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Abstract A chemical investigation on the cultures extract of the basidiomycete Armillaria sp. YUD17010 led to the isolation
of three protoilludane-type sesquiterpene aryl esters, including a new one armilaroma (1), along with two known ones
4-dehydrodihydromelleolide (2) and armillarivin (3). Their structures and relative configurations were established on the basis
of spectroscopic data analysis, and the absolute configurations were assigned by electronic circular dichroism (ECD) spectra
aided by quantum chemical calculations. Armilaroma (1) exhibited moderate acetylcholinesterase (AChE) inhibitory activity
with an ICso value of 9.03 umol/L. Moreover, cytotoxicities against the MCF-7, SW480, HL-60, A-549, and SMMC-7721
human cancer cell lines were also evaluated for compound 1, with the ICso values ranging from 13.73 pmol/L to 17.92 umol/L.
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(higher fungus).l* This fungus is recognized to be a fungus
producing protoilludane sesquiterpene aryl esters, whose

Introduction

Until now, fungi are an irreplaceable and attractive re-
search area in drug discovery, which has caught considera-
ble attention from natural product chemists and pharma-
cologists.l!¥ The basidiomycete genus Armillaria has been
widely used as health food and a medicinal mushroom
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metabolites are quite a rich family which showed acetyl-
cholinesterase (AChE) inhibitory activities, cytotoxicities,
and antimicrobial activities.!””]

In our continuous endeavor to explore for structurally
fascinating and bioactive natural products from fungi.['-1!
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The chemical investigation of the secondary metabolites
from Armillaria sp. YUD17010 was carried out, which led
to the isolation of three protoilludane sesquiterpene aryl
esters (Figure 1), including a new one, armilaroma (1), as
well as two known analogues 4-dehydrodihydromelleolide
(2) and armillarivin (3). Herein, the isolation, structure
elucidation, absolute configuration assignments and bioac-
tivities of these metabolites are described in detail.

Figure 1 Chemical structures of compounds 1~3

2 Results and discussion

Armilaroma (1) was isolated as white amorphous pow-
der. Its high-resolution mass spectrometry electrospray
ionization (HRMSESI) showed a molecular ion peak at m/z
409.1982 (caled for Cp3H3NaOs [M+Na]™ 409.1985),
consistent with the molecular formula of C,3H300s, which
was indicative of 9 degrees of unsaturation. The 'H NMR
data (Table 1) displayed characteristic signals for two ar-
omatic singlets at dy 6.20 and 6.13, an olefinic singlet at Jy
5.69, and four methyl singlet resonances at oy 2.35, 1.25,
1.00 and 0.98. The '*C NMR and DEPT spectral data (Table
1) combined with the HSQC correlations allowed 23 carbon
resonances to be classified into an ester carbonyl at dc
171.3, seven nonprotonated carbons [including five sp?
carbons at dc 165.2 (oxygenated), 161.2 (oxygenated),
144.1, 133.5 and 105.2, and two sp® carbons at dc 37.8 and
32.9], seven methine [including three sp? methine Jdc 130.3,
111.9 and 101.5, and four sp* éc 70.7 (oxygenated), 45.5,
43.2 and 39.3 methine], four methylene at dc 66.4 (oxy-
genated), 48.0, 41.9 and 38.7, along with four methyl
groups at oc 32.4, 32.2, 27.0 and 24.2. These data indicated
that the structural features of constituent 1 arising from its
ID NMR spectra were similar to those of the protoil-
ludane-type sesquiterpenoids 4-dehydrodihydromelleolide
(2).'¥ The major difference between these compounds was
the disappearance of the hydroxy group at C-4 in compound
1, this was substantiated by examination of the NMR and
HRESIMS data.

The planar structure of 1 was confirmed by comprehen-
sive analysis of 2D NMR spectra (Figure 2). The 'H-'H
COSY spectrum (Figure 2) revealed two spin-coupling
systems: H-4/H-5/H»-6 and H,-10/H-9/H-13(H-3)/H,-12.
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Table 1 'H NMR and '3C NMR spectroscopic data of armi-
laroma (1) in CDCl3

Position oH (J in Hz)* dc (type)?
1 3.93 (s) 66.4 (CHa)
2 133.5(C)
3 5.69 (s) 130.3 (CH)
4 2.88(d, 6.8) 43.2 (CH)
5 5.72 (overlap) 70.7 (CH)
6 2.13(d, 7.6) 38.7 (CHa)
7 329 (C)

8 1.25(s) 27.0 (CHs)
9 2.07 (overlap) 45.5 (CH)
10 1.33 (dd, 12.0, 6.4) 41.9 (CHz)
1.09 (d, 12.0)
11 37.8 (C)
12 1.83 (dd, 9.2, 8.8) 48.0 (CHz)
1.49 (d, 13.2)
13 2.77 (8) 39.3 (CH)
14 1.00 (s) 32.2 (CHs)
15 0.98 (s) 32.4 (CHs)
I 105.2 (C)
2! 165.2 (C)
3 6.20 (s) 101.5 (CH)
4 161.2 (C)
5' 6.13 (s) 111.9 (CH)
6' 144.1 (C)
7 2.35(s) 24.2 (CHs)
8' 171.3 (C)

© 2021 Chinese Chemical Society & SIOC, CAS

¢ Measured at 400 MHz. » Measured at 100 MHz.

On the basis of the multiple HMBC correlations (Figure 2)
from H-4 to C-2 (olefinic), C-3 (olefinic), C-6, and C-7,
from H,-6, H3-8, and H-9 to C-7, combined with from
H,-10, H>-12, H3-14, and Hs-15 to C-11 established a car-
bocyclic A/B/C ring system with A%3 double bond (Unit A).
Sequentially, the hydroxymethyl group attached at C-2 was
uncovered by the HMBC correlations from H»-1 to C-2. The
spectra were suggestive of an esterified orsellinic acid!'¥l as
the aromatic moiety (Unit B). This inference was confirmed
by the HMBC cross-peaks from H-3'to C-1', C-2', C-4', and
C-5', from H-5'to C-1', C-3', C-4', and C-6', as well as from
H-7' to C-1', C-5', and C-6'. Furthermore, the key HMBC
correlations from H-5 to C-8' suggested that the unit A
connected to unit B through an ester. The planar structure of
1, belonging to protoilludane sesquiterpene aryl ester, was
therefore assigned as shown in Figure 2.

= COSsY — HMBC

<----~ ROESY

Figure 2 Key 'H-'H COSY, HMBC and ROESY correlations of
armilaroma (1)
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To illustrate the relative configuration of 1, the ROESY
analysis was performed (Figure 2). The key ROESY cor-
relations of H-4/H-5/H3-8 suggested that H-4, H-5 and H-8
were all on the same side. On the contrary, the ROESY
cross-peaks of H-9/H-13/H3-14 indicated that H-9 and H-13
were on the other side. Aiming at determining the absolute
configuration of 1, the electronic circular dichroism (ECD)
spectra of the two enantiomers [(4R,5R,7R,95,13R)-1 and
(45,55,75,9R,135)-1] of 1 were calculated at the B3LYP/
6-31+(d,p) level with the time-dependent density func-
tional theory (TDDFT) (Figure 3). Clearly, the calculated
ECD spectrum for the (4R,5R,7R,95,13R)-1 stereoisomer
showed excellent fit with the experimental data, with a
positive Cotton effects (CE) around 213, 264 and 300 nm
(Figure 3). Therefore, the absolute configuration of com-
pound 1 was assigned unambiguously as 4R,5R,7R,9S,13R,
and named as armilaroma.

20 — Exptl. of 1
15 —— Calcd. of (4R,5R,7R,9S,13R)-1
- - - Calcd. of (45,55,7S,9R,135)-1

CD [mdeg]

200 250 300 350 400
Wavelength/nm

Figure 3 Experimental and calculated ECD spectra of armi-
laroma (1)

The known compounds identified were 4-dehydro-
dihydromelleolide (2)[*3! and armillarivin (3)[*! by com-
paring their spectroscopic data with those of previously
published values.

Considering that protoilludane sesquiterpene aryl ester
has been reported to have medicinal activity applica-
tions.>® In this work, armilaroma (1) was evaluated for in
vitro cytotoxicity against human myeloid leukemia (HL-60),
human hepatocellular carcinoma (SMMC-7721), lung
cancer (A-549), breast cancer (MCF-7), and human colon
cancer (SW480). As shown in Table 2, 1 exhibited obvious
inhibitory effect on all five cancer cells with ICsy values
ranging from 13.73 to 17.92 umol/L. Besides, compound 1
was also tested for AChE inhibitory activity utilizing the
Ellman method. The results revealed that 1 showed moder-
ate AChE inhibitory activity with ICso value of 9.03
pmol/L.

3 Conclusions

In summary, three protoilludane-type sesquiterpene aryl
esters, including a new one, armilaroma (1), together with
two known compounds, 4-dehydrodihydromelleolide (2)
and armillarivin (3), were characterized from cultures of
Armillaria sp. YUD17010. The planar structure and abso-
lute configuration of 1 were determined by NMR,
HRESIMS, and theoretical TDDFT-ECD calculation. Bio-
logically, armilaroma (1) showed moderate AChE inhibi-
tory activity, and obvious cytotoxicities against five human
cancer cell lines (HL-60, SMMC-7721, A-549, MCF-7 and
SW480) with comparable ICsg values to the positive control
cisplatin as shown in Table 2. In addition to contributing
new protoilludane-type sesquiterpene congeners, our cur-
rent work indicates that armilaroma (1) might be a prom-
ising source for new anticancer lead compound.

4 Experimental section

4.1 General experiment

Optical rotations were measured with a JASCO P-1020
digital polarimeter. IR spectra were obtained with a Nicolet
NEXUS 470 spectrophotometer in KBr discs. UV spectra
were recorded on a Waters 2487, and the CD spectra were
determined on Agilent serial Applied Photophysics. 1D and
2D NMR spectra were obtained on a Bruker AVANCE
NEO 400 MHz spectrometer, with TMS as an internal
standard. HRESIMS analyses were measured on Agilent
1290 UPLC/6545 Q-TOF mass spectrometer. Silica gel
(200~300 mesh, Qingdao Marine Chemical Inc., China),
RP-18 gel (40~75 um, Fuji Silysia Chemical Ltd., Japan),
and Sephadex LH-20 (Amersham Biosciences, Sweden)
were used for column chromatography. Fractions were
monitored by TLC, and spots were visualized by UV light
(254 nm) and sprayed with 5% H>SO4 in EtOH, followed by
heating.

4.2 Fungal materials

The fungal strain was isolated from the epidermis in the
underground portion of Gastrodia elata collected from a
plantation field at Xiaocaoba, Zhaotong, Yunnan Province,
China, in December 2016. The fungus was identified as
Armillaria sp. YUD17010 by morphological examination
and analysis of internal transcribed spacer (ITS) regions of
18S rRNA (GenBank accession No. MK079569). The
voucher specimen was deposited at School of Chemical
Science and Technology, Yunnan University.

4.3 Fermentation, extraction and isolation
The fungus Armillaria sp. YUD17010 was cultured on

Table 2 ICso values (umol/L) of cytotoxicity for the new compound 14

Compound MCE-7 SW480 HL-60 A-549 SMMC-7721
1 16.59%0.16 17.3240.32 15.98+0.99 17.92+£0.74 13.73£0.58
Cisplatin 428%0.36 13.78+0.25 11.23%0.61 21.65+0.68 18.17%0.15
@ Values are mean = standard deviation.
Chin. J. Org. Chem. 2021, 41, 4493~4497 © 2021 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 4495
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modified potato dextrose broth medium (PDB) at 28 ‘C for
5 d as seed cultures before subculturing in 500-mL Erlen-
meyer flasks with liquid medium (peeled and cut potato 200
g/L, glucose 20 g/L). The total amount of production me-
dium was 15 L. The cultures were incubated in a rotary
shaker incubator at 28 “C at 180 r/min for 21 d. The whole
fermentation broth (15 L) was extracted four times with
EtOAc. The organic layer was evaporated to give a crude
extract (6.5 g).

The extract was subjected to silica gel column chroma-
tography (CC) eluted with CHCI3/MeOH (V © V, 100 : 0,
50:1,30:1,1:1,07:1)to afford five fractions (Fr. A~
Fr. E). Fr. B was chromatographed on Sephadex LH-20 CC
and eluted with MeOH to afford six fractions (Fr.B.1~
Fr.B.3). Fr.B.2 was separated on RP-C;s silica gel CC
(MeOH/H,0, V' © V7,40 © 60 to 60 : 40) and further purified
by Sephadex LH-20 CC (MeOH) to yield compounds 1
(14.0 mg) and 3 (36 mg). Fr.C was separated on silica gel
CC with petroleum ether/acetone (V2 7, 10 . 1 and 6 : 1)
and further purified by Sephadex LH-20 CC (CHClsy/
MeOH, V' I V=1 : 1) to give compound 2 (28 mg).

Armilaroma (1): white amorphous powder. m.p. 80~
81 C; [a]y +96.9 (c 0.42, MeOH); UV-Vis (MeOH) Amax
[log &/(Lemol~'ecm™")]: 216 (6.85), 266 (4.02), 302 (1.65)
nm; 'H NMR (400 MHz, CDCI3) and '3C NMR (100 MHz,
CDCls) data see Table 1; IR (KBr) vimax: 3648, 1735, 1682,
1458 cm™'; HR-ESI-MS caled for Co3H3NaOs [M+Na]”
409.1985, found 409.1982.

4.4 TDDFT-ECD calculations

The conformational analyses were carried out via random
searching in the CONFLEX software using the MMFF94S
force field with an energy cutoff of 20.9 kJ/mol.l'>] The
ECD spectra were calculated for each conformer using
TDDFT methodology at the B3LYP/6-31 + G(d,p)//
B3LYP/6-31G(d) level of theory with methanol as solvent
by the polarizable continuum solvent model (PCM) solva-
tion model implemented in the Gaussian 09 program.!'¢!7!
The calculated ECD spectra of the conformers were com-
bined using Boltzmann weighting. These steps were per-
formed with the software SpecDis1.64.[18]

4.5 Biological assays
4.5.1 Cytotoxicity assay

The in vitro cytotoxicities of compounds against HL-60,
SMMC-7721, A-549, MCF-7 and SW480 human cancer
cell lines were determined according to the MTS method in
96-well microplates.'”) The cell lines (ATCC, Manassas,
VA, USA) were seeded into 96-well plates at a density of
3 X107 cells/well with 100 uL of RPMI medium. Cells were
incubated at 37 C for 24 h in a 5% CO; incubator. After
that, MTS (Promega, Madison, WI, USA) was added to the
culture medium and the absorbance at 490 nm was meas-
ured with a microplate reader. The ICsy values were calcu-
lated by Reed and Muench’s method.[?°! Cisplatin (Sigma)
was used as the positive control for the cancer cell lines. All
data are presented as mean®SD from three independent
experiments.
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4.5.2 ACHhE inhibitory activity assay

The AChE inhibitory activity was evaluated by a modi-
fication of Ellman’s method.[?!??! The test compounds dis-
solved in dimethyl sulfoxide (DMSO) were added to the
wells of a 96-well plate to reach concentrations ranging
from 40.0 to 0.04 umol/L. Subsequently, acetylthiocholine
(0.44 mmol/L) and Ellman’s reagent [5,5'-dithiobis-
(2-nitrobenzoic acid) (DTNB) (0.15 mol/L) dissolved in 0.1
mol/L phosphate buffer pH 7.4] were added.?*! An inhibi-
tion curve of AChE was prepared by using 10, 8, 6, 4, 2 and
0 pL of this enzyme, completing the volume with phosphate
buffer. The rate of color production was measured spec-
trophotometrically at 440 nm. Tacrine (Sigma) was used as
positive control (ICsp value of 0.3330.05 umol/L). All
assays were performed in triplicate from three independent
runs. The percentage inhibition was calculated as follows:
inhibition(%) = (C —S)/(C —B) X 100% (C is the absorb-
ance of control, S is the absorbance of sample solution, and
B is the absorbance of blank).**!

Acknowledgement Authors thank Advanced Analysis
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Supporting Information 1D and 2D NMR, HR-ESI-MS
and UV spectra for compound 1. The Supporting Infor-
mation is available free of charge via the Internet at
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