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Abstract 

The pharmacological leads are the characterized bioactive and natural compounds. This could be achieved by 

the various approaches such as conventional and combinatorial genomic methods. The developments of 

pharmacological leads are the first steps, which identified the possible targets against the microbial agents. 

However, the current pace of leads search doesn’t meet the requirements of drug discovery programs due to 

emergence of drug resistance and new microbial pathogens. 

 

Cyanobacteria considered the microbial fossils of the first photosynthetic organisms along with the longest 

evolutionary history on earth. Cyanobacteria reported and documented the varieties of natural compounds with 

the diverse chemical profile. However, thermophilic cyanobacterial origin compounds have been studied very 

least for this purpose, and considered the huge, hindered repository for the varieties of pharmacological leads. 

Therefore, present communication explored the untapped thermophilic cyanobacteria for the possible 

pharmacological leads.  
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1. INTRODUCTION OF CYANOBACTERIA 

Cyanobacteria can be defined as, “ a major group 

of photosynthetic bacteria that are single-celled but 

often form colonies in the form of filaments, 

sheets, or spheres and are found in diverse 

environments (such as salt and fresh water, soils, 

and on rocks)”. Cyanobacteria are belongs to the 

most primitive and diverse group of photosynthetic 

organism found on earth that capable of oxygenic 

photosynthesis and found on every part of this 

planet (Demoulin et al., 2019). Cyanobacteria are 

playing crucial role in earth history and as a 

primary producer they have prominent role in the 

carbon and nitrogen cycles (Elster and Kvíderová, 

2015).  

 

Occurrence- Cyanobacteria are prominently 

distributed to the various habitats and 

environments. Cyanobacteria frequently isolated 

from the extreme environments such as geothermal 

springs, Antarctic, Arctic, alpines, hyper-saline, 

alkaline habitats and under high radiations, 

desiccation and toxicity stress. Thermophilic 

cyanobacteria grown with optimum temperature in 

between 50º-60ºC near the stable temperature 

gradient of hot water springs (Tyagi et al., 2021; 

Tyagi and Singh, 2020). The thermophilic 

cyanobacteria lies in the range between 45-65°C 

while the upper temperature limits of life are 72°C 

(Kees et al., 2022). The hot springs provides the 

constant and suitable environment for the many 

thermophilic cyanobacterial populations. The 

cyanobacterial populations that thrived in these hot 

and humid environmental conditions developed a 

wide range of metabolic capabilities (Chiriac et al., 

2017). The distribution patterns of the 

cyanobacteria principally depend by common 

factors like temperature, pH and water chemistry 

in geothermal springs (Kees et al., 2022; Ward et 

al., 2012).  Cyanobacteria are also tolerated the 

cold polar and alpine environments and plays an 

important role in the carbon and nitrogen cycle. 

Cyanobacteria belonging to the Microcoleus 

chthonoplastes, Oscillatoria limnetica, 

Synechocystis harbor in the hyper-saline 

ecosystems, various species of these groups 

reported to tolerate the high salt concentrations 

(Elster and Kvíderová, 2015). Combine with these, 

cyanobacteria could be thrive in various ecological 

habitats and  produced a variety of secondary 

metabolites that may be facilitates by the extreme 

environment conditions like hot water springs, salt 

rich marine, sulfur rich and many other extreme 

conditions (Kultschar and Llewellyn, 2018). 

Cyanobacteria has been reported and enriched with 

the primary and secondary metabolites (Calteau et 

al., 2014). Primary metabolites are constantly 

produced, and required during the normal growth 

as well as vegetative development of cyanobacteria 

whereas, secondary metabolites has been often 

produced by the response of biotic, and abiotic 

stress factors (Isah, 2019). Since then, secondary 

metabolites of cyanobacteria have been evaluated 

for the various therapeutic activities from the 

marine and freshwater cyanobacteria having the 

prominence role (Kultschar et al., 2019). This 

adaptations and occurrence had undergone several 

structural and functional adjustments into their 

genotypic and phenotypic expression (Tyagi et al., 

2018; Tyagi and Singh, 2020). In results of these, 

cyanobacteria developed a versatile and immense 

range of metabolic profile (Żyszka-Haberecht et 

al., 2019). 

 

Diversity- Cyanobacteria described as the 

monophyletic group of organism but having the 

high diversity as compare to the other group of 

microorganisms (Demay et al., 2019; Rippka et al., 

1979). The diversity of cyanobacteria has been not 

able to describe in the single magnitude. 

Interestingly, they belongs to bacteria domains of 

life but simultaneously having the plant type’s 

photosynthetic machinery. They consist of two 

photo-systems, PS-I and PS-II, and well connected 

with the chlorophyll ‘a’ but heterocyst cell of 

cyanobacteria having only one photo-system (PS-

I). Besides that, cyanobacteria display the true cell 

differentiation and sizes that may differ from many 

orders of magnitude. As comparison with the 

bacterial domains, cyanobacteria represented with 

the wide range of morphologies and traditionally 

they have been groups in to the five orders that 

principally based on the morphology and 

development (Elster and Kvíderová, 2015; Jiri 

Komarek, 2005).  

 

2. Natural Products Of Cyanobacteria  

Diversity of cyanobacteria have been accompanied 

their complex biosynthesis mechanisms of natural 

products. Cyanobacteria are proficiently 

biosynthesized a verity of natural compounds, they 

have been extensively reported as antimicrobial, 

anticancer, antiviral, antifungal, protease 

inhibition and anti-inflammation producing 

organism. The chemical diversity of these 

compounds have been studied on the basis of their 

molecular properties, molecular scaffolds and 

structural fingerprints of the pharmaceutical 

interests (Mariena et al 2019). Natural products 

(bioactive compounds) from the cyanobacterial 

origin have been rarely illustrated and classified 

for their ecological significance. However, they 

established and played several ecological roles in 

natural conditions, such as ultra-violet protection 
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by the mycosporine-like amino acids (MAA) 

(Martins et al., 2019). As the primary producers, 

cyanobacterial antibacterial compounds have to be 

more ecologically significant that the chemically 

synthesized compounds. Natural antibacterial 

compounds are more acceptable by the target cells 

and easily rendered and degraded.  

Since the developments of genomic science from 

last few decades, biosynthetic gene clusters (BGC) 

of the natural compounds tracing the possible 

pharmacological leads (Albarano et al., 2020). In 

cyanobacteria BGC have been well documented; 

polyketide synthases (PKS) and non-ribosomal 

peptide synthases (NRPS), and they are the 

important routes for the natural compounds 

synthesis. The researchers are now screening 

cyanobacteria by the various methods to identify 

the possible pharmacological leads. The following 

approaches are apparently used to identification of 

pharmacological leads from cyanobacteria. 

 

Conventional method- According to a recent 

report (Newman and Cragg, 2020), from the last 

four decades 162 new antibacterial chemical 

entities has been reported  by the natural source 

compounds and major portions has be covers by 

the conventional methods. The conventional 

approach has been usually identified and isolated 

the biologically active natural products from the 

organisms/cyanobacteria founds in natural 

environments. Cyanobacteria are displayed 

enormous chemical diversity as compared with 

other microbial sources. Cyanobacteria also 

hindered a huge repository of the natural products 

from the various untapped habitats. Due to low 

rediscovery rate, high degree of novelty, chemical 

diversity and wide range of biological activities of 

their natural products are amongst the 

recommended factor that cyanobacteria becomes 

the most conventional microbial sources for the 

search of pharmacological leads. 

 

High throughput screening- Currently, the 

pharmaceutical industry has been shifted their 

interest towards the combinatorial chemistry 

approach and explored possible pharmacological 

leads (Atanasov et al., 2015). The combinatorial 

chemistry with the genomic annotation data have 

been creating the chemical libraries that used by 

the high-throughput screening. In cyanobacteria, 

certain drug targets, regulation and various process 

has been studied by this techniques.  

 

Genome mining- The developments of 

bioinformatics branch by the deal with 

computational tools significantly improved the 

understanding about the natural products 

chemistry at their genomic level. Genome mining 

process involved to identify the uncharacterized 

biosynthetic gene clusters within the genomes of 

sequenced organisms. Genome mining also 

elucidated the mechanism of action of the natural 

products from cyanobacteria (Dittmann et al., 

2015). The genome mining capable to construct a 

relationship between known metabolites to its 

biosynthetic gene clusters that postulated the 

putative gene clusters amongst the cyanobacterial 

genomes. Genome mining together with the 

synthetic biology, provides the advancement in the 

identification of novel biosynthetic gene clusters 

(Nandagopal et al., 2021). However there are also 

a limitation lies within these as they are depends on 

the already genome sequenced data of particular 

organisms. 

 

3. Thermophilic cyanobacteria 

The distribution of cyanobacterial populations 

from different orders has been depends on the 

particular habitats conditions (Büdel, 2011). 

However, dominating genera of thermophilic 

cyanobacteria belongs to the Stigonematales, and 

Oscillatoriales (Singh et al., 2018). The degree of 

thermal adaptation involved at different levels of 

proteins, enzymes metabolism, heat shock proteins 

(HSPs) and thermo stability of the carbon fixing 

enzyme RuBisCO (Pedersen and Miller, 2017). 

Synechococcus lividus was reported firstly, from 

the hot water springs of northern hemisphere that 

grow well at temperatures as high as a constant 

70°C  (Brock and Brock, 1967; Castenholz, 1969). 

Since then, thermophilic cyanobacteria have been 

documented from the different parts of the world. 

Singh (2018) studied the nine different hot water 

springs situated in the Indian Himalayan region 

(Singh et al., 2018). They observed the dominance 

of the filamentous Oscillatoriales with few novel 

thermophilic strains. Yala et al. (2014), studied the 

microbial mats collected from the nine hot water 

springs (39-90 °C) of Algeria (Amarouche-Yala et 

al., 2014). Dadheech (2013) studied cyanobacterial 

samples from a hot springs of Lake Bogoria, Kenya 

(Dadheech et al., 2013). He found that prevalent 

phylotypes shows the high degree of endemism, 

and dominant members belong to the 

Oscillatoriales (Leptolyngbya, Spirulina, and 

Oscillatoria). Notably, by these few studies 

thermophilic cyanobacteria represent from the 

each corners of the earth.   

 

4. Pharmacological leads from thermophilic 

cyanobacteria  

The bioactivity of thermophilic cyanobacteria 

studied first time by Fish and Codd (1994), while 

they cultivate the batch culture of thermophilic 
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Phormidium culture the exo-metabolites exhibited 

the broad-spectrum antimicrobial activity. 

Thermophilic cyanobacterial metabolites have 

been reported the diverse range of bioactivity such 

as; antimicrobial, anticancer, antiviral, 

immunosuppressant, insecticidal, anti-

inflammatory to proteinase-inhibiting activities 

(Abed, 2010; Luesch et al., 2001; Tidgewell et al., 

2010; Wase and Wright, 2008). Dobretsov (2011) 

observe the significant antimicrobial activity in the 

thermophilic cyanobacterial mats which was 

obtained from a hot water springs (Dobretsov et al., 

2011). 

 

Table 1- Bioactive compounds reported from few thermophilic cyanobacterial strains. 
Compound Name Chemical classes  Activity  Cyanobacteria Structure  

Dehydroabietic and 

abietic acids 

Terpenes Antibacterial  Leptolyngbya sp.; 

Synechococcales 

 
                Abietic acid 

 
               Dehydroabietic acid 

 

Hydroxybenzoic 

acids (HBA) 

 

Phenolics Broad 

spectrum 

Leptolyngbya sp. 

 
 

Hydroxycinnamic 

acids (HCA) 

 

Phenolics Broad 

spectrum 

Leptolyngbya sp. 
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Flavonoids: 

catechin, luteolin 7-

glucoside, 

apigenin, apigenin-

7-glucoside, 

naringenin, luteolin, 

and flavon 

Flavonoids Broad 

spectrum  

Leptolyngbya sp. 

 
 

Ambiguine A-Q 

isonitrile 

Alkaloids  Broad 

spectrum 

Fischerella 

ambigua; 

Fischerella sp 

 
 

Fischerellin A, B  Polyketides Broad 

spectrum  

Fischerella 

 
 

 

They analyze the various organic extract by the 

GC-MS and reported several compounds. 

Additionally, the aqueous and ethyl acetate extracts 

prepared from the cyanobacterial mats (top 1-3 

mm) of four hot springs were exhibited the 

antibacterial, and quorum-sensing inhibitory 

activities under natural conditions (Dobretsov et 

al., 2011). This study reported 74 chemical 

compounds from the 4 different extract that were 

identified by the GC-MS. 

 

A pure culture of Leptolyngbya isolated from the 

three hot springs of Aîn Echffa, Aîn El Fakroun and 

Aîn Atrous, from Tunisia possesses the rich natural 

antioxidant compounds which may have 

prophylactic and therapeutic effects (Trabelsi et al., 

2016). However, waste-water mat forming 

Leptolyngbya sp. strains from Egypt, reported the 

butylated hydroxytoluene which exhibits 

antimicrobial and antioxidant activities (Semary, 

2012).  
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Filamentous Mastigocladus and Microcoleus are 

reported from hot water spring and their organic 

extracts exhibits bioactivity (Siangbood and 

Ramanujam, 2011). Secondary metabolites with 

antibacterial activity is largely reported and 

isolated from the cyanobacterial biomass as well as 

exo-metabolites  (Singh et al., 2011). 

Cyanobacteria also reported for the excellent 

sources of antibacterial and antioxidants  agents 

(Tyagi et al., 2021; Tyagi and Singh, 2020).  

 

Recently, Demay (2019) prepared a database that 

contains the beneficial natural compounds of the 

cyanobacterial origin (Demay et al., 2019). This 

database arranges the 47 different metabolic 

families with their source information. However, 

this extensive study indicated that is infancy of 

thermophilic cyanobacteria origin of bioactive 

compounds (Demay et al., 2019). Table 1 

summarize the list of few compounds from the 

thermophilic cyanobacteria. 

 

6. Future perspective  

According to a recent study, the 157 previously 

known bioactive classes of cyanobacteria have 

been rearranged into the 55 unique bioactive 

classes based on their structural similarities and 

biological activity (Huang and Zimba, 2019). 

Moreover, the genome of 103 cyanobacterial 

species through anti-SMASH (antibiotics & 

Secondary Metabolite Analysis Shell) found a total 

of 770 biosynthetic gene cluster which arrange into 

73 different types (Khumalo et al., 2020). In 

addition to these several other mixed gene cluster 

also reported form the cyanobacteria. These all bio-

combinatory gene clusters are the repository of 50 

% antibiotics which currently in uses (Agrawal et 

al., 2017). 

 

Conclusively, thermophilic cyanobacteria have a 

unique evolutionary history and have been adapted 

according to the various thermal stress. Currently 

they are mostly untapped and replete source for the 

secondary metabolites. These metabolites could be 

utilized as the pharmaceutical leads and various 

fields of research. By the current review, admitted 

the importance of thermophilic cyanobacteria and 

in large context this section are missing previously. 
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