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ABSTRACT 

In the present study GC-MS and FTIR analysis of an endolichenic fungus Penicillium sp. isolated 

from Cryptothecia striata was done to identify the bioactive compounds present in it. Our study 

indicated the presence of may functional groups as identified through FTIR analysis and GC-MS 

analysis of methanolic extract of Penicillium sp.(CRP 3a) shows the presence of eight compounds 

such as Phenol 3,5-Bis(1-1 Dimethyl ether), Pentanoic acid,5-hydroxy-2,4-di-t-butyl phenyl esters, 

Pentanedioic acid,(2,4-Di-T-Butylphenyl ester) ,ethyl crysanthemate , Carissanol Dimethyl ether, 

Vanillin and Diethyl,2-6 –Pyridine- dicarboxylate. Some of the compounds exhibited strong 

antimicrobial activity and it has been hypothesized that the antimicrobial activity of lichen might be 

due to the associated endolichenic fungi. 
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INTRODUCTION 

Lichen is a symbiotic association between fungi (mycobiont) and at least chlorophyll –containing 

photosynthetic organism (photobiont) such as microalga, a cyanobacterium etc (Lutzoni and 

Miadlikowska, 2009) .In addition to the mycobiont, lichen is also a home to numerous cryptic 

microfungi which live in close association with the lichen thallus (Arnold et al. 2009). This group 

of fungi, which lives inside the lichen thallus, is called as endolichenic fungi. (Arnold et al. 

2009).Endolichenic fungi doesn’t cause any harm to the lichen thallus, they are thus asymptomatic 

in nature (Arnold 2001, 2007; Petrini 1991). Many works has been done to isolate endolichenic 

fungi from lichen thallus. It has been found that most of the endolichenic fungi belong to 

Ascomycetes, Pezizomycetes etc. (Arnold et al. 2009; Girlanda et al. 1997; Kannangara et al. 2009; 

Li et al.2007; Petrini et al. 1990; Suryanarayanan et al. 2005; Tripathi and Joshi 2015; U’Ren et al. 

2010, 2012). Endolichenic fungi possess strong antimicrobial, antibacterial, anticacerous, anti-
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inflammatory properties due to the presence of several bioactive compounds. Due to this reason 

research on endolichenic fungi is a highlighted area (Kellogg and Raja 2016; Suryanarayanan et al. 

2017). 

  Cryptothecia striata is a crustose lichen which mainly grows on bark of trees, rocks, etc. 

Triterpenoids along with many important compounds have been extracted from Cryptothecia sp. 

which showed strong antimicrobial activity (Tuan et al., 2021, Devi et al. 2022). It has been 

hypothesized that the medicinal properties of lichens might be due to the associated endolichenic 

fungi .In the present study Penicillium sp. isolated from Cryptothecia straita was characterized with 

the help of GC-MS and FTIR analysis to identify the bioactive compounds preset in it which might 

e resposile for the antimicrobial properties of the lichen. 

 Materials and Methods 

Collection of lichen  

Healthy lichen thallus was collected from Tipi region (93.61°N and 27.14° E) of Western 

Arunachal Pradesh which is a part of Indo-Burma belt. The identification of the lichen species was 

done considering anatomy and its morphology features. External morphology was studied under 

Leica EZ4 and Leica S9istereozoom microscopes. Anatomical details were examined under Leica 

DM2500 compound microscope .Lichen substances were identified by colour spot tests following 

Orange et al. (2001). 

Isolation and identification of endolichenic fungi 

The lichen thallus of Cryptothecia striata was firstly surface sterilized following standard protocol 

(Guo et al., 2003).The surface sterilized lichen thallus was cut into smaller fractions and were air 

dried. The dried surface sterilized lichen fragments were placed onto three media namely PDA 

(Potato Dextrose Agar), MEA(Malt extract Agar) and WA(water Agar) which were supplemented 

with 0.01% Streptomycin sulphate. The plates were incubated at 28°C in BOD incubator until the 

growth of endolichenic fungi appeared. The identified endolichenic fungi were inoculated in PDA 

slants and stored at 4°C. 

GC MS and FTIR analysis 

 GC-MS chromatography of the crude metabolite was analysed with the help of Claurus 680 

Gas chromatograph and Claurus 600C Mass spectrometer with GC having Liquid Autosampler 

model. The phase reference was 35% diphenyl 65% dimethyl polysiloxane used as Stationary phase 

and Helium (He) gas was used as a mobile phase. The details of the bioactive compounds were 

provided by NIST (2008). Similarly the FTIR analysis for the determination of functional groups 
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was done with the help of Nicolet is10 model. KBr pellet was made by mixing KBr with the crude 

metabolite sample in 10:1 ratio and IR spectra were obtained. The possible presence of functional 

groups was determined (Coates et al., 2006). 

Result and Discussion 

Identification of lichen 

Identification of the lichen was done by following the literature (Awasthi 2007). Based on 

morphological and microscopic observations the selected lichen species was identified as 

Cryptothecia straita . 

 

Identification of Penicillium sp. (CRP 3a) 

Colonies are light greenish in colour with black side yellowish. Colonies are highly spreading and 

grows tremendously in PDA. The morphological characterization shows the presence of many 

branched structures bearing many spores. 

FTIR and GC-MS analysis 

FTIR analysis of crude ethyl acetate extract of Penicillium sp.(CRP 3a) shows the presence   

of many functional groups( Table 1 and Figure 1).GC-MS analysis of methanolic acid of 

Penicillium sp.(CRP 3a) shows the presence of eight compounds which were identified. GC-MS 

analysis of the crude extract of Penicillium sp.(CRP 3a) shows the presence of Phenol 3,5-Bis(1-1 

Dimethyl ether), Pentanoic acid,5-hydroxy-2,4-di-t-butyl phenyl esters, Pentanedioic acid,(2,4-Di-

T-Butylphenyl ester) ,ethyl crysanthemate , Carissanol Dimethyl ether, Vanillin and Diethyl,2-6 –

Pyridine- dicarboxylate(Table 2 and Figure 2) 

The presence of Phenol-3-5-Bis (1-1, Dimethyl ether) was also observed in Neem extract 

that shows antimicrobial activity against E. coli, S. aureus and C.  albicans and also possess 

antioxidant activity (Chandrasekar  et al.,2015). Pentanoic acid, 5-hydroxy-2, 4-di-t-butyl phenyl 

ester exhibits anticancerous activity in Cadenula officinalis(Abduljalill , 2014).Our study also 

shows the presence of this compound.The presence of Pentanedioic acid, (2, 4-Di-T-Butylphenyl 

ester) in our result shows similarity with that of the result shown found in some plants such as 

Prunus africana and Harrisonia abyssinica which exhibits antimicrobial activity against S. aureus, 

B. subtilis, E. coli, P. aeruginosa ,C.albicans (Madivoli et al., 2018).Two compounds particularly 

Ethyl chrysanthemate and Vanillin are new compounds isolated from the EtOAc extract of 

Penicillium sp. These two compounds are reported to be the new compounds isolated from 

endolichenic fungi. No records have been found denoting the presence of these compounds from 

endolichenic fungi. 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper         © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal  Volume 11,S Iss 3, Dec 2022 

631 | P a g e  

 

REFERENCES 

 Abduljalill, R. (2014). GC-MS analysis of Calendula officinalis and cytotoxic effects of its flower   

crude extract on human epidermoid larynx carcinoma (HEP-2). World Journal of 

Pharmacy and Pharmaceutical Science, 3(4), 237–275. 

 Arnold, A.E. 2001. Fungal endophytes in neotropical trees: abundance, diversity, and ecological 

implications.pp 739–743. In: Ganeshaiah KN, Shaanker RU, Bawa KS (eds) In tropical 

ecosystems: structure, diversity and human welfare. Oxford & IBH Publishing Co. Pvt. 

Ltd., New Delhi. 

       Arnold, A.E. 2007. Understanding the diversity of foliar endophytic fungi: progress, 

challenges, and frontiers. Fungal Biology Reviews 21(2–3):51–66. 

       Arnold, A.E., Miadlikowska, J., Higgins, K.L., Sarvate, S.D., Gugger, P.,Way ,A., 

Hofstetter, V., Kauff, F.,  F.Lutzoni  .2009. A phylogenetic estimation of trophic 

transition networks for ascomycetous fungi: are lichens cradles of symbiotrophic 

fungal diversification? Systematic Biology. 58:283–297. 

Chandrasekar,T., Rao,M.R.,  Kumar,R.V., &   Prabhu, K. (2015). GC–MS analysis, 

antimicrobial, antioxidant activity of an Ayurvedic medicine, Nimbapatradi Choornam. 

Journal of Chemical and Pharmaceutical Research, 7(8), 124–136. 

Coates, J. (2006). Interpretation of Infrared Spectra, A Practical Approach. Encyclopedia of 

Analytical Chemistry. 

Devi D, Gogoi R, Yasmin F, Tayung K (2002) Antimicrobial activity of Endolichenic fungi 

isolated from Cryptothecia sp. against some human test pathogens. Res. J. Pharm 

Technol. 15(5):2193-7.  

Girlanda, M., Isocrono, D., Bianco, C., & Luppi-Mosca, A. M. (1997). Two Foliose Lichens as 

Microfungal Ecological Niches. Mycologia, 89(4), 531. 

Guo, L. D., Huang, G. R., Wang, Y., He, W. H., Zheng, W. H., & Hyde, K. D. (2003). Molecular 

identification of white morphotype strains of endophytic fungi from Pinus tabulaeformis. 

Mycological Research, 107(6), 680–688. 

https://scholar.google.com/citations?user=AGWLmI0AAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=copNF8MAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=6bHdMl0AAAAJ&hl=en&oi=sra


IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper         © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal  Volume 11,S Iss 3, Dec 2022 

632 | P a g e  

 

Kannangara, B. T .S. D. P., Rajapaksha, R.S.C.G.,  & Paranagama, P. A. (2009). Nature and 

bioactivities of endolichenic fungi in Pseudocyphellaria sp., Parmotrema sp. and Usnea 

sp. at Hakgala montane forest in Sri Lanka. Letters of Applied Microbiology, 48(2), 203–

209. 

Kellogg, J. J., & Raja, H. A. (2016). Endolichenic fungi: a new source of rich bioactive secondary 

metabolites on the horizon. Phytochemistry Reviews, 16(2), 271–293. 

Li, W. C., Zhou, J., Guo, S. Y., & Guo, L. D. (2007). Endophytic fungi associated with lichens in 

Baihua mountain of Beijing, China. Fungal Diversity, 25, 69–80. 

Lutzoni ,F.,  J.Miadlikowska  ,2009. pp 502-503 Lichens. Quick guide. Current Biology, 19  

Madivoli, E. S., Maina, E. G., Kairigo, P. K., Murigi, M. K., Ogilo, J. K., Nyangau, J. O., 

Kimani P.K., & Kipyegon, C. (2018). In vitro antioxidant and antimicrobial activity of 

Prunus africana (Hook. f.) Kalkman (bark extracts) and Harrisonia abyssinica Oliv. 

extracts (bark extracts): A comparative study. Journal of Medicinal Plants for 

Economic Development, 2(1). 

Ngoc Tuan, N., Kuo, P. C., Trung Hieu, T., Tuong Vi, L. N., Tong Hung, Q., Dunge, L. T., 

Duy Trinh, N., Quang Trung, N., Cuu Khoa, N., Viet Hai, H., & Thang, T. D. (2021). 

A new triterpenoid and other compounds from lichens Cryptothecia 

faveomaculata Makhija & Patw. Natural product research, 35(8), 1349–1356. 

https://doi.org/10.1080/14786419.2019.1648466 

Orange, A.,James ,P.W. & White, F.J.(2001) Microchemical methods for the identification of 

lichens. London: British Lichen Society. Sri Lanka. India. Bishen Singh Mahendra Pal 

Singh Publication, Dehra Dun. 

Petrini, O.1991. Fungal Endophytes in tree leaves. pp 179-197 In: Hirano SS (ed) Microbial 

ecology of leaves. Springer, New York. 

Suryanarayanan, T. S., Govindarajulu, M. B., Rajamani, T., Tripathi, M., & Joshi, Y. (2017). 

Endolichenic fungi in lichens of Champawat district, Uttarakhand, northern India. 

Mycological Progress, 16(3), 205–211. 

Suryanarayanan, T., Thirunavukkarasu, N., Hariharan, G., & Balaji, P. (2005) Occurrence of non-

obligate microfungi inside lichen thalli. Sydowia, 57(1), 120–130. 



IJFANS International Journal of Food and Nutritional Sciences 

ISSN PRINT 2319 1775 Online 2320 7876  

Research paper         © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal  Volume 11,S Iss 3, Dec 2022 

633 | P a g e  

 

Tripathi, M.,  Y.Joshi . 2015. Endolichenic fungi in Kumaun himalaya: a case study. Recent 

advances in lichenology. Springer, Berlin, 111–120. 

U’Ren, J. M., Lutzoni, F., Miadlikowska, J., & Arnold, E. (2010). Community analysis reveals 

close affinities between endophytic and endolichenic fungi in mosses and lichens. 

Microbial  Ecology, 60(2), 340–353. 

U’Ren, J. M., Lutzoni, F., Miadlikowska, J., Laetsch, A. D., & Arnold, A. E. (2012). Host and 

geographic structure of endophytic and endolichenic fungi at a continental scale. American 

Journal of Botany, 99(5), 898–914. 

 

Table 1- FTIR analysis of the crude ethyl acetate of Penicillium sp. (CRP 3a )  

S.NO FREQUENCY GROUP 

01 1167.93 Aromatic amine 

02 1377.91 Methyl C-H asym./sym. bend 

03 1465.30 Methylene C-H bend 

04 1626.84 Alkenyl C=C stretch 

05 1746.08 Ester 

06 2853.76 Methylene C-H asym./sym. stretch 

07 2924.73 Methylene C-H asym./sym. stretch 

08 3426.05 Aromatic primary amine ,NH stretch 
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Fig 1-FTIR chromatogram of Ethyl acetate extract of Endolichenic fungus Penicillium 

sp.(CRP 3a) 
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Table 2- GC-MS chromatography result of the crude ethyl acetate extract of Penicillium sp. 

(CRP 3a) 

S.NO COMPOUND NAME MOLECULAR 

WEIGHT 

PEAK AREA 

01 PHENOL, 3,5-BIS(1,1-

DIMETHYLETHYL)- 

206 29.847 

02 PENTANOIC ACID, 5-HYDROXY-, 

2,4-DI-T-BUTYLPHENYL ESTE 

306 29.847 

03 PENTANEDIOIC ACID, (2,4-DI-T-

BUTYLPHENYL) MONO-ESTER 

320 29.847 

04 ETHYL 4-T-BUTYLBENZOATE 206 29.847 

05 ETHYL CHRYSANTHEMATE 196 49.792 

06 DIETHYL 2,6-

PYRIDINEDICARBOXYLATE 

223 43.838 

07 CARISSANOL DIMETHYL ETHER 404 43.838 

08 VANILLIN 152 43.838 
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Fig 2- GC-MS chromatogram of the ethyl acetate organic crude extract obtained from 

endolichenic fungus Penicillium sp. (CRP 3a) 
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