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Abstract: Medicinal plants are a promising host for endophytic fungi to produce secondary metabolites
relevant for food and health. In this study, we evaluate antioxidant activity to determine the species of
endophytic fungi isolated from Syzygium aqueum. Endophytic fungi were isolated from leaf stalks
through surface sterilization. The fungi’s isolate was identified with morphology and molecular analysis
(ITS-rDNA). The pure fungi strain was cultivated on PDB media for 4 weeks, and metabolites were
extracted using ethyl acetate. The crude extract of endophytic fungi was examined for its antioxidant
activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH). The pure compound was isolated using the
chromatography method, and its structure was determined using spectroscopy analysis involving NMR
1D and 2D. In total, four obtained endophytic fungi were isolated from leaf stalks. The fungi with good
antioxidant activity (1Cso 59.2 pg/mL) were identified as Beltrania rhombica. The characteristics of the
pure compound are white-yellowish powder with 1Cso 44.2 pg/mL. Based on spectroscopy analysis, the
pure compound was identified as 3-(hydroxyl(3,4,5-trihydroxylphenyl)methyl)-3,4-dihydro-2H-pyran-
4.5 ,6-triol.

Keywords: secondary metabolite; endophytic fungi; Beltrania rhombica; antioxidant; Syzygium
aqueum.
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1. Introduction

Antioxidants play an important role in hindering or preventing degenerative diseases
caused by free radicals [1,2]. At the normal limit, the body has natural defenses to help it
overcome the rise of free radicals [3,4]. Superoxide compounds can be pressed by antioxidants
[5]. Antioxidants have become an interesting topic nowadays because of their ability to protect
the human body from various diseases caused by free radical reactions and reduce oxidative
stress [6]. Antioxidants are compounds that are widely used as industrial resources in the food
and health fields. The use of synthetic antioxidants to protect against free radical damage has
been reported to cause harmful effects [7,8]. Therefore, it is necessary to find a safer source of
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antioxidants from natural ingredients, such as jambu air (Syzygium aqueum), which has been
reported to contain active antioxidant compounds, especially in their leaves [9].

In various parts of the world, including Indonesia, Syzygium aqueum has been used as
medicine for its antioxidant activity [10,11]. The most abundant chemical compounds in
Syzygium aqueum are flavonoids and phenols, which are found in almost all parts, such as
leaves, flowers, fruit, seeds, roots, and bark. They have been reported to have antioxidant,
antibacterial, antiviral, anti-inflammatory, anti-allergic, and antidiabetic activities and play a
role in cancer prevention [12,13]. Currently, the search for natural bioactive is not only from
plants but also from their endophytic fungi.

Endophytic fungi are microscopic living organisms that live in plant tissues (leaves,
fruit, seeds, stems, and roots) at certain periods and form colonies without harming their hosts,
even maintaining mutually beneficial relationships [14,7]. Endophytic fungi have been
identified as a source of secondary metabolites, such as antioxidants, antibiotics, antivirals,
antiprotozoal, antidiabetic, and anticancer agents. These compounds include alkaloids,
terpenoids, steroids, isocoumarin derivatives, lactones, quinones, flavonoids, phenols, indole
derivatives, lignins, tannins, anthraquinones, xanthones, phenylpropanoids, phenolic acids, and
peptide peptides [15-17]. Natural products derived from endophytic fungi are considered as
one of the most relevant sources of discovery and molecular diversity for new drugs. This is
due to the large diversity of endophytic fungi species that can produce secondary metabolites
with biological activity, plus the ease of cultivating endophytic fungi in large quantities and in
a short time. [18-20]. Therefore, research on endophytic fungi that produce antioxidant
compounds needs to be carried out on the host plant S. aqueum.

2. Materials and Methods

2.1. Plant material.

The plant material is Syzygium aqueum leaf stalk taken in the Sriwijaya University area,
Indralaya, Ogan Ilir, South Sumatera, and identified at the Biosystematics Laboratory, Biology,
FMIPA, Sriwijaya University, with certificate number: 329//UN9.1.7/4/EP/2020.

2.2. Isolation and identification of endophytic fungi.

The leaf stalks of S. aqueum were washed with running tap water and then dried.
Fragments of it were surface-sterilized by immersing each sample in 70% alcohol for 1 min,
then in 3% sodium hypochlorite (NaOCI) for 1 min. After rinsing with sterile distilled water
for 1 min, the outer tissue was removed with a sterile scalpel. Small pieces of leave stalks were
placed in a Petri dish containing PDA media supplemented with chloramphenicol (0.2 g/L)
then incubated for 7 d at 30 + 2°C. All experiments were carried out in triplicate. Fungal growth
from the leaf stalk segments was monitored every day. The individual hyphae tips were
transferred to fresh PDA and incubated at 30°C for 7 d. Pure cultures were numbered and
maintained in a PDA slope and stored at 4°C.

Identification of endophytic fungi through molecular analysis followed the procedure
described [21], which was based on partial genetic analysis at the Internal Transcribed Spacer
(ITS) ribosomal DNA of fungi. The phylogenetic tree construction was carried out using
several applications: Clustal W, SEQBOOT, DNA dist, Neighbor, CONSENSE, and FigTree.
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2.3. Cultivation and extraction.

Endophytic fungal cultures were prepared on PDB media by placing 6 cm diameter agar
blocks of pure culture into five 1 L Erlenmeyer flasks containing 300 mL of medium each. The
flasks were incubated under static conditions at room temperature for 4 weeks. The culture was
filtered through filter paper to separate the mycelium. The liquid broth was collected and
extracted with ethyl acetate (1:1) in a separating funnel with vigorous shaking for 1 hour, then
filtered. Extraction was carried out with two repetitions. The ethyl acetate extract was
evaporated with a rotary evaporator to produce a concentrated extract [3,22,23].

2.4. Antioxidant activity assay.

The antioxidant activity assay used the DPPH method [24]. A 0.05 mM solution of
DPPH in methanol was prepared, and 3.8 mL of this solution was mixed with 0.2 ml of the test
sample in methanol at a series concentration. 200, 100, 50, 25, 12.5, 6.75, and 0 pug/mL were
prepared. The reaction mixture was thoroughly vortexed and left in the dark for 30 min. The
absorbance of the mixture was measured spectrophotometrically (Shimadzu, Uv-1900) at a
wavelength of 517 nm. Gallic acid is used as a standard antioxidant. The percentage of DPPH
radical scavenging activity was calculated using the formula:

% Inhibition = Control Absorbance-Sample Absorbance x 100%
Control Absorbance

2.5. Isolation and identification of secondary metabolites.

The active extract (selected by ICso highest value) was analyzed by thin-layer
chromatography (TLC) of silica gel G-60 F 254 using solvents with various eluents to see the
staining pattern. Column chromatography extract used a stationary phase such as silica gel.
Samples that have been prepared by pre-absorption are fed into the chromatographic column
evenly and eluted with a gradient system. The eluate was collected in vials every 10 ml, and
each had a chromatographed thin layer to be grouped into column fractions based on the
staining pattern. The visible stains were UV lamp at 254 nm and cerium sulfate spray reagent.
Fractions containing potential compounds in column chromatography were used to obtain pure
compounds. Identification of the chemical structure was carried out by spectroscopic analysis,
which included *H-NMR, C-NMR, DEPT 135, HMQC, HMBC, and COSY (Agilent DD2
500 MHz (*H) dan 125 MHZ (**C)).

3. Results and Discussion

The isolation of endophytic fungi from leaf stalks of S. aqueum obtained four isolates,
three of which were the same as endophytic fungi obtained from leaves: Cochliobolus sp.,
Penicillium sp., and Fusarium sp. The difference was one fungus labeled B52. The results of
the molecular identification of Sequence Assembly 572 bp are
CGTAGGTGAACCTGCGGAGGGATCATTACAGAGTTTTCTAAACTCCCAAACCCAT
GTGAACTTACCATTGTTGCCTCGGCGGAGCCTACCCTGTAGCTACCCTATAAGGT
GGTACCCTGTAGCGCCCCGCCGGTGGATTTTCAAACTCTTGTTATTTATAGTAATC
TGAGAGTCTTATTTTAAATAAGTCAAAACTTTCAACAACGGATCTCTTGGCTCTG
GCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCA
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GTGAATCATCGAATCTTTGAACGCACATTGCGCCCATTAGTATTCTAGTGGGCAT
GCCTGTTCGAGGTCATTTCAACCCTTAAGCCTAGCTTAGTGTTGGGAGTCTACGA
GTGGGCCACGTTACCCTGTAGCGTGGTTACCCTGTAGTTCCTGAAAATCAACGGC
GGATTTACAGTATCCTCTGAGCGTAGTAATTCTTTATCTCGCTTCTGTTTAGGTGC
TGTGACTTCGGCCGCTAAACCCCACAATTTTTTTGTGGTTGACCTCGGATCAGGT
AGGAATACCCGCTGAACTTAAGCAT

The strain B52 has accession number OK376219. The results of the B52 endophytic
fungal phylogeny tree construction are shown in Figure 1. The B52 phylogenetic tree showed
that the isolate sequence was in the same branch as Beltrania rhombica. Phylogenetic analysis
indicated that isolate B52 was Beltrania rhombica. It was carried out using Clustal W, Segboot,
DNA dist, Neighbor, Consense, and FigTree.

The endophytic fungus isolate culture B52 in 5 Erlenmeyer flasks containing 300 mL
PDB medium was incubated for 4 weeks at room temperature and dark conditions. Extraction
of endophytic fungi using ethyl acetate solvent, after evaporation, produces a concentrated
extract of ethyl acetate 6.2 g. The antioxidant activity test gave ICsg a value of 59.2 pg/mL,
while the ICso values for the other three endophytic fungi were 98.26 g/mL (Cochliobolus sp.),
92.3 g/mL (Penicillium sp.), and 64.33 g/mL (Fusarium sp.).

KX519515 Beltrania rhombica

g5 | KX306749 Beltrania rhombica
MW114321 Beltrania rhombica
MW114322 Beltrania rhombica
MZ710153 Beltrania rhombica
MNO77366 Beltrania sinensis
MH857718 Beltrania rhombica
MK442571 Beltrania rhombica

B52*

NR_148074 Beltrania pseudorhombica
MN252875 Beltrania dushanensis

67 gg | NR_168174 Beltrania krabiensis

57 KR093912 Beltrania pseudorhombica
NR_148073 Beltraniella endiandrae
NR_147685 Beltraniella acaciae

2

74

— NR_165552 Beltraniella pseudoportoricensis
NR_170829 Beltraniella podocarpi

?:3 NR_171732 Beltraniella ramosiphora

¥|_— NR_168175 Beltraniella thailandica
NR_148072 Beltraniopsis neolitseae
NR_166309 Pseudobeltrania lauri

—
5

Figure 1. Phylogenetic tree of the endophytic fungal B52 was carryout using applications: Clustal W, Segboot,
DNA dist, Neighbor, Consense, and Fig Tree.

The results of the TLC analysis of the concentrated ethyl acetate extract showed that
there was a major purple stain at Rf 0.55, with n-hexane:ethyl acetate as the eluent (2:8).
Therefore, the eluent to be used in column chromatography can use a stepwise system. Ethyl
acetate extract 2 g was pre-absorbed with silica gel as stationary phase 70—-230 nesh in a ratio
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(1:1). Separation of pure compounds was carried out by column chromatography, which was
eluted with a mixture of n-hexane and ethyl acetate (10:0-0:10), and a mixture of ethyl acetate
and methanol (9:1). The eluate was collected every 10 mL in the vial until 65 vials were
obtained. Based on TLC analysis, four subfractions (F1-F4) were obtained. Subfraction F3
showed major stains and continued purification by column chromatography until pure
compound (compound 1) was obtained in the form of a yellowish-white solid (44 mg). The
antioxidant activity test gave an ICsg value of 44.2 pg/mL.

3.1. Determination of chemical structure.

The *H-NMR spectrum of compound 1 (Fig. 2) shows the presence of 11 proton signals,
including two doublet signals, in the aromatic chemical shift region, namely, at dn 7.70 and
8.19 ppm, each of which has a double integration and coupling constant of J=8.5 Hz. This
indicates that compound 1 has a para-substituted aromatic structure, with two pairs of
equivalent protons. Five other signals appear in the sp3 proton region, namely, two oxygenated
methine signals, namely, at 64 5.33 (1H, m); 6.37 (1H, s); and two oxygenated methylene
proton signals that appear at different chemical shifts, namely, at 64 3.70 (1H, m) and 3.79 ppm
(1H, m), while the other sp3 signal is proton methine at 64 4.16 ppm (1H, m). In addition, there
are four proton signals that, after being confirmed with the HMQC spectrum (Fig. 4), turn out
not to be bound to the carbon atom. This indicates that these signals are proton signals bound
to heteroatoms, such as hydroxyl protons.

The ¥C-NMR spectrum of compound 1 (Fig. 3) showed 10 signals: four sp3 carbon
signals and six other signals that appeared in the sp2 carbon region. After confirmation with
DEPT 135 spectrum, it was found that the four sp3 carbon signals were two oxygenated
methine carbon signals (6c 71.2 and 67.5 ppm), one oxygenated methylene carbon signal (dc
62.2 ppm), and one tertiary carbon signal (3¢ 58.0 ppm). Two high-intensity signals in the sp2
carbon region indicate that compound 1 has two pairs of equivalent aromatic carbons (d¢c 123.9
and 128.2 ppm). Four other sp2 carbon signals were at 6c 148.1, 151.5, 164.4, and 164.5 ppm,
respectively, after being confirmed with DEPT 135 spectrum. It is known that the four carbons
are quaternary.
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Figure 2. The *H-NMR spectra of compound 1.
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Figure 3. The 3C-NMR (A) DEPT 135 (B) spectra of compound 1.

The analysis of the proton and carbon NMR spectra is confirmed by the data on the
HMQC spectrum (Fig. 4) the *H-'3C correlation through one bond. The HMQC spectrum
showed six correlations consisting of two H-C correlations on the aromatic ring, three
correlations on oxygenated *H-13C, and one *H-13C correlation for methine. Thus, the 11 signals
that appear on proton NMR consist of seven signals bound to the carbon atom (two non-
equivalent methylene proton signals) and four protons bound to the heteroatom.

IO NP O 1/ I SO

Figure 4. The HMQC spectra of compound 1.

The HMBC spectrum (Fig. 5) showed a *H-13C correlation through two or three bonds.
The aromatic proton signal at H 8.19 ppm showed three correlations: a correlation each with
ortho aromatic carbon (6c 128.2 ppm), its equivalent aromatic carbon (¢ 123.9 ppm), and
quaternary aromatic carbon (6¢ 148.1 ppm). Another aromatic proton at H 7.70 ppm has four
correlations: a correlation each with ortho aromatic carbon (6c 123.9 ppm), its equivalent
aromatic carbon (8¢ 128.2 ppm), quaternary aromatic carbon (6¢ 148.1 ppm), and oxygenated
side-chain carbon (6¢) 71.2 ppm.

Furthermore, oxygenated methine protons at Sy 5.33 ppm have three H-13C
correlations via three bonds: aromatic carbon (5c 128.2 ppm) and oxygenated carbon (¢ 58.0
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and 62.2 ppm). The correlation indicates that the oxygenated methine group at o 5.33 ppm is
directly attached to the aromatic ring and is para-substituted with a hydroxyl group. The
oxygenated methylene proton (5u A= 3.70; B= 3.79 ppm) had two H-1C correlations with
two bonds with oxygenated methine carbon at ¢ 58.0 ppm and a triple correlation with
oxygenated methine carbon at 6c 71.2 ppm. The 1D and 2D NMR spectral data for compound
1 are shown in Table 1.
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—148.1
—151.5

— 164.5]

53357 :U ’

58.0
[ 62.2

1.2

128.2

—151.5

—164.4
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Figure 5. The HMBC spectra of compound 1.

Table 1. The NMR data of Compound 1.

No. C dc ppm DEPT 135 Su ppm (ZH. multiplicity. J (Hz)) HMBC COsYy
2 62.2 CHz A=3.70 (1H, m) 58.0; 71.2 4.16
B=3.79 (1H, m) 58.0; 71.2 4.16

3 58.0 CH 4.16 (1H, m) 62.2 5.33; 3.70; 3.79
4 67.5 CH 6.37 (1H, s) 164.4 -

5 1515 C - - -

6 1644 C - - -

1’ 148.1 C - - -

2’ 128.2 CH 7.70 (1H, d, J=8.5) 71.2;128.2; 148.1; 123.9 8.19
3’ 1239 CH 8.19 (1H, d, J=8.5) 123.9; 148.1; 128.2 7.70

4 164.5 C - - -

5’ 1239 CH 8.19 (1H, d, J=8.5) 123.9; 148.1; 128.2 7.70

6’ 128.2 CH 7.70 (1H, d, J=8.5) 71.2;128.2; 148.1; 123.9 8.19
7 71.2 CH 5.33 (1H, m) 128.2; 58.0; 62.2 4.16; 7.70
CH - 3.82 67.5 -
CH 4.33 - -
CH 5.29 58.0; 151.5 -
OH 7.56 164.5 -

The COSY spectrum in Figure 6 appears to show that the aromatic proton at 4 7.70
ppm has a *H-tH correlation through three bonds with an aromatic proton dn 8.19 ppm and a
!H-1H correlation through more than three bonds with the oxygenated sp3 methine proton at
dH 5.33 ppm bound to an aromatic ring. The methine proton at 6n 4.16 ppm, part of the side
chain, has a tH-'H correlation through three bonds with the oxygenated sp3 methine proton (S
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5.33 ppm) and oxygenated methylene proton (5n 3.70 and 3.79 ppm). This *H-H correlation
of the COSY spectrum indicates that the two aromatic equivalent protons are in the ortho
position. This strengthens the proposed structure: compound 1 is a benzene ring directly
bonded to the oxygenated methine carbon at the para position with a hydroxyl group.

=1 ghe ACETONE

7f70 533 433 379 e
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* 2 A
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i

Figure 6. The COSY spectra of compound 1.

Based on the spectrum analysis of *H-NMR, **C-NMR, DEPT 135, HMQC, HMBC,
and COSY, it can be explained that compound 1 has a para-substituted frame on the benzene
ring. It was identified from the presence of two aromatic proton signals with the integration of
two protons. The multiplicity of the two signals is doublet with the same coupling constant (J
= 8.5 Hz). This indicates that the two protons bound to the aromatics are in the ortho position,
and the two substituents are bound to para (Fig. 2). One of the substituents is a hydroxyl group,
which is characterized by a chemical shift value of oxyaryl carbon at 8¢ 164.5 ppm, while the
second substituent is carbon methine sp3 (6¢ 71.2 ppm), which has a hydroxyl group and a
pyran-4,5,6-triol group (Fig. 3). Furthermore, the three hydroxyl groups attached to the pyran
ring can be validated from the HMBC spectrum in the presence of a *H-13C correlation through
two or three bonds. In addition, the binding of the pyran group to C methine (C-7’) can be
identified from the COSY spectrum (Fig. 6) through the *H-'H three-bond correlation.

The proton at 61 6.37 ppm appears singlet, possibly due to the transposition with the
proton at n 4.16 ppm, as shown in Figure 7, so the distant position does not cause cleavage.
Thus, the proposed chemical structure of compound 1 is 3-(hydroxy(4-
hydroxyphenyl)methyl)-3,4-dihydro-2H-pyran-4,5,6-triol, as shown in Figure 7.

Compound 1 has good antioxidant activity due to the easy abstraction of hydroxyl
protons by DPPH free radicals and generates new free radicals that can be stabilized by radical
delocalization in the compound. Compounds with 1,2-dihydroxy units in the C=C bond are
more susceptible to proton abstraction by free radicals to form more stable free radicals. This
stability is due to the free radicals produced, forming intramolecular hydrogen bonds with the
adjacent hydroxyl group and a diketone. Likewise, compounds with a hydroxyl group at the
para position are prone to proton abstraction by free radicals to form new, more stable free
radicals. This stability is due to the distribution and delocalization of electrons [25-27].
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OH

OH
Figure 7. Compound 1 as 3-(hydroxy(4-hydroxyphenyl)methyl)-3,4-dihydro-2H-pyran-4,5,6-triol.

The antioxidant activity of compound 1 can be increased by carrying out a
semisynthetic reaction similar to the position of the hydroxyl group on gallic acid (antioxidant
standard). The OH group on the aromatic ring of compound 1 is ortho directive so that with the
electrophilic substitution reaction, Nitration (2 mol HNO3/H2S0Og), followed by a reduction of
the nitro group (Fe/HCI), will produce two amine groups at C3 and C5. The next step is
transforming the amine functional group into aryldiazonium chloride (ArN2* CI") and its final
replacement by -OH through the reaction between the diazonium salt and hot aqueous acid
[28]. Through this series of reactions, it is expected to produce 3-(hydroxyl (3,4,5-
trinydroxyphenyl)methyl)-3,4-dihydro-2H-pyran-4,5,6-triol compounds with antioxidant
activity close to gallic acid, where gallic acid has a strong antioxidant with an ICsp value of
11.4 pg/mL. The production of compound 1 can be carried out within 4 weeks of incubation,
and the enrichment technique needs to be investigated further so that it can be produced as
needed.

Endophytic fungi from the Beltraniaceae family can produce a variety of bioactive
compounds [29]. Beltrania species is one of the rare endophytic fungi that are rarely found
[30]. From the ethyl acetate extract of the culture broth of Beltrania rhombica, two new
eudesmane sesquiterpenes, named rhombidiol and rhombitriol, were isolated. These secondary
metabolites have antibacterial and antifungal activity [31]. Beltrania querna isolated from
Amazonian medicinal plants contains active antiviral compounds [32]. Beltrania species
showed their importance for the production of antitumor agents. Two new sesquiterpenes were
isolated from the culture broth of Beltrania species [33], and sesquiterpenes are well known to
have a potential application as an anticancer agent [34].

The results of the literature study [12,35] produced a report that the phenyl compounds
from S. aqueum and other Syzygium spp. (Fig. 8) were not the same as compound 1. This
indicates that compound 1 is typically produced by the endophytic fungus Beltrania rhombica
of S. aqueum. There is no genetic evolution between fungal and host genes in producing

g@“’ W o

Figure 8. Phenyls of S. aqueum and other Syzygium spp.
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Some endophytic fungi produce certain phytochemical compounds that are also
produced by their host plants. This is thought to be the result of genetic transfer from the host
plant to endophytic fungi. Studies have shown that about 18% of plant-derived metabolites can
also be derived from related fungi. That is the case with anticancer compounds, such as taxol
and podophyllotoxin. Taxol is produced from the medicinal plant Taxus spp. and the
endophytic fungus Taxomyces andreanae. Podophyllotoxin compounds are produced from the
Sinopodophyllum hexadrum plant and its endophytic fungus Fusarium solani [36-38]. In recent
years, endophytic fungi have become a source of secondary metabolite production. A total of
449 new secondary metabolites were produced from different tissues and plants with different
chemical structures and biological activities. Among these new compounds, terpenoids
constituted the largest proportion (26%), followed by ketones (22%), lactones (7%),
anthraquinones (5%), steroids, penylpropanoids, alkaloids each 3% and other compounds
(31%) [39].

4. Conclusions

Endophytic fungi B52 were isolated from Syzygium aqueum leaves stalk identified as
Beltrania rhombica produced compound 1 as 3-(hydroxy(4-hydroxyphenyl)methyl)-3,4-
dihydro-2H-pyran-4,5,6-triol, which is a phenolic compound that has antioxidant activity that
can be developed as a source of new antioxidants. The compound produced by Beltrania
rhombica is a promising potential source as a drug raw material in the future through several
stages of simple semisynthetic reactions.
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