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ABSTRACT ARTICLE HISTORY
Endophytic fungi were isolated from red alga Asparagopsis taxiformis Received 24 August 2017
- Falkenbergia stage, collected from the Brazilian coast, and were Accepted 11 March 2018
identified as Annulohypoxylon stygium (AT-03) and A. yungensis (AT-

. ; . KEYWORDS
06) based on their macro/micromorphological and molecular features. Marine red alga; Asparagopsis
Bioassay-guided fractionation of the EtOAc extract from laboratory taxiformis; endophytic
cultures of both strains yielded known compounds pyrogallol from funqus; Annulohypoxylon;
A. stygium, (3R)-scytalone and (3R4R)-4-hydroxy-scytalone from antimicrobial activity;
A. yungensis. Pyrogallol was active against methicillin-resistant aromatic compounds
Staphylococcus aureus (MRSA) and Escherichia coli strains. An inactive
fraction from A. stygium afforded two additional compounds, (3R 4R)-
3,4,5-trihydroxy-1-tetralone and tyrosol. Optically active compounds
had their stereochemistry determined by circular dichroism (CD)
spectroscopy.
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1. Introduction

Recent studies on marine-derived endophytic microorganisms existing in distinct habitats
have demonstrated their potential as a source of new pharmacologically active substances
with a marked chemodiversity (Flewelling et al. 2015).

Endophytic fungi from red algae have shown a diversity of bioactive compounds such as
antimicrobial curvularin-type macrolides (Dai et al. 2010) and cytotoxic polyketides (Gao
etal.2011). In this context, our work describes the isolation and identification of metabolites
from fungal strains isolated from red alga Asparagopsis taxiformis (diploid phase), guided
by antimicrobial assays.

2. Results and discussion

After fractionation of crude extracts from each strain (AT-03 - A. stygium and AT-06 - A. yun-
gensis), the fractions and crude extracts were tested for antimicrobial activity. The samples
tested were inactive against Pseudomonas aeruginosa, Bacillus subtilis and Candida albicans.
However, fractions AT-03-F8, AT-06-F8 and AT-06-F9 were active against E. coli with inhibition
zone diameters (@) of 2, 2 and 6 mm at 40 pg/disk, respectively. Fractions AT-03-F8 and
AT-06-F9 were also active against MRSA (@, 2 and 3 mm at 40 pg/disk, respectively). The
positive controls polymyxin B (30 pg/disk for E. coli) and rifamycin (10 pg/disk for MRSA)
presented ®, 15 and 3 mm, respectively.

Purification of fractions with antimicrobial activity using reversed-phase HPLC led to iso-
lation of compounds 1-3 (Figure 1). Their structures were elucidated from NMR, MS and CD
experiments and comparison with data in the literature. Compound 1 was identified as
pyrogallol. Its 'TH NMR spectrum (Figure S2) showed a double doublet at & 6.40 s , 784
7.8 Hz; TH; H-5) and a doublet at 8 6.23 (J,  7.8; 2H; H-4/H-6).
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Figure 1. Isolated compounds from A. stygium (1, 4 and 5) and A. yungensis (2 and 3).
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Compounds 2 and 3 were identified as scytalone (Li et al. 2012) and 4-hydroxy-scytalone
(Gremaud and Tabacchi 1996), respectively. Their absolute configurations were established
by CD spectroscopy. The CD spectrum of scytalone (2) (Figure S4) indicated a (3R)-
configuration (A, 311 nm, Ag + 0.65) (Husain et al. 2014). The CD spectrum of compound 3
showed positive and negative Cotton effects at 279 and 214 nm, respectively (Figure S7),
indicating a (4R)- configuration. A positive Cotton effect at 321 nm and the coupling constant
(;,72H2)in the 'H NMR spectrum (Figure S8), indicated a trans relative configuration for
H-3/H-4 (Bringmann et al. 2001).

Compounds 1-3 were also tested for antimicrobial activity. Pyrogallol was active against
MRSA and E. coli (O, 4 and 3 mm at 40 pg/disk, respectively), whereas compounds 2 and 3
were inactive against both strains.

The inactive fraction AT-03-F5 was purified using reversed-phase HPLC and afforded
3,4,5-trihydroxy-1-tetralone (4) (Fujimoto et al. 1986) and tyrosol (5) (Chu et al. 2014) (Figure 1).
The CD spectrum of compound 4 (Figure S10) was similar to that of compound 3 and evi-
denced (3R)- and (4R)- configurations (Bringmann et al. 2001).

Tetralone derivatives 2-4 could be regarded as chemotaxonomic markers as they have
been considered intermediates or side products in 1,8-dihydroxynaphthalene (DHN) type
melanin biosynthesis in fungal sources (Wheeler et al. 2008). In addition, chemotaxonomy
has been a key tool in delimiting species within Annulohypoxylon, especially in recently
identified A. yugensis (Kuhnert et al. 2016). Thus the isolation of these compounds from the
studied strains indicates the DHN melanin-type biosynthetic pathway is active in such
microorganisms.

3. Conclusion

This is the first report on endophytic fungi from the red alga A. taxiformis, and the identifi-
cation of A. stygium and A. yungensis as its endophytes. The isolation of compounds 1-5
contributes to the chemotaxonomy of the Annulohypoxylon genus and expands knowledge
on the chemodiversity of marine natural products from Brazilian biomes.

Supplementary material

Experimental details and spectroscopic data are available online.
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