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Two New Polyketide Compounds from the Endophytic Fungus
Trichoderma spirale A725 of Morinda officinalis

Chen, Shushuai®” Liu, Hongxinb Liu, Zhaomingb Li, Saini” Chen, Yuchan®

Li, Haohua” Li, Dongli™** Zhang, Weimin**
(“ School of Biotechnology and Health Sciences, Wuyi University, Jiangmen, Guangdong 529020)
(® State Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Laboratory of Microbial Culture
Collection and Application, Guangdong Open Laboratory of Applied Microbiology, Guangdong Institute of Microbiology,
Guangdong Academy of Sciences, Guangzhou 510070)

Abstract Six polyketides were isolated from the fermentation broth of an endophytic fungus Trichoderma spirale A725 of
the medicinal plant Morinda officinalis by silica gel, reversed phase silica column chromatography, sephadex LH-20 and high
performance preparative liquid chromatography. Their structures were elucidated to be 6-hydroxy-4-isopropyl-1,8-dimethyl-
spiro[4.5]deca-1,8-dien-7-one (1), 2-hydroxy-2,5-dimethyl-7-oxo-5,7-dihydro-2H-furo[3,4-b]pyran-4-carboxylicacid (2), 3-
ethyl-4-hydroxy-6-methyl-2H-pyran-2-one (3), harzialactone A (4), 3-hydroxy-5-(4-hydroxybenzyl)dihydrofuran-2(3H)-one
(5), and 4-acetyl-3-hydroxy-6-methyl-pyran-2-one (6) on the basis of extensive spectral analysis. Among them, compounds 1
and 2 were new compounds, and compound 3 was a new natural product. Moreover, the cytotoxicities of compounds 1~6
were evaluated against four cancer cell lines (Hep G-2, MCF-7, SF-268 and A549). However, none of them exhibited cytotoxic
activity against the tested tumor cells.

Keywords Morinda officinalis; endophyte fungus; Trichoderma spirale; polyketide

1 Introduction thentic Chinese medicines” with obvious regional charac-
teristics. Its roots contain phytosterols, anthraquinones,
Morinda officinalis is one of the “top four southern au- flavonoids, vitamin C, sugar, resin and other ingredients,
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which are widely used to treat impotence, spermatorrhea,
rheumatism or female infertility.!"! Endophytic fungi, liv-
ing in healthy tissues at a certain stage or all stages of life
history without pathogenicity,'” exhibit abundant species
diversity and unique metabolic pathways, which lead to
produce novel bioactive metabolites."”! A strain of Tricho-
derma spirale AT725 was isolated from M. officinalis dur-
ing our effort to search for structurally diverse metabolites
from fungal endophytes of Chinese medicinal plants. Phil-
ological review suggests that Trichoderma spp. can pro-
duce a remarkable diversity of secondary metabolites such
as alkaloids,'! polyketones,” 7 steroids,™ and terpe-
noids.”'”’ The chemical investigation of the strain A725
was carried out in this study. Two new compounds (1 and
2) and one new natural product (3), together with three
known compounds (4~6) (Figure 1), were isolated. Their
structures were elucidated as 6-hydroxy-4-isopropyl-1,8-
dimethylspiro[4.5]deca-1,8-dien-7-one (1), 2-hydroxy-2,5-
dimethyl-7-o0x0-5,7-dihydro-2 H-furo[3,4-b]pyran-4-car-
boxylicacid (2), 3-ethyl-4-hydroxy-6-methyl-2H-pyran-2-
one (3), harzialactone A (4),"'"! 3-hydroxy-5-(4-hydroxy-
benzyl)dihydrofuran-2(3H)-one (5),!'” and 4-acetyl-3-
hydroxy-6-methyl-pyran-2-one (6)."* Herein, the details
of the isolation, structure identification and cytotoxic ac-
tivity of these compounds were discussed.

OH
3 7
D
5
6 O 1°0
3
0
o)
R /
- O
4:R=H OH HO
5:R=0H 6 O

Figure 1 Structures of compounds 1~6

2 Results and discussion

Compound 1 was obtained as white solid. The molecular
formula was determined as C;5H,,0, on the basis of Na
ionized peak at m/z 257.1514 [M-+Na] (calcd for
Ci5H,,0,, 257.1512) from HRESIMS, indicating five de-
grees of unsaturation. The 1D NMR spectra data (Table 1)
of 1 showed the presence of four methyls (dc 23.2, 0y 0.91;
dc 24.3, oy 1.08; d¢c 15.5, oy 1.71; o¢c 16.7, oy 1.34), two
methylenes (dc 37.3, oy 2.02, dy 2.07; dc 38.3, oy 2.21, dy
2.85), five methines (dc 58.9, oy 1.58; d¢c 130.2, oy 5.42; o¢
76.3, oy 4.44; oc 145.3, oy 6.63; oc 30.2, oy 2.04), and 4
non-protonated (including one carbonyl) carbons. The
planar structure of 1 was determined by interpretation of
2D NMR spectroscopic data. The 'H-'H COSY spectrum
showed two spin coupling systems arising from two partial
structures of C-10—C-9—C-8—C-14 and C-3 to
C-12/C-13 (Figure 2). The HMBC correlations from
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Me-15 to C-3/C-4/C-5, and from H-1 to C-5, suggested the
presence of the substituted cyclopentene moiety. Addition-
ally, the correlations from H-10 to C-5, Me-14 to C-7/C-8/
C-9 and H-6 to C-5/C-7 led to the identification of
6-hydroxy-2-methyl-cyclohexenone moiety (Figure 2),
which constructed a spiral framework with the cyclopen-
tene via C-5. Hence, the planar structure was elucidated as
6-hydroxy-4-isopropyl-1,8-dimethylspiro[4.5]deca-1,8-
dien-7-one.

HO HO.__O
c L
| Lo  =—1H-'Hcosy
N ?; o “\ HMBC
1 2

Figure 2 Key 'H-'H COSY and HMBC correlations of com-
pounds 1 and 2

The relative configuration was elucidated based on the
NOESY spectrum. The key correlation of H-6/H-11 indi-
cated that C-1 was f-oriented while the A; 4 was located at
a-orientation. The above mentioned suggested that the rel-
ative configuration of C-5 was R*. Meanwhile, while the
NOE effects of H-1/H-10a/H-108 suggested that the iso-
propyl group laid above cyclopentene moiety and H-1
performed the opposite orientation. Therefore, the relative
configuration of 1 was assigned to be 15*, 5R* and 6R*
(Figure 3). Due to the lack of Cotton effects in ECD spec-
trum and the optical rotation value ([a]; +0.7), com-
pound 1 should be obtained as a racemic mixture.

/ -
¢ H-10p

Figure 3 Key NOESY correlations of compound 1

Compound 2 was obtained as a yellow solid. The mo-
lecular formula was determined as C;oH;(O¢ on the basis
of HRESIMS deprotonated peak at m/z 225.0404 [M—H]
(caled for CigH;oOs, 225.0405), indicating six degrees of
unsaturation. The "H NMR and *C NMR spectra (Table 1)
and DEPT experiments suggested the presence of two me-
thyls (dc 20.2, oy 1.48; d¢c 24.7, oy 1.77), two methines (d¢
74.9, oy 5.28; oc 150.0, oy 7.57), and six quaternary car-
bons (including two carbonyl).

The gross structure was elucidated on the basis of
HMBC correlations as well as the quantum chemical cal-
culations. The HMBC correlations from H-5 to C-3/C-4,
H-3 to C-1/C-2/C-8 and H-10 to C-8/C-9 constructed the
fragment from C-5 to C-10. The chemical shifts of C-7 and
C-8 combine a weak w-type four bond cross peak from
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Table1 'HNMR and *C NMR data of compounds 1 (600/150 MHz, CD;0D) and 2 (600/150 MHz, acetone-d;)

1 2
No.
Oy (J/Hz) dc Oy (J/Hz) dc
1 1.58 (dd, 9.7, 8.4) 58.9 173.2
2 1.97~2.03 (m) 373 125.8
2.05~2.10 (m)

3 5.39~-5.45 (m) 130.2 7.57 (s) 150.0
4 141.7 109.7
5 59.7 1.77 (s) 24.7
6 4.44 (s) 76.3 167.4
7 202.9 142.8
8 134.5 120.6
9 6.60~6.66 (m) 145.3 5.28 (q, 6.4) 74.9
10 £:2.21 (ddd, 202, 5.6, 1.6) 383 1.48 (d, 6.4) 202

a: 2.85 (dg, 20.2,2.7)

1 2.03~2.06 (m) 30.2

12 0.91 (d, 6.6) 232

13 1.08 (d, 6.6) 243

14 1.68~1.73 (m) 15.5

15 1.31~1.36 (m) 16.7

H-9 to C-6, it was suggested that the double bond A;g
should be oxygenated which further conjugated with a
carbonyl carbon. The correlation from H-9 to C-6 con-
structed a five-membered lactone. Considering the degrees
of unsaturation, C-4 and C-7 should be cyclized via an
oxygen atom. Thus, the planar structure was established as
shown.

Due to the lack of NOESY effects between H3-5 and
H3-10, the relative configuration could be determined
through directly analysis of spectroscopy data. Hence, the
quantum chemical calculations of *C NMR chemical shift
of four possible absolute structures (2a~2d) and the
DP4—+ simulation were carried out. The most significant
error compared to experimental *C NMR chemical shift
was shown by C-8 with the deviations of 6 13.2, 14.8, 13.1
and 15.3 for 2a~2d, respectively, while the mean absolute
error (MAE) values of 2a/2¢ were 4.5, 4.8, 4.5 and 5.1,
respectively. Moreover, the correlation coefficients (R”) of
2a~2d were 0.98493, 0.98223, 0.9852 and 0.9809, re-
spectively. The further DP4+ simulation indicated that
the enantiomers 2a and 2c¢ gave the similar probability of
48.99% and 49.68%, respectively, while 2b and 2d only
occupied 1.34% of the distribution. All the above conclu-
sion suggested that the relative configuration could be de-
duced as 45*9R*, which were the same as those of 2a and
2¢ (Figure 4). Similarly, compound 2 was also isolated as a
racemic mixture since the lack of Cotton effects and the
low optical rotation value ([a]5 +1.1).

Compound 3 was obtained as a white solid. The molec-
ular formula was determined as CgH,oO; on the basis of Na
ionized peak at m/z 177.0525 [M+Na]' (calcd for
CgH 003, 177.0522) from HRESIMS, indicating four de-
grees of unsaturation. 'H NMR and C NMR spectra (Ta-
ble 2) exhibited the presence of two methyls (dc 12.5, dy
1.00; ¢ 19.2, dy 2.13), one methylene (dc 16.7, oy 2.39),

Chin. J. Org. Chem. 2020, 40, 209~214

one methane (dc 100.1, dy 5.99), and four quaternary car-
bons (including one carbonyl). Compound 3 was previ-
ously reported to be an organic synthetic compound.!"* Tt
was the first report that compound 3 was isolated as a nat-
ural product and fully characterized by spectroscopic data.

Table 2 'H NMR and "*C NMR data of compound 3 (600/150
MHz, acetone-ds)

3

No. S (J/Hz) Sc
1 165.1
2 104.0
3 164.4
4 5.99 (s) 100.1
5 160.3
6 2.13 (s) 19.2
7 239 (q, 7.42) 16.7
8 1.00 (t, 7.41) 12.5

© 2020 Chinese Chemical Society & SIOC, CAS

Compounds 1~6 were evaluated in vitro for their cyto-
toxicities against four human cancer cell lines SF-268,
MCF-7, HepG-2 and A549 compared with cisplatin as the
positive control. However, none of them was found to be
active at the concentration up to 100 pmol/L.

3 Conclusions

The chemical investigation of the endophytic fungus
Trichoderma spirale A725 has led to the isolation of two
new compounds (1~2), a new natural product (3), togeth-
er with three known compounds (4~6). Their structures
were elucidated by the detailed analysis of spectroscopic
data. The results of cytotoxicity assay indicated that none
of compounds showed cytotoxic effects against the tested
cell lines. Nevertheless, more bioactivities, not limited to
the cytotoxicity, would be screened in the future. This dis-
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covery will make a contribution to the chemical diversities
of polyketides from endophytic fungi.

4 Experimental section
4.1

Optical rotations were measured using an Anton Paar
MCP-500 (Anton Paar, Graz, Austria). UV spectra were
recorded on a Shimadzu UV-2600 spectrophotometer
(Shimadzu, Kyoto, Japan). The IR spectra were recorded
on an IR Affinity-1 spectrophotometer in cm ' (Shimadzu,
Kyoto, Japan). 1D and 2D NMR spectra were recorded on
a Bruker Avance-600 spectrometer with TMS as internal
standard (Bruker, Féllanden, Switzerland). HRESIMS
were done with a Thermo MAT95XP high resolution mass
spectrometer (Thermo Fisher Scientific, Bremen, Germa-
ny). Silica gel (200~300 mesh, Qingdao Marine Chemical
Inc., Qingdao, China) and C-18 reversed-phase silica gel
(40~75 pm, Fuji Silysia Chemical Ltd., Kasugai, Japan)
were used for column chromatography. TLC analysis was
carried out on silica gel plates (Merck KGaA, Darmstadt,
Germany). A Shimadzu LC-20AT (Shimadzu, Kyoto, Ja-
pan) equipped with an SPD-M20A PDA detector (Shi-
madzu, Kyoto, Japan) was used for HPLC, a YMCpack
ODS-A/AQ column (250 mmX20 mm, 5 um, 12 nm,
YMC CO., Ltd, Kyoto, Japan) was used for semi-prepa-
rative HPLC separation, and a YMC-pack ODS-A column
(250 mm X20 mm, 5 um, 12 nm, YMC CO., Ltd, Kyoto,

General experimental procedures
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Japan) was used for preparative HPLC separation. All sol-
vents were of analytical grade (Guangzhou Chemical Re-
gents Company, Ltd., Guangzhou, China).

4.2 Fungal material

The endophytic fungal strain A725 was isolated from
Morinda officinalis, which was collected from Gaoyao
city, Guangdong province, China, in January 2015. The
strain was identified by sequence analysis of rDNA ITS
(internal transcribed spacer) region. The sequence of ITS
region of the fungal strain has been submitted to GenBank
(Accession No. EU280082). By using BLAST (nucleotide
sequence comparison program) to search the GenBank
database, A725 has 99.5% similarity to Trichoderma spi-
rale DAOM 229883 (Accession No. KU529839). The
strain was preserved at the Guangdong Provincial Key
Laboratory of Microbial Culture Collection and Applica-
tion, Guangdong Institute of Microbiology.

4.3 Quantum chemical calculations of >C NMR and
DP4+ simulations

Merck molecular force field (MMFF) and density func-
tional theory/time-dependent density functional theory
(DFT/TD-DFT) calculations were carried out using the
Spartan’14 software (Wavefunction Inc., Irvine, CA, USA)
and the Gaussian 09 program, respectively. Conformers
which had an energy window lower than 20 kJsmol ' were
generated and optimized using DFT calculations at the
b3lyp/6-31 + g(d,p) level. Frequency calculations were

Chin. J. Org. Chem. 2020, 40, 209~214
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performed at the same level to confirm that each optimized
conformer was true minimum and to estimate their relative
thermal free energy (AG) at 298.15 K. Conformers with
the Boltzmann distribution over 2% were chosen for "°C
NMR calculations at mPWI1PW91/6-311+ g(d,p) level.
Additionally, solvent effects were considered based on the
self-consistent reaction field (SCRF) method with the po-
larizable continuum model (PCM). Details of the con-
formers information were provided in Supporting Infor-
mation. The DP4+ probability simulations were con-
ducted using an applet available at http://www-jmg.ch.
cam.ac.uk/tools/nmr/DP4/.

4.4 Fermentation, extraction and isolation

The strain A725 was cultured on autoclaved rice sol-
id-substrate medium (fifteen 3-L erlenmeyer flasks, each
containing 250 g of rice and 300 mL of water) for a month
at 28 ‘C. The cultivated solid medium was extracted with
EtOAc three times. The solvent was evaporated under re-
duced pressure at temperature not exceeding 50 ‘C to
yield a dark brown gum (34.5 g). The EtOAc extract was
subjected to silica gel column chromatography (200~300
mesh) with a gradient system of increasing polarity
(n-hexane/EtOAc), to afford 7 fractions (Fr.1~Fr.7). Fr.5
(2.72 g) was separated by column chromatography over
C-18 reversed-phase (RP) silica gel using MeOH/H,O
(from 40% to 100%, volume fraction) to yield four frac-
tions (Fr.5-1~Fr.5-4). Subfraction Fr.5-1 was further sep-
arated into three subfractions (Fr.5-1-1~Fr.5-1-3) by Se-
phadex LH-20 using MeOH as the eluting solvent. Sub-
fraction Fr.5-1-2 was further purified by silica gel flash
column chromatography (n-hexane/EtOAc, V' : V=10 :
1~2:1) to yield compound 6 (8.9 mg). Subfraction
Fr.5-1-3 was further purified by semi-preparative HPLC
(MeOH/H,O, V' V=90 . 10, 3.0 mL/min) to obtain
compound 1 (1.1 mg, {r=10.0 min). Fr.6 (4.43 g) was
separated into six subfractions (Fr.6-1~Fr.6-6) by Se-
phadex LH-20 using MeOH as the eluting solvent. Sub-
fraction Fr.6-5 was separated by silica gel flash column
chromatography (CH,Cl,/MeOH, V' : V=100 :1~1:1)
to afford another six subfractions (Fr.6-5-1~Fr.6-5-6).
Fr.6-5-2 was further purified by semi-preparative HPLC
(MeCN/H,O, V i V=50 : 50, 3.0 mL/min) to obtain
compound 2 (6.1 mg, fr=6.8 min). Fr.6-5-3 was further
purified by semi-preparative HPLC (MeCN/H,0, V : V=
45 7 55, 3.0 mL/min) to obtain compound 4 (15.1 mg, =
10.4 min). Fr.6-5-4 was further purified by
semi-preparative HPLC (MeCN/H,O, V . V=30 : 70, 3.0
mL/min) to obtain compound 3 (2.3 mg, tx=11.2 min).
Subfraction Fr.6-6 was separated by silica gel flash CC
(CH,Cl/MeOH, V. V=100 : 1~1 : 1) to afford another
six subfractions (Fr.6-6-1~Fr.6-6-6). Fr.6-6-6 was further
purified by semi-preparative HPLC (MeCN/H,0, 40 : 60,
3.0 mL/min) to obtain compound 5 (1.9 mg, tr =6.8 min).

4.5 Spectroscopic data

6-Hydroxy-4-isopropyl-1,8-dimethylspiro[4.5]deca-1,8-
dien-7-one (1): White solid, m.p. 185 C; [aly +0.7 (c
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0.1, MeOH); UV (MeOH) . [log &/(Lemol 'scm™')]:
200 (2.57) nm; 'H NMR and ">C NMR data see Table I;
IR (KBr) vinax: 2957, 2924, 2851, 1674, 1541, 1362, 1022
cm l; HRESIMS caled for C;sH,,O,Na [M + Na] *
257.1512,257.1514.

2-Hydroxy-2,5-dimethyl-7-0x0-5,7-dihydro-2 H-furo-
[3,4-b]pyran-4-carboxylicacid (2): Yellow solid, m.p.
217 C; [a]s +1.1 (c 0.1, MeOH); UV (MeOH) Apqy [log
g/(Lemol 'scm™")]: 290 (2.98) nm; 'H NMR and *C NMR
data see Table 1; IR (KBr) vpa: 3302, 1742, 1697, 1668,
1611, 1381, 1314, 1244, 1204, 1165, 1045 cm ',
HRESIMS caled for Ci(HoOg [M—H] 225.0405, found
225.0404.

3-Ethyl-4-hydroxy-6-methyl-2H-pyran-2-one (3): White
solid, m.p. 159 C; 'H NMR and *C NMR data see Table
2; IR (KBr) vax: 3215, 2572, 1679, 1276, 1104 cm ™ ';
HRESIMS caled for CgH;OsNa [M+Na]" 177.0522,
found 177.0525.

4.6 In vitro cytotoxicity assay

Cytotoxicities of compounds 1~6 were assayed against
four tumor cell lines, including SF-268 (human glioma cell
line), MCF-7 (human breast adenocarcinoma cell line),
HepG-2 (human liver cell line), and A549 (human lung
cancer cell line). Assays were performed by the SRB
method.!"”!

Supporting Information 1D and 2D NMR, UV, HR-
ESIMS spectra of compounds 1~3. These materials can
be downloaded for free from the website (http:/sioc-
journal.cn/).
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