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Abstract
In the present study, the methanol, acetone and chloroform extracts of the lichen Usnea florida (L.) were
tested for antibacterial, antifungal and antituberculosis potential. The disk diffusion method was used
for the investigation of antimicrobial activity and the minimal inhibitory concentration was identified
against thirteen species of bacteria, four species of yeasts, and eight species of fungi. Strong activity
toward bacteria and yeasts was determined in all extracts. However, there was no strong activity toward
filamentous fungi. Bioactive substances of lichen Usnea florida were demonstrated with the bio
autography in thin layer chromatography. Thamnolic acid was found to be an active substance with
200-400 µg/ml concentration. As a result, the lichen may be used as a possible antimicrobial agent in
various applications in the food industry and for the purpose of controlling different diseases.
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Introduction
The lichens are symbiotic organisms consisting of fungi and
green algae or cyanobacterium found in many ecosystems such
as rock surfaces, poorly developed soils, on trees and shrubs.
The results of this symbiosis, various unique extracellular
secondary metabolites are produced [1].
Lichens and their secondary metabolites have various
pharmaceutical roles, mainly antimicrobial, antioxidant,
antiviral,
antitumor,
anti-inflammatory,
antigenotoxic,
antiherbivore, analgesic, enzyme inhibitory and antipyretic
characteristics [2-8].
Natural bioactive products such as substances from lichen have
an important potential for antimicrobial treatment. Moreover,
these natural substances have been used for medicinal drug
development in pharmaceutical industries.
There are many antimicrobial activity studies about crude
lichen extracts but there are a few studies on their pure
substances while they have strong antimicrobial activity. One
of them is thamnolic acid found in some lichens Lepraria spp.
[9,10]. Usnea florida (present study), Thamnolia vermicularis
[11] and Cladonia incrassata [12].
Therefore, the assessment of the antimicrobial activities of the
methanol, acetone and chloroform extracts of the lichens
Usnea florida and its thamnolic acid constituent as a secondary
metabolite is presented in the current study.
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Materials and Methods
Lichen samples
The collection of Usena florida (L.) Weber ex F.H. Wigg was
performed in Abant Mountains, Bolu Province, Turkey at 1080
m on the 19th of August 2015. The sample for demonstration
purposes is deposited at the Herbarium of Anadolu University,
Department of Biology (ANES). Standard keys were used for
the identification of the lichens examined [13,14].

Preparation of the lichen extracts
100 ml of methanol, chloroform, and acetone were used in
order to acquire extracts obtained from finely ground dry thalli
of the lichen (10 g) in a Soxchlet extractor. The filtration of the
extracts was performed and following this they were
concentrated under decreased pressure in a rotary evaporator
and stored at the temperature of -18°C until they were used in
the experiments.

Microorganisms
In the present study, the following bacteria, yeasts, and
filamentous fungi were used as experimental organisms:
Bacillus cereus ATCC 10876, Bacillus subtilis NRRL
NRS-744, Escherichia coli ATCC 25922, Enterococcus
faecalis ATCC 51299, Enterobacter aerogenes NRRL B-3567,
Klebsiella pneumoniae ATCC 700603, Listeria monocytogenes
ATCC 19111, Micrococcus luteus NRRL B-4375,
Mycobacterium tuberculosis H37Rv (ATCC 27294),
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Pseudomonas aeruginosa ATCC 27853, Proteus vulgaris
NRRL B-123, Staphylococcus aureus ATCC 6538, Salmonella
typhimurium ATCC 14028, and Yersinia enterocolitica Y53
bacteria, Candida parapsilosis ATCC 22019, Candida albicans
ATCC 90028, Candida globrata ATCC 90030, and Candida
krusei ATCC 6258 yeasts, and Aspergillus niger ATCC 9807,
Aspergillus flavus ATCC 9807, Aspergillus parasiticus NRRL
465, Fusarium moniliforme NRRL 2374, Aspergillus fumigatus
NRRL 113, Rhizopus sp., Alternaria brassicola, Sclerotium
rolfsii, and Fusarium solani filamentous fungi obtained from
our laboratory.

Antimicrobial activity of chloroform, methanol and
acetone extracts to test microorganisms
Mueller-Hinton agar plates were used to maintain bacterial
cultures. Potato dextrose (PD) agar and Sabouraud dextrose
(SD) agar were used for the maintenance of fungal cultures.
Test bacteria were obtained from bacterial cultures the
incubation of which was incubated for 24 h at 37°C on
Mueller-Hinton agar substrate and the dilution of which was
prepared in accordance with the 0.5 McFarland standards to
about 108 CFU/ml. Fresh mature cultures at the age of 3 to 7
days growing at 30°C on a PD agar substrate were used for the
preparation of fungal spore suspensions. Sterile 0.1% Tween
80 was used for the rinsing of the spores and their further
dilution to about 106 CFU/ml was performed in accordance
with the procedural recommendations of CLSI [15]. The lichen
extracts, 125 mg acetone, 215 mg methanol, and 75 mg
chloroform were dissolved in 1 ml of the same solvent
including 60 blank sterile antibiotic disks (7 mm diameter) for
the disk diffusion test. The solvents were evaporated in a
vacuum oven. As negative control agents on the plates, treated
and dried disks of pure chloroform, methanol and acetone were
used. The final concentration of one disk was 2.08 mg for
acetone, 3.58 mg for methanol, and 1.25 mg for chloroform.
The measurement of the inhibition zone of the extract’s
specific concentration was performed using Kirby and Bauer
disk diffusion method in order to investigate the
microorganisms’ sensitivity to methanol, acetone and
chloroform extracts of the lichen [16-18]. Mueller-Hinton agar,
SD agar, and PD agar were seeded with the appropriate
inoculum for bacteria, yeast, and filamentous fungi,
respectively. The disks with the diameter of 7 mm containing
lichen extracts were placed on the test plates. The diameter of
the inhibition zone around the disk was measured in order to
identify antimicrobial activity. Ketoconazole (for fungi) and
streptomycin (for bacteria) were utilized as controls. All
experiments were repeated three times.

Determination of the MICs of the extracts
The determination of the minimal inhibitory concentration
(MIC) was performed using the broth tube dilution method.
The starting solutions of extracts were prepared using a 10
mg/ml concentration dissolved in 20% DMSO. Mueller-Hinton
broth was used for the preparation of the extracts’ two-fold
dilutions for bacterial cultures and SD broth was used for
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fungal cultures in experimental tubes. A number of dilutions,
the concentrations of which varied between 10 mg/ml and
19.53 µg/ml, were utilized in the test for every extract against
only sensitive microorganisms. The visible growth of the
microorganisms was provided and thus the minimal inhibitory
concentration was identified. The minimal inhibitory
concentration (MIC) for the microorganism examined at the
determined lichen extract concentration was described as the
boundary dilution with no visible growth. To control the
growth inhibition, streptomycin was utilized as a positive
control for bacteria and ketoconazole was utilized as a positive
control for fungi. All tests were repeated three times.

Bioautographic method with thin layer
chromatography
Following a preparatory thin layer chromatography (TLC)
study, it was determined that the methanol extract was the
solution with the highest concentration among the extracts. The
methanol extract of Usnea florida of the specific volume was
obtained and placed on silica gel TLC plates (Merck, Silica gel
60 F254). Following this, the development of the TLC plates
was performed in three solvent systems which are generally
used in the TLC of lichen substances. A mix of toluene/
dioxane/glacial acetic acid (36:9:1 v/v/v) was present in
solvent system A, hexane/diethyl ether/formic acid (24:8:4
v/v/v) were present in solvent system B, and there were
toluene/glacial acetic acid (20:3 v/v) in solvent system C [19].
Afterwards, the plates that had been developed were placed
into petri dishes with the cover of thin nutrient agar. In
conclusion, soft nutrient agar containing experimental
microorganisms (108 CFU/ml) was spread in 2 mm thickness
to the petri dishes and their incubation was performed for
24-48 h at the temperature of 35°C. Antimicrobial activity was
demonstrated by two substances on the TLC plates and
afterwards these substances were determined to be usnic acid
and thamnolic acid.
Checking the Rf values of the substances in various solvent
systems with the values in the literature, as well as their
melting points and IR spectra, constitutes the basis for their
characterization [20-24]. Since the study of usnic acid was
performed in our previous work [25], we examined the effect
of thamnolic acid content. A polarimeter was used for the
identification of the thamnolic acid’s enantiomeric form. This
pure thamnolic acid was utilized in order to identify its
antimicrobial activity toward all of the test microorganisms.

Minimal inhibitory concentration (MIC) of thamnolic
acid
The broth microdilution method with 96-well microtiter plates
was employed for the determination of the minimal inhibitory
concentration (MIC) of thamnolic acid. A number of dilutions,
the concentrations of which varied between 25.6 mg/ml and 50
µg/ml, was utilized for each test microorganism. Thamnolic
acid was dissolved in DMSO (20%) and thus its starting
solution was acquired. Mueller-Hinton broth was used for the
preparation of two-fold dilutions in the case of bacterial
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cultures and SD broth was utilized in the case of fungal
cultures. The determination of the minimal inhibitory
concentration was performed using resazurin, which indicates
oxidation-reduction and is employed for the assessment of
microbial growth. Resazurin represents a non-fluorescent dye
of blue color which turns pink and fluorescent in the case of
reduction to resazurin with oxidoreductases inside viable cells.
The minimal inhibitory concentration (MIC) for the
microorganism examined at the determined concentration was
described as the boundary dilution with no altering color of
resazurin [26]. To control the growth inhibition, streptomycin
was utilized as a positive control for bacteria and ketoconazole
was utilized as a positive control for fungi. At the same time,
as a negative control for the solvents’ impact, a DMSO
solution was utilized. All tests were repeated three times.

Microplate alamar blue assay (MABA) for
antitubercular activity of the lichen extracts and pure
thamnolic acid
Mycobacterium tuberculosis H37Rv (ATCC 27294) was
provided from American Type Culture Collection (ATCC) cell
bank. The cells were cultivated in ATCC® Medium 1395:
Middlebrook 7H9 broth with ADC enrichment at 37°C for 30
days. The adjustment of the cultures’ turbidity to McFarland
standard number 1 was performed. 5-0.0097 mg/ml were
prepared for lichen extracts and rifampicin (Sigma, R3501,
China) and 2-0.0039 mg/ml for thamnolic acid. The incubation
of all black, clear-bottomed, 96-well plates (Corning 3340,
USA) was performed at the temperature of 37°C for the period
of 7 days. A newly made 1:1 mixture containing Alamar Blue
reagent (1:10 dilution, Invitrogen, 1025, USA) and 10% Tween
80 was put to one well in a group of the positive controls on
the 7th day of the incubation. The further incubation of the
plates was performed at the temperature of 37°C for the 24 h
period. The reagent mixture was put in each well of the micro
plate in case the well’s content became pink [27].

Results
Table 1 contains the data on the antimicrobial activity of the
lichen Usnea florida extracts and MIC values toward the
microorganisms examined.
The methanol, acetone and chloroform extracts of the lichen
Usnea florida showed much the same effect to tested
microorganisms. Antibacterial activity was determined in all
extracts to Gram-positive bacteria Bacillus cereus, Bacillus
subtilis, Enterococcus faecalis, Micrococcus luteus, Listeria
monocytogenes, and Gram-negative bacteria Enterobacter
aerogenes, Proteus vulgaris, Yersinia enterocolitica. However,
the lichen extracts examined were not sensitive to Escherichia
coli, Klebsiella pneumoniae, Pseudomonas aeruginosa,
Staphylococcus aureus, and Salmonella typhimurium.
The greatest sensitivity to the species examined was
demonstrated by the species Bacillus cereus and Bacillus
subtilis with the inhibition zone of 20 mm or larger. The
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extracts of the lichen Usnea florida also showed an activity to
yeasts except for Candida albicans species. An antifungal
activity was not determined for all of the filamentous fungi.
The largest inhibition zone (25 mm) was measured in the
methanol extract relative to the species Bacillus subtilis. The
extracts of this lichen showed a weaker activity to Candida
species than bacteria. The inhibition zone for Candida species
ranged between 13-15 mm. The inhibition zones in relation to
the bacteria were large. They were within the range of 23-24
mm for the acetone extract and 24-25 mm for the methanol
extract. The MIC values of the extracts were found to be
between 78.12-312.50 µg/ml for bacteria and 156.20-625
µg/ml for yeasts (Table 1). After the antibacterial activity had
been determined and the MIC values of the extracts of Usnea
florida had been calculated, the determination of the
substances demonstrating antibacterial activity was performed
with the bioautographic method.
The activity of two substances in the extracts, usnic acid and
thamnolic acid, was determined. The place of the spot, which
demonstrated the inhibition zone, varied on every TLC plate in
accordance with the TLC development solvent system. The
isolation of one minor substance was performed with the
preparative TLC, its characterization was performed with the
Rf values and melting point, and as a result, it was determined
to be thamnolic acid (C19H16O11, MA=420.32) (Figure 1).
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Figure 1: Chemical structure of thamnolic acid.

The activities of thamnolic acid against twelve bacteria, four
yeasts, and seven filamentous fungi, the identical
microorganisms which were utilized in the research on the
extract, were examined and Table 1 represents their MIC
values obtained. Although the extracts did not demonstrate
antimicrobial activity to the filamentous fungi examined, pure
thamnolic acid showed the antifungal effect against Alternaria
alternata and Sclerotium rolfsii.
Likewise, Enterobacter aerogenes, Enterococcus faecalis, and
Yersinia enterocolitica bacteria were not sensitive to the
extracts while being sensitive to pure thamnolic acid. Most
probably, the amount of thamnolic acid was lower than its MIC
in the extracts.
In vitro antimycobacterial effects of the lichen extract and
thamnolic acid were also investigated against the drug resistant
M. tuberculosis H37Rv strain with the Microplate Alamar Blue
Assay (MABA). Lichen extracts and thamnolic acid exhibited
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antimycobacterial activity with a MIC value of 78.12 µg/ml
and 250 µg/ml, respectively.
Table 1. Antimicrobial activity of methanol, chloroform and acetone extracts of Usnea florida and their Minimum Inhibitory Concentration (MIC).
Usnea florida extracts

Test microorganisms

Methanol

Thamnolic
(μg/ml)

Chloroform

Acetone

acid

Antibiotics

Streptomycin

Ketoconazole
D

MIC (μg/ml)

D

MIC (μg/ml)

D

MIC (μg/ml)

D

MIC (μg/ml)

MIC (μg/ml)

D

MIC (μg/ml)

B. cereus

24

78.12

20

78.12

23

78.12

400

30

4.88

B. subtilis

25

156.2

22

156.2

24

78.12

400

28

4.88

E. coli

-

E. aerogenes

15

312.5

20

312.5

16

156.2

-

26

9.76

E. faecalis

15

156.2

15

156.2

18

156.2

-

30

9.76

K. pneumoniae

-

L. monocytogenes

15

156.2

15

312.5

15

156.2

200

28

39.06

M. luteus

19

78.12

20

312.5

15

78.12

200

22

19.53

P. vulgaris

18

156.2

15

312.5

16

156.2

400

20

19.53

P. aeruginosa

-

-

-

-

S. aureus

-

-

-

-

S. typhimurium

-

-

-

-

Y. enterocolitica

15

20

39.06

Bacteria

-

-

-

156.2

15

-

-

156.2

14

-

156.2

-

Yeasts
C. albians

-

-

-

-

C. krusei

13

625

15

625

14

156.2

400

35

19.53

C. paropilopsis

15

312.5

14

625

15

156.2

-

40

9.76

C. globrata

14

625

15

625

15

312.5

-

38

9.76

32

39.06

Filamentous fungi
F. solani

-

-

-

-

F. moniliforme

-

-

-

-

A. alternata

-

-

-

400

A. niger

-

-

-

-

A. flavus

-

-

-

-

A. parasiticus

-

-

-

-

A. fumigatus

-

-

-

400

35

78.12

S. rolfsii

-

-

-

200

38

19.53

D: Diameter; -: No activity.

Discussion
For the first time, the study was conducted on the antimicrobial
and especially antituberculosis activity of the lichen Usnea
florida and thamnolic acid constituent. In accordance with the
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findings acquired in this research, no differences in the
antimicrobial activity were determined between the extracts by
the type of the extracting solvent. In the studies carried out by
other researchers on the antimicrobial activity of lichen
extracts, similar aspects as well as differences were identified
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compared to the findings of our study [7,28-34]. The fact that
there are various antimicrobial active components is the
possible reason for the above mentioned similar aspects and
differences in the antimicrobial activity of the extracts of
various lichen species. The findings of the present study
demonstrate that the extracts examined showed a strong and
same antibacterial activity relative to the antifungal activity. As
a result of the study conducted by Hugo and Russell, a higher
sensitivity of bacteria to antibiotics in comparison with fungi
was determined [35]. This can be caused by the differences that
are present in the cell wall of bacteria and fungi [36-38].
According to the results, a significant antituberculosis activity
was also determined in lichen extracts and thamnolic acid. The
findings of our study showed that a significant antibacterial
impact was demonstrated by lichen extracts. Therefore, lichens
can contribute to the treatment of various diseases, the cause of
which is the microorganisms mentioned above.
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