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Cadinane-type sesquiterpenes from Ganoderma
subangustisporum and their a-glucosidase
inhibitory activities

MA Shiyuan"?, WANG Yuxi'", WEI Yulian', YUAN Haisheng'?*

1 CAS Key Laboratory of Forest Ecology and Silviculture, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110164, Liaoning, China
2 College of Life Sciences, Liaoning University, Shenyang 110036, Liaoning, China

Abstract: The chemical constituents of Ganoderma subangustisporum and their a-glucosidase inhibitory
activity were investigated. Two cadinane-type sesquiterpenes, 17-hydroxy-12-ethoxycarbonyl-a-cadinol
(1) and 12-hydroxy-a-cadinol (2), were isolated from the ethyl acetate extract of G. angustisporum mycelial
cultures. Their structures were elucidated through high-resolution mass spectrometry, comprehensive
nuclear magnetic resonance spectroscopic analysis and quantum chemical calculations. Compound 1 is
novel due to the acetylation of its 12-hydroxy group, while compound 2 is reported for the first time from the
genus Ganoderma. Both compounds 1 and 2 exhibited a-glucosidase inhibitory activity, with ICs, values of
(96.72+£3.87) umol/L and (56.82+4.70) pmol/L, respectively. Molecular docking results indicate that
compounds 1 and 2 primarily interact with key amino acid residues in the active site of a-glucosidase
through hydrogen bonds.

Ganoderma chemical constituent; cadinane-type sesquiterpene;

Keywords: subangustisporum
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R 2 Ganoderma spp. J& T H T IH I']
Basidiomycota, ZfLE H Polyporales . ZfLEF}
Polyporaceae, f&—2R4EK] 12 /A1 AR A ELTH
(Cao et al. 2012; Wu et al. 2022; Zhao et al.
2024). REAENERARTRIR, E&52h. =
L ARG L S AR AR T S ) (5K
520205 HOWIGSE 2022), HoA REBREER
L PUMIE . BURERR . PRI R
(Luo et al. 2002; Fatmawati et al. 2010; Wu et al.
2012,2019; Liang ef al. 2019; 25455 2021 ;
Liu ef al. 2022; Liu et al. 2024), X624 4
{1 R 2 IF R DRETE B i | 24t A OR A i ) B
SER . Hul, R2MRFLERETHRZ
Ganoderma lucidum F125% G. sinense, X} R 2
& FCAM A 18 R 6 0474 o X SRR X A D Y
YRl RIRE AR BB R AR 7 P ) FE R IR (R
B 2022), WAEMLR 2 ZIT4EAR Sun er al. (2022)
R, T SRR DAy TR o AR T R L6,

TR, FEAAT R0 4 S BE p5 R 1 [R] 3R
TR AL, TR G BR], FHAR
72, BMEE, Tumr#. Hir, T HASm
I3 B R G T S A PG PE VA i AR LR IE
MY, R 2SS ST DL =0 R 22
JEEERE 2021), AR LR
Z ) HA 2R RS Pt v] e H A 45 AR Wi
SR SR D T (1 X s S 95, s eI R /N
T 24005 (cadinane  sesquiterpenes) & H: i 4% A0
SER (AN XU I PR 70 22 S ) R i 35 B AR 0 T e
BRI KA R RO TR (R
Hi5E 2021), HET7ER Y AGUAE Y C 5 i
it 180 FALAABE RIS G, R AL E
T 55 A R L HERR B AT 40y fR BT AN BESS | O PR AT
WABEZE . R/ N RIS | EEBRIER 2R S 2 At A
PRI, HPEERIES 4 26% (Huang ef
al. 2022; Liang et al. 2022; Cui et al. 2024; %
HatffSE 2024; Moreno-Gutiérrez et al. 2025),
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o~ 2 BE T B /N Th 5 5K % o 2 B
T BR R TIOR8 B ) OB , LV M B R S
MK (E IS 2024), W0 o208
T EGR IS, BEREAT RE S h KL B PRI LS
A, TP ARAE IS 0, %t 2 AU
PRIR BB 16 A B 2 5 X (Zheng et al. 2024), H
I PRI 9 - 265 008 T I8 400 o1 590 (T -
B EA R, (HE RS B AN S R EH (FE
TLAF 2025), KIR 1 S5 H0) A6 s = 1Y
G, SR o R 2 WE T IED I A Y
YRR AHASE RS, ARSI Y a-
B HE T R G O B T B, Az
81 Cornus officinalis F153 B A BETT AL G4
cornucadinoside E 4 VG P4 43 35 T il IR 25 9
BT = B4 (He et al. 2019).

AWFFEXTAE T R 2 B4 o B -5
ZE R W A TS PR AT T AT, o 1S F)
2 MG RS A . o b G 1 o
e E, a2 hERNRZ R . P
PSR T — R o 4 A 1T il
eI HIREY

1 AH5 7%

1.1 ##
1.1.1 SEIeH Rl

G T2 R ZFRA T 2019 4 R4
RPN R FARTINL YN ¥ -y = DI S U R =S N s 1T
E R AN, LEESM ITS FF41(GenBank
PX473037)%%E N G. subangustisporum B.K. Cui,
J.H. Xing & Y.F. Sun (Sun et al. 2022), {#fFFH
B R b2 g T BH S A= A5 98 i AR AL A I pR A
1.1.2 X5

(gL, Rk KAb2= G0 A R, B
BE(fibal, RERZMFRFAR); LR
Be . Al —E PR, FEE. LB,
KEARRAAN A A5 - H 5 BT (L=
RM20Y1225), pNPG (#it5 RM20Y1118), Bl
WAL S RT20U1210) (F1E ik Ak VIR A TR
NEIDE
1.1.3 &5

Bruker 600 AU FAZ R LIREIE Y (Bruker 2

F]); LC-20AD il & AH 3542 . LC-20AT
B A5 WAH A (B VA E]) s Agilent 1260
R SOR AR TR CRBER A ED) ;45 B A
(250 mm x 20 mm, 10 pm), il %% @35
(250 mm x 10 mm, 5 pm) (YMC 2\ #)); HEHT
REWE (& S L B R AR M B PR A E])
1.2 REFSTE

W75 0 R 2 HVRTE PDA B3R5k E PR
Feha , il N ARSI 5L 2 A F 35 97 B S mL
P PR T ROKEE IR IE, T 28 °CHEERSF
40d, HEW LB EEIRIE, WE R K
Y, MAZRR R, EH T RE(ELR 3 1K),
G PEIOR , S 78 KA RS, AR R 2
2E 170 g %125 BE G 1 8 R R (3
TP e, ARUCR A - 2R Z R (50:1-1:1) A1
A - R (50:1-1: D) EF TR BE VR . T
JZ2 81 (TLC) F R RO AH €3 (HPLC) Ao I 285 2R
HICARIA Sy, BAA55) 4 MBS (Fr. A-Fr. D).

5> B (35 g)iiid ODS S AHRE B A: (235 4y
5, R SR B BRI (20%-100%), 3RA51H
4% Fr. BI-B4, Fr. B2 (2.02 )& REH: ik 43 55
(& H b I . 100:1-5:1), #£F TLC 1 HPLC
R 45 A AL AL 4y 5 E— 203l A o A T
HPLC (47%H %, i 7 mL/min) 16 25 5
HPLC (27%Z M, Wik 2.5 mL/min)4fifk, &
Y EEFEMEA Y 1(5.5 mg, tR=23.2 min). Fr. B3
(1.04 )28 B Ji A £ 3% A B (G o FH B
100:1-5:1), J&F TLC Al HPLC A& 2% -4 41
ILH 4 5 ARVCR I 4 50 HPLC (62.5% B, i
7 mL/min)FI2E£55 HPLC 37%Z 0, ik
2.5 mL/min)&lifk, 253 8lfbG49 2 (5.7 mg,
tg=14.7 min).
1.3 «- BB R EESHHE M

£ Zhang et al. (2014)H4RIE , B &9
F PBS B2 200, 100, 50, 25, 5 pmol/L iX
5 ANREE . TE 96 FLARN, 3 alin A EE L&
WIS 25 uL . PBS 125 pL VA K a- 75 BETE IS
#(0.1 U/mL) 25 uL. 37 °C#¥ % 10 min Ji5, fiA
2.5 mmol/L 1) pNPG JI W W - 4k 22 [ ) 30 min,
T 405 nm WEWOCEEE(A). AHER T
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W EIT XA 3B, R a4
(42): FLIIIAKESL . PBS (CH§). PBS, JX
NEEINE ;. X RRZH(45): LA PBS (B Uk
at). PBS. M, FOWJSEINGE ; X HRAS 4 (44):

fLNINA PBS (U ) . PBS (B /Uli) . PBS,
BN JEIRE o BT EAE A BH P B, 4% Rl A
W BERR FE FEA TN o o 1) 250 W0 il 400 1) 05 1k A%
(DA, S 2 = A0 i 2L
SRAF 1Cso fH

TR (%) =[(A3-A44)—(41-A42)1/(A3-A4)x 100% (1)
1.4 53t

MR B E(PDB . A0ES . 2QMI) AR i
BB IARSS S, SRR E 19 Maestro B {43
11X SY . B 5Eil i Maestro F- 5 & H
J5E AL B W] 55 (protein preparation wizard)X} 3z /A&
ity T SO0k, BEE A Glide BEHLR) 52
PR IR A= i T Ho(receptor grid generation)JE T
0I5 52 ARAE T AR A% o DA SZ ARG 4 v s
J A FEAAR Ry 2 B SCIAS RS 523 [ JF7E
DA% A A R P HERR AR B B B .

H PR B4 53 ChemDraw 22 il — 4E 4544,
JF2i W LigPrep W HFR P #EF T X 20 Bisb 3 .
A P AR AR AR AR 5 ok Glide A9 FCAA X 42
T.H (ligand docking)5 Wi 4 32 (A8 7Y 1 47 XF
e, NgE BARYE DockScore HEFTHERE, W&
W A EAE I ER 2B S, HSR
N BC AR 5 52 R B4 5 I ke 5 ) 1Y) 4 S 4Pk A A
FH(Shimmin et al. 2024) ., FiA3 715 45 R
ZLilat PyMOL B4 47 Al M4k & BH (Delano
2002; Xuetal 2022),

2 ZR50M

FET A S 2= B, X T2 il R 2 4
B oy BAR AR 0 2 MU G W HEAT T S5 4
(K 1), 4355 17-hydroxy-12-ethoxycarbonyl-a-
cadinol (1)#1 12-hydroxy-a-cadinol (2), H:H R
PR GY) 1 bEY, a 2 Bk
TER Z @Y B
2.1 HWEYIMEREE

L4 1: HR-ESI-MS R o7 B Tl

m/z 319.187 9 [M+Na]™ (it% C,;H»04Na,

319.188 0), Wi E AW 1 53 F N CisHas04 (R
HAE 4). '"H-NMR, “C-NMR (% 1)% HSQC
Hig w17 MRIES: — P ERRIEE [0 171.37
(C-13)], 2 M55 [0c 138.95 (C-4), dcn 122.89
(C-5) / 5.72 (1H, s)], 2 EEWH I [ocm
68.42/3.96 (2H, d, J = 7.32 Hz), 67.39/4.03 (2H,
m)], 3 MRS T [6cu 20.84/2.06 (3H, s),
10.54/0.84 (3H, d, J = 7.00 Hz), 21.20/1.12 (3H,
s)], 4 N L[5 22.38/1.21 (1H, m), 1.26 (1H,
m); 26.22/2.09 (1H, m, J = 6.36 Hz), 2.12 (1H, m,

J = 4.68); 22.71/1.51 (1H, m, J = 3.59 Hz), 1.53
(1H, m, J = 3.59 Hz); 41.94/1.45 (1H, m), 1.32

1 k&4 1512 &4

Fig. 1 The structures of compounds 1 and 2.

1 CDCL &4 1 89 'H (600 MHZz)F1 *C (150 MHz)
NMR ##2

Table 1 'H (600 MHz) and "“C (150 MHz) NMR
spectroscopic data of compound 1 in CDCl,

(AR Ak e VA2
Position Oy (multi, J in Hz) Jc

1 1.28, m 50.2
2a 1.21,m 224
2b 1.26, m 22.4
3a 2.09, m, (6.36) 26.6
3b 2.12, m, (4.68) 26.6
4 - 138.9
5 5.72,s 122.9
6 1.82, m 39.1
7 1.80, m 42.0
8a 1.51, m. (3.48) 22.7
8b 1.53, m, (3.59) 22.7
9a 1.32, dt, (12.16, 3.40) 41.9
9b 1.45, m 41.9
10 - 72.2
11 2.35,qd, (7.13, 3.18) 313
12 3.96, d, (7.32) 68.5
13 - 171.4
14 1.12,s 20.8
15 0.84, d, (7.00) 10.5
16 2.06, s 21.2
17 4.03, m 67.4
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(1H, dt, J = 12.16, 3.40 Hz)], 5 MKHE[6cn
50.17/1.28 (1H, m), 122.89/5.72(1H, s), 39.13/1.82
(1H, m), 42.01/1.80(1H, m), 31.30/2.35 (1H, qd,
J=1.13,3.18)],3 2=tk (dc 138.95, 72.22, 171.37),

PL_E B 51669 15-hydroxy-a-cadinol AHL(4
=T M EEWR 2024), AEZAETFLED 1
FIRBR TS FRAAAE 2 AN EAMOIRAE S oc 171.4, 20.8,

Aikrh 2 —AHIES, HEZSH el Re e
— RS B, HMBC (8 2)%, H-12 F1
H-14 5 C-13 H M6, IEH Z B A5 C-12 #Hi% .

'H-'H COSY correlation
~~ < HMBC correlation

« NOESY correlation

2 &Y 1 K9%% 'H-"H COSY. HMBC A& NOESY
BXES

Fig. 2 key 'H-'H COSY, HMBC and NOESY correlations of
compound 1.

NOESY (&l 2) ,Me-16/H-6/Me-15/H-12/
H-8 (A E M, H-6. Me-15. Me-16, H-12,
H-8b #4°8 B3 H-5/H-11 WA M2 7R H-5 F1 H-11
AR K o MEAM, H-11 B/NESH B =
3.18 Hz)Z W] H-11 1 H-7 M)A RS, $60] H-7
FIFSTLN a5 C-1 WIAHXTASRY FH T H45 NMR HIESE
(K 3), ERELED 15 la iTHE L RYS
B f i, R*E M 0.996 4, DP4+ (all data)ly 100%,
MITEfE T C-1 7 FIAIXT R Y AL &9 1 4 Xt
F7sE L 115 ECD e o kx5 s s
SEEMARRY ECD EIIE(& 4), &3 1S, 6R, TR,
118, 16S (315 ECD {5500 H M —3, 78
200 nm ZbFAEIE Cotton R, Btk EfLEY
1 4% 970k 18, 6R, 7R, 118, 16S.% Scifinder
&R, a1 h—FEieaY, wmah 17-
hydroxy-12-ethoxycarbonyl-a-cadinol,

&4 2. '"H-NMR: 0.81 (3H, d, J = 6.97),
1.11 (3H, s), 1.20 (1H, dd, J = 12.45, 3.67 Hz),

1.25 3H, m), 1.34 (2H, tt, J = 11.62, 3.34 Hz),
1.45 (1H, dd, J = 12.86, 4.20 Hz), 1.49 (1H, m),

1.67 (3H, s), 1.76 (1H, m), 1.78 (1H, m), 2.01 (3H,
m), 2.19 (1H, qd, J = 7.09, 3.20 Hz), 3.53 (2H, m),
5.47 (1H, s). "C-NMR: 135.5, 122.0, 72.4, 67.3,
50.2, 42.1, 41.9, 39.4, 34.7, 31.1, 24.0, 22.8, 22.6,
20.9, 10.4, UL EFdE 546459 12-hydroxy-a-cadinol

(Zhao et al. 2013)—%,

200 1 g1
y=1.120 6x + 1.134 8

B 150} ®=0.9964
% g DP4+(all date): 100% : OH
53 Neo
=~ TE -*
S st -’
Y . ...- H \“/

0 ‘ : : o

0 50 100 150 200
SR RS
Oexpn/PPM
2000 5,
y=1.118 6x + 1.019
2 150 F R*=0.995 6
= E DP4+(all date): 0%
5 E 00}
HE
ey S50 F .
.;-
0 1 1 i J
0 50 100 150 200
SR RS
Fexpu/ PPM

3 1a-1 71 14-1 B NMR 1 H & DP4-+H#E 3 534
Fig. 3 NMR calculations and DP4+ probability analysis of
la-1 and 16-1.

— SCIGECD (b))
Experimental ECD (Compound 1)
— {14ECD (1R.68,75,11R,16R)
Calculated ECD (1R,6S,7S,11R,16R)
— ECD (18,6R.7R,115,16S)
Calculated ECD (1S5,6R,7R.115,16S)

200 250 300 350 400
i3S

Detection wavelength/nm

4 LEM1 X%, 1HHE ECD (LR
Fig. 4 A comparison of experimental and calculated ECD for
compound 1.
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2.2 a- BB EEERINSIE M 5

XHAEED 1 F 2 AT T o~ R AT E T T A
HEENR(E 5), EW 1R 2 #RIE o
B AR TR B RS P, 1Cso (543 51 4(96.72+3.87)
F1(56.82+4.70) umol/L; PH:XT B Ml & AT
37 il MW AT A BT R PR, I 1Cso H1(39.88+
5.57) pmol/L,

- L4 %1 Compound 1
- 1E& 2 Compound 2
| & FT-RIEME Acarbose

100 -

it
Inhibition rate/%

0 50 100 150 200
WL
Concentration/(pmol/L)
5 KA1 F 2K o-EEVEEERHNHIE S

Fig. 5 a-Glucosidase inhibitory activities of compounds 1
and 2.

6 &Y 12 B FRiIE

ARG-526

KT RATEEEY 1 2 5 o4
VB Z BIMAE EAE R, 617 T 0 F X e 5% .
XA LI 6, fbG9 1 Fl 2 #RREMS 1 & B
HA HAE A E A MGAM (maltase-glucoamylase,
& - R AP I . (a1 1Y C-13
PR AL R A S Ash-327 MHEAE, 1AW 2
) C-12 PP 5L 5 Arg-526 Fil Asp-542 Tl A 5 .
e, HEM 24 JE MR R 5L Ash-327 . Arg-526 FlI
Asp-542 AT RELEING] o8 25 W B (075 M b &
HEENER. W, k&1 Ba 5406 2
FARL 2L, (BRI AR A IS M . X 7T B
EgEd c12 MBURFEEAT, 5 MGAM JE LAY
SR AN R], REOH MR
3 it

AT RN AR 2 358 2 A4
ARG 2 &, ok &9 1 ik
Y, HEMWHsET 2 uEELEET
k. fbEW 2 ERZ RN IR A . —HHE
M oA T B SIS, (A 1 T
SR I [1Cs50=(96.72+3.87) umol/L]3 T1L&H

ASP-542

Fig. 6 Molecular docking of compounds 1 and 2. A: 1-MGAM; B: 2-MGAM.
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2 [ICs0=(56.82+4.70) pmol/L )1 FH 44 Xef BE B - 1
BH[1Cs0=(39.88+5.57) umol/L]. XFPif{E2E Sl
BEIR T45MRIE . PSS R B8, MGAM
FITEPE 145 5 C12 7 A UL (S A SR FIFR I
e ESE, RUNZEWESLN C12 3RS
PERZMAAR AR, HRFEBU TSRO R T 2 B4R
J, HEN C12 AR IEAL AT RE A SE MR P Y DG
Bt Mok, EAFANERTAEY cornucadinoside
A-E TEMOERE N HA BED o8 20T B
il , Forp cornucadinoside E A4l R SR H 2=
E A X6T HE BT TR M B A 0, FE 25 A e AT TR
AT (2RI, 725 o- iAW 1T IS
PEAS B SE G LR R CHE % a- WA
il 1) 3 M DA SRR, HH T A5G R
(U2 2805 . ) (Sim et al. 2010). MUk, Bl
HBE T 24236 (-OH) AT L 5% 38 AR 481 S R RS
Yy, S5O A R IERR IR AU Ser. Arg.
His. Tyr Z5)JEMAER J1800 ) 2 Zs, M
BAEHAS S, RN (Jiang et al. 2020). X2
fifRE T LR B IA AR LA AABE cornucadinoside
A-E HAWSN o- =M B REE, 2 —
AR IEATEE S o 2005 1 B A /R 250
W (E % 2021),

AL, e Ho At 2 B IR L 2 BT A e Y
fikeis, N Z8UR TR A bE R s .
an, M\ Ganoderma capense H /& ¥if*) ganodermanol
F (Tan et al. 2017)V) } i H Montagnula donacina
i donacinol B (Zhao et al. 2018), ‘B 1XTEFA
SRR S Ae 2 WS 2 Y A A N Cili =K 4
B, IR AN A EE, Hrf,
ganodermanol F FRF X HCT116 25541 AY
Y EEYE . BR_EIR KAV EA SN, AN AE F A0
IH %R Paecilomyces. K#J& Trichoderma %5
IR ANGE S o A B SR TR . 4N, MAREL A
HWE R TE-540 215928 2 A~ HA o1 Nk
FERHT AN LRSS paecilacadinol A FI B
(Xu e al. 2020), M 24 IR 308 N AR KR 5
Trichoderma virens QA-8 H141 & ) trichocadinins
B-G %545 H)(Shi et al. 2019), 78 C-14 fi k4
REERL, H trichocadinins B 1 C &4 AR F1k

WA ELR 7S H i B B TR AT L TR 1 . S —
FRIE BN A B AR EE Trichoderma asperelloides
NGy B A B AN BEAT A ) cadin-4-en-11-0l (Zou
et al. 2021), HE5MTE C-11 (L& EFE, HXHE
R FE D) Amphidinium carterae F Chattonella
marina @7~ RN ETEPE

RZJH Ganoderma HIFEALF I BT
WIS AR T =S MRS, X2k
BT RN e A R PR S8 %0 24 B
PR LA (Liu ef al. 2022; Liu et al. 2024).
MIZT, %8 BB A 2 0 28 1 o3 W i 52
B, HALS Z R 5 Y SRR R 15 31 5
IPIRE o I A= A0 R 2 vh L) 43 5 51 %
FE 2 DRI EE AL B, s T o-
A R B RS, S A A R 2 AR YT IR
o 3 TR TS TE L B Bt 1 k2 Ak 3 o

1E# Tk

SHitt o SRR . BB S 00 KA
2 RSO SRS W PTITRE S
Bt RSB S AT B eSS
W% e SRALSCI ORI AR Rl | 1 H 4 B

S,

F| %5 v R = A

I FEAAFAEAT AT T AE ) 25 o 28 1) R ol 5
W55 K2R
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