOAOPOA006PA3yOLLY0 aKTVBHOCTb B TEMHOTE.
YCTaHOBMEHO, UYTO Hambonbluee BblienieHMe Bogopoda 6Obina y wramma Nostoc calsicola RI-3. MakcumanbHoe
HaKomM/eHVe BOAOPOfa B 3TON KynbType Habnpanocb nocne 72 4 WHKy6auum, KOTOPOe B [aHHOM Crydae
coctaBwio 0,032 MKMonb H2ZMr xn/4. B TO BpeMsi Kak Ha CBETY MPOMCXOAM/IO aKTMBHOE HaKOMJeHWe BOAOPOLA
KneTkamu WwWitamma Anabaena variabilis R-1-5, akTMBHOCTb HUTPOreHasbl KOTOPOro Takke 6bliia 3HAUNTENBHO BblLLe
Ha CBETY, YeM Yy Apyrux wrammoB. Camas BbICOKasi CKOPOCTb HaKomM/ieHMs Bogopoa coctasuna 0,012 Mkmonb H2mr
Xn/4. MakcMMaibHas CKOpOCTb BbldeflieHst Bogopoga 3TvM wtamMMoM coctasnsna 0,012 mkmonb H2mr xna/u.
CornacHo HaliMm 3KcrepuMeHTa/IbHbIM aHHbIM, CBET OKasblBaUl HEraTMBHOE BAUSIHWME Ha BbIPaboTKy BOAOpoOLa
KOMMEKUMOHHbIMM - LUTaMMaMu.  ONTUMaibHbIMU  YCNOBUAMW A1 3BOMKOLUK BoAopoda 4depe3 KeTkm Nostoc
calsicola RI-3 n Anabaeba sp. Z-1 cTanm TeMHOTA W Ha/M4yMe OCBELLEHWUS,, KOTOPble U MPUBENN K PE3KOMY
CHWXeHMIo npoussogcTBa H2 Xnogunibl ®C2 MOryT UMETb C/IMLLKOM BbICOKYIO aKTMBHOCTb, KOTOPas BbI3blBaeT
MHaKTMBaUMIO (DEPMEHTOB MMAPOreHasbl, KaTa/IM3MPYHOLLYI0 CHUXEHUE MPOTOHOB Ha MOMEKY/ISIPHLIA BOAOPOZ, NOZ,
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BAUSIHWMEM HaMpaBfIeHHOro MOTOKa (POTOCUHTETUYECKMX 9MIEKTPOHOB W CMOCOGCTBOBATb  BO3HWKHOBEHUIO
KOHLIEHTPALMN K1C/I0po/a, CAEPXKMBAOLLEro NPOLIECC 3BO/OLLMMN BOAOPOJA.

Halue nccnenoBaHue 6bI10 HanpaB/ieHO Ha MOWUCK MePCreKTUBHBIX MPoAYLEHTOB BOAOPOAA FeTepOLMCTHBLIX
LIMaHOBAKTEPUIA U NMOHMMaHWe BaXKHOCTM 3TOro npolecca. MosyyeHHble pesynbTaTbl YKasbIBaloT Ha NepcrneKTUBbI,
MPaKTUYECKYH 3HAUMMOCTb U HE0BX0AMMOCTb fa/TbHENLLIEr0 U3yYeHNsl LyaHoGaKTepuii Kak 61oCMCTeM, CMOCOBHbIX
3thheKTVBHO NPeo6pa3oBbIBaTb CBETOBYHO SHEPT MO B MOMEKY/ISIPHBIVE BOAOPOA U 9KOMOFMUECKM UMCTOe TOM/MBO.

KnioueBble c/ioBa: GMOBOAOPOJ, MeTePOLMCTHbIE LiMaHoGaKTepUaibHbIe LUTaMMbl, Fa30Basi XPOMATor pacmsi.
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