It
Research paper | 22 June 2025, 44(6): 240351 E¥)¥#R Mycosystema ISSN 1672-6472 CN 11-5180/Q

AARE R4 EE Hypoxylon sp. HK-37 BUR B4
15 =470

FAHFE Y2, 2 B’ EEi? BXxm, RER”

1 M Rer A fnfdt R~ BE, e R 570228
2 E IR R BE A A W RIS BT iR 4 B SR R g SR B S S DA E RS
WL, MRS D 571101

5 . KX 1 Bk KA R AL H Hypoxylon sp. HK-37 #94bF Mot AT 7 AR, KA ARAEE
#7. Sephadex LH-20 i EAT. F4|& HPLC Ao E 4 dh F 4 & 7 ik W& K& A A A H Hypoxylon sp.
HK-37 89 KK BVR LB = W F 5 B A5 S AR e e dl, SFAVR M5 7 ik 45 6 RS 45 4
HATEZ, 4 A14: methyl 8-hydroxy-1-oxo-1H-isochromene-3-carboxylate (1). 8-hydroxy-1-oxo-1H-
isochromene-3-carboxylicacid (2) . 1,8-dimethoxynaphthalene (3) . (-)-5-methylmellein (4) #= (-)-6-
hydroxymellein (5). HF/b4 1 AFbdh, b 2 AFHRRZWH, (LEW5 HERNZEH
Yo BAFE|, *o B PTR S BAT RS CREIRARES B dr ) E MK, SR AV TR SR
H—RFRER. AR FE T AORERNEARREARB WO F Ry R EDER, LAHLE
4 09 42 BT R BA A - B — TG BRI
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Secondary metabolites of endophytic fungus Hypoxylon sp.
HK-37 from Aquilaria sinensis
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Abstract: Five compounds were isolated from the rice solid fermentation products of Hypoxylon
sp. HK-37, an endophytic fungus from Aquilaria sinensis by various separation techniques
including silica gel column chromatography, Sephadex LH-20 gel column chromatography,
semi-preparative high-performance liquid chromatography (HPLC), and recrystallization. The
structures of these compounds were identified through spectroscopic methods in combined with
consulting literature data. They were determined as methyl 8-hydroxy-1-oxo-1H-isochromene-3-
carboxylate (1), 8-hydroxy-1-oxo-1H-isochromene-3-carboxylicacid (2), 1,8-dimethoxynaphthalene
(3), (-)-5-methylmellein (4), and (-)-6-hydroxymellein (5). Among them, compound 1 is a new
compound, compound 2 is a new natural product, and compound 5 is isolated from this genus for
the first time. The isolated compounds were tested for their acetylcholinesterase inhibitory
activity in vitro, and the results showed that all the compounds exhibited certain inhibitory
activity. This research provides reference material for its further development and utilization.
Keywords: endophytic fungus; Aquilaria sinensis, secondary metabolites; acetylcholinesterase

WA BRI RS B AN etal. 2021), BRMRARLGY e F G EE

B0 R i 1195 s ) 2 I T B R 2 N s s
WG IR 1 — R W (R AE 2023; JHE L
4520245 SRAMFESE 2024). A= B AFAE
THIYIN AU TR, AR, 25 0h 1.
H S E AT (Araujo et al. 2001), N4 B TE 575
FAEY I R b B B (Jia et al. 2016;
AN 2022; SINMHSE 2024), HPANE
FLIR AL E SR S AR AE A, TP A BT BE
% & 185 1 FEAE AR TR SRR AL R A
FLA AT A ARG AR IR A 39 1% 25 T B
(Verma et al. 2009; %55 2020; Devi et al.
2023), WAEREMEEYMES RGN EZEN
BER Y, R — AR EE A RUE Y e B,
Ao B A5 B Y R DA I 7 4 5 A 2 A A 45 3R
B2 . w2 BRI, AP . ¥i
WRTE . PR AT AL 55 L A AR Wi M (Zheng

WIHRZ —(Zhang et al. 2024), AWFFTMNEAARE
Aquilaria sinensis (Lour.) Gilg FE#HIFE i iR 43 25 3k
fR—PRINAEE, %) Hypoxylon sp. HK-37,
Xof HHE AT ORI R & e 35, Tt R e 1) 2.1
CBEAE U (A 2 B3 R AT 43 8 46 8 R ) T
PERFFE R FEE T FAARE WA BRI IEK
AR = Ak 2= S5 R RN A s P I 2 R T
HAh ARE N AE B 5T IR & it — s 1y
Bl2E 3

1 #RE5r*E

1.1 ##
1.1.1 =k

Hikk Hypoxylon sp. HK-37 4385 H AT
Aquilaria sinensis (Lour.) Gilg {8307, 4
i, TP El A RO B2 By A B R BT
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1.1.2 #FHRE

PDA 5575k D442 200.0 g, % H 20.0 g,
il 15.0 g, Z&8B/K 1.0L, pH H¥X; PDB £i3%
It HEEE 200.0 g, FIAIBE 20.0 g, ZZIHK 1O L,
pH H; KoK KK 100.0 g, ZEIHK
110 mL, & T 1 LEEHT, 121 CREXKF
30 min,
1.1.3  FENEMRF

i TAEG (MR S A RA A ;
FEZE VR K T S (T i B ER AT R A w5 8
MRS58 (BT USSR A R A w5 f
T4 DR (L 78 T 8 3 i S i 1 A PR D) 5
GFpsq 1 )2 (035 E AR . A J2 Hr i Ji (6080
200-300 H) (F S TAHRARD; m8osH
IR Cig Pl & S HE (Agilent); TEF K
A2 AR A FR A ) s Bruker AV-500 7
SR IL IR P 1% AL (Bruker) ; ODS [ AHAS KL
Sephadex LH-20 &t . JRACIH](Merck); £
NEBRERRS . AR L BEAEmE . 5,5- AR AR
MR . e Ak (Sigma); BEFR A AN . WERR A
B, WGP R R AR A E]);
SRR AR R Ry 33 i (R R T R R B A PR
o] HAE TR B [ e A Al
1.2 &
12,1 EHRDBEMEZE

K R BT A 0 R A i g N A I
T B, H 75% B R 2K T8 T
B B R ICEK S BE 3 i, HJCw Y )
Hey Yl /N s R 20, A 1 mL G
K S ES , WGBS IS O, R R 7KK
YRGS B K 107", 1072 AS[a] e 4R 1 4H
SRR, MR AT ER 100 pL A9 Bk 5 40 4R
DL R N 107, 1072 AU LH SUR IR IR A 7
PDA A, F 28 °ClEiRE & 5% 5-10 d,
Tt A R s e AR A PR, DA A
LILEFF PDA gL L, 2L Eal
BRI, B R EEA S 30%
HihAy PDB Ky dt Hil e, 28 °Cla i k;
I 5 T =80 °CUKAa AT H & R Pl (£ 205
4 2022),

Iy

[

puny

l

ZIIER 4] DNA 2 H0R50 & vl B 5 kA7
DNA H#EH. VIBE#RIEF 4] DNA sy, fifi
H ITS1/1TS4 38 FH5[#)(O’Donnell et al. 2009),
#47 PCR 784, Wy W aifb/f5 =it 24T
A T AR () e A FR 2 wl AT I o Kl
J¥3R#5 1 1TS rDNA J¥5117E NCBI f#] GenBank %
P PEH AT Blast [FJIEMEHT, FIFH Mega7.0 #4%E
RGEREW, BERRI RS R M,
1.2.2 HFRKE:

F—80 °CIREL Y TR PRI AT 22 PDA B3R 3E
Wik, 7E 28 °CHRM TR 3-5 d, Ry
G, BRECERR N RV, R R A
250 mL PDB }53#3£1Y 500 mL =i, 7EfE
TRFEIR 28 °C. 180 r/min £/ FI%3% 3 d, 153
DR A BERD U, W TR PR 2 R W 42 R0 21K
KEBESEFRET, BRIOK R BRI T IMA
10 mL Fi P15 383, L2000, FEMEME N iE
Higt 30 d (L% 2022),

123 R#EMSE

FRPAMR R WSS o, W RE ML A TR A4S 1Y
RKMWA LR OB 3 ), Gt
L, DR 4 KA R TR R EU (329.2 g)
INAE T 95% W /KBS 80K 2018 < BR B I il
ETRIR, DASFARFRA AT 3 )k, HEE
TR L R MR AR 15 BN LI (191.3 )

FH T 2 U 428 0 P Tk e e 2 T A i ik /
LR TR (1:0-0: 1) FA A7 /H B (1:0-0: 1) 47
e 3 1 A R R, 42 3% (TLC) M RE 47
M, SIFHIRITSY, 158 16 145 (Fr.1-Fr.16).

Fr.l (2.1 @& EAE @5 LI AN/ LR £
Fis(100:1>5: 1) M F sh ARG BE VR, 283 )= (03
(TLC) SAHT &AM 5 M (Frl.1-
Fr.1.5), Fr.1.2 (354.7 mg)%: # %M Sephadex
LH-20 #Ef 2 Mt L4l Bk i sh AR e I
PAFE AW 3 (18.2 mg); Fr.l.5 (320.5 mg)Z&efit
Ji2 A 0 i A A i Bk 20 R 20T (60:1—5:1) 4 ¥
AR BE VRN, &2 A% (TLC) SR i &
G IR 4 AW (Fr.1.5.1-Fr.1.5.4), Fr.1.5.4
(105.5 mg) £ il £ /=5 &0 AR £ 3 (H - K
45:55) 4L LA 4 (7.4 mg, tz 21.5 min),
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R

Fr.3 (9.8 @& H 45 HRIHE AP 1 (118.3 mg).
Fr.6 (23.2 g)% ODS S AHRER A a3k L H 7K
(1:5—0: 1) M sh B EEVERR , 28382 (3% (TLC)
SR SIS IS 18 N/ (Fr.6.1-Fr.6.18),
HiA Fr.6.1 (215.5 mg) 2 ik A% (6335 LA & 405/ H 5%
(80:1—0:1) A Yl AH A FE VR, 223 2 035
(TLC) AR HT & I 363545 6 M (Fr.6.1.1-
Fr.6.1.6), Fr.6.1.1 (62.0 mg)%:F 4% w5 2 A
k(L E-IK 35:65) 4k IR1FLA Y 2 (5.4 mg,
tx 18.0 min), Fr.6.1.2 (48.5 mg)Z¥1hil % a5 i A
(LG -7K 30:70) 2R G 5 (5.6 mg,
tz 15.5 min) (K 1),
1.2.4  {RSNEMEIR

Z M EFME52023)0 %, KA Ellman
:(Ellman et al. 196 1)X} BARAL A9 ) £ B RH AR
P O 1 TG A T 2 o3 B S | B
XEREZ | BHPEXTREA A H4l, LU sE AR A
DMSO 1E R BHPERIFAPESZ I8 XT R4, B4 4 4>
B, L&YY DMSO SEfTi R, Hl AR
FEH (4 mmol/L), BX 150 pL PBS ZZ i i (pH 8.0),
10 pL FRAE 5L F 20 pL 2 Pk JE Bel 75 T 0 i
(0.2 U/mL) T 96 fLAR M, 7E 37 cCHEEIEFFE T
IE 15 min J5, B2 AAIMSABMA 10 uL
FACZ EEAEAE (5 mmol/L)FI 10 pL 5,5- K% —H
FRH (1 mmol/L). 25 HALINA 10 uL PBS %%
MRFT 10 uL DTNB (1 mmol/L), S &
AZ N 200 L, BT 37 ClEHREFATET

30 min, FHEFARLT 412 nm JEK Tl EAFLE
OD fH, THEALGWrXs £ m R sl s ity 10 41 1 3
HHRAXWT
oD, - 0D,
oD, — 0D,

OD, MR 5 W SGAE , OD, A BAMEXT FR 4
WG, ODs Ryas XS IR GAE

5,4 0 544 Q
6 A OCH. s i o0l N

x100%

OHO OHO 0.0~
1 2 3
HO
S >0
OHO OHO
4 5

1 L&Y 1-5 U FELSH

Fig. 1 Chemical structures of compounds 1-5.

2 HEREHN

2.1 BEHREE

bk HK-37 % ITS rDNA J¥ 51 K J¥ 613 bp,
P HAEZZE GenBank B E, HAFFIIE RS
7 PQ451697.1, FIJH Blast %1% %31 347 [F 5 Lt
XF, BEBURILRE W e A 2 R g ke B A (1R 2)
gL WKk HK-37 14 ITS-rDNA J¥31 5
Hypoxylon sp.2Rh—32, J¥ 3[Rl R 99%,
L 32 PRI R 25 22 A ik A BRI T8 Hypoxylon sp.o

100 1 Hypoxylon investeens (MN793583.1)

Hypoxylon investeens (MN310386.1)
e [ S Hypoxylon firagiforme (LC685810.1)

Hypoxylon fragiforme (KJ413380.1)

Hypoxylon officinalis (MZ7.463123.1)

Hypoxylon pulicicidum (JX183075.1)
Hypoxylon cercidicola (IN660823.1)

Hypoxylon rubiginosum (OP699842.1)

— Hypoxylon trugodes (JQ009319.1)
100 ——— mhypoxylon trugodes (JQ009318.1)

58] L
81
95
r HK-37
98
|
100 |
—
0.010 0

2 EMHK3THERELEDH

Fig. 2 Phylogenetic analysis of Hypoxylon sp. HK-37.

240351-4



Research paper

22 June 2025, 44(6): 240351

Mycosystema ISSN 1672-6472 CN 11-5180/Q

FEREE
A 1: HEFK ; HR-ESI-MS m/z243.025 9
[M+H]", 454 "H-NMR F1 PC-NMR %4 #i:m) H:
43 F2h CiHsOs. STk &4 119 "H-NMR 4L
i, PORTEE 3 MBS S H IR TEE57.08
(1H, dd, J=8.0, 0.9 Hz, H-5),7.69 (1H, t, J=8.0 Hz,
H-6), 7.14 (1H, dd, J=8.0, 0.9 Hz, H-7)], 1 HUYL
MR IR IR T5 5 [7.49 (1H, s, H-4)], 14H
AIL(E 504 3.95 (3H, s, OCH3)Hl 1 NRRILF T
=50y 10.87 (1H, s, OH)], “C-NMR R ibs
Y11 HHAETE 2 BRI (O 164.9, 160.5), 4 P2
k155 (0c 162.0, 142.6, 135.3, 107.7), 4 P H 3
{55 (0c137.8, 118.6, 118.5, 113.8)F1 1 4~H 4 %k
55 (0c 53.2)0 DL EEIESS A HMBC (& 3)H
H-4 5 C-3. C-5 fl C-9 ZHMWMXAES, H-5
5 C-4, C7 Ff1 C-8a ZIHIMIHMIEAFES, H-6 5
C-4a il C-8 ZEIMAMXAES, LI H-7 5 C-5
il C-8a Z MMM AF F R LEW 1 W FEG
# (Arunpanichlert et al. 2010), #HF—EXJ LG
Y1 1 MEHALEY) penicilisorin (Arunpanichlert
etal. 2010)#Y 'H #1 *C-NMR ¥, W& EA+
SRR RAZ GRS R AL B 1 5 2 LS P4
FIARELETAE G 1 C-6 70 T —ASH &3,

2.2

F1 &% 170285 "H-NMR #1 *C-NMR #iE
Table 1

ik, AW 1 S E N methyl
8-hydroxy-1-oxo-1H-isochromene-3-carboxylate,
i SCHRAG 2 A f R WLRGE , Rk &9 1
FAHFAEY)

&Y 2. FAEFA ; HR-ESI-MS miz207.153 4
[M+H]", %454 "H-NMR F1 BC-NMR %d #Em
HAY 7N Ci1oHeOs0 LA 2 B '"H-NMR
B, WRAE 3 NEENRE T ER RS
[7.33 (1H, d, J=7.6 Hz, H-5), 7.78 (1H, t, J=8.0 Hz,
H-6), 7.14 (1H, d, J=8.3 Hz, H-7)], 1 ™HUt M
BERE IR R T 55 ([7.48 (1H, s, H-4)], 1 75
I {E 5 [0y 10.80 (1H, s, OH)]. "*C-NMR
BWREY 2 HAATE 2 DNERIEE 5 (6c 164.1,
160.9), 4 ™Z {5 5 (dc 160.5, 142.9, 135.8,
107.4), 4 MKW IAES(6:137.7, 118.8, 117.6,
112.9), UL EBIRSAEGY 1 ML, AhREFE
Z# (Arunpanichlert et al. 2010), #— X Ak
Y2 M1, KIALEY 2 458 iy AR R
AL, Lk, kEW 2 SiEENR
8-hydroxy-1-ox0-1H-isochromene-3-carboxylicacid,
H A5 P A T4 fu(Adler et al. 1960), {H A
AR I B R, b &9 2 MH KAk
i/

'H-NMR and *C-NMR data of compounds 1 and 2

NO. 1° 2b
dc On dc Oy

1 164.9 164.1
142.6 142.9
113.8 7.48 (s) 112.8 7.48 (s)

4a 135.3 135.8
118.5 7.08 (dd, J=8.0, 0.9 Hz) 118.8 7.33 (d, J=7.6 Hz)
137.8 7.69 (t, J=8.0 Hz) 137.8 7.78 (t, J=8.0 Hz)
118.6 7.14 (dd, J=8.0, 0.9 Hz) 117.7 7.14 (d, J=8.3 Hz)
162.0 160.5

8a 107.7 107.4

9 160.5 160.9

OCH; 532 3.95 (s)

OH 10.87 (s) 10.80 (s)

FE: 1°CDCI; il 2° DMSO-ds 3% 71 500 MHz {20 Hl 125 MHz ] B A%
Note: 1* The 'H-NMR was measured at 500 MHz in CDCls, and *C-NMR was measured at 125 MHz in CDCl;. 2° The 'H-NMR was
measured at 500 MHz in DMSO-ds, and >*C-NMR was measured at 125 MHz in DMSO-d.
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AAFEZ & | AAFRNEEREHypoxylon sp. HK-37HR &K 15 =4

R

o) 0
AT oy
N = OCH, | [ o
0 jg 0
OH O OH O
1 2
—— 'H-'H COSY ~—~ HMBC

3 & 128 "H-"H COSY #1 HMBC %
BIES

Fig. 3 The key 'H-'"H COSY and HMBC correlations
of compounds 1 and 2.

A 3. EEOMAR; HR-ESI-MS miz189.114 1
[M+H]", %54 "H-NMR F1 “C-NMR g i H iy
TR A CH;,0,. 'H-NMR (CDCls, 500 MHz): 6y
7.39 (2H, br d, J=8.2 Hz, H-4, 5), 7.36 (2H, t,
J=8.2 Hz, H-3, 6), 6.85 (2H, dd, J=7.4, 1.1 Hz,
H-2, 7), 3.98 (IH, s, 1, 8-OCH;); “C-NMR
(CDCLs, 125 MHz): d¢ 56.6 (1, 8-OCH;), 157.2
(C-1, 8), 106.3 (C-2, 7), 126.5 (C-3, 6), 121.0
(C-4, 5), 137.5 (C-4a), 117.7 (C-8a), tk&H 3 1y
% e S Allport & Bu’Lock (1960)AY)FEAR—
#H, HIL%E A 1,8-dimethoxynaphthalene.

5 4. AGKAR; HR-ESI-MS miz193.078 5
[M+H]", 454 "H-NMR F1 “C-NMR % H:
2R N € Hp0s. 'H-NMR (500 MHz, CDCL5):
oy 11.02 (1H, s, 8-OH), 7.30 (1H, d, J=8.5 Hz,
H-6), 6.84 (1H, d, J=8.5 Hz, H-7), 4.71 (1H, m,
H-3), 2.97 (1H, dd, J=16.6, 3.4 Hz, H-40), 2.69
(1H, dd, J=16.6, 11.6 Hz, H-48), 2.22 (3H, s,
5-CH,), 1.57 (3H, d, J=6.3 Hz, 3-CH;); “C-NMR
(CDCls, 125 MHz): ¢ 170.5 (C-1), 160.6 (C-8),
138.1 (C-4a), 137.2 (C-6), 125.0 (C-5), 115.8
(C-7), 108.2 (C-8a), 75.6 (C-3), 32.1 (C-4), 21.1
(3-CH3), 18.2 (5-CH;). L&Y 4 WIHEEHE S
RS 55F (2008) 1 FE A — 35, R 6 o R (-)-5-
methylmellein,

&5 AMKIAR; HR-ESI-MS miz195.062 3
[M+H]", 454 "H-NMR 1 “C-NMR Zifz i H
2 TN CiH10040 "H-NMR (500 MHz, CD;0D):
oy 6.21 (1H, br s, H-5), 6.20 (1H, br s, H-7), 4.66
(1H, m, H-3), 2.90 (1H, dd, J=16.4, 3.5 Hz, H-4a),
2.81 (1H, dd, J=16.4, 11.1 Hz, H-48), 1.46 (3H, d,
J=6.3 Hz, 3-CH;), "C-NMR (CD;OD, 125 MHz):
Sc 171.7 (C-1), 166.2 (C-6), 165.6 (C-8), 143.5
(C-40), 107.8 (C-5), 102.1 (C-8a), 101.4 (C-7),

77.2 (C-3), 35.5 (C-4), 20.9 (3-CH3). tb&W 51y
it 5 Abdel-Hameed et al. (2016)1) A —
H, e H oA (-)-6-hydroxymellein.
2.3 HEEMENR

X5y B AR B0 5 AMES YT £ I iR R
FEE A S PEVRAY, SR BN T ALY ER
— JE %) & Tk B 1 Tl 410 ) 9 1 o AR R TR
200 pmol/L ¥REET, HIHIZ 53511 24(44.95+2.13)% .
(32.97+1.42)% . (22.40+2.69)% . (30.28+2.38)%
F1(34.54+2.13)%,  BHE: X B Atb 52 B AR 2R Ay
(95.11+1.45)% (% 2).

x2 LAY C PR AR AN R
Table 2 AChE inhibitory activity of compounds

et %
Compounds Inhibition rate (%)
1 44.95+2.13

2 32.97+1.42

3 22.40+2.69

4 30.28+2.38

5 34.54+2.13

flo sk ! 95.11+1.45
Tacrine'

TE: P R

Note: 'Positive control.

3 Wik

125, KT ARTWNAERREAEY 2R LU
VSRR R L B R A )
S B A B 5 A G A LR TR R
SR ERIR 2 —, BBAE A AR |
PEF & RS P (RS 2021) &R
b & W — KRB IR T A& 5+,
HMEEZ, H)VZEET ALK T (Saddiqa
et al. 2017), W5k BHEATEYEA R
L PUB . U . S AR RN R B A A BRI
AW P (Saeed 2016), Meepagala et al. (2018)
AR #1955 )5 ELH# Diaporthe eres By VR 1A & B
Iy EsfgEbA Y 4, Cimmino et al. (2013) AFEZE
575 Phoma chenopodiicola H1/43 & 4lifb 15 21k &
Y15, EAEYTEEIAET , YR B R
FOE
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IR S & A BRI, H ) 6e S R
77 ) 2 9 L K B T v 3 NN A (B (R A
2024), ABFFEX—PRAT B B FUARE 9 P9 AE LA
Hypoxylon sp. HK-37 #E4TIR FAR I = H i 5%
R FHA[R] 43 85 T B AL ROK [T & 1 ™=y v 3
SrESEH S AMEEY, MBI E Y
HEAT RSN 2 Tk IR B e ) v v, S5 ER
AH 34 5L A T 559 1 2 T P ol 41 0 . A
RUE—EBRE LEETHARENERRNEYD
ZEeME, R XT Hypoxylon J& B AU k24 i
3R 2T Pk P 8 0 o1 0 PR B R BRI T S %

1B TR

U - eSO R 58S | B A
R . SR R W RIE: SR
TRERAE; R RIS RS MR
ST SRR S B,

DERLEN

VEE R B S EAN AT AEAT AT TR AE A £ 0 5%
AR ML B 55 S R o
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