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Abstract— Cephalotaxus mannii Hook f. is a rare medicinal plant used for leukemia treatment, however its
fungal endophytes as a promising resource of pharmaceutical compounds remain poorly characterized. The
present study is the first research on endophytic fungi associated with C. mannii collected in Vietnam and
their potent biological activities. A total of 18 endophytic fungi were isolated; according to the results of mor-
phological and internal transcribed spacer (ITS) sequence analyses, they belonged to six genera: Penicillium,
Fusarium, Aspergillus, Diaporthe, Megasporoporia, and Trichoderma. Among these strains, the ethyl acetate
extracts of Penicillium citrinum WDF8 and Fusarium perseae WDF12 showed remarkable antibacterial activity
against at least 5 tested bacteria. Of note, only the WDF12 extract displayed potential cytotoxicity against
A549 and MCF7 cancer cell lines with ICs, values at 13.4 £ 0.9 and 17.8 £ 2 ug/mL, respectively. Further
cytotoxicity evaluation led to the identification of 10-deacetylbaccatin I11-10-O-acetyl transferase (dbar)
gene essential for the biosynthesis of the anti-cancer drug paclitaxel in the fungal strain WDF8. Both extracts
also showed strong antioxidant activity against DPPH, hydroxyl, and superoxide anion radicals, attributed to
a high level of polyphenols and flavonoids present. This study proved that endophytic fungi from C. mannii
exhibit excellent antibacterial, anticancer, and antioxidant activities and may be promising candidates for the

production of paclitaxel and new compounds.
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Fungal endophytes are known act as inter- and
intracellular colonizers of plant tissues for all or part of
their life cycle without signs of disease or morpholog-
ical changes to the plant life cycle. During symbiosis,
fungal endophytes help the host resist pathogens as
well as external biotic and abiotic stresses, while the
plant supports the endophytes by providing nutrients
and shelter (Toghueo, 2020). Notably, these endo-
phytes are capable of producing secondary metabo-
lites similar to the host plants. For example, paclitaxel
obtained from the bark of Taxus brevifolia was also
produced by endophytic fungus Taxomyces andreanae
(Stierle et al., 1993). This was attributed to horizontal
gene transfer. Intense attempts to investigate pacli-
taxel-producing fungi have led to an interesting find-
ing that paclitaxel is not only secreted by fungi derived
from the Taxus species, but also from other medicinal
plants, such as Ginko biloba and Terminalia arjuna
(Abdel-Fatah et al., 2021). Given that baccatin III
known as a precursor of paclitaxel is synthesized by
10-deacetylbaccatin ~ III-10-O-acetyl  transferase

(DBAT), the dbat gene is used as molecular markers to
screen for paclitaxel-producing fungi.

Apart from plant-derived compounds, fungal
endophytes are also a rich source of secondary metab-
olites with medicinal and pharmaceutical applica-
tions. Frequently found in medicinal plants, Colle-
totrichum, Fusarium, Alternaria, Penicillium, and
Aspergillus exhibit significant activity against micro-
bial pathogens, oxidative stress, and cancer (da Silva
et al., 2020; Toghueo, 2020). Fusarium proliferatum
isolated from Dysoxylum binectariferum Hook.f (Meli-
aceae) could produce rohitukine, a chromane alkaloid
exhibiting cytotoxicity toward HCT-116 and MCF-7
human cancer cell lines (Mohana et al., 2012). The
endophytic fungus Penicillium citrinum BCC71086
isolated from Tamarindus indica was found to secrete
22 antitubercular metabolites, including 7 novel and
15 known compounds (Dramae et al., 2022). Reactive
oxygen species and other free radicals are related to the
emergence of cancer rising the need for natural antiox-
idants (Carocho and Ferreira, 2013). Cajaninstilbene
acid extracted from endophytic Fusarium solani ERP-
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07, Fusarium oxysporum ERP-10, and F proliferatum,
was reported as an antioxidant (Toghueo, 2020).

Cephalotaxus mannii Hook f. is a rare medicinal
plant occurring in China, India, and southeastern
Asia, including Vietnam. Being listed as vulnerable in
The International Union for Conservation of Nature
(IUCN) Red List, C. mannii harbors various bioactive

compounds, including cephalotaxine, isohar-
ringtonine, norisoharringtonine, desoxyhar-
ringtonine, nordesoxyharringtonine, 3-epi-schell-
hammericine, homoharringtonine, and isohar-

ringtonine, among which homoharringtonine and
isoharringtonine are of importance for the leukemia
treatment. Earlier work reported only the isolation and
identification of endophytic fungi from C. mannii col-
lected in Thailand and China (Saithong et al., 2010).
Another study revealed the antimicrobial activity of
fungal endophytes isolated from Cephalotaxus hainan-
ensis Li (Yang et al., 2015). The present study focused
for the first time on the isolation and evaluation of the
medicinal potential of fungal endophytes recovered
from C. mannii collected in northern Vietnam. The
findings underline the importance of fungal endo-
phytes and provide potential fungal candidates to
characterize the promising bioactive compounds at
molecular and mechanistic levels in near future.

MATERIALS AND METHODS

Sample collection and isolation of endophytic fungi.
The leaf, stem, and root samples of Cephalotaxus man-
nii Hook f. were collected in Dong Van (23°15'30"' N
105°17'24"" E), Ha Giang Province, northern Viet-
nam in March 2020; no specific permission was
required for the location. With the help of expert plant
gatherers and local ethnic minority peoples, two
healthy plants were collected in the same vicinity.
Each sample was separately kept in a sterile polymer
bag and delivered to the laboratory of the Institute of
Biotechnology, Vietnam Academy of Science and
Technology. The plant samples were identified and
preserved by the Institute of Ecology and Biological
Resources, Vietnam Academy of Science and Tech-
nology. The collected plant specimen surface was ster-
ilized following the procedure previously described
(Vu et al., 2022). Briefly, after washing in running tap
water to remove debris, the plant segments were
sequentially immersed in 70% ethanol for 30 s, 3.5%
sodium hypochlorite solution for 2 min, 70% ethanol
for 2—5 s, and rinsed with sterile distilled water. Then,
the samples were cut into small pieces (~1.0 X 0.5 cm)
and placed in 9-cm diameter petri dishes
(6 pieces/plate) containing potato dextrose agar
(PDA) supplemented with 100 mg/L streptomycin to
suppress bacterial contamination. Petri dishes were
incubated at 28°C for 7—10 days, and the samples were
frequently checked for visual growth of fungi. The
hyphal type of colonies was inoculated onto fresh PDA
plates for purification. All fungal strains were stored in
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15% glycerol (vol/vol) at —80°C for long-term preser-
vation.

Fungal identification. The fungal isolates were indi-
vidually cultured in PDA plates for observation of
hyphal growth, colony morphology, and pigment pro-
duction according to a previous report (Ngo et al.,
2021). Mycelia, conidiophores, and conidia were
examined under a light microscope at 40x objective
(Olympus, Japan). Genomic DNA was isolated using
a QIAamp DNA mini kit (Qiagen, Hilden, Germany)
following the manufacturer’s protocol. The primers
ITS1 (5'-TCCGTAGGTGAACCTGCGG-3") and
ITS4 (5'-TCCTCCGCTTATTGATATGC-3") and
PCR amplification conditions were employed to
amplify the Internal Transcribed Spacer (ITS) gene
(Ngo et al., 2021). The ITS sequences were compared
with existing sequences in the GenBank database
(NCBI) using BLASTn search and then deposited in
GenBank. The phylogenetic analysis was performed
using MEGA v11.0 by the maximum likelihood Boot-
strap method (Kumar et al., 2016). The reliability of
the phylogenetic tree was tested by bootstrap analysis
using 1000 replicates and Cunninghamella elegans CBS
160.28T (NR_154747) was used as an out-group.

Obtaining the crude fungal extract. Fungal isolates
were cultivated in Erlenmeyer flasks containing Potato
Dextrose Broth (PDB) and incubated in the dark at
28°C under orbital agitation of 150 rpm. After 14 days
of incubation, fungal biomass was removed by vacuum
filtration and the culture filtrates were extracted with a
double volume of ethyl acetate in a separatory funnel
(VMu et al., 2022). The solvent phase was collected and
evaporated at 45°C to obtain the crude extract. The
crude extract was dissolved in 1% (vol/vol) dimethyl
sulfoxide (DMSO) for antimicrobial and cytotoxic
experiments, while 70% ethanol was used for evaluat-
ing the antioxidant activities.

Antimicrobial screening. The antimicrobial activity
of crude extracts from endophytic fungi was examined
against two gram-negative bacteria (Escherichia coli
ATCC 11105 and Pseudomonas auroginosa ATCC
9027), four gram-positive bacteria (Bacillus cereus
ATCC 11778, methicillin-resistant Staphylococcus epi-
dermidis (MRSE) ATCC 35984, methicillin-resistant
Staphylococcus aureus (MRSA) ATCC 33591, and
Enterococcus faecalis ATCC 29212), and one yeast
Candida albicans ATCC 10231 using the agar well dif-
fusion method (Gonelimali et al., 2018). The test
microorganisms were spread on the nutrient agar
medium in 9-cm diameter petri dishes and 100 pL of
each extract (100 ug/mL) was added to every well.
Antimicrobial activity was expressed as the zone of
inhibition (mm).

Screening of the anticancer activity. The cytotoxic
potential of crude extracts was evaluated by using the
sulforhodamine B (SRB) test with the human lung
cancer A549 and human breast adenocarcinoma
MCEF?7 cell lines (Skehan et al., 1990). The human
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lung cancer A549 and human breast adenocarcinoma
MCF7 cell lines were grown on 96-well plates with
starting density of around 10* cells and incubated at
37°C, 5% CO,, and 95% humidity for 24 h. Fungal
extracts were added at different concentrations and left
for 24 h before the cells were fixed with cold 10%
(wt/vol) trichloroacetic acid at 4°C for 1 h. The plates
were examined (ODs,,) in a BioTek EXL800 micro-
plate reader. The positive and negative controls were
ellipticine and 0.1% DMSO (vol/vol), respectively.
The ICs, was defined as the sample concentration that
resulted in 50% of cancer cell survival by comparison
with a control conducted in identical conditions.

Evaluation of the antioxidant activity. The 1,1-
diphenyl-2-picrylhydrazyl (DPPH) free radical scav-
enging activity was evaluated according to a previous
protocol (Kadaikunnan et al., 2015). About 100 uL of
70% ethanol extract prepared in different concentra-
tions (0.1, 0.2, 0.4, and 0.6 mg/mL) was mixed with
100 uL of 0. mM DPPH and left for 30 min in the
dark at room temperature. The absorbance was mea-
sured at 517 nm and deionized water was used as a
blank. The ability to scavenge free hydroxyl radical was
assessed at an optical density of 624 nm as described
previously (Kadaikunnan et al., 2015). Briefly, the
reaction mixture contained 1.0 mL of 0.5 mM FeSO,,
0.5 mL of 0.435 mM brilliant green, and 0.75 mL of
3% H,0,. The reaction was started by addition of 70%
ethanol extract with concentrations ranging from 0.1
to 0.6 mg/mL, followed by incubation at 37°C for
30 min. The superoxide scavenging activity was
assessed following the procedure described previously
(Vu et al., 2022). About 900 uL of 0.05 M Tris—HCI
(pH 8.2) was added to 80 uL of 2.5 mM pyrogallol,
which was subsequently mixed with 200 uL of crude
extract (0.1; 0.2; 0.4; 0.6 mg/mL). The reaction was
carried out at room temperature for 5 min and then
measured at 299 nm.

Determination of the total polyphenol and flavonoid
content. To detect total polyphenol content in the fun-
gal extracts, the Folin-Ciocalteu colorimetric method
with a slight modification was applied (da Silva et al.,
2020). The reaction mixture containing 20 uL of 70%
ethanol extract and 100 uL Follin-Ciocalteu reagent
was incubated for 5 min at room temperature. After
that, 80 uL of 4% (wt/vol) sodium carbonate was
added to the mixture and absorbance was measured at
765 nm. Results were calculated as ug gallic acid
equivalents per g of fungal extract (ug GAE/mg) based
on a gallic acid calibration curve. The total flavonoid
content was spectrophotometrically evaluated using a
colorimetric method (da Silva et al., 2020). Briefly,
the reaction mixture comprised 10 uL of 5% (wt/vol)
NaNO,, 10 uL of 10% (wt/vol) AlCl;, 60 uL of 1 M
NaOH, 120 uL of distilled water, and 30 uL of fungal
extract. After incubating at room temperature for
30 min, the absorbance was read at 510 nm. The total
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flavonoid content was represented as ug quercetin
equivalents per g of fungal extract (ug QE/mg).

PCR-based molecular screening for paclitaxel-pro-
ducing fungi using the dbat. Given that the gene dbat
coding for 10-deacetylbaccatin I11-10-O-acetyl trans-
ferase catalyzes the formation of baccatin III, the
immediate diterpenoid precursor of paclitaxel (Zhang
et al., 2008; Kumar et al., 2019), dbat was employed as
a molecular marker to screen paclitaxel-producing
fungi. The specific primers dbat-F (5'-ATGGCTGA-
CACTGACCTCTCAGT-3"), dbat-R (5'-GGCCT-
GCTCCTAGTCCATCACAT-3") were used to
amplify dbat according to a previous publication (Das
et al., 2017). PCR products were analyzed on 2%
(wt/vol) agarose gel, purified by a DNA gel extraction
kit (Axygen), and sequenced by First BASE Laborato-
ries Sdn. Bhd. (Malaysia). The resulting sequence was
compared and aligned with truncated sequences avail-
able in the GenBank database, including those of
Cladosporium cladosporioides MD-2 (EU375527.1),
Aspergillus candidus MD3 (EU883596.3), Lasiodiplo-
dia theobromae SKIJM 1101 (KP136287.1) using
Jalview v2.11.1.7. To support PCR-based molecular
screening results, the fungal strains potentially capable
of producing paclitaxel were stained for 1 h with Sudan
IV followed by the observation using light microscopy
(Soliman and Raizada, 2018).

RESULTS

Isolation and identification of endophytic fungi from
C. mannii. In total, 18 fungal endophytes with distinct
morphology were isolated from C. mannii. Seven fun-
gal isolates (38.9%) were recovered from stems, six
(33.3%) were obtained from leaves, and five (27.8%)
were derived from roots (Table S1). Based on mor-
phology, microscopic identification, and ITS gene
sequence analysis, they were identified as members of
6 genera: Penicillium, Fusarium, Aspergillus, Diaporthe,
Megasporoporia, and Trichoderma (Fig. 1, Table S1).
Due to support rating of 42%, strains WDF13,
WDF15, and WDF20 were identified as members of
the genus Diaporthe. Similarly, strain WDF22 was
classified as Trichoderma sp. WDF22.

Screening of fungal extracts for antimicrobial activ-
ity. Out of 18 endophytic fungi, 7 fungal strains
(38.9%), WDF2, WDF4, WDFS8, WDF9, WDF11,
WDF12, and WDF22, inhibited at least one patho-
genic microorganism with inhibition zones ranging
from 7.3 = 0.4 to 26.6 £ 0.4 mm (Table 1). WDFI11
extract was active against C. albicans ATCC 10231
only. Among the bioactive extracts, the one from
WDF12 showed the best inhibition against P. aerugi-
nosa ATCC 9027 (20.7 £ 0.4 mm), MRSE ATCC
35984 (16.8 + 0.7 mm), B. cereus ATCC 11778 (14.5
0.4 mm), MRSA ATCC 33591 (26.6 =+ 0.4 mm), and
E. faecalis ATCC 29212 (26.2 = 0.4 mm). Despite its
lower antimicrobial ability against those pathogens,
WDF8 extract had additional activity against E. coli
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Fig. 1. Phylogenetic tree based on the ITS gene sequences of 18 endophytic strains isolated from C. mannii.

ATCC 11105 with the inhibition zone diameter of able cytotoxicity against A549 and MCF7 with the
15.2 £ 0.7 mm. ICs, values of 75.7 = 0.6 and 78.4 + 0.6 ug/mL,

Cytotoxic activity. Only 2 (WDF8 and WDF12) out respectively (Table 1). Notably, the cytotoxic activity
of 18 extracts showed cytotoxicity against A549 and of the WDFI12 extract was around 5 times higher than
MCEF7 cell lines. The WDEF8 extract showed remark- that of the WDFS8 extract.
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Table 1. Antimicrobial and cytotoxic activities of endophytic fungi isolated from C. mannii

Strain

Antibacterial activity (D-d; mm)

ICs), ug/mL

1 2 3 4

5 6 7 A549 MCF7

WDF2 — — 13.6 £ 0.4 —
WDF4 73+04 | 8.6+04 — —
WDF5 — — — —
WDF6 — — — —
WDF7 — — — —
WDF8 152+£0.7|18.5+0.7|13.4+0.7
WDF9 — 16.3+0.7 —

WDF10 — — — —
WDFI11 — — —
WDF12 — 20.7+0.4]|16.8 £ 0.7
WDF13 — — — —
WDF14 — — — —
WDF15 — — — —
WDF16 — — — —
WDF18 — — — —
WDF20 — — — —
WDF22 143104 — — —
WDF23

181+0.4
19.3+0.4 — — — - —

135104
145104

184104 75.7+0.6|78.4 £0.6

1.7 £ 1.1

26.6 £0.4|26.2+0.4 — 13.4+£0.9

13.7+£0.7 — — — —

19.1+£0.9 — 18.3+£0.8
226+05(17.8+£0.7| 7.4 £ 0.6

Kanamycin
Erythromycin
Nystatin

Ellipticine

22.4+0.8
30.5+0.5

225+0.5|53x£0.9 -
54+£0.5 (284£0.8

213+1

0.4 £0.03|0.5+0.05

Microbes: (1) E. coli ATCC 11105; (2) P. aeruginosa ATCC 9027; (3) methicillin-resistant S. epidermidis ATCC 35984; (4) B. cereus
ATCC 11778; (5) methicillin-resistant S. aureus ATCC 33591; (6) E. faecalis ATCC 29212; (7) C. albicans ATCC 10231.
Result: (—) no inhibition. Kanamycin, erythromycin, and nystatin were used as a positive control for antimicrobial assays, while ellipti-

cine was utilized as a positive control for cytotoxic experiments.

Further investigation on the cytotoxic property
revealed that strain WDFS8 had about 500 bp amplified
fragment of the dbat gene coding for 10-deacetylbac-
catin I1I-10-O-acetyl transferase. The amplified DNA
fragment of dbar was sequenced and analyzed using
the NCBI database (Fig. 2a). The dbat sequence of
strain WDFS8 showed low sequence similarity to those
of C. cladosporioides MD-2 (45.1%), A. candidus MD3
(45.9%), and L. theobromae strain SKIM 1101 (45.6%)
(Fig. 2b). In addition, paclitaxel production by the
fungal strain WDF8 as stained with Sudan IV was
observed by light microscopy (Fig. 2¢).

Antioxidant activity. Since the presence of increas-
ing antioxidant levels has been proved to support can-
cer prevention (da Silva et al., 2020), the antioxidant
properties of potential fungal extracts were evaluated
by the reactions of scavenging hydroxyl, DPPH, and
superoxide anion radicals. Our results revealed that
the WDF8 extract had remarkable hydroxyl radical
scavenging activity, which was comparable to that of
ascorbic acid at 0.6 mg/mL (Fig. 3a). At lower levels,

the WDF12 extract had hydroxyl radical scavenging
activity ranging from 15.3 = 3.5 to 45.2 £ 5.5%. The
two mentioned extracts also demonstrated significant
antioxidant activity against DPPH: 97.7 £ 3.1 and
95.2 + 1.3%, respectively, at 0.4 mg/mL (Fig. 4b). The
WDF8 extract was found to strongly inhibit superox-
ide anion radical up to 95.5 + 2.3% at 0.6 mg/mL,
while the WDF12 extract had low superoxide anion
scavenging activity at 27.4 £ 4.2% (Fig. 3c¢).

Total polyphenol and flavonoid contents. High anti-
oxidant activity against free radicals found in WDF8§
and WDF12 extracts led to the determination of poly-
phenol and flavonoid contents. Total polyphenol con-
tent of WDF12 was 224.2 + 4.6 ug GAE/mg extract,
which was about 2.1-fold higher than that of WDF8
(Fig. 3d). Along with polyphenols, the total flavonoid
content of WDF12 extract was measured as 196.6 =
3.1 ug GAE/mg extract, while the WDFS8 extract con-
tained 75.3 + 0.6 ug QE/mg extract.
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C. cladosporioides MD-2
A. candidus MD3
L. theobromae SKIM 1101
P, citrinum WDF8

80

1000 bp
500 bp

C. cladosporioides MD-2
A. candidus MD3

L. theobromae SKIM 1101
P. citrinum WDF8

160
C. cladosporioides MD-2
A. candidus MD.

P. citrinum WDF8 155 AGET

C. cladosporioides MD-2

A. candidus MD3 232 GGATA
L. theobromae SKIM 1101 232 TGTAT
P. citrinum WDF8 232 GAATT
310 320
A. candidus MD3 309

10
1 TEGCAAGCEATEGCIGACACTGA
1 TGGAAGCCATGGCTGACACTGA
1 TGGAAGCCATGGCTGACACTGA
1 GETCC@T AGICG CAGTATC

9
TS MCACTTGAGEAAETACTTTIRTTGTETTCCGCETGATACAGATANTGAG
T8 MCACTTGAGEAAETACTTTETTGT
T8 MCACTTGAGEAACTACTTTETTGTETTCCGCETGATACAGATATTGAG
78 HABTGGACAECGEGGGCGARMGCEBGECGATCABGARMGTTTETGTIHGCCA

AAAATGCTAAAGCTGCCAACAA
AAAAATGTAAAGCTGTCAACA

232 TGGATHAAAAATGTAAAGCTGCCAACARAAC|
ACT
CCGCTTCATGATAAACCTCGC

289

(b)

20 30 40 50 60 70

TCAGTCTTAGGAGATITEGATGACTACAGTEET
TCAGTCTTCGGAGATITGGATGACTACAGTEET
TCAGTCTTAGGAGATETGGATGACTACAGTEET
GTGACAAGGETTTTCHEC TCCCGCTTCAQ e
100 110 120 130 140 150

CATCCATCCTCTGGTEGETCAGEGTAAT
CATCCATCCTCTGGTEGGTTCAGGTAAT
CATCCATCCTGTGGTEGETCAGETAAT
TTCAATATGACGAAAGAMICATTEBATCA

TTCCGCETGATACAGATATTGAG

170 180 190 200, 210 220 230
155 TEAWGCA] Al CTETCTTTGGTAGECTCGTGGABATTANARNTARCTTT
3 155 TETATGCAATEATTTICTGTCTTTGGTAGECTCGTGGACATTARAATATCTTT

L. theobromae SKIM 1101 155 TERARGCAATEARTECTETCTTTGGT)

TTCTTATTCETTCAATTTHAT)
TTCTTATTCETTCAATTTEAT
AT
GG

GECTAGTGGACATTAAAATATCTTT TTCTTCTTCETTCAATTT
TTGACECHGETGECACACAAABABTAGTATCCETAACATACCGAGCC AGGCCACCTECAAGCCCG
240 250 260 270, 280 290 300

TGAATCTCCAAAACAAAACTTATCAACACTGATTGCACAGGART
GAATCTCCAARACAAAACTTATCAACACTGATTGCACAGGATIRT
AACIRRT GAATCTCCABMAACAAAACTTATCAACACTGATTGCACAGGART
TAA CACTAGETT GACGTTTAAGACACCTACATACTACTTCCGANMG

330 340 350 360 370 380

CACTGCACATGTTTCTACTGACACCATTCTTGTATTCTCTTTGTGGCGTGTCGTCAGAGCAGGTAACTCGTTT

C. cladosporioides MD-2 309 ITCACT GCACATGTTTCTACTGACACCATTCTTGTATTCTETTT GTGGCGTCTCGTCAGAGCACCTAACTCGTTITA
AC

L. theobromae SKIM 1101 309 liTCACTGEACATGTTTCTACTGACACCATTCTTETATTCTETTTGTGGCGTGTCGTCGGAGCAGGTAACTEGTTRTA

P. citrinum WDF8 309 MCTTGAACGEGCTGACGTGTGAAGTGTGAAACAGAGGAAGECGGACTTGCCCTTGTTTATGAGACACTGCECGATA
390 400 410 420 430 440 450

C. cladosporioides MD-2 386 CATGTGGAGGIT TGTTGTAGGEGT GAGTTTCTGECATGGTATATGTGATGGACTAGGAGCAGGEC

A. candidus MD3 386 ATGTGGAGGTERTGTTGTAGGGETGAGTTTCTGCCATGGTATATGTGATGGACTAGGAGCAGGCE-

L. theobromae SKIM 1101 386 CATGTGGAGGEHTTGTTGTGGGEGTGAGTTTCTGCCATGGTATATGTGATGGACTAGGAGCAGGEC

P, citrinum WDF8 386 GAGCATATTTINA CGATGTGATEGACTAGGAGCAGGCC- ===~~~ -===--—-=————-~—~——~—~—~—~—~—-

Fig. 2. Identification of gene dbat of paclitaxel biosynthetic pathway. (a) Amplification of gene dbat, (b) multiple sequence align-
ment of dbat of paclitaxel-producing fungi aligned with dbat of Penicillium citrinum WDF8, (c) the fungal strain WDF8 stained
by Sudan IV to observe resin bodies known as sequestering organelles for fungal paclitaxel.

DISCUSSION

Fungal endophytes isolated from medicinal plants
are known as potential sources of bioactive com-
pounds that have important applications in biotech-
nology and medicine. In the present study, 18 fungal
endophytes isolated from C. mannii collected in
northern Vietnam were identified to belong to 6 gen-
era, among which Penicillium and Fusarium were the
most abundant. Penicillium and Fusarium as the most
common fungal genera may support C. mannii against
insect attack and pathogens, as well as against abiotic
and biotic stresses. It was in agreement with previous
reports indicating the dominance of Fusarium and
Penicillium in plants (Kim et al., 2014; Toghueo,
2020). Different to this result, the most dominant gen-
era found in the bark of C. mannii in northern Thai-
land and southern China were Geotrichum and Tri-
choderma, respectively (Saithong et al., 2010). In the
case of C. hainanensis collected in China, the domi-
nant genera were Phomopsis and Colletotrichum (Yang
et al., 2015). It seems that fungal species diversity and
richness depend on various factors such as sampling
locations, geographical coordinates, seasons, ages and
types of tissue, and isolation methods.

Among culturable fungi, Megasporoporia minor
WDF2 was found for the first time as an endophyte.
M. minor is known as a species of crust fungi in the
division Basidiomycota described in 2013 (Li and Cui,
2013). The genus Megasporoporia was detected in the
fungal community from Paullinia cupana var. sorbilis
using the I'TS amplicon sequencing but not in the cul-
turable community (Santos et al., 2020). Megasporo-
No. 2
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poria sp. S47 isolated from a contaminated sediment
was reported to efficiently degrade high molecular
weight polycyclic aromatic hydrocarbons like
benzo(a)pyren (de Lima Souza et al., 2016). Bioactive
compounds derived from Megasporoporia spp. have yet
not been exploited to date.

C. manniiused for leukemia treatment was found to
harbor endophytic fungi with antimicrobial activity.
About 38.9% of endophytic fungi from C. mannii
showed significant activity against at least one tested
pathogen, which was lower than that of C. hainanensis
(Yang et al., 2015). Among bioactive strains, Penicil-
lium citrinum WDF8 and Fusarium perseae WDF12
were the most significant fungal sources of antibacte-
rial metabolites, with inhibition zone diameters reach-
ing up to 18.5 £ 0.7 and 26.6 = 0.4 mm, respectively.
The endophytic P. citrinum BCC71086 produced five
unknown tanzawaic acid analogs that possessed strong
antitubercular activity (Dramae et al., 2022). Scalu-
samide was reported to exhibit antifungal and antibac-
terial activities (Tsuda et al., 2005). Since natural
selection pressure always interferes with central meta-
bolic pathways and primary metabolite pools of fungi
that result in the production of bioactive compounds
(Keller, 2019), P. citrinum derived from different eco-
logical niches is still a promising source of new sec-
ondary metabolites. In contrast to the overexploitation
of P. citrinum, antimicrobial metabolites from F per-
seae have not been revealed yet.

Oxidative stress imposed by free radicals or reactive
oxygen species contributes to neurodegenerative dis-
eases and cancer (Carocho and Ferreira, 2013). The
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Fig. 3. Antioxidant activity of Penicillium citrinum WDF8 and Fusarium perseae WDF12. Hydroxyl radical (a), DPPH radical (b),
superoxide radical (c) scavenging potential of ethyl acetate crude extracts of strains WDF8 and WDF12. Antioxidant activities are
represented by triangles along a solid line for the WDF8 extract, black squares along a solid line for the WDF12 extract, and white
circles along a solid line for ascorbic acid as positive controls. Phytochemical levels (d) determined in the WDFS8 (grey columns)

and WDF12 (black columns) extracts.

crude extracts of P. citrinum WDF8 and F perseae
WDFI12 also exhibited strong scavenging activity
against hydroxyl, superoxide anion, and DPPH radi-
cals at 0.6 mg/mL. Various reports have proved the
strong correlation between phytochemicals, including
polyphenols and flavonoids, and antioxidant activity
(da Silva et al., 2020; Tang et al., 2020). The ethyl ace-
tate crude extract of Nigrospora sphaerica from
Euphorbia hirta L. had total phenolic and flavonoid
contents of 77.7 £ 0.05 ug GAE/mg and 230.6 + 2.0 ug
RE/mg, respectively, which were responsible for up to
96.8% antioxidant activity (Gautam et al., 2022). The
presence of polyphenols and flavonoids in WDF8
extract as the major constituents further supported the
assumptions. Despite having around twice higher
polyphenol and flavonoid levels, the overall antioxi-
dant activity of E perseae WDF 12 was lower than that
of P. citrinum WDFS8. It is possible that phytochemi-
cals from the WDF12 extract may exhibit other biolog-
ical activities rather than antioxidants, which is an
interesting subject for future studies.

Endophytic fungi are recognized producers of
microbial and plant metabolites that possess cytotoxic
activity. In the present study, F. perseae WDF 12 extract
was highly toxic to both A549 and MCF7 cells with
ICs values of 13.4 + 0.9 and 17.8 + 2 ug/mL, respec-
tively. It was in agreement with previous studies prov-
ing the potential of Fusarium in finding novel antican-
cer metabolites such as rohitukine, chloctanspirone,
asperphenamate (Mohana et al., 2012; Toghueo,
2020). In the mode of action, 4,6'-anhydrooxysporid-
inone produced by the endophytic fungus Fusarium
lateritium SSF2 inhibited MCF7 cells through the
activation of the caspase-9, caspase-7, PARP, and p53
(Lee et al., 2021). In spite of low cytotoxic activity, the
presence of the dbat gene was found only in P. citrinum
WDEFS8 that has a potential for paclitaxel production.
However, some fungal strains only produce baccatin
I11 instead of paclitaxel, although a positive hit for dbat
was detected (Garyali et al., 2013). With more than
354 species in the genus Penicillium, “ Penicillium rais-
trickii, Penicillium chrysogenum, and Penicillium
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aurantiogriseum” are evidently paclitaxel-producing
fungi (Stierle, A.A. and Stierle, D.B., 2000). Thus, P.
citrinum WDF8 and F. perseae WDF12 are promising
candidates for further chemical profiles exploration in
order to uncover novel bioactive compounds.

In summary, this is the first detailed report discov-
ering endophytic fungi from C. mannii collected in
Vietnam: P. citrinum WDF8 with a potential of pro-
ducing paclitaxel; and F perseae with excellent anti-
bacterial, antioxidant, and cytotoxic activities. This
work addresses the missing information of previous
research on C. mannii, holds the potential to exploit
new bioactive secondary metabolites, and provides
leads for the development of the paclitaxel. Further
studies are required to characterize pure compounds
with antibacterial, antioxidant, and cytotoxic activities
at phenotypic and genomic levels.
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