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Abstract

Endolichenic fungi (ELF) serve as a novel source of secondary metabolites. Hypoxylon
lividipigmentum is an ELF isolated from the lichen Opegrapha medusulina, collected from
mangrove plant Xylocarpus granatum from Negombo lagoon, Sri Lanka. The fungus was
identified to the species level using morphological and DNA barcoding techniques. Ethyl acetate
extract of the fungus was subjected to in vitro assays to determine antioxidant, anti-inflammatory,
tyrosinase inhibitory and antibacterial potency. Liquid Chromatography-Mass Spectrometry
(LCMS) dereplication was conducted on the crude extract in order to detect the secondary
metabolites present. The extract reported a 1Cso value of 18.34+1.37 ug/ml on par with the positive
control BHT, in DPPH radical scavenging assay. It also exhibited moderate anti-inflammatory
activity with an ICso value of 81.08+1.05 pg/ml. Tyrosinase inhibitory activity was fairly
comparable with an 1Cso value of 121.20£2.55 pg/ml. Agar well diffusion assay was conducted
to determine antibacterial activity against aerobic bacterial species Escherichia coli, Bacillus
subtilis, Staphylococcus aureus and the anaerobic bacterial species Streptococcus mutans.
Suppression of growth was shown only against B. subtilis. Five major mass peaks were observed
during the study of LCMS profile of the extract. After a thorough dereplication process, two
masses could be presumed to be from novel scaffolds. Since none of the mass peaks could be
dereplicated within the species or genus level, it could be speculated that the chemical profile of
Hypoxylon lividipigmentum was previously poorly explored in literature thus making it an
interesting organism to study further for novel metabolites.
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Introduction

Among diverse microorganisms, endolichenic fungi (ELF) play an important role as
secondary metabolite producers. Since the first research on isolating secondary
metabolites from ELF (Paranagama et al., 2007), so far more than 172 compounds have
been isolated with various activities such as anticancer, antifungal, antibacterial,
antioxidant, anti-inflammatory, UV protectant, antiviral and anti-Alzheimer’s disease
(Agrawal et al., 2020).

ELF associated with the mangrove ecosystem might be adapted to face diverse array of

challenges such as high salinity, extreme tides and temperature fluctuations. These fungi
should have novel metabolites with significant bioactivities, as evident by the recent study
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conducted in the mangrove ecosystem of Puttalam lagoon, Sri Lanka (Maduranga et al.,
2018).

Although there have been numerous studies conducted on the phylogenetic and ecological
aspects of the fungus Hypoxylon lividipigmentum isolated from various sources (Sir et al.,
2016), its bioactivity and metabolic profile is scarcely explored in the literature. This
study attempts to explore the bioactivities such as antioxidant, anti-inflammatory,
tyrosinase inhibitory and anti-bacterial potency of this particular ELF and its metabolite
profile using LCMS dereplication. LCMS dereplication method used in this study is a
novel and convenient approach as opposed to the conventional bioactivity-guided
fractionation, to understand the metabolic profile of the extract before proceeding with
further analyses and separation phases (Wolfender et al., 2019).

Methodology
Ethical statement

Permit to collect lichen samples from the mangrove forest in Negombo lagoon was
obtained from the Forest Department of Sri Lanka.

Collection of lichen sample and lichen identification

Lichen host was collected on 31% of March, 2018 at the mangrove forest of Negombo
lagoon, Sri Lanka from the mangrove plant Xylocarpus granatum. The study site was
“Kadolkele” area situated at 7.195528 N 79.84389 E GPS coordinates belonging to the
lagoon area. The identification of this lichen was carried out using morphological
techniques (Maduranga et al., 2018) at Natural History Museum, London.

Isolation and identification of endolichenic fungi

The lichen thallus was surface sterilized, plated on 2% malt extract agar (MEA)
supplemented with 0.01% streptomycin and ELF was isolated using the method described
in (Maduranga et al., 2018). DNA extraction of the isolated pure culture was carried out
using a slightly modified method of CTAB DNA extraction protocol. The nuclear
ribosomal internal transcribed spacer region (rDNA- ITS) was amplified, sequenced and
identified as described in (Maduranga et al., 2018).

Extraction of secondary metabolites

The ELF was cultured on 5 PDA plates of the size 150x25 mm and incubated at room
temperature for a duration of 2 weeks. Extraction was carried out according to the method
described in (Maduranga et al., 2018).

Radical scavenging ability by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) method

The radical scavenging ability assay was carried according to the colorimetric method
described by (Maduranga et al., 2018), with slight modifications. BHT was used as the
positive control and activity was calculated using Equation 1.

% Activity = Zcontrol=lsample ;. 1000, Equation 1

Acontrol
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Anti-inflammatory assay (HRBC Stabilization method)

The anti-inflammatory assay was conducted using human red blood cells stabilization
method which uses the heat induced hemolysis principle (Sakat et al., 2010). Aspirin was
used as the positive control and the test was performed in triplicates and the percentage
stability was calculated using Equation 1.

Tyrosinase inhibitory assay

Tyrosinase inhibitory assay was carried out in a flat bottom 96-well microtiter plate
according to a modified version of (Souza et al., 2012). Kojic acid was used as the positive
control and the percentage inhibition was calculated using the Equation 2.

ey e (A 1—Aplank)—(A le—Ablank)
% Inhibition = --<opiror “hlank. “sample “blank’ y 100%
(Acontrol_Ablank)

Anti-bacterial assay (Agar well diffusion method)

Anti-bacterial assays against aerobic bacterial species Escherichia coli (ATCC 25922),
Bacillus subtilis (ATCC 6051), Staphylococcus aureus (ATCC 25923) and the anaerobic
bacterial strain Streptococcus mutans (ATCC 700610) were conducted using agar well
diffusion method (Holder and Boyce 1994). Azithromycin and chlorohexidine were used
as positive controls against aerobic and anaerobic strains respectively.

Statistical analysis

ICso values for the bioassays were calculated using the statistical software GraphPad
Prism 7.0.4. To statistically determine the significant difference between the extract of H.
lividipigmentum and positive control, paired t-test was conducted using Wilcoxon
matched-pairs signed rank test using 95% confidence level with the same statistical
software.

LC-MS dereplication

Chromatographic separation of crude extract was performed on the Agilent (5um,
4.6x250 mm) Czg column and the mobile phase system consisted of 0.1 % Formic acid
(A) and Methanol (B) and the gradient was set up as: 0 to 2 min 30% A/70% B, a linear
gradient from 2 to 8 min to 5% A/95% B and a linear gradient from 12 to 15 min to again
30% A/70% B. The obtained masses were thoroughly searched in Dictionary of Natural
Products (DNP) and SciFinder, using species, genus and fungi level specificity for
rationalization of the obtained profiles.

Results and Discussion
Isolation and identification of endolichenic fungi:

The lichen was collected from the mangrove plant Xylocarpus granatum and the specimen
was identified as Bactrospora myriadea using morphological techniques. The obtained
ITS sequence matched with Hypoxylon lividipigmentum sequence (published record) of
KU604567.1 in GenBank with 99.81% homology. The sequence was deposited under the
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accession number MT507846 in the GenBank. The isolate showed moderate growth on
PDA, covering a 150 mm diameter Petri-dish within two weeks.

Screening for biological activities:

The radical scavenging activity was assessed using the DPPH assay. As shown in the
Figure 1(a), the ICso value shown by the extract against DPPH (ICsp 18.34+1.37 ug/ml)
is less than the value shown by the positive control BHT (ICso 26.22+2.28 pg/ml).
Furthermore, paired t-test revealed that the difference is significant with P < 0.05
(0.0156). This interestingly displays that the extract contains metabolites which lead to a
better antioxidant activity than BHT.

The anti-inflammatory activity shown by the extract (ICso 81.08£1.05 ug/ml) in the
HRBC stabilization assay is fairly comparable to the positive control aspirin (ICso
24.17+0.24 pg/ml) with a significant difference of P value (0.0156) as well, confirming
its moderate potency.

Inhibition of tyrosinase enzyme is the most convenient way of controlling melanogenesis.
Hence, the demand for tyrosinase inhibitors has increased immensely over the past few
years. This extract seems to possess quite a similar activity (ICso 121.20£2.55 pg/ml)
compared to the commercially available inhibitor Kojic acid (ICso 104.35+£2.30 pg/ml)
with no significant difference according to statistical analysis (P value 0.0938).

In an era where the antibiotic resistance has become a major issue, emergence of
compounds with promising antibacterial activity is vital. The agar well diffusion method
carried out to assess the antibacterial activity of the extract with a maximum dose of 5
mg/ml, revealed that the ethyl acetate extract of H. lividipigmentum possess antibacterial
activity against B. subtilis bacterial strain only. This activity statistically has no significant
difference (P value 0.2500) (zone diameter 14+0.45 mm) compared to the positive control
azithromycin (zone diameter 24+0.24 mm).
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Figure 1. Activity comparison of in vitro assays; (a) DPPH assay (b) HRBC stabilization
assay (c) Tyrosinase inhibitory assay (d) Antibacterial assay against B. subtilis (+:
positive control, HL: extract of H. lividipigmentum). Three replicates were used for each
assay and error bars represent percentage error.
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It is to be stated that this is the first report of the above mentioned activities for the fungus
H. lividipigmentum thus far in literature.

LCMS Dereplication

The chromatogram with the cluster of peaks observed at 254 nm is presented in Figure 2.
All the proposed structures were confirmed with relevant UV profiles along with the
accurate mass defect error below 10 PPM, which is well within the acceptable range.
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Fiaure 2. The chromatoaram at 254 nm showina cluster of peaks

Major observed mass peaks for ethyl acetate extract of the fungus were m/z: 141.0561,
373.1871,493.2016, 746.4877 and 919.4281. It is to be stated that none of the mass peaks
could be dereplicated at species and genus level specificity. The mass peaks 141.0561,
373.1871, 493.2016 could be dereplicated under the broad filter of fungi, which are
presented in the Table 1. No hit in any of the applied filters of species, genus and fungi
category could be found for the peaks 919.4281 and 746.4877, suggesting further
exploration could be pursued for H. lividipigmentum in search of novel scaffolds.

Table 1. Proposed structures in LC-MS dereplication in fungi category search

Observed m/z  Proposed structures with corresponding accurate mass Reference
[M+H]"
493.2016 Ochrindole C (De Guzman et

N al., 1994)
141.0561 (Calaetal., 2018)
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Conclusion

In the present study, H. lividipimentum ELF strain, was investigated for its biological
activities and metabolic profile. Noteworthy antioxidant, anti-inflammatory, tyrosinase
inhibitory and antibacterial activities could be observed from the in vitro screenings
carried out for the extract. This also becomes the first report of such activities from the
fungal strain of H. lividipigmentum. However, further studies are required to determine
the exact bioactive compounds responsible for these activities. The LCMS dereplication
study conducted for the same revealed that it comprises of interesting metabolites reported
from literature under the broad fungal category while containing two unknown major
compounds. Overall, this fungus seems to be an interesting strain to explore further, in
order to uncover novel scaffolds with useful bioactivities.
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