Brief information about the project

Name of the project

AP09260785 «Development of technology for producing
biohydrogen based on promising strains of cyanobacteria
for the production of biofuels» (0123PK00131)

Relevance

Expanding the conversion of biological raw materials into
biofuels, humanity  simultaneously  reduces the
environmental burden on nature, decreases pollution of
land and water bodies, as well as emissions of CO2 into
the atmosphere. In the field of biofuels, biohydrogen is the
cleanest and most valuable type of fuel produced and can
be the most promising candidate for the role of an
environmentally friendly and renewable energy carrier of
the future. A modern direction in bioenergy is the search
for objects capable of producing biohydrogen that does not
pollute the environment, as well as the development of
high-performance technologies. Phototrophic
microorganisms, including cyanobacteria, which possess
high metabolic potential, are of particular interest in this
regard. The use of cyanobacteria as potential producers of
biohydrogen is especially relevant and advantageous, as
they produce hydrogen through the conversion of solar
energy and do not require complex or costly nutrient media
for in vitro cultivation. The main idea: Within the
framework of the project, extensive work will be carried
out to replenish the collection of phototrophic
microorganisms with new strains isolated from various
extreme ecosystems of our republic, their study, and
identification. In order to select the most productive
microalgae, they will be screened for cell growth rate, and
their ability to produce hydrogen will be studied. The
cultivation conditions of the selected cyanobacterial
cultures - potential hydrogen producers, including such
parameters as light intensity, composition of nutrient
media, pH value of the environment, etc., will be
optimized. The influence of oxygen stress, nitrogen,
sulfide, and phosphorus starvation on the physiological-
biochemical properties of the cyanobacterial cell - the
hydrogen producer will also be studied. Additionally, a
technology for cultivating strains of cyanobacteria -
hydrogen producers, harvesting their biomass, and
obtaining biohydrogen based on cyanobacteria under
laboratory conditions will be developed.

Purpose

The goal of the project is to develop a technology for
producing biohydrogen based on promising cyanobacteria
strains for the biofuel production.

Obijectives

1. Isolation of active cyanobacteria cultures from water
and soil samples of various extreme ecosystems of the
Republic of Kazakhstan in order to search for cyanobacteria
cultures that actively produce hydrogen.

To achieve this goal, accumulative cultures of cyanobacteria
will be obtained from water and soil samples, and individual
species will be cleared of accompanying microflora.




2. Study of morphological,cultural and physiological
properties of isolated cyanobacteria
cultures.
To achieve this goal, we will study the morphological
properties of isolated axenic cyanobacteria cultures and
characterize their cultural and physiological properties

3. Screening of isolated and collection strains of
cyanobacteria by their biomass productivity and ability to
release hydrogen.

To achieve this goal, the growth rate and biomass growth of
isolated and collected cyanobacteria strains will be studied,
and their ability to produce hydrogen will be determined.

4. The identification of obtained new cultures of
cyanobacteria with a high potential in the production of
biohydrogen.

To implement this task, the active strains of cyanobacteria
selected during screening will be identified.

5. Optimization of cultivation conditions for
cyanobacteria strains — potential producers of hydrogen to
increase the total biomass.

To implement this task, will be searched optimal

conditions for mass cultivation of selected
cultures of cyanobacteria - potential producers of
hydrogen, including such parameters as temperature, light
intensity, composition of nutrient media, pH value of the
medium, etc.

6. Perform metabolic modulation of cyanobacteria -
producer of biofuels in order to increase the active
production of hydrogen.

To achieve this goal, the effect of oxygen stress,
nitrogen, sulfide, and phosphorus starvation on the
physiological and biochemical properties of a
cyanobacterium cell - a hydrogen producer - will be studied.

7. Based on the experimental data obtained, develop
regulations for obtaining biohydrogen based on
cyanobacteria - hydrogen producers in the laboratory.

To implement this task, the technology of cultivation
strains of cyanobacteria — producers of biohydrogen,
collecting their biomass, and producing biohydrogen based
on cyanobacteria in the laboratory will be developed.

Expected and achieved results

As a result of the implementation of this project, the
following scientific research has been conducted: a search
and isolation of cyanobacterial cultures - hydrogen
producers from water and soil samples of various extreme
ecosystems of the Republic of Kazakhstan, their axenic
cultures have been obtained, and their cultural-
morphological and some biochemical and physiological
properties have been studied; Screening of isolated and
collection cyanobacterial cultures for productivity of their
biomass and ability to produce hydrogen has been
conducted.




The following results have been obtained in the course of
the work:

1. 15 species and varieties of cyanobacteria were
discovered from the hot spring of the Uygur district, 31
from Lake Kyzylkol, as well as from the Aris and Ok
rivers, and 19 from rice fields in the Almaty and Kyzylorda
regions.

2. 8 axenic cultures of cyanobacteria were isolated from 17
isolates of accumulative cultures, and based on cultural-
morphological and physiological characteristics, they were
identified as Nostoc N-1, Oscillatoria O-2, Synechococcus
S-1, Phormidium P-1, Nostoc N-2, Anabaena A-1,
Oscillatoria O-1, and Anabaena A-2.

3. It was determined that the cyanobacterial cultures
Anabaena A-2, Anabaena A-1, Oscillatoria O-1,
Synechococcus S-1, and Phormidium P-1 have the highest
rates of cell growth and biomass yield, determining their
high productivity, and were identified using molecular-
genetic analysis of 16S rRNA genes as Anabaena
variabilis A-2, Anabaena variabilis A-1, Oscillatoria sp.
0O-1, Synechococcus sp. S-1, and Phormidium tenue P-1.
4. A high level of ethylene production was revealed in the
heterocystous strain of cyanobacterium Anabaena
variabilis A-1, reaching 15.2 pmol ethylene/mg dry
weight/h, indicating high activity of the nitrogenase
enzyme in this culture.

5. As a result of screening for hydrogen production
capability, the heterocystous strain of cyanobacterium
Anabaena variabilis A-1 was selected, with hydrogen
yield in darkness reaching 8.67 umol Hz/mg Chl/h. This
figure was almost 17.2 times higher than under
illumination conditions for the same strain.

6. It was established that Synechococcus sp. S-1 is the most
active hydrogen producer in light, yielding 2.35 pmol
H2/mg Chl/h, which is 3 times lower than Anabaena
variabilis A-1 in darkness.

7. It was found that the addition of 25 mM HEPES and 50
mM sodium bicarbonate to the BG-11 medium increases
the yield of biohydrogen (H2) in the heterocystous strain of
cyanobacterium Anabaena variabilis A-1.

8. It was shown that the photoproduction of hydrogen by
the heterocystous strain of cyanobacterium Anabaena
variabilis A-1 using a combination of N and S deficiency
(BGo-11-S) was 9.82 umol Ha/mg Chl/h, demonstrating
results 3 times higher than in the BG-11-S medium. In the
course of optimizing maximum hydrogen production, the
BGo-11-S medium was selected as the most suitable
compared to other modified media.

9. A laboratory procedure for obtaining biohydrogen based
on the selected heterocystous strain of cyanobacterium
Anabaena variabilis A-1 has been developed. Based on the
obtained results, a patent for a useful model No. 8167,




dated 28.02.2023, "Heterocystous  strain of
cyanobacterium Anabaena variabilis A-1 for biofuel
production as a raw material" has been obtained in order to
expand the arsenal of microorganism strains used as raw
materials for biofuel production.
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