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ABSTRACT 
Lichen has been investigated for discovering new antibacterial agents. Although Indonesia is considered one of the 
megadiverse countries and a home to a diverse array of lichen species, research on lichens for medicinal properties 
remains scarce. In this study, an intensive semi-preparative High-Performance Liquid Chromatography successfully 
isolated a major compound from Phyloporon aciculare, with its molecular structure proposed as methyl 2,4-
dihydroxy-3,6-dimethylbenzoate by Nuclear Magnetic Resonance spectral and was confirmed by Mass Spectrometry 
data analysis. The crude extract of the lichen possessed a selective antibacterial activity in which significantly inhibited 
Kocuria rhizophila by 96.9% at a 100 µg/mL concentration. In addition, previous reports on methyl 2,4-dihydroxy-
3,6-dimethylbenzoate from other species indicated the compound to have antibacterial, anti-inflammatory, and 
anticancer activities. 
Keywords: Phyloporon aciculare, Depside, Antibacterial, Atraric Acid, Lichen. 
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INTRODUCTION 
Infectious diseases caused by pathogenic bacteria, parasites, viruses, and fungi have been serious health 
threats throughout human history.1, 2 Meanwhile, most people in low-income countries seem to be prone to 
the severe impact of infectious diseases.3 Global society is facing antimicrobial resistance that demands the 
discovery of new antibacterial agents.4-7 Natural product has been an enormous source of medicine, 
including antibacterial agents.8 The discovery of penicillin from Penicillin fungi has led to the search for 
new antibacterial from fungi-related organisms, including fungi-algae composite organisms, lichen since 
the 1940s.9, 10 Nevertheless, Burkholder et al. discovered that 27 of 42 different lichen extracts had 
antibacterial activity against pathogenic Bacillus subtilis and Staphylococcus aureus in preliminary 



 
 Vol. 15 | No. 4 |2685-2691| October - December | 2022 

2686 
SECONDARY METABOLITE ISOLATION                                                                                                                           C.P.Z.S. Putri et al. 

studies.11 Lichen is a cosmopolitan organism with a high capacity to adapt to diverse environments, from 
polar to tropical climates.12,13 Although more than 20,000 lichen species have been identified worldwide 
from various habitats; enormous numbers remain unidentified and understudied.14,15 Similarly, in 
Indonesia, some lichens have been used for traditional medicine, but a large number of lichens from this 
archipelagic country are not well studied.16,17 In this presented study, phytochemical and pharmacological 
procedures were performed to isolate and evaluate the antibacterial activities of understudied Phyloporon 
aciculare (Fig.-1), from which the results were reported for the first time.  
 
 
 
 
 

 
 
 
 
 

Fig.-1: Phyloporon acicular (Ach.) Nyl Attached to the Stone 
                                      

EXPERIMENTAL 
Lichen Collection 
The lichen Phyloporon aciculare grown on rock surface was collected by T.A.L. in Mount Lawu 
Surroundings at Sarangan, Magetan Regency, East Java, Indonesia with a geographical coordinate of 
7°39’51.1S111°11’34.0E. The lichen biomass was transported to Drug Utilisation and Discovery Research 
Group (DUDRG), Faculty of Pharmacy-University of Jember, Indonesia with a voucher code G1. A 
voucher copy sample was sent to a lichenologist, L.F.U., at Gadjah Mada University’s Faculty of Biology 
in Yogyakarta, Indonesia for identification. 
 

Extraction and Isolation 
Dried lichen samples were ground into a powder. The sample powder of 50 g was mixed with 150 mL 
methanol and was then stirred at 200 rpm for 24 hours at room temperature. The filtrate was separated and 
vacuum dried to produce crude methanol extract. The process was repeated six times to gain 0.86 g dried 
crude methanol extract. A portion of 0.2 g crude extract was mixed in 4 mL methanol and was filtered 
through a Polytetrafluoroethylene membrane filter (PTFE, 0.45 µm) before loading into Cecil HPLC system 
in 27 block injections of 100 µL. The semi-preparative High-Performance Liquid Chromatography (HPLC) 
system was composed of a CE 4104 pump, a CE 4040 degasser, and a CECIL CE4300 detector controlled 
by a CE4900 with PowerStream software. A reverse phase column (10 x 250mm 4 µm 80, YMC Sphere 
ODS M80) was employed. The elution gradient started from 0-20% solvent B (acetonitrile) within 25 
minutes, followed by 20-50% solvent B (solvent A: milli-Q water, solvent B: acetonitrile) within 5 minutes 
at a flow rate of 2 mL/min. A chromatogram was produced at λ 254 nm. A major constituent was isolated 
around 4.0 mg with a retention time of 13 minutes 51 seconds and was identified as methyl 2,4-dihydroxy-
3,6-dimethylbenzoate or atraric acid. 
 

Molecular Structure Characterization 
The sample of 4.0 mg dried pure isolate was dissolved in deuterated acetone ((CD3)2CO) and was loaded 
into the nuclear magnetic resonance (NMR) module, where measurements were collected at 500 MHz for 
1H-NMR and 125 MHz for 13C-NMR resonant frequencies. Mnova software version 14.1 was used to 
process the 1D-NMR and 2D-NMR spectral data. Electrospray Ionization Mass Spectrometry (ESI-MS) 
data from a Shimadzu LC-2010 Mass Spectrometer confirmed the molecular formula. 
 

Antibacterial Assay 
Antibacterial activity of n-hexane lichen fraction was performed using a microdilution method with a single 
concentration of 100 µg/mL per the Clinical and Laboratory Standard Institute’s standard protocol.18 The 
absorbance of the bacterial suspension was measured through a spectrometer at λ 625 nm and was adjusted 
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to the 0.5 Mc Farland standard, followed by dilution at 100 folds to yield 1 x 106 CFU/mL. The antibacterial 
activity was determined by allocating 50 µL bacterial suspension into microplate wells with a crude extract 
(100 µg/mL in 1.0 % dimethyl sulfoxide (DMSO) in Cation-Adjusted Mueller Hinton Broth (CAMHB), 50 
µL) or positive control (200 µg/mL gentamicin in CAMHB, 50 µL) or negative control (1.0 % DMSO in 
CAMHB, 50 µL). CAMHB was also loaded into the well as a media control until the final volume became 
100 µL. The test control was a mixture of n-hexane fraction and media, as well as gentamicin and media. 
The test material was placed in a 96-well microplate and was then incubated at 37°C for 20 hours using an 
incubator shaker. The test results (100 µg/mL) were recorded using a microplate reader set to λ 625 nm 
(molecular devices BIORAD-Benchmark M550 microplate reader). Pseudomonas auruginosa ATCC 
27853, Kocuria rhizophila ATCC 9341, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25992, 
Bacilus cereus ATCC 11778, Staphylococcus aureus ATCC 6538 were used for the antibacterial activity 
test. The antibacterial activity was indicated as a percentage inhibition based on a calculation using the 
equation below (P: negative control, Q: media control, R: test sample, S: control). Inhibition percentage 
data significance was evaluated based on Student’s t-test using the IBM SPSS Statistics 22 software (p-
value <0.05 indicates a statistically significant result). 
 

Percentage Inhibition = ቀ1 −
(஺௕௦.ோି஺௕௦.ௌ)

(஺௕௦.௉ି஺௕௦.ொ)
ቁ𝑥100% 

 

RESULTS AND DISCUSSION 
The understudied lichen P. aciculare (Ach.) Nyl was a composite organism collected from the rock of 
Mount Lawu at an elevation of approximately 1900 meters above sea level. The Lawu terrane region 
provides an ideal environment for this folious lichen to grow and produce a large amount of biomass for 
phytochemical studies. In this study, an extensive chromatographic procedure successfully yielded a pure 
major constituent based on the purity test indicated by the chromatogram below (Fig.-2). In addition, the 
brown crystalline isolate produced clear and clean NMR spectral properties (Fig.-3).  
 

 
Fig.-2: Chromatogram of Crude Extract (top) and Purity Test Result of Major Isolate of P. aciculare 

 

 
Fig.-3: 1H-NMR (A), 13C-NMR (B), gHSQC (C), and gHMBC (D) spectra of depside from P. aciculare 

 

The 1H-NMR spectra analysis showed a typical signal of hydrogen bonding at δ 11.98 ppm, a distinct signal 
formed between the hydroxyl group (C2-OH) and the carbonyl group (C = O). The singlet signal at δ 6.36 
ppm (s, 1H, H5) in the 1H-NMR spectrum with proton integration of one, suggested a single hydrogen 
attached to a benzene ring in which heteronuclear single quantum coherence (gHSQC) spectral analysis 
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indicated the proton to correlate with carbon signal at δ 111.54 ppm assigned to C5. Further Heteronuclear 
Multiple Bond Correlation (gHMBC) spectral analysis indicated a proton-carbon correlation between 
proton signal at δ 6.36 ppm (s, 1H, H5) and carbon resonated at δ 173.54 ppm (C7), δ 104.84 ppm (C1), 
and δ 24.19 ppm (C6-CH3). Furthermore, 1H-NMR spectral analysis showed the presence of a methoxy 
group at a chemical shift at δ 3.88 ppm (s, 3H, C7-OCH3) in which gHMBC spectral analysis showed this 
proton to correlate with carbon signal at δ 104.84 ppm assigned to C1. Further gHMBC spectral analysis, 
proton resonated at δ 2.42 ppm (s, 3H, C6-CH3) assigned to methyl group attached to carbon C6 with 
chemical shifts of δ 140.52 (C6). The gHMBC of signal δ 2.42 ppm (s, 3H, C6-CH3) correlate with 
resonances at δ 104.84 (C1), δ 111.54 (C5), and δ 173.54 (C7). This spectral analysis suggested construction 
of fragment A of the molecule as shown in Fig.-4A. On the other hand, 1H-NMR spectral analysis showed 
a singlet signal at δ 2.05 ppm (s, 3H, C3-CH3), with the integration of three protons in which its downfield 
chemical shift indicating this methyl attached to a benzene ring. This was supported by gHMBC spectral 
analysis which the proton correlates with carbon signal at δ 109.47 ppm assigned to C3. Further gHMBC 
analysis showed the methyl proton to have three bond lengths of proton-carbon correlation against carbon 
peak resonated at δ 164.08 ppm and δ 161.08 ppm, assigned to C2 and C4, respectively. The downfield 
carbon signal suggested the aromatic carbon has an adjacent hydroxyl group. This spectral analysis 
suggested construction of fragment B of the molecule as shown in Fig.-4B. Further gHMBC spectral 
analysis showed the signal δ 6.36 ppm (s, 1H, H5) also correlate with δ 109.47 ppm (C3), δ 8.06 ppm (C3-
CH3), and δ 161.08 ppm (C4). In addition, gHMBC spectral analysis showed the singlet signal δ 2.05 ppm 
(s, 3H, C3-CH3) and δ 2.42 ppm (s, 3H, C6-CH3) to have resonance with carbon signal at δ 140.52 ppm 
(C6) and δ 164.08 ppm (C2), respectively. This NMR spectral analysis was able to support a connection 
between fragments A and B, therefore constructing a molecular structure of a major isolate of P. aciculare 
in which proton-carbon correlation was summarized in Fig.-4C below.  
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Fig.-4: Fragmented the Molecular Structure Analysis of the Major Compound of P. aciculare Compound Based on 

NMR Spectral Data 
 

The molecular structure of the major compound of P. aciculare was further confirmed through chemical 
shift comparison against literature data of the same compound isolated from the lichen, Parmotrema 
mesotropum (Parmeliaceae family).19 According to the literature study and the NMR data analysis (Table-
1), the major compound isolated from P. aciculare was methyl 2,4-dihydroxy-3,6-dimethylbenzoate, a 
depside compound with the molecular formula of C10H12O4. The molecular formula was confirmed by the 
LRMS [M+H]+ signal at m/z 197, as shown in Fig.-5. Depsides are the most abundant lichen’s secondary 
metabolites in which its monomers commonly form distinct lichen chemotypes such as depside, depsidone, 
and dibenzofuran with or without intramolecular cyclisation.20 

 
Fig.-5: LMRS Major Compound of Lichen P. aciculare 
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Table-1: Comparison 1H and 13C NMR Spectroscopic Experimental dan Literature 
No.  Experimental Literature 19 

 
δH 

(500 MHz, 
(CD3)2CO) 

δC 
(125 MHz, 
(CD3)2CO) 

δH 
(600 MHz, 

CDCl3) 

δC 

(150 MHz, 
CDCl3) 

1 C1 - 104.84 - 105.18 
2 C2 - 164.08 - 163.08 
3 C3 - 109.47 - 108.55 
4 C3-CH3 2.05 (s, 3H) 8.06 2.104 (s, 3H) 9.35 
5 C4 - 161.08 - 158.05 
6 C5 6.36 (s, 1H) 111.54 6.209 (s, 1H) 110.55 
7 C6 - 140.52 - 140.14 
8 C6-CH3 2.42 (s, 3H) 24.19 2.460 (s,3H) 24.06 
9 C7 - 173.54 - 172.61 
10 C7-OCH3 3.88 (s, 3H) 52.12 3.921 (s, 3H) 51.81 

 

Crude extract of hexane fraction was tested against several microbes. The crude n-hexane fraction possessed 
the highest inhibitory activity against Kocuria rhizophila with a percentage of inhibition value of 96.6 ± 
2.9% with p-value < 0.05 at a concentration of 100 µg/mL. The crude extract indicated moderate 
antibacterial activity against Pseudomonas aeruginosa and low inhibition against Bacillus subtilis, 
Escherichia coli, Bacillus cereus, and Staphylococcus aureus (Table-2).  
 

Table-2: Antibacterial Inhibition Percentage at 100 µg/mL 
Bacteria Inhibition (%) 

Pseudomonas aeruginosa ATCC 27853 40.9 ± 5.1 
Kocuria rhizophila ATCC 9341 96.6 ± 2.9 
Bacillus subtilis ATCC 6633 11.8 ± 3.7 
Escherichia coli ATCC 25992 15.7 ± 3.0 
Bacilus cereus ATCC 11778 14.9 ± 1.1 
Staphylococcus aureus ATCC 6538 5.9 ± 1.1 

 

Atraric acid-containing lichens including Evernia prunastri, Parmelia sulcata, Flavorparmelia caperata, 
and Hypogymnia physodes were previously reported to possess antibacterial activity against S. aureus with 
MIC values of 156, 313, 125, and 39.1 µg/mL, respectively.21 Anti-candidiasis activity of atraric acid 
isolated from Pseudevernia furfuracea (L.) Zopf was previously evaluated against Candida krusei and 
Candida dubliniensis with inhibition zones value of 25 and 23 mm, respectively.22 Parmotrema 
rampoddense was reported to contain atraric acid in which antibacterial activity evaluation against 
Methicillin-Susceptible Staphylococcus aureus (MSSA) ATCC 25923 showed significant activity with a 
minimum inhibition concentration (MIC) value of 19.2 µg/mL.23 Atraric acid containing crude extract of 
Flavoparmelia caperata lichen was reported to have bactericidal activity against E. coli with inhibitory 
zones 15.3 mm and MIC 15 mg/mL.24 Previous pharmacological studies of atraric acid against non-infective 
diseases demonstrated that atraric acid isolated from the lichen Heterodermia hypoleuca regulated 
inflammation by inducing pro-inflammatory cytokine, nitric oxide, prostaglandin E2, induced nitric oxide 
synthase, and cyclooxygenase-2 enzyme expression in lipopolysaccharide (LPS)-stimulated RAW264.7 
cells.25 In addition, natural atraric acid was able to act as an antagonist of androgen receptors by inhibiting 
the growth of prostate cancer cells.26 Other reports stated the presence of methyl β-orcinol carboxylate 
(atraric acid), atranorin, lecanorol, and salazinic acid in Parmotrema tinctorum enhance absorption of UV 
radiation which is categorized as UVB blockers.27 
 
 

CONCLUSION 
This phytochemical study revealed the first report on the major constituent of P. aciculare as methyl 2,4-
dihydroxy-3,6-dimethylbenzoate. The crude extract possessed significant antibacterial activity against K. 
rhizophita at a relatively low concentration. This study contributed to further extensive bioprospecting 
studies on understudied Indonesian lichens. 
 



 
 Vol. 15 | No. 4 |2685-2691| October - December | 2022 

2690 
SECONDARY METABOLITE ISOLATION                                                                                                                           C.P.Z.S. Putri et al. 

ACKNOWLEDGEMENT 
The research was conducted with support from the University of Jember and the University of Wollongong. 
 

REFERENCES 
1. D.T.S. Hayman, M.G. Baker, Epidemiology and Infection, 147, 1(2019), 

https://doi.org/10.1017/S0950268818003552. 
2. J.R. Rohr, C.B. Barrett, D.J. Civitello, M.E. Craft, B. Delius, G.A. Deleo, P.J. Hudson, N. Jouanard, 

K.H. Nguyen, R.S. Ostfeld, J.V. Remais, G. Riveau, S.H. Sokolow, D. Tilman, Nature Sustainability, 
2(6), 445(2019), http://doi.org/10.1038/s41893-019-0293-3 

3. R. Antabe, B.R. Ziegler, International Encyclopedia of Human Geography, 3(2), 389(2020), 
http://doi.org/10.1016/B978-0-08-102295-5.10439-1 

4. D.E. Bloom, D. Cadarette, Frontiers in Immunology, 10, 549(2019), 
https://doi.org/10.3389/fimmu.2019.00549 

5. S. Jones, K. Frischkorn, W. White, F. Mayer, J. Tai-Schmiedel, J. Thompsom,  Nature Microbiology, 
4(1), 1(2019), https://doi.org/10.1038/s41564-018-0331-3 

6. J.A. Lewnard, A.L. Reingold, American Journal of Epidemiolgy, 188(5), 873(2019), 
https://doi.org/10.1093/aje/kwy264. 

7. M. Kotb, M. Bahgat, S. Hashem, H. Sabit, M. Elbagoury, Rasāyan Journal of Chemistry, 11(1), 
41(2018), http://dx.doi.org/10.7324/RJC.2018.1111958 

8. H.P.C.A. Cane, N. Saidi, M. Mustanir, D. Darusman, R. Idroes and M. Musman, Rasāyan Journal of 
Chemistry, 13(4), 2215(2020), http://dx.doi.org/10.31788/RJC.2020.1345818 

9. N. Adnani, S.R. Rajski, T.S. Bugni, Natural Product Reports, 34(7), 784(2017), 
http://doi.org/10.1039/c7np00009j 

10. R. Gaynes, Emerging Infectious Diseases. 23(5), 849(2017), http://doi.org/10.3201/eid2305.161556 
11. P.R. Burkholder, A.W. Evans, I. McVeigh, H.K. Thornton, Proceedings of the National Academy of 

Sciences, 30(9),  250(1944), https://doi.org/10.1073/pnas.30.9.250 
12. J.M. Alatalo, A.K. Jägerbrand, S. Chen, U. Molau, Annals of Botany, 120(1), 159(2017), 

https://doi.org/10.1093/aob/mcx053 
13. G., Aragón, I. Martínez, P. Hurtado, Á. Benítez, C. Rodríguez, M. Prieto, Diversity, 11(4),  51(2019), 

https://doi.org/10.3390/d11040051 
14. M., Maulidiyah, A.F. Hasan, W.O. Irna, I.F.A. Nurdin, T. Kusmalawati, Imran, A.H. Watoni, T. Azis, 

A. Darmawan, International Research Journal of Pharmacy, 9(8), 30(2018), 
http://doi.org/10.7897/2230-8407.098160 

15. Minarti, A.H. Cahyana, A. Darmawan, Solation, Rasayan Journal of Chemistry, 14(4), 2420(2021), 
http://doi.org/10.31788/RJC.2021.1446290 

16. A.S., Nugraha, T.A. Laksono, L.N. Firli, C.P.Z.S. Putri, D.K. Pratoko, Z. Zulfikar, L.F. Untari, H. 
Wongso, J.M. Lambert, C.T. Dillon, P.A. Keller, Biomolecules, 10(10), 1420(2020), 
https://doi.org/10.3390/biom10101420 

17. A.S., Nugraha, T. Wangchuk, A.C. Willis, R. Haritakun, H. Sujadmiko, P.A. Keller, Natural Product 
Communications, 14(6), 1(2019), https://doi.org/10.1177/1934578X198567 

18. M.P. Weinstein, B. Limbago, J.B. Patel, A.J. Mathers, C.A. Burnham, T. Mazzulli, S. Campeau, S.D. 
Munro, P.S. Conville, M.O.S.D. Danies, C. Doern, R. Patel, G.M. Eliopoulos, S.S. Richter, M.F. Galas, 
M. Satlin, R.M. Humphries, J.M. Swenson, S.G. Jenkins, A. Wong, S.M. Kircher, W.F. Wang, J.S. 
Lewis II, B.L. Zimmer, CLSI, M07 : Methods for Dilution Antimicrobial Susceptibility Tests for 
Bacteria That Grow Aerobically, Clinical and Laboratory Standards Institute, Wayne, p.25(2018). 

19. U.V., Mallavadhani, R.S. Tirupathamma, G. Sagarika, S. Ramakrishna, Chemistry of Natural 
Compounds,. 55(5), 825(2019), http://doi.org/10.1007/s10600-019-02824-2 

20. A.S. Nugraha, D. Pratoko, Y. Damayanti, N.D. Lestari, T. Agung Laksono, H. Addy, L. Untari, B. 
Kusumawardani, P. Wangchuk, Journal of Biologically Active Products from Nature, 9(1), 39(2019), 
https://doi.org/10.1080/22311866.2019.1567383 



 
 Vol. 15 | No. 4 |2685-2691| October - December | 2022 

2691 
SECONDARY METABOLITE ISOLATION                                                                                                                           C.P.Z.S. Putri et al. 

21. T., Mitrović, S. Stamenković, V. Cvetković, S. Tošić, M. Stanković, I. Radojević, O. Stefanović, L. 
Comić, D. Dačić, M. Curčić, S. Marković, International Journal of Molecular Sciences, 12(8), 
5428(2011), https://doi.org/10.3390/ijms12085428 

22. A. Güvenç, E. Küpeli Akkol, İ. Süntar, H. Keleş, S. Yıldız, İ. Çalış, Journal of Ethnopharmacology, 
144(3), 726(2012), https://doi.org/10.1016/j.jep.2012.10.021 

23. P.S.A.I. Shiromi, R.P. Hewawasam, R.G.U. Jayalal, H. Rathnayake, W.M.D.G.B. Wijayaratne, D. 
Wanniarachchi, Evidence-Based Complementary and Alternative Medicine, 2021, 1(2021), 
http://doi.org/10.1155/2021/9985325 

24. V. Kumar, M. Tripathi, C.S. Mathela, Y. Joshi, Journal of Pharmacognosy & Natural Products, 3(1), 
1(2017), http://doi.org/10.4172/2472-0992.1000128 

25. S.K. Mun, K.Y. Kang, H.Y. Jang, Y.H. Hwang, S.G. Hong, S.J. Kim, H.W. Cho, D.J. Chang, J.S. Hur, 
S.T. Yee, International Journal of Molecular Sciences, 21(19), 1(2020), 
https://doi.org/10.3390/ijms21197070 

26. M. Ehsani, S. Bartsch, S.M.M. Rasa, J. Dittmann, T. Pungsrinont, L. Neubert, S.S. Huettner, R. 
Kotolloshi, K. Schindler, A. Ahmad, A.S. Mosig, L. Adam, A. Ori, F. Neri, A. Berndt, M.-O. Grimm, 
A. Baniahmad, Oncogene, 41(23), 3263(2022), https://doi.org/10.1038/s41388-022-02333-7 

27. T.T.T. Nguyen, T.T.D. Vo, Y.H. Tran, D.T. Truong, D.C. Phan, P.H. Le, Biointerface Research in 
Applied Chemistry, 11(5), 12653(2021), https://doi.org/10.33263/BRIAC115.1265312661 

 [RJC-8027/2022] 
 


