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�e aim of this study is to investigate the antimicrobial compounds present in the lichen Usnea albopunctata. Ethyl acetate extract
was puri	ed by silica gel column chromatography to obtain a major compound and the chemical structure was characterized by
1H-NMR, 13C-NMR, DEPT, 1H-1HCOSY, HMQC,HMBC, UV, andHR-MS spectroscopic methods as protolichesterinic acid.�e
antimicrobial activity was estimated by determination of the minimal inhibitory concentration by the broth microdilution method
and agar disc di
usionmethod against thirteen humanpathogenic bacterial and four fungal strains. Protolichesterinic acid recorded
signi	cant broad spectrum antimicrobial property.�e best antibacterial activity was recorded against K. pneumonia (0.25 �g/mL)
and V. cholerae (0.5 �g/mL). Signi	cant antifungal activity was recorded against T. rubrum (0.12�g/mL), which is signi	cantly
better than the standard antifungal agent. Protolichesterinic acid is reported for the 	rst time fromUsnea albopunctata. Antifungal
activity of protolichesterinic acid against medically important fungi is also reported for the 	rst time.�us the results of the present
study suggest that protolichesterinic acid has signi	cant antimicrobial activities and has the strong potential to be developed as an
antimicrobial drug a�er further clinical evaluation.

1. Introduction

In recent years, both in practice and in theory, there has been
great interest in new preparations of natural origin for the
control and prevention of various human, animal, and plant
diseases. It is known that the long-term use of synthetic drugs
can cause numerous side e
ects and sometimes resistance
[1]. Unlike synthetic drugs, bioactive natural products have
bene	cial e
ects on the whole organism. Infectious diseases
are one of the world’s leading causes of premature deaths
[2]. Antibiotics which are widely used for the treatment of
infectious diseases are under constant threat due to the emer-
gence of antibiotic resistant pathogens such as methicillin
resistant Staphylococcus aureus (MRSA), multidrug resistant
Pseudomonas aeruginosa, vancomycin resistant Enterococcus

(VRE), and multidrug resistant Mycobacterium tuberculosis
[2–7]. Hence, search for novel antimicrobial compounds
or alternative therapy for these infections is inevitable. In
the search for new bioactive preparations of natural origin,
lichens are a subject of interest to many research teams.

Lichens produce secondarymetabolites known as “lichen
substances” and more than one thousand secondary metabo-
lites, mainly monoaromatics, depsides, depsidones, pulv-
inates, dibenzofurans, anthraquinones, and xanthones, have
been isolated from lichens [8]. �ese metabolites account
for more than 30% of the dry mass of the lichen thallus.
Chemical structures of these classes of compounds are almost
similar and the identi	cation is o�en very di�cult. For a
long time, some lichen species have been used in traditional
medicine in the treatment of numerous infectious diseases
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[9]. Lichen substances exert a wide range of biological
activities such as antibiotic, antimycotic, antiviral, anti-
in�ammatory, analgesic, antipyretic, antiproliferative, and
cytotoxic e
ects [10–12]. Due to a relatively recent resurgence
in lichen bioactivity, the therapeutic potential of many classes
of lichen metabolites in medicine has largely remained
unexplored.�us, the aim of the present workwas to perform
the detailed antimicrobial activities of a lichen compound
isolated from Usnea albopunctata against human pathogenic
microorganisms.

2. Materials and Methods

2.1. Chemicals and Media. All the chemicals used for extrac-
tion and puri	cation were from Merck Limited, Mumbai,
India. Silica gel (230–400 mesh) used for column chro-
matography and precoated silica gel 60 GF254 plates used
for thin layer chromatography (TLC) were from Merck
Limited, Germany.Microbiologicalmedia used in the present
study were from Hi-Media Laboratories Limited, Mumbai,
India. All other chemicals used in this study were of the
highest purity. �e standard antibiotics cipro�oxacin and
amphotericin B were purchased from Sigma-Aldrich (USA).
�e so�ware used for the chemical structure drawing was
Chemsketch Ultra, Toronto, Canada.

2.2. Lichen Samples. Lichen samples U. albopunctata were
collected from Trivandrum, Kerala, in the September of 2012.
�e demonstration samples are preserved in facilities of the
Crop protection Division, CTCRI, Trivandrum. Determi-
nation of the investigated lichens was accomplished using
standard methods.

2.3. Preparation of the Lichen Extracts. Finely dry ground
thalli of the investigated lichens (50 g) were extracted using
acetone: methanol (1 : 1) in a Soxhlet apparatus. �e extracts
were 	ltered and then concentrated under reduced pressure
in a rotary evaporator. �e dry extracts were stored at −18∘C
until they were used in the tests. �e extracts were dissolved
in 5% dimethyl sulfoxide (DMSO) for the experiments.

2.4. �e Isolation of Protolichesterinic Acid from the Lichen.
�e dried extract of the lichen U. albopunctata (500mg) was
dissolved in ethyl acetate. A�er 	ltration, the residue was
fractioned on a silica gel 60 column (230–400 mesh). �e
column was eluted with methanol-ethyl acetate gradient sol-
vent (10 : 1 and 5 : 1) yielding 	ve fractions. �e fourth eluted
fraction of the lichen extract contained protolichesterinic
acid (34mg). �is compound was used for structure iden-
ti	cation and determination of the antimicrobial activities.
For experiments, protolichesterinic acid was dissolved in 5%
DMSO and stored at 4∘C for further studies.

2.5. Structural Elucidation of Protolichesterinic Acid. UV-
visible spectrum of the pure compound was recorded using
a Systronics double beam spectrophotometer 2201, India,
at room temperature (scanning range 200–800 nm). �e
structure of the compound was determined using nuclear

magnetic resonance (NMR) spectroscopy (Bruker DRX 500
NMR instrument, Bruker, Rheinstetten, Germany) equipped
with a 2.5mmmicroprobe. NMR Spectrometer using CDCl3
was deployed to measure 1H and 13C. All spectra were
recorded at 23∘C. Chemical shi�s are reported relative to the
solvent peaks (CDCl3:

1H � 7.24 and 13C � 77.23). HR-ESI-MS
was performed on a�ermo Scienti	c Exactive Orbitrap LC-
Mass Spectrometer with an electrospray ionization mode.

2.6. Pathogenic Microorganism in the Study. �e following
test microorganisms were used in the present study. Gram
positive pathogenic bacteria: Bacillus subtilis (MTCC 2756),
Bacillus cereus (MTCC 430), Staphylococcus aureus (MTCC
902), Staphylococcus epidermis (MTCC 435) and Staphylo-
coccus simulans (MTCC 3610). Gram negative pathogenic
bacteria: Escherichia coli (MTCC 2622), Klebsiella pneumo-
nia (MTCC 109), Proteus mirabilis (MTCC 425), Proteus
vulgaris (MTCC 1771), Vibrio cholera (MTCC 3905), Pseu-
domonas aeruginosa (MTCC 2642), and Salmonella typhi
(MTCC 3216). Medically important fungi: Aspergillus avus
(MTCC 183), Candida tropicalis (MTCC 184), Candida albi-
cans (MTCC 277), and Trichophyton rubrum (MTCC 296).
rubrum (MTCC 296). All the test microorganisms were
purchased from Microbial Type Culture collection Centre,
IMTECH, Chandigarh, India. Methicillin-resistant Staphylo-
coccus aureus (MRSA) was obtained from the Department
of Medical Microbiology, Government Medical College Hos-
pital, Trivandrum. �e test bacteria were maintained on
nutrient agar slants and test fungi were maintained on potato
dextrose agar slants.

3. Antibacterial Activity

3.1. Minimum Inhibitory Concentration (MIC). �e mini-
mum inhibitory concentration of the compound was deter-
mined according to themethod described by the Clinical and
Laboratory Standards Institute [13], with somemodi	cations.
Two-fold serial dilutions of the antibiotics and lichen com-
pound were made with Mueller Hinton broth (MHB) to give
concentrations ranging from 0.12 to 1000�g/mL. Hundred
microliters of test bacterial suspension were inoculated in
each tube to give a 	nal concentration of 1× 105 CFU/mL.�e
tubes were incubated for 24 h at 37∘C. �e control tube did
not have any antibiotics or test compounds but contained the
test bacteria and the solvent used to dissolve the antibiotics
and compounds. �e growth was observed both visually and
by measuring OD at 600 nm.�e lowest concentration of the
test compound showing no visible growth was recorded as
the MIC. Triplicate sets of tubes were maintained for each
concentration of the test sample. Cipro�oxacin was used as
a positive control.

3.2. Minimum Bactericidal Concentration (MBC). Minimum
bactericidal concentration was determined according to the
method of Smith-Palmer and Stewart [14]. About 100�L from
the tubes not showing bacterial growth in the MIC test was
serially diluted and plated on nutrient agar. �e plates were
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Figure 1: �e structure of protolichesterinic acid.

incubated at 37∘C for 24 h. Minimum bactericidal concentra-
tion is de	ned as the concentration at which bacteria failed
to grow on nutrient agar inoculated with 100 �L test bacterial
suspensions.

3.3. Antibacterial Assay by Disc Di�usion Technique. �e
antimicrobial activity of the pure compoundswas determined
by the disc di
usion method against bacteria [15]. �e
test cultures maintained in nutrient agar slant at 4∘C were
subcultured in nutrient broth to obtain the working cultures

approximately containing 1 × 106 CFU/mL.�eMIC concen-
tration of the lichen compound was incorporated in a 6mm
sterile disc. Mueller Hinton (MH) agar plates were swabbed
with each bacterial strain and the test disks were placed along
with the control disks. Cipro�oxacin disks (5 �g/disc) were
used as positive control. Plates were incubated overnight at
37∘C for 24 h. Clear, distinct zone of inhibition was visualized
surrounding the discs. �e antimicrobial activity of the
test agents (compound and antibiotic) was determined by
measuring the zone of inhibition expressed in mm.

4. Antifungal Assay

4.1. Minimum Inhibitory Concentration (MIC). �e MIC
was performed by broth microdilution methods as per the
guidelines of Clinical and Laboratory Standard Institute
[16, 17], with RPMI 1640 medium containing L-glutamine,
without sodium bicarbonate and bu
ered to pH 7.0 (both
from Sigma). Two-fold serial dilutions of the test compound
were prepared in media in amounts of 100 �L per well in
96-well microtiter plates (Tarson, Mumbai, India). �e test
fungal suspensions were further diluted in media, and a
100 �L volume of this diluted inoculum was added to each

well of the plate, resulting in a 	nal inoculum of 0.5 × 104
to 2.5 × 104 CFU/mL for Candida species and 0.4 × 104 to
5 × 104 CFU/mL for other fungi. �e 	nal concentration of
lichen compound ranged from 1 to 1000 �g/mL.�emedium
without the agents was used as a growth control and the blank
control used contained only the medium. Amphotericin B
served as the standard drug controls. �e microtiter plates
were incubated at 35∘C for 48 h for Candida species and 30∘C
for 72 h for other fungi. �e plates were read using ELISA,
and the MIC was de	ned as the lowest concentration of the
antifungal agents that prevented visible growth with respect
to the growth control.

4.2. Antifungal Assay by Disc Di�usion Technique. Com-
pound was screened for their antifungal activity against test
fungi by disc di
usion method [18, 19]. �e fungal cultures
were grown on potato dextrose broth. �e mycelium mat

of fungi of 7-day old culture was suspended in normal
saline solution and test inoculum was adjusted to 5 ×
105 CFU/mL. Inocula (0.1mL) were applied on the surface of
the potato dextrose agar plate and spread by using a cotton
swab. Subsequently, 	lter paper discs (6mm in diameter, Hi-
media) containing MIC concentrations of test compound
was placed on the agar plates and incubated at 35∘C for 24–
48 h. A�erwards, the diameter of the inhibition zone was
measured.

5. Results

U. albopunctata was collected from Trivandrum; Kerala was
dried at room temperature and extracted with ethyl acetate.
�e extract a�er removal of solvent was screened for B.
subtiliswhich was selected as initial test organism and extract
recorded signi	cant activity against this organism.�emajor
chemical constituent was isolated by column chromatogra-
phy and identi	ed based on the spectral data; the compound
was identi	ed as tetrahydro-4-methylene-5-oxo-2-tridecyl-
3-furancarboxylicacid (protolichesterinic acid) (Figure 1).

5.1. Protolichesterinic Acid. 1HNMR: UV-Vis- 276 nm,
(CDCl3) �: 11.0 (s, 1H), 6.43 (d, 1H, J = 2.85Hz), 6.03
(d, 1H, J = 2.85Hz), 4.81 (q, 1H, J = 5.5; 5.6Hz), 1.68 (m,
2H, 1H, J = 5.4; 2.7Hz), 1.3-1.2 (m, 22H), 0.89 (t, 3H, J =
5.9Hz).13CNMR: (CDCl3) �: 173.8 (CO, C-1), 163.1 (CO,
C-4), 132.3 (C-3), 125.9 (CH2, C-1), 78.8 (CH, C-5), 49.4
(CH, C-2), 35.7 (CH2, C-12), 31.9 (CH2, C-11), 29.7, 29.6,
29.6, 29.5, 29.4, 29.4, 29.0, 29.2, 24.7, 22.7 (CH2, C-2�-C-10�)
and 14.2 (CH3, C-14�). HR-ESI-MS: m/z 323.22391 [M-H] +
calculated for C19H31O4 calculated for C19H32O4 [M + H] +.

5.2. Antibacterial Activity. �e isolated protolichesterinic
acid was tested for antibacterial activity against thirteen
bacterial strains using standard methods. MIC and MBC
values were also determined and are shown in Table 1. �e
microorganism that presented highest sensitivity towards
protolichesterinic acidwasK. pneumonia (0.25�g/mL) andV.
cholerae (0.5 �g/mL). �e disc di
usion result also recorded
signi	cant activity against K. pneumonia, V. cholera, S. typhi,
and P. vulgaris (Table 1 and Figure 2). Protolichesterinic
acid also recorded good activity against methicillin resistant
S. aureus (8 �g/mL). But the activity of protolichesterinic
acid against K. pneumonia, V. cholera, and P. vulgaris was
signi	cantly better than cipro�oxacin (Table 1). S. simulans
recorded no activity.

5.3. Antifungal Activity. Antifungal activity against four
fungi and corresponding MIC values is indicated in Table 1.
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Table 1: Antibacterial activity of protolichesterinic acid.

Test bacteria
Protolichesterinic acid Cipro�oxacin

MIC
(�g/mL)

MBC
(�g/mL)

Diameter of zone of
inhibition (mm)

MIC
(�g/mL)

MIC
(�g/mL)

Diameter of zone of
inhibition (mm)

B. subtilis 32 64 22 2 2 30

B. cereus 64 64 21 1 2 31

S. aureus 2 4 29 1 2 33

MR-S. aureus 16 32 25 4 4 28

S. epidermis 64 128 20 2 4 30

S. simulans — — — 4 4 29

E. coli 8 8 30 1 2 27

P. mirabilis 8 8 30 0.5 1 29

P. vulgaris 2 4 31 2 4 30

V. cholerae 0.5 1 32 2 4 31

K. pneumonia 0.25 0.25 32 1 2 25

P. aeruginosa 64 128 26 2 4 27

S. typhi 4 8 27 4 4 29

—: no activity.

Table 2: Antifungal activity of protolichesterinic acid.

Test bacteria
Protolichesterinic acid Amphotericin B

MIC
(�g/mL)

Diameter of zone of inhibition (mm)
MIC

(�g/mL)
Diameter of zone of inhibition (mm)

A. avus 8 21 4 23

C. albicans 4 17 1 16

C. tropicalis 2 24 1 19

T. rubrum 0.12 37 2 24

Protolichesterinic acid recorded good antifungal activity
against all the tested fungi. Protolichesterinic acid exhibited
best MIC value against T. rubrum (0.12 �g/mL). In disc
di
usion assay also T. rubrum recorded signi	cant activity
(Table 2 and Figure 3).�is activity is signi	cantly better than
the activity of amphotericin B, the standard antifungal agent.

6. Discussion

Natural products with diverse bioactivities and structures are
an important source of novel chemicals with pharmaceutical
potentials. Recently, much attention has been paid to several
lichen species as resources of natural bioactive compounds.
Lichens are the symbiotic products of the mycobiont (fungal
partner) and photobiont (algal partner). Lichens produce
a varied range of secondary metabolites and also some of
themare unique to lichen symbiosis. Similarly our compound
protolichesterinic acid was also unique to lichen. Protoliches-
terinic acid has already been reported fromCetraria islandica
and Parmelia nepalensis Tayl [20]. �is is the 	rst report
showing the presence of protolichesterinic acid in U. albop-
unctata.

Previously, numerous lichen compounds were screened
for antimicrobial activity in search of the new antimicrobial
agents [21]. In our experiments, the tested lichen compounds

show very strong antimicrobial activity. Antibacterial activity
was stronger than antifungal. �is observation is in accor-
dance with other studies [22], focused on the antimicrobial
activity which have demonstrated that bacteria are more
sensitive to the antimicrobial activity than the fungi due to
di
erences in the composition and permeability of the cell
wall. �e cell wall of gram-positive bacteria is composed
of peptidoglucanes and teichoic acids, while the cell wall
of gram-negative bacteria is composed of peptidoglucanes,
lipopolysaccharides, and lipoproteins [23]. In our study also
protolichesterinic acid recorded signi	cant activity against
gram-negative bacteria.

Previously protolichesterinic acid, isolated from Iceland
moss, has already been found to possess antibacterial prop-
erties against Mycobacterium tuberculosis, Streptococcus pyo-
genes, and Staphylococcus aureus [24]. �e antifungal activity
of protolichesterinic acid was reported against P. debaryanum
andR. solani [25].�e antifungal activity of protolichesterinic
acid against medically important fungi is not reported in
literature and this is the 	rst report of the antifungal property
of protolichesterinic acid against medically important fungi.

7. Conclusion

�e results presented in this study are the 	rst report of
protolichesterinic acid showing in vitro antifungal activity
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Figure 2: �e antibacterial activity of protolichesterinic acid.

Figure 3: Activity of protolichesterinic acid against T. rubrum.

against medically important fungi. Considering also the
absence of cytotoxicity (data not shown), protolichesterinic

acid represents a promising area of future research. �e
mechanisms of its antimicrobial activity should be studied
in order to validate the use of protolichesterinic acid as a
natural antimicrobial product. Identi	cation of more active
compounds from lichens will lead to their evaluation in con-
siderable commercial potential in pharmaceutical industry.
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