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An endosymbiont or endobionts is any organism that lives
within the body or cells of another organism most often, though
not always, in a mutualistic relationship. Endosymbiosis is key
process in the evolution [1] Lichens are unique taxonomic para-
dox and remarkably fascinating group of lesser known cryptogams
consisting of two separate entities, the phycobiont and mycobiont
living together in a balanced symbiotic relationship. It comprises
a complete hierarchy of taxonomically treatable organisms. They
are well deserved reputation as pioneers in plant succession and
form a long lived stable communities. They occur in cold to hot
desert and temperate to tropical conditions; on tree bark to leaf
and rock to soil i.e. they refer as ubiquitous in nature. In lichen
about 95% of ascomycetes and 85% of green algae as symbionts
[2]. In addition to the mycobiont and phycobiont in lichen thalli,
the occurrence of nonobligate microbes inside lichen thalli has
recently been identified. These microbes occur asymptomatically
within thalli and names as endosymbionts. These endobionts have
not been studies extensively. According to the principle of evolu-
tion the host and endosymbionts evolved simultaneously on this
earth, spores of microbes are spread in all environments similarly

endobionts spread within lichen thallus.

They have been recognized as a rich source of secondary me-
tabolites since the beginning of the 20th century. However, the
application of biologically active lichen substances has remained
relatively unexplored until recent times. It has been reported that
lichen substances have a wide range of antibiotic properties [3].
Among the different compounds of lichens usnic acid is very im-
portant in terms of therapeutic properties. Lichens were also used
extensively in traditional medicines and for cosmetic purposes
[4,5].

Microbial endophytes have been found in the leaves, bark and
xylem of higher plants and also in lowered forms of plants [6-10].
Endolichenic microbes also reported as parasymbionts in lichens
[11-13]. There are about 300 genera and 1000 species of obliga-
tory lichenicolous fungi known which form parasitic, saprophytic,
parasymbiotic and obligatory symbiotic mode of biological rela-
tionships on lichen species. Endolichenic microbes those are live

within their host thallus causing any noticeable symptoms of dis-

ease [14]. These are distinct from lichen mycobionts, phycobiont or
any other previously recognized fungal associates of lichens. They
represent the same major lineages of Ascomycota as do fungal, bac-
terial endmicrobes, largely parallel the high diversity of endosym-
bionts from the arctic to the tropics [15]. A recovery of endolichenic
fungi from tissue segments of lichen thalli showed that these fungi
not found on surface sterilized lichen thalli [11,16,17]. Although
there are several studies on endophytic microorganisms of higher
plants, very few studies were carried out on the isolation of endo-
symbiontic microbes from the lichen [12,18,19].

Right selection of drugs for treating various human health
problems such as cancer, anti-fungal, antidiabatic, anti-bacterial
and anti-viral infections increased importance now a day. The syn-
thetic drugs have many side effects with many problems they have.
At present, scientists are trying to develop alternative drug com-
pounds from biological source from environmental samples world-
wide. Endosymbiotic microbes are one of such bio-agents provide

anti-fungal, anti-bacterial, anti-viral, anti-cancer drugs [20-23].

Though many potentially therapeutic substances have isolated
from lichen endophytic organisms, few have been commercially ex-
ploited because of the inadequate quantities being produced and
many microorganisms are uncultivable, as their specific growth re-
quirements are not known, and this must be a hindrance to the dis-
covery of many more bioactive compounds. In this context would
be an alternative and can play a vital role in the discovery of novel
bioactive molecules. Lichen endosymbionts microbes continue to
be a productive resource of exceptional secondary metabolites with
interesting structural features, a considerable number of which ex-
hibit potential biological activities. Due to a current setback in natu-
ral product research in terrestrial habitats, there is rising concern
in the exploration of endomicrobes for novel metabolites using bio-

logical and chemical methodologies.

Many biosynthetic pathways and enzymes remain unexplained.
How an endosymbiont inside a host tissue, coordinates metabolic
biosynthesis remains unidentified. Very few genes relevant to bio-
synthetic enzymes have been identified, and inadequate research

has been conducted so far on the expression of these genes at the
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molecular level. Further research will need to take into an account

on development of advance molecular tools to study the endosym-

bionts of lichen for their future application.

Bibliography

1.

10.

11.

12.

13.

Margulis L and Chapman M]. “Kingdoms and domains an illus-
trated guide to the phyla of life on Earth”. (4th ed.) Academic
Press/Elsevier, Amsterdam (2009): 493.

Awasthi DD. “A hand book of lichens”. Bishen Singh Mahendra
Pal Singh Publisher, Dehra Dun, India (2000): 12-15.

Branislav R. “Lichens as a Potential Source of Bioactive Sec-
ondary Metabolites”. Lichens Secondary Metabolites, Springer
International Publishing, Switzerland (2015): 1-26.

Hawksworth DL. “The magnitude of fungal diversity: the 1.5
million species estimate revisited”. Mycological Resesearch
105 (2001): 1422-1432.

Vinayaka KS., et al. “Utilization of Lichens in the central West-
ern Ghats area of Karnataka, India”. British lichen Society Bul-
letin 109 (2011): 57-62.

Dreyfuss MM. “Neue Erkenntnisse aus einem pharmakolo-
gischen Pilzscreening”. Sydowia 39 (1986): 22-36.

Hawksworth DL. “The variety of fungal-algal symbioses, their
evolutionary significance and the nature of lichens”. Botanical
Journal of Linnean Society 96 (1988): 3-20.

Arnold AE and Lutzoni F. “Diversity and host range of foliar
fungal endophytes: are tropical leaves biodiversity hotspots”.
Ecology 88 (2007): 541-549.

Murali TS., et al. “Fungal endophyte communities in two tropi-
cal forests of southern India: diversity and host affiliation”.
Mycology Progress 6 (2007): 191-199.

Krishnamurthy YL. “Fungal communities in herbaceous me-
dicinal plants from the malnad region, Southern India”. Mi-
crobes and Environment 23 (2008): 24-28.

Petrini O., et al. “An analysis of fungal communities isolated
from fruticose lichens”. Mycologia 82 (1990): 444-451.

Suryanarayanan TS. “Occurrence of non-obligate inside lichen
thalli”. Sydowia 57 (2005): 120-130.

Vinayaka KS. “Association and variation of endophytic fungi
among some macrolichens in Central Western Ghats, South-
ern India”. International Journal of Current Microbiology and
Applied Sciences 5.6 (2016): 115-124.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

96

Hawksworth and DL and Hill D]. “The lichen forming fungi”.
Blackie, USA: Chapman and hall, New York (1984): 1-157.

Arnold AE,, et al. “A phylogenetic estimation of trophic transi-
tion networks for ascomycetous fungi: Are lichens cradles of
symbiotrophic fungal diversification?”. Systematic Biology 58
(2009): 283-297.

Arnold AE,, et al. “Are tropical fungal endophytes hyper di-
verse?”. Ecology Letters 3 (2009): 267-274.

Girlanda M, et al. “Two folose lichen as microfungal ecological
niches”. Mycologia 89 (1997): 531-536.

Wen-Chao L., et al. “Endophytic fungi associated with lichens
in Baihua mountain of Beijing,China”. Fungal Diversity 25
(2007): 69-80.

Suryanarayanan TS and Thirunavukkarasu N. “Endolichenic
fungi: the lesser known fungal associates of lichens”. Mycology
8.3 (2017): 189-196.

He H., et al. “Lichenicolins A and B, new bisnaphthopyrones
from an unidentified lichenicolous fungus, strain LL-BB0668”.
Journal of Antibiotics 58 (2005): 731-736.

Kannangara BTSDP. “Nature and bioactivities of endolichenic
fungi in Pseudocyphellaria sp., Parmotrema sp. and Usnea sp.
at Hakgala montane forest in Sri Lanka”. Letters in Applied Mi-
crobiology 48 (2009): 203-209.

Strobel GA. “Rain forest endophytes and bioactive products”.
Critical Reviews in Biotechnology 22 (2002): 25-333.

Liu X,, et al. “Antimicrobial activity of an endophytic Xylaria sp
YX-28 and identification of its antimicrobial compound 7-ami-
no-4-methylcoumarin”. Applied Microbiology and Biotechnol-
ogy 78 (2008): 241-247.

Volume 3 Issue 1 January 2020
© All rights are reserved by Vinayaka KS.

Citation: Vinayaka KS. “Lichen Endosymbionts an Untapped Bioresources for Biotechnological Products". Acta Scientific Microbiology 3.1 (2020): 95-96.


https://link.springer.com/chapter/10.1007/978-3-319-13374-4_1
https://link.springer.com/chapter/10.1007/978-3-319-13374-4_1
https://link.springer.com/chapter/10.1007/978-3-319-13374-4_1
https://www.sciencedirect.com/science/article/abs/pii/S0953756208620274
https://www.sciencedirect.com/science/article/abs/pii/S0953756208620274
https://www.sciencedirect.com/science/article/abs/pii/S0953756208620274
https://www.atree.org/journal-articles/utilization-lichens-central-western-ghats-area-karnataka-india
https://www.atree.org/journal-articles/utilization-lichens-central-western-ghats-area-karnataka-india
https://www.atree.org/journal-articles/utilization-lichens-central-western-ghats-area-karnataka-india
https://www.zobodat.at/pdf/Sydowia_39_0022-0036.pdf
https://www.zobodat.at/pdf/Sydowia_39_0022-0036.pdf
https://www.researchgate.net/publication/229737287_The_variety_of_fungal-algal_symbioses_their_evolutionary_significance_and_the_nature_of_lichens
https://www.researchgate.net/publication/229737287_The_variety_of_fungal-algal_symbioses_their_evolutionary_significance_and_the_nature_of_lichens
https://www.researchgate.net/publication/229737287_The_variety_of_fungal-algal_symbioses_their_evolutionary_significance_and_the_nature_of_lichens
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/05-1459
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/05-1459
https://esajournals.onlinelibrary.wiley.com/doi/10.1890/05-1459
https://link.springer.com/article/10.1007/s11557-007-0540-2
https://link.springer.com/article/10.1007/s11557-007-0540-2
https://link.springer.com/article/10.1007/s11557-007-0540-2
https://www.ncbi.nlm.nih.gov/pubmed/21558683
https://www.ncbi.nlm.nih.gov/pubmed/21558683
https://www.ncbi.nlm.nih.gov/pubmed/21558683
https://www.jstor.org/stable/3760015?seq=1
https://www.jstor.org/stable/3760015?seq=1
https://www.researchgate.net/publication/280944871_Occurrence_of_non-obligate_microfungi_inside_lichen_thalli
https://www.researchgate.net/publication/280944871_Occurrence_of_non-obligate_microfungi_inside_lichen_thalli
https://www.researchgate.net/publication/303912281_Association_and_Variation_of_Endophytic_Fungi_among_Some_Macrolichens_in_Central_Western_Ghats_Southern_India
https://www.researchgate.net/publication/303912281_Association_and_Variation_of_Endophytic_Fungi_among_Some_Macrolichens_in_Central_Western_Ghats_Southern_India
https://www.researchgate.net/publication/303912281_Association_and_Variation_of_Endophytic_Fungi_among_Some_Macrolichens_in_Central_Western_Ghats_Southern_India
https://www.researchgate.net/publication/303912281_Association_and_Variation_of_Endophytic_Fungi_among_Some_Macrolichens_in_Central_Western_Ghats_Southern_India
https://www.ncbi.nlm.nih.gov/pubmed/20525584
https://www.ncbi.nlm.nih.gov/pubmed/20525584
https://www.ncbi.nlm.nih.gov/pubmed/20525584
https://www.ncbi.nlm.nih.gov/pubmed/20525584
https://www.researchgate.net/publication/229788233_Are_tropical_fungal_endophytes_hyperdiverse
https://www.researchgate.net/publication/229788233_Are_tropical_fungal_endophytes_hyperdiverse
https://www.tandfonline.com/doi/abs/10.1080/00275514.1997.12026814
https://www.tandfonline.com/doi/abs/10.1080/00275514.1997.12026814
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-19-SC-385/Endophytic%20fungi%20associated%20with%20lichens%20in%20Baihua%20mountain%20of%20Beijing,China
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-19-SC-385/Endophytic%20fungi%20associated%20with%20lichens%20in%20Baihua%20mountain%20of%20Beijing,China
file:///C:/Users/DELL/Desktop/Acta%20Scientific/Pdf%20Data/ASMI/ASMI-19-SC-385/Endophytic%20fungi%20associated%20with%20lichens%20in%20Baihua%20mountain%20of%20Beijing,China
https://www.tandfonline.com/doi/full/10.1080/21501203.2017.1352048
https://www.tandfonline.com/doi/full/10.1080/21501203.2017.1352048
https://www.tandfonline.com/doi/full/10.1080/21501203.2017.1352048
https://www.ncbi.nlm.nih.gov/pubmed/19141037
https://www.ncbi.nlm.nih.gov/pubmed/19141037
https://www.ncbi.nlm.nih.gov/pubmed/19141037
https://www.ncbi.nlm.nih.gov/pubmed/19141037
https://www.ncbi.nlm.nih.gov/pubmed/12487423
https://www.ncbi.nlm.nih.gov/pubmed/12487423
https://www.ncbi.nlm.nih.gov/pubmed/18092158
https://www.ncbi.nlm.nih.gov/pubmed/18092158
https://www.ncbi.nlm.nih.gov/pubmed/18092158
https://www.ncbi.nlm.nih.gov/pubmed/18092158

