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Summury. Purple phototrophic bacteria (PPB), a metabolically versatile group within Proteobacteria, offer
promising solutions for circular bioeconomy through bioresource recovery and wastewater treatment. The paper ex-
amines the potential of PPB-based biotechnology in the context of Georgia. The aim of the study was to find out how
PPB systems adapted to local realities can be effectively implemented. The paper reflects the latest international in-
novations and best practices in the development and implementation of PPB systems. The ways of integrating PPB
technologies into the sustainable waste management and renewable energy sectors in Georgia are also discussed.
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Introduction. Purple phototrophic bacteria (PPB), particularly the two main subgroups—purple sulfur bacte-
ria (PSB) and purple non-sulfur bacteria (PNSB)—are known for their remarkable metabolic plasticity and ecological
adaptability. These microorganisms can flourish in a wide range of environmental niches, including anaerobic aquatic
systems, sediments, and wastewater environments, due to their ability to perform multiple modes of metabolism de-
pending on the availability of light, carbon, and electron donors (Capson-Tojo et al., 2020; Sakarika et al., 2019). They
are capable of phototrophic growth under anaerobic light conditions, as well as chemotrophic growth in dark envi-
ronments using organic compounds. This metabolic versatility allows them to utilize various carbon sources such as
volatile fatty acids, alcohols, and organic acids, and to employ diverse electron donors including hydrogen sulfide,
molecular hydrogen, and ferrous iron.

Because of these capabilities, PPB are emerging as ideal microbial platforms for advanced biotechnological
applications. Their roles in processes such as biological hydrogen production, bioplastic synthesis through accumula-
tion of polyhydroxyalkanoates (PHAs), and efficient treatment of organic-rich wastewaters have been demonstrated
in both lab-scale and pilot-scale systems (Guzman et al., 2019; Semenov et al., 2011). They not only contribute to pol-
lution mitigation but also enable recovery of high-value bioresources from waste, aligning well with principles of the
circular bioeconomy.

Georgia, as a country with a rapidly expanding agro-industrial sector and persistent challenges in wastewater
management infrastructure, provides an excellent case for the application of PPB-based technologies. Sectors such as
winemaking, dairy production, and livestock farming generate substantial amounts of organic waste, much of which
is currently underutilized or improperly treated. PPB can serve as a biological bridge between waste management and
value-added production. Despite global progress - especially in countries like Spain, China, and India, where integrat-
ed PPB technologies have been tested and optimized (Capson-Tojo et al., 2020)—the South Caucasus region, includ-
ing Georgia, remains underrepresented in applied PPB research and deployment.

This research aims to fill that gap by assessing the technical feasibility, economic viability, and environmen-
tal benefits of implementing PPB-based systems in Georgia. In particular, it explores how PPB can contribute to or-
ganic waste valorization, renewable energy generation, and the development of a more circular and sustainable econ-
omy. Additionally, we propose pathways for adapting international best practices to local conditions, fostering inno-
vation, and building research capacity within the Georgian context.

Biology and Metabolism of PPB. PPB are able to thrive and grow in anaerobic or microaerobic conditions,
utilizing light as their primary energy source. Under these conditions, they can harness a variety of organic and inor-
ganic compounds as electron donors, which further enhances their adaptability to diverse environments (Fukuzumi et
al., 2018). Their highly efficient photosynthetic apparatus is considered one of the most advanced in nature, with
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quantum yields that reach 100% in their reaction centers and over 80% in light-harvesting complexes. This makes
them exceptionally efficient at converting light energy into chemical energy, far surpassing many other microbial
systems (Semenov et al., 2011). Additionally, PPB are capable of performing a wide range of metabolic processes, in-
cluding photoheterotrophy, where they use light to oxidize organic carbon sources, and photoautotrophy, where they
convert carbon dioxide into organic carbon through photosynthesis. This metabolic flexibility also extends to fermen-
tation and respiration, allowing them to maintain energy production even in the absence of light, further enhancing
their survival in fluctuating environmental conditions (Csiki et al., 2018).

This metabolic versatility enables PPB to degrade a wide array of organic pollutants commonly found in both
domestic and industrial wastewater, including volatile fatty acids, amino acids, alcohols, and other complex organic
compounds (Puyol et al., 2017). Their ability to process these diverse pollutants makes them particularly effective in
decentralized treatment systems, where wastewater is often heterogeneous and challenging to treat using conven-
tional methods. Furthermore, PPB thrive in mixed-culture bioreactors, where they can coexist with other microor-
ganisms, allowing for a more efficient and cost-effective treatment process. The ability to use mixed cultures without
the need for sterilization further reduces operational costs and makes them a more sustainable alternative to tradi-
tional wastewater treatment methods.

Technological Applications of PPB. PPB have been extensively utilized in biotechnological processes for the
production of various valuable bioresources, including biohydrogen (Capson-Tojo et al., 2020), polyhyd-roxyalkano-
ates (PHAs) (Sakarika et al., 2019), and microbial proteins (Cao et al., 2020). Biohydrogen production, for instance, is
one of the most promising applications of PPB, as these microorganisms can convert organic substrates into hydrogen
gas under anaerobic conditions. This process not only generates hydrogen, a clean fuel, but also helps in the recovery
of organic carbon from waste streams, making it a dual-purpose technology for both energy production and waste
treatment. Similarly, polyhydroxyalkanoates (PHAs) are biodegradable plastics produced by PPB through the accu-
mulation of carbon sources, particularly fatty acids and alcohols, which are abundant in organic waste. These bioplas-
tics offer a sustainable alternative to conventional petroleum-based plastics, as they decompose naturally in the envi-
ronment. Furthermore, PPB can produce microbial proteins, which have various applications in animal feed, food
products, and even as a source of alternative proteins for human consumption. The microbial protein production is
particularly important in the context of food security, as it provides a protein-rich alternative to traditional sources
like soy and animal-based products, all while utilizing organic waste as a substrate.

Mixed-culture biotechnologies, which involve the use of diverse microbial communities, have shown signifi-
cant advantages in optimizing PPB-based systems for treating complex waste streams. These biotechnologies allow for
the treatment of mixed waste without the need for sterilization, significantly reducing operating costs. The use of
mixed cultures not only reduces the financial burden of maintaining axenic (pure) cultures but also enhances the ro-
bustness of the treatment process, as microbial communities are often more resilient to environmental fluctuations.
By fostering synergistic interactions among different microorganisms, mixed-culture systems can improve the effi-
ciency of pollutant degradation, nutrient cycling, and the overall stability of the bioreactor (Winans et al., 2017).
These technologies are particularly useful in regions with variable waste compositions and in decentralized systems,
where the cost of maintaining a sterile environment would be prohibitively high.

In terms of reactor design, innovations in photobioreactor systems, such as tubular and raceway configura-
tions, have greatly advanced the performance of PPB-based processes. Tubular photobioreactors, with their elongat-
ed, cylindrical design, allow for better light distribution and enhanced exposure of the bacteria to sunlight, which is
crucial for maximizing photosynthetic activity. Raceway ponds, which are shallow, open-channel systems designed
for the large-scale cultivation of microalgae and phototrophic bacteria, have been particularly effective in maximizing
biomass productivity. These open-pond systems allow for optimal mixing and circulation of the culture, ensuring uni-
form distribution of nutrients and light. Studies have shown that in pilot-scale applications, raceway ponds with vol-
umes ranging from 10 to 35 m3 have been successful in treating agro-industrial waste, such as winery effluents and
dairy waste, while simultaneously recovering valuable products like PHAs and microbial proteins (Capson-Tojo et al.,
2020). The integration of these advanced bioreactor designs with PPB-based systems not only improves the overall
productivity and efficiency of the process but also makes it more scalable and adaptable to different types of organic
waste.
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Relevance for Georgia. Georgia’s agricultural and food-processing industries are among the leading contribu-
tors to organic waste generation in the country, producing large amounts of biomass, food residues, wastewater, and
other organic by-products. However, much of this organic waste remains either untreated or is underutilized, leading
to environmental pollution and the loss of valuable resources (Mario Martin-Gamboa et al., 2023). These waste
streams include materials like fruit and vegetable scraps, whey from dairy production, and animal manure from live-
stock operations, all of which have the potential to be converted into valuable bioresources. The agricultural and
food-processing industries in Georgia, particularly in Kakheti and Samtskhe-Javakheti, produce significant quantities
of organic waste as part of their regular operations. Kakheti, known for its extensive vineyards and wineries, gener-
ates large amounts of organic waste, including grape pomace, skins, and seeds, which often remain unused or improp-
erly disposed of. Similarly, Samtskhe-Javakheti, with its rich history in dairy farming and livestock production, gen-
erates considerable volumes of effluents and organic by-products from these industries. In many cases, this waste is
either dumped into the environment or used inefficiently, contributing to pollution and missed opportunities for re-
source recovery.

Purple phototrophic bacteria (PPB) present an innovative and sustainable alternative for converting these or-
ganic wastes into valuable bioresources. PPB-based technologies can be utilized to treat and valorize agro-industrial
wastes in a variety of ways, making them ideal candidates for waste-to-resource applications. For example, PPB can
be deployed in small-scale bioreactors designed to treat organic waste effluents from the winery, dairy, and livestock
industries. By utilizing the metabolic flexibility of PPB, these industries can treat their wastewater in a way that not
only reduces the environmental impact of their operations but also recovers valuable products such as biohydrogen,
microbial proteins, and bioplastics. The use of bioreactors offers a decentralized, cost-effective solution that can be
implemented locally to avoid the high costs associated with transporting waste to central treatment plants. In regions
like Kakheti, where wine production is a key industry, PPB can effectively break down the complex organic com-
pounds in winery wastewater and produce renewable bioresources that can be reintegrated into the production cycle
(Srivastava, P. et al., 2024).

Additionally, the relatively high annual solar irradiance in both Eastern and Western Georgia makes the de-
ployment of photobiological processes especially favorable. The combination of abundant sunlight and the photo-
trophic capabilities of PPB creates an energetically viable system for waste treatment and resource recovery. PPB,
being photosynthetic organisms, can utilize light as an energy source, which reduces the need for external energy
inputs. This characteristic makes them particularly well-suited for regions with high solar exposure, such as Georgia,
where the climate provides ample sunlight for photobiological processes. As a result, PPB-based technologies not only
offer environmental benefits but also provide an energy-efficient alternative to conventional waste treatment meth-
ods, reducing operational costs and increasing overall sustainability (Ciani, M. et al., 2024).

Furthermore, Georgia’s existing wastewater treatment infrastructure offers a strategic advantage for imple-
menting PPB-based systems. Many of Georgia’s municipalities face challenges related to nitrogen and carbon removal
in wastewater treatment plants. Existing infrastructure could be retrofitted with PPB systems to address these chal-
lenges, improving the efficiency of nutrient removal while also enabling the recovery of valuable bioresources. Nitro-
gen and carbon compounds are often difficult to remove from wastewater using conventional treatment methods, but
PPB have the ability to degrade these pollutants efficiently while simultaneously producing valuable products. By
integrating PPB into the existing infrastructure of wastewater treatment plants, municipalities can not only meet reg-
ulatory requirements for wastewater quality but also contribute to the development of a circular economy, where
waste is transformed into valuable resources that can be reused within the local economy (Manikanta M. Doki et al.,
2024). This retrofitting approach reduces the cost and complexity of implementing new technologies, making it a
more feasible solution for municipalities struggling with outdated or overburdened treatment systems.

Isolation and Adaptation of Local Strains. To ensure effective bioreactor performance, the local adaptation of
PPB strains is a key factor in optimizing their efficiency for specific applications. In Georgia, various natural sources
such as sludge, ponds, and riverbanks have been identified as rich habitats for phototrophic microbial communities,
which could serve as a source for the isolation of PPB strains. These environments, often abundant in organic matter,
provide ideal conditions for the growth of diverse microbial populations, including those capable of performing pho-
totrophic processes. Natural sources like riverbanks and ponds, where organic waste and nutrients accumulate, create
a suitable environment for the proliferation of phototrophic microorganisms. Studies have shown that such microbial
communities are not only diverse but also highly adapted to local environmental conditions, making them valuable
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for the isolation of native PPB strains that can thrive in Georgia’s specific climate and agricultural context (J.R. Al-
meida et al., 2023). In the context of Georgia’s rural regions, where agro-industrial waste is prevalent, these natural
habitats are particularly abundant and accessible, providing an invaluable resource for local biotechnological applica-
tions.

Isolation techniques play a critical role in selecting the most effective strains for bioreactor systems. Tradi-
tional methods of isolation include selective anaerobic culturing under infrared light, which helps to promote the
growth of PPB strains that are adapted to anaerobic environments, commonly found in agricultural and industrial
waste streams. Additionally, the enrichment of samples with organic acids or sulfides has proven effective in stimulat-
ing the growth of PPB species, as these organisms are known to metabolize a wide range of organic compounds. This
selective culturing process ensures the enrichment of highly efficient and robust strains capable of thriving in the
nutrient-rich but often complex and contaminated waste environments typical of agro-industrial effluents. The use of
selective enrichment techniques also improves the likelihood of isolating strains that possess superior metabolic capa-
bilities, enabling them to degrade pollutants while producing valuable by-products such as biohydrogen or bioplastics.
These methods not only enhance strain performance but also make the isolation process more efficient and cost-
effective for large-scale applications (Ali Moradvandi et al., 2024).

Furthermore, genomic and proteomic profiling of native strains offers an advanced approach for identifying
and selecting high-performing isolates suited for specific biotechnological applications. By analyzing the genetic
makeup of PPB strains, researchers can pinpoint key traits and metabolic pathways that contribute to the bacteria’s
ability to efficiently degrade pollutants, recover bioresources, and produce valuable compounds. Proteomic profiling,
which involves analyzing the proteins expressed by these strains under various conditions, further aids in understand-
ing the mechanisms of metabolism, pollutant degradation, and energy production within the bioreactor systems.
These advanced molecular techniques allow for a more targeted selection process, ensuring that only the most effec-
tive strains are used in bioreactor systems, thereby optimizing overall system performance. The integration of these
methods has the potential to significantly enhance the efficiency and sustainability of PPB-based biotechnologies
(Sara Diaz-Rullo Edreira et al., 2024).

In addition, the use of mixed-culture systems has been shown to be particularly effective in optimizing PPB
performance in bioreactors. In such systems, PPB can be combined with other microbial species to create a more ro-
bust and resilient microbial community capable of treating a wider range of waste substrates. Mixed-culture systems
are especially advantageous for handling complex waste streams, as they allow for the synergistic interaction between
different microbial species. The optimization of these systems involves the promotion of PPB dominance by adjusting
factors such as light regimes, feedstock pre-treatment, and nutrient control. By fine-tuning these environmental pa-
rameters, researchers can enhance the growth and activity of PPB while suppressing competing microorganisms that
may not be as effective at degrading pollutants or producing valuable by-products. Furthermore, the flexibility of
mixed-culture systems allows for their adaptation to different waste streams, enabling the treatment of a variety of
organic and inorganic pollutants. As such, the optimization of mixed-culture systems is a crucial step in the develop-
ment of sustainable PPB-based waste treatment and bioresource recovery technologies (Abbas Alloul et al., 2023).

Environmental and Economic Assessment. While laboratory and pilot studies have shown that PPB-based
systems hold great potential, the large-scale application of such technologies in Georgia requires a comprehensive life
cycle assessment (LCA) and techno-economic analysis (TEA) to evaluate their viability. These studies are crucial in
determining whether the advantages observed in small-scale studies can be replicated at larger scales, taking into ac-
count local conditions such as climate, waste characteristics, and existing infrastructure. Preliminary LCA results have
suggested that PPB systems have favorable energy balances and carbon footprints when compared to conventional
wastewater treatment methods, highlighting the potential of PPB for sustainable waste management. In particular,
PPB-based technologies offer an energy-efficient alternative to traditional treatment, with a reduced reliance on
chemical inputs and a lower overall environmental impact. LCA also reveals the potential for PPB systems to contrib-
ute to the circular bioeconomy by recovering valuable by-products such as bioplastics, biohydrogen, and biofertilizers
while treating agro-industrial waste. Such systems could significantly reduce the environmental burden associated
with conventional treatment methods, making them an attractive option for Georgia’s green development agenda
(Sakarika et al., 2019; Hassan Azaizeh et al., 2022).

For Georgia, implementing a modular rollout of PPB-based waste valorization units at municipal or industrial
nodes presents an exciting opportunity to stimulate green jobs and significantly reduce pollution. These small-scale
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units could be deployed at various locations, including agricultural hubs and food-processing centers, where waste
generation is high. Such localized solutions would not only reduce transportation costs but also ensure that the tech-
nologies are directly aligned with the regions’ waste characteristics. Additionally, the modular nature of the systems
means they can be scaled up gradually, minimizing the financial risk and making them adaptable to varying opera-
tional needs. The integration of these systems would align with EU-aligned environmental policies, supporting the
country’s commitment to sustainability and climate goals. Moreover, PPB-based technologies could create new ave-
nues for economic growth, particularly in rural areas, by generating local employment opportunities in bioreactor
operation, maintenance, and waste management. As a result, these systems would contribute to the economic devel-
opment of rural communities, promoting sustainable agricultural practices and reducing environmental degradation
in line with EU standards (Maria del Rosario et al., 2024).

The techno-economic analysis (TEA) of PPB-based systems in Georgia should consider a range of factors to
evaluate their long-term economic feasibility. One of the key elements in this analysis is the cost of photobioreactors,
which can vary significantly depending on the design, size, and materials used. Additionally, seasonal light variability
plays a crucial role in the efficiency of photobioreactors, especially in Georgia, where sunlight intensity and duration
fluctuate throughout the year. These variations can impact the overall biomass productivity and the economic viabil-
ity of the systems, requiring adjustments to operational strategies and possibly additional energy inputs during the
winter months. Another important aspect of the TEA is the potential revenue from the valuable by-products that PPB
can produce, including bioplastics, hydrogen, and biofertilizers. These by-products not only provide a sustainable
source of income but also have high demand in the global market, enhancing the profitability of PPB-based technolo-
gies. Therefore, a detailed TEA will help optimize operational parameters and ensure that the implementation of PPB
systems can be both economically viable and aligned with environmental objectives (Moia I. C. et al., 2024).

Challenges and Future Directions. Key barriers to the large-scale implementation of PPB-based biotechnolo-
gies include challenges such as low awareness among stakeholders, lack of standardized measurement protocols, and
various technical difficulties associated with scaling up bioreactors. Despite the clear advantages that PPB technolo-
gies offer for waste valorization and sustainable development, there remains a gap in understanding and acceptance in
certain sectors. Low awareness limits the allocation of resources and development of supportive frameworks. The lack
of standardized measurement protocols complicates the assessment and comparison of PPB systems across different
regions and applications, creating a barrier to the widespread adoption of these technologies. Without standardized
frameworks, it becomes difficult to ensure consistency in performance evaluations, which can deter stakeholders
from supporting large-scale deployments. Furthermore, technical difficulties in scaling up bioreactors present a chal-
lenge for moving from laboratory studies and small pilot projects to commercial-scale operations. The complexities of
bioreactor design, light distribution, and nutrient control must be optimized for larger systems to achieve consistent
and efficient results at scale. Addressing these challenges requires collaboration between researchers, engineers, and
industry leaders to develop cost-effective and scalable solutions (Luciano Bosso et al., 2024).

However, despite these obstacles, there has been significant progress in overcoming some of the barriers
through global collaboration. Global networks like PurpleGain have played a pivotal role in harmonizing metrics and
fostering interdisciplinary collaboration among researchers, industry experts, and practitioners. Through platforms
like PurpleGain, information exchange, research collaboration, and joint initiatives have enabled standardization of
key performance indicators for PPB-based technologies, facilitating more accurate and comparable data across studies.
These efforts have also helped raise awareness about the potential of PPB for wastewater treatment, bioremediation,
and the circular bioeconomy, especially in countries with emerging interest in these technologies. By promoting in-
terdisciplinary collaboration, PurpleGain has ensured that experts from different fields—such as biotechnology, envi-
ronmental engineering, and industry—work together to advance PPB research and commercial application. This col-
laboration is crucial for overcoming the technical and practical challenges that have thus far slowed down the imple-
mentation of PPB-based solutions (Marta Cerruti et al., 2023).

For Georgia, the establishment of a national research program focused on PPB technologies could serve as a
catalyst for innovation. With support from EU and local grants, such a program could help accelerate research and
development, ensuring that Georgia stays at the forefront of green biotechnology. This initiative could also address
the barriers related to awareness and standardization, bringing together researchers, and industry stakeholders to cre-
ate a cohesive framework for PPB application in the country. Furthermore, cross-sector collaborations between uni-
versities, municipalities, and industries are vital to unlocking the full potential of PPB biotechnologies. Universities
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can lead in terms of research, strain isolation, and bioreactor optimization, while municipalities can provide real-
world applications and serve as pilot sites for testing these technologies. Industries, particularly those in the agro-
industrial and waste management sectors, can help scale up the technology and bring it to market. By working to-
gether, these sectors can ensure that PPB-based solutions are developed in a way that is both scientifically sound and
economically viable, contributing to Georgia’s sustainable future and circular economy goals.

Conclusion. Purple phototrophic bacteria (PPB) represent a transformative and highly promising technology
that could significantly drive Georgia’s sustainable development agenda forward. These bacteria, due to their remark-
able metabolic flexibility, can be applied in various waste-to-resource systems, offering potential solutions to envi-
ronmental problems that are currently facing the country. Their application can reduce environmental burdens by
efficiently treating agro-industrial wastewater, converting organic waste into valuable bioresources such as bioplas-
tics, biohydrogen, and microbial proteins. By integrating PPB into waste management systems, Georgia could lower
its reliance on traditional, energy-intensive waste treatment methods, thus reducing the environmental impact of
industries, especially in agriculture, food processing, and energy production.

Furthermore, the widespread adoption of PPB-based technologies could have profound socio-economic
benefits for Georgia’s rural economies. These technologies can support rural development by providing new income
streams through waste valorization and the creation of green jobs in bioreactor operations, waste management, and
the emerging bioeconomy sectors. Rural areas, where agro-industrial waste is often underutilized, could greatly bene-
fit from PPB systems that offer a sustainable method to convert organic waste into valuable products. This would en-
hance local economies by creating new industries, fostering entrepreneurship, and improving the livelihoods of rural
populations. Additionally, as PPB technologies are scalable, they could be deployed in small- to medium-sized opera-
tions, making them accessible even to smaller municipalities and agricultural businesses.

By adopting PPB technologies and integrating them into a circular bioeconomy framework, Georgia would
not only be addressing its environmental and economic challenges but also aligning with global climate goals. The
technologies could contribute to the reduction of greenhouse gas emissions, improvement of carbon and nutrient cy-
cles, and promotion of renewable energy. This approach is particularly aligned with the broader goals of global sus-
tainability that aim for reduced waste, enhanced resource recovery, and minimized environmental degradation. As
climate change mitigation becomes increasingly important on the global stage, Georgia’s early adoption of such trans-
formative technologies would position it as a forward-thinking leader in the region.

However, realizing the full potential of PPB in Georgia requires strategic investment in key areas, such as lo-
cal strain isolation to ensure the adaptation of PPB to Georgia’s unique environmental conditions, the deployment of
bioreactors that can optimize the performance of these bacteria, and increased public engagement to raise awareness
about the benefits of these technologies. By fostering public-private partnerships, supporting research in local aca-
demic institutions, and securing EU and international funding, Georgia can accelerate the development of PPB-based
solutions. Local research centers can play a key role in leading the development of PPB strains and bioreactor optimi-
zation, while industry collaboration will be critical for scaling up these technologies.
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00LRIH0 BOGHMGHOMBMWO d5d3gM0gd0L (PPB) 358mygbgds 30M3es®¢wo d0mg3mbmdozols s hsdwobsty
790g00L 35¢r0mM0Bs5300LmMZ0L Logstmzggmwmdo / Bsmgs dgdolisdzowmo, sMgxsb Msdgowo/ Lw-ob 3do-
ol IOHMIsmo 3090w 0-2025.-3).136.-93.120-127. - 0bg,., G9%P. Jo@ro., 0byen. Hb.

36OHMGHIMd5dBHIM09d0L 9050996mdsdo 890535¢00 Fg@sdMEMO© 36935¢dbMH030 X330 - 00LBYOHO
R0GHOGOMRMWo  dod@gMogdo (PPB) {om3moygbgb d0mGglmy®ligdol owygbol, BRsdobstyg fFywrgdol
2908960l s JgLsdsdola iMoo Bomg3mbmdozol 3gML3gdBoME 25wafy39@sL. 65dHMATo Asbbomwos
PPB-%g 055399369390 d0m@qdbmemmyogdol gs0mygbgdol dqlsdengdanmdgdo Lads®mgquml 3o6Hmdgddo.
d9LFog3eol MmdogIAHL HoMmBMoAgbs o, vy MHrAME FgodEgds SEHOLMIMN0Z MJoEMdsDY BMMAJOYwO
PPB Lobi3g99d0L 95399300 ©sbg®azs. Bsd®mmaddo sLsbmeos «sbeglio Lsgmmoedm®obm 0bmgsEogdo ©s
L5399 3M5gd@03s PPB Loli¢gdgdol o630ms69d0Ls s ©sbgM30ol 3momboom. sp@gomag asbbowrmos
PPB ¢395mma0980l 0b@ga®omgdol 4bgdo bsmBgbgdol dea®me@o dsMm3g0Ls s 39bsbemgdeo gbgdHaool
L9dEGH™MH9ddo Lodo@mnzgemdo.

YIK: 628.3; 579.841; 502.174

Hcnoan3oBanue nypnypHbix ¢potorpodHbix 6aktepuii (PPB) 1/ kpyropoii 6103K0HOMHKH M BaJI0PU3aLMH CTOY-
HbIX B0 B I'py3un/Harena J3eoucamuny, Japemxan Jyramsumau/ Tpyast IHM, GTU. -2025. -1.136. -cTp.120-127. -
Amnrmn., Pes. I'py3., Auri., Pyc.

[Typoypaeie Gotorpodrbie 6akTepuu (PPB), MeTabomnueckn yHUBEpcaabHas rpymma B coctaBe Proteobacteria,
MpeIaraloT MePCIeKTUBHbBIC PEIICHNS ISl HUPKYIIIPHONH OMO3KOHOMHKH ITOCPEJCTBOM BOCCTaHOBIICHUSI OHOPECYPCOB U
OYMCTKH CTOYHBIX BOJ. B craThe paccMmarpuBaeTcs moTeHnuan onorexHonoruu Ha ocHoBe PPB B xonTekcre ['pysun. Lle-
JbO UCCIIEJOBaHMS OBIJIO BBISICHUTD, KaK MOKHO 3(dekTuBHO BHeApHUTH cucteMbl PPB, aganTupoBanHbIe K MECTHBIM pea-
maM. B cTaThe oTpakeHbI NMOCIEIHNE MEKIyHApPOAHbIC HHHOBAMK U TIEPEJ0OBOM OMBIT B pa3pab0TKe M BHEAPEHHUU CHU-
ctem PPB. Taxoke 00CYXIarOTCs IyTH WHTETPAIK TeXHOJOTHH PPB B CeKTOpHI yCTONUMBOTO ympaBIICHHUS OTXOJAMHU H
BO300HOBIISIEMOH SHEpreTHKH B ['py3un.
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