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LI ZR R Z Ganoderma shandongense P RIRKLEHLX &
MEE o-BIEEEEANE S

B, Do, EWERY, REES, mEAs

1 LT RFEAmRERE, 105 YL 110036
2 FEBABEBHN A SR T T ER AR A S S E SR E, 107 L 110164

B E: AR FRT WA RZ Ganoderma shandongense KA BVIREZ B F 9 IR KNS AL a-
] B AR B ) E WAL XA L. RAARAE &%, B8 ODS A &3%. HP20 A &i%F= & 2R A
& 3 (HPLC) % 7 ik o & hib, AR RIEMS). #aEEIR(NMR) S 7 ik st b et fr s i 2, 133
10 NAREALESY, 4% A (3S,6R)-3-(cyclopropylmethyl)-6-(1H-indol-3-ylmethyl)-2,5-piperazinedione
(1). cyclo-(Leu-Val) (2). cyclo-(L-Pro-L-Ile) (3). cyclo-(L-Phe-L-Pro) (4). cyclo-(Asn-phe) (5).
cyclo-(L-Phe-L-Leu) (6). cyclo-(Tyr-Leu) (7). cyclo-(D-Phe-L-Ile) (8). fenestins A (9). cyclo-(Leu-
Pro-lle-Pro) (10). i@ if pNPG k164 1-10 49 o-%) 248 837 4] & HitfTn 2, L ¥s 837
) o-F] ) AE B B4 1C50 48 A4 (1.13£0.10) umol/L, 4% F e 25 BT+ S48 [1Cs0 15 4 (0.98+0.03) pmol/L]
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Peptide compounds from Ganoderma shandongense and their
a-glucosidase inhibitory activities
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1 College of Life Sciences, Liaoning University, Shenyang 110036, Liaoning, China
2 CAS Key Laboratory of Forest Ecology and Management, Institute of Applied Ecology, Chinese Academy of
Sciences, Shenyang 110164, Liaoning, China

Abstract: The peptide compounds from the rice solid-state fermentation products of Ganoderma
shandongense and their a-glucosidase inhibitory activity were investigated. Ten peptide
compounds were obtained through a series of separation and purification steps, including silica
gel column chromatography, reverse-phase ODS column chromatography, HP20 column
chromatography, and high-performance liquid chromatography (HPLC). Structural identification
was carried out using mass spectrometry (MS) and nuclear magnetic resonance (NMR)
spectroscopy. These compounds are: (3S,6R)-3-(cyclopropylmethyl)-6-(1H-indol-3-ylmethyl)-
2,5-piperazinedione (1), cyclo-(Leu-Val) (2), cyclo-(L-Pro-L-Ile) (3), cyclo-(L-Phe-L-Pro) (4),
cyclo-(Asn-phe) (5), cyclo-(L-Phe-L-Leu) (6), cyclo-(Tyr-Leu) (7), cyclo-(D-Phe-L-Ile) (8),
fenestin A (9), and cyclo-(Leu-Pro-Ile-Pro) (10). The a-glucosidase inhibitory activity of
compounds 1-10 was evaluated using the pNPG method. It was clear that compound 8 exhibited
significant inhibitory activity with an ICsy value of (1.13+£0.10) pumol/L, which was comparable to
the positive control acarbose [ICsy=(0.98+0.03) umol/L]. These findings provide evidence of the
medicinal potential of G. shandongense.

Keywords: Ganoderma shandongense; chemical constituent; peptide; structural identification;
a-glucosidase inhibitory activity

RENEA—FEZEWNAHERN, SRR THT
1] Basidiomycota, ZfLIE H Polyporales, &
Z B} Ganodermataceae, R ZJ® Ganoderma, 1F
)z m(EEIE 2023), FA KRN
Py s fZ 2 M E . Ak, BEEHhEEZ
W XU IR AR, X TFRZ R 2
FRAE FH B G B 53 B 2 A 0 22 i R R
HAbZE=W A E A2k, FEAEZE . k. 4
YIRS AR SEA MRS, [RIRHA & 45 . 4F . B
SR ITCRE (B E 2012; Parepalli ef al. 2021 ;
B 24445 20215 Qin et al. 2024), HRTIHFITE
MEFEEPAERY | RZHRHRZEDHY
PhOSHESE 2022), XS T R 28 HA R 24
I FEAXT B =, X SR 77 H AR
ZWRAEAEE RN T, AR RAY I K&

BRPTEIE . Hrh, IWARRZ G. shandongense
J.D. Zhao & L.W. Xu J& il X 4k &l 55 (1986) &
WERMIFLEE, WG, Sunetal (2022)1 5
GiRE MR, IR RZIEM T — AL
B3, RS T HE Sinoganoderma, HL, X
THAL A W R A PSR SEATS IR B o

W R 95 2 — Fh LA 2 M IO 7K S T8 ok 3
BURFE R AR | K RRRES W] 5 & 2
b ™ 5 14 9 & 9iE (Fang et al. 2022; Tsai et al.
2022; Poojari et al. 2023; Wang Q et al. 2024),
ST R R AR B, B PR E i A T
Az 20 A5 Dy A BRI B N S RIR AT S48 S5 B
PER DU RARAL YRR Z — o o~ R 4 1 AR
/N B A | T 5TR A ARk AL B )
il Shy R RSP B , T 2 DB PR 1 A 3 v
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T HEZAE M (Kalra 2014), Hoad JEiH R S 808
J& MBS, IR R & 2R HEHTR B A0, B
BOEEEA . HAT, o820 B SRR G
2 BUBE R 1) B W 2 — , BRI A IR
I Tz AR, R e, T sE g
PERD S oA G PE, SRR IR LA YN
N, B 5 1B 8 3/ (Wang et al. 2011;
Hanefeld & Mertes 2018), IGRBFFE 2, Bil-R
PMEAS BB il W, 38 7] o505 Jil 5 22 AP I
RRARRCo LA RS, , AN 3k 76 1 At R T Bt B
BRI RN, T 22 3 B R 2 W LA E— 25t Ak
TRIT BRI AR R EE A5 7 19 .

RZ WA A TERE R IR YT rh R 3L
FWE Ty, FEERBUER AT R | G S K
P AR B AN RN A o 2 A S
45 i (Chen ef al. 2018 ; Chan et al. 2021 ; Ahmad
et al. 2024; Wang LF et al. 2024), Hd 85
53 2o IS Ik 1 i e 5 2R WU | AR i R A
I FH R A0 ) JH0E Jir 43 fife R ARG 10 8% (Hossain et al
2021; Zheng et al. 2022; Wang LF et al. 2024),
I RAFFEUESE LT ks 2 AU PRI (B 5 1 25 I8
PSE YRR G = | M= ST 172N 1 1 2 A
PRIFVERT, AT S8 PR Rl , 18/ S8 A g
W 5 LA R 24 Py I LA 58 Y7 20 (Smina et al.
2011; Chen et al. 2018; Seweryn et al. 2019; Yang
et al. 2022; Ahmad et al. 2024; Shao et al. 2024).
MR Z KA A YR R 2 4y B A5 2 i — 2
B BEAEYEENY T, XIEAE Y H
2-20 NEFEFR IR AL, L iz 0 A
PE, EA MRS EEN, Im R T 25K
o S5 BRI BRAR DL (Miishra ez al. 20175 Qu
et al. 2018),

N T EE LR R Z 2L AL,
FERBEIE ML A3 , AR SCH A 22 B a5 R AR X R
AT B Halifh, S 10 R AW .
BT, Xk A I (A-10) T T a3 20 B
RGP R GEIPAN, JFif e 1 AR W
HE A Y . DRI ERM, ILRRZ
Hh 3 B A 3 T R 80 S AR TR PR
T JR I S 2 T T ik R U IR AT R LR

RZWZ N EBEE T E Y TR, I8 H
TENE PRI IR T U W FH AL T AR

1 HRE5r*E

1.1 it wrst
1.1.1  SEIER

ARG R AR R Z R (B 1)k A
YL, BUARAE T E 22 Be Pk BH N FH AR 2S5 BT
HRACAYIRRARNE (FP) o K 1l 7R 2 2 1 22 iR 2 A
MA Zifg B 55 56 v (F2 2883 20.0 g B fE 15.0 g
UMK 1 L), F 28 °CHAMA TN HEHERFE 7d 5
il 22 JOK AR R BERG F2 L (KOK 35 g/iffi, 7818
/K 45 mL/JfiL, pH HER), ¥ A Kk BORAEAR R 5%
R #E R 45 d,
1.1.2 (MR

TE A 7% 2 AR (1 2 PARHEL I B 53 2 A FR A
Al), HETAES AL R R A FRA F),
T2 — TR 58 2 R R A BR
3l), LDZX-50KBS 573 5 R 728 75 K b i (it
HIZBEIT 2 b)), DZF B2 T HAf (LR s
B FANARAT PR D), EIER IR (i —fE R
HRRA T, LC-20 AT 1y Hei A ({3 (52 He il
YERT), $ANAT W65 BETH(UV-1500PC, |- ifg
FERTALERAT BRA T o LEHEAE = BB AH 35 (&
FEERHE A R/ T]); YMC-Pack ODS-A (il %
A, 20 mm x 250 mm, 5pm, FH4E%: 10 mm x
250 mm, 5 um, Z3H7%L : 4.6 mm x 250 mm, 5 pm)
(YMC Al AMraisROls. —# P ke, |
B AEE R AR ), g, &
EOREMEZR) ), R (100200 H |
300400 H, HFSFEFEATARAR), WENT
I (FF S L= BT B BR A E]), ODS
B (YMC A H]), BIREF(Acarbose, I
3 i ACE DR A BRA R, X R - a-D-1ilk
R 78 2 B (PNPG, b I3 A A W B A RS
Fl), o-# 2 B (a-Glucosidase, [ Hi 7k 24k
YR A FRA FD) .
1.2 REFMSE

PR TS BN RS LR LR 3-5 UK,
AIHRBUREIRERSS, HERZIZE a (350 ).
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Bt , 382 R R A s A TR 2 A, SR
A1 Bk - 2R M (50:1-1:1) F1 & Jo - Y i
(50:1-1:DFE R I shAHBEA AR EE VR, 155 4 1>
%4y : Fr.l. Fr2. Fr.3 #l Fr4, Fr.3 (40.0 g)
Wk HP-20 KALMIRH: ikt —2balife, DT
b 2 BE(10%—100%) A i s AH AT RS BE e, 25
PRz G158 4 ME%r: Fr3.1 (8.1 g). Fr3.2
(20.5 g). Fr3.3 (8.8 g) Ml Fr34 (4.7 g).

Fr.3.1-Fr.3.4 i ODS & [a] i FE 474355, LA
Tl ZEER AR, B LR 18 28
41+ Fr.3.3.1-Fr.3.3.6 L)} Fr.3.4.1-Fr.3.4.5,

1 WERERRZHNFEEQA)SELB)
Fig. 1 The photographs depict the fruiting body (A)
and mycelium (B) of Ganoderma shandongense.

Fr.3.3.5 i ff e iE AR gk it — 20 0
5320184 Fr.3.3.5.1. K )5 , i1 i 45 % HPLC (Ji
BAH : FHEE-IK , 47%)F1F il 45 58 HPLC (i ghAH :
ZME-K, 23%) 4l 25 2L A9 1 (1.7 mg),
Fr.3.3.6 i fif i 1 AR A 3% o 2, A5 2018 4y
Fr.3.3.6.1-Fr.3.3.6.6, HH': Fr.3.3.6.3 @il 4
Al HPLC (Jish#H: FHEE-IK, 43%)F1 i &7
HPLC (FishtH: G-k, 26%)4ifk, S21ks
¥ 2 (2.0 mg); Fr.3.3.6.4 i i il %% HPLC (izh
AH: HEE-ZK, 43%)F1E il 25 A HPLC (i shAH :
HE-K, 20%)4ife, fHEMLAEY 3 (3.0 mg);
Fr.3.3.6.6 il 457 HPLC (JishAH: WEL-/K,
43%)FI2k ] £ % HPLC (JshAl: ZH5-7K, 22%)
alifk, 152LAY 4 (3.8 mg), AN, Fr3.4.138
o fE AR g Ay B, AR EE A Fr3.4.1.1-
Fr.3.4.1.8, Hr: Fr.3.4.1.3 5@ 33 /455 HPLC (%
SAH : 7K, 39%)Ff il 45 8 HPLC (i gl AH -
LMK, 22%)4ife, HEMLEY 5 (4.0 mg);

Fr.3.4.1.4 i@ £ % HPLC (JishAl: HE-K,
39%) Rl % 8 HPLC (it . ZM5-/K, 19%)
afifh, BRMLEY 6 (4.0 mg); Fr.3.4.1.6 @5
#8 HPLC (Fsh#l: HEE-ZK, 30%)F1f i 4 Rl
HPLC (izhtH: ZWE-K, 17%)4ifk, S3ks
7 (6.8 mg)oFr.3.4.2 i 1 ik A IEAHAE (A3 20 5,
SFNE4Y Fr3.4.2.1-Fr.3.42.4, Hr: Fr3.4.2.2
L il 257 HPLC (M hAH . HEEE-7K, 28%)F1°f
il &% HPLC (Jish#l. 25K, 15%)4ifk, 15
#1459 8 (2.3 mg); Fr.3.4.2.3 i 3 1 45  HPLC
(RzhAH . WEE-K, 28%)FEHl48 HPLC (K
ik CIE-K, 14%)4lifk, HREEY 9 (2.1 mg);
Fr.3.4.2.4 Wt 48 HPLC (WishHE: HE-K,
23%) A2 % R HPLC (ahAll: ZHE-7K, 12%)
afifk, SEMEE 10 (9.0 mg), i#iT Mg
H5aitk, NRZEE T4 155 10 M
HY(1-10),
1.3  o-BIEEEEANGEMENE

o F8] 2 A A A1) 9 PR A R S 2 5 IR A
(2023)K7712: , K pNPG 12 LA RS I A Ay BE e
XA, 35 X R 2 3 - o-D- ML M 3 25 B (PNPG)
YEREY). B5EH 0.1 mol/L. pH 6.8 (1) PBS Z& it
WK o- AP G RCH R A 0.4 U/mL 93
W ; [ B H PBS 22 80K PNPG Bl % 5 mmol/L
BV . $:35 0 1 DMSO F1 PBS ¥4 14L&
Yy M RSB -R R BE 2R 5. 100 50, 100
H1 200 pmol/L FYAS[RIHRJE .

8wy S £ 1| PO = T2 N = R = EE
X HR A FIRTHR 25 LA RS AN 25 pl AR
FEfh L 25 uL o-F AT AR 175 L 1 PBS; #
i as 4 25 pL A9 PBS AU a- R 20 BT,
BIIA 25 uL BYFFIEE & AT 200 uL A9 PBS; Xf
HZNNA 25 pL 09 o-FZBE B AN 200 pL A9
PBS; XFHAZS HAI{WINA 225 uL % PBS., ke
SEAJE, TE 37 °C&M FI%E 10 min, P, 4%
FLINA 25 uL 5 mmol/L ) PNPG, #4k£E7E 37 °C
K 30 min, T 96 FLARFE 405 nm K T
FEWSCREE A (85, BAFERSHETT 3 YOPATINE .
T A FE S IR . PR (%)=[1~(A4 wana—A
s ) (A smz—A spezeaa) <1006
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2 ZERE54

2.1 HZHEE

LAY 1. AR EE), 'H NMR (600 MHz,
DMSO-do)H, KX WML EEfE S on:
10.92 (1H, s), 8.04 (1H, s), 7.94 (1H, s), AH N[5
5 84:7.55 (1H, d, J=7.9 Hz), 7.29 (1H, d, J=8.1 Hz),
7.02 (1H, m), 6.92 (1H, t, J=7.4 Hz), 2 UK %
AMFE T ou: 4.08 (1H, m), 3.40 (1H, m); HEMIZ1L
HEYWEAR KL . 7 PC NMR (150 MHz,
DMSO-do)H, dc: 167.9, 167.6 7Ny 2 BRI
fES; dc: 136.4, 1283, 121.2, 119.5, 118.8,
111.6 A FRfk; 454G HMQC 3% HMBC
i, HE A 1 S5, 7E HMBC 35,
H-15 5 6c 167.9, 56.0 HHIX, H-2 5 5c 167.6,
52.8 B, Mub#iE T 2 MREAT C-1 M
C-14 (K 2); H-19 F1 H-20 5 o 44.2 HAHE,
H-19 5 6c 21.7 GAHC, BIILHfE T 00%6E %4
B = LI s H-4 A1 H-6 5 6c 109.0 75 FH¢,
H-3 5 6c 109.0, 167.6 A A, H-75 5c 1364,
128.3, 109.0 AAHIE, BHIA—XEEAL T C-5 F
C-6 Z[aJfH C-8 Fl C-13 fi'E [T 4K,
Kk, fbaw 1 BT g5 e (B 2). L
&5 2 Scifinder #3 h E RIS PI(3S,6R)-3-
(cyclopropylmethyl)-6-(1H-indol-3-ylmethyl)-2,5-
piperazinedione,, {H H {ij i JoAH O SCHR B 1% 1L
E AR B . L, AR E IR L T
VRN ARG L IRE | I X0k & Wik i F &
TR AT TIHEGEE 1),

&Y 2. FEMAEFEE), 'HNMR (600 MHz,
DMSO-de) 8y: 8.17 (1H, s, H-13), 8.05 (1H, s,
H-7), 3.75 (1H, m, H-2), 3.61 (1H, m, H-9), 2.10

12

10 i
5 -4, 3
[ R VRN T R
8
T HN_1 20

17

1
2 kEW1 &N F HMBC 8k

(1H, m, H-10), 1.84 (1H, m, H-4), 1.62 (1H, m,
H-3a), 1.44 (1H, m, H-3b), 0.94 (3H, d, J=7.0 Hz,
H-12), 0.88 (3H, d, J=6.6 Hz, H-6), 0.85 (3H, d,
J=3.7 Hz, H-5), 0.84 (3H, d, J=4.0 Hz, H-11); "C
NMR (150 MHz, DMSO-d¢) dc: 168.5 (C-1),
166.9 (C-8), 59.5 (C-9), 52.4 (C-2), 44.0 (C-3),
31.5 (C-10), 23.6 (C-4), 23.1 (C-6), 21.8 (C-5),
17.4 (C-11), 18.8 (C-12). LA R 5w R 4%
(2008) i 1B M9 B Hls A — B, BEtk BN
cyclo-(Leu-Val) (Kl 3).

A 3: HERATEE), 'HNMR (600 MHz,
DMSO-dg) dy: 7.96 (1H, s, H-8), 4.11 (1H, m,
H-6), 3.95 (1H, m, H-9), 3.41 (1H, m, H-3), 2.13
(1H, m, H-5a), 2.02 (1H, m, H-10), 1.84 (1H, m,
H-5b), 1.78 (1H, m, H-4), 1.34 (1H, m, H-11), 0.98
(3H, d, J=7.1 Hz, H-13), 0.83 (3H, t, J=7.5 Hz,
H-12); “C NMR (150 MHz, DMSO-dg) dc: 170.1
(C-1), 165.2 (C-7), 59.2 (C-6), 58.2 (C-9), 44.6
(C-3), 34.9 (C-10), 27.9 (C-5), 23.9 (C-11), 22.0
(C-4), 15.0 (C-13), 12.3 (C-12), VA FA%wEER S
BN TAEQOITRIB IR A -5, Kefks
Y14 cyclo-(L-pro-L-Ile) (K 3).

&Y 4. TEMRBIANEE), 'H NMR
(600 MHz, CDCl3) dy: 7.35 (2H, m, H-3', 5"), 7.29
(1H, m, H-4), 7.22 (2H, d, J=7.5 Hz, H-2', 6'),
5.67 (1H, s, H-8), 4.28 (1H, m, H-9), 4.08 (1H, m,
H-6), 3.63 (1H, m, H-3a), 3.56 (1H, m, H-3b),
2.78 (1H, m, H-10), 2.34 (1H, m, H-5b), 2.29 (1H,
m, H-5a), 2.00 (1H, m, H-4a), 1.90 (1H, m, H-4b);
BC NMR (150 MHz, CDCl;) dc: 169.6 (C-1),
165.2 (C-7), 136.1 (C-1'), 129.4 (C-2', 6), 129.3
(C-3', 5'), 127.7 (C-4"), 59.3 (C-6), 56.3 (C-9),

0]

£ W
HN HN\W/k:E§§>
0]

~—a HMBC

Fig. 2 The structure and HMBC correlation of compound 1.

250051-5



Bz F | WK RZ Ganoderma shandongense P HIBK RN 4 R Ho- BB FEEERING A1

R

x1 &% 18 'H (600 MHZ)F1 *C NMR
(150 MHz) %1%

Table 1 'H (600 MHz) and >C NMR (150 MHz)
data for compound 1 (DMSO-dp)

Position  dy oc Position  Jy oc
1 - 167.9 11 7.55,d, 119.5
(7.9)
2 8.04, s - 12 7.29,d, 111.6
8.1
3 4.08, m 56.0 13 - 136.4
4 326,m 29.6 14 - 167.6
297, m
5 - 109.0 15 7.94,s
6 7.02,m 125.1 16 340,m 52.8
7 10.92,s - 17 0.63, m 442
8 - 128.3 18 1.19,m 233
9 7.02,m 121.2 19 042,d, 23.1
(6.6)
10 6.92,t, 118.8 20 0.52,d, 21.7
(7.4) (6.5)

45.6 (C-3), 36.9 (C-10), 28.5 (C-5), 22.7 (C-4). Lk
EWEEYE S Martinez-Luis et al. (2011)4R3E AY
B A2 e b &8 cyclo-(L-Ph-L-Pro)
(&l 3),

AW 5. kR ), 'HNMR (600 MHz,
DMSO-dg) dn: 8.21 (2H, s, H-4, 10), 8.04 (2H, s,

H-1, 10), 7.29 (2H, m, H-2', 6'), 7.24 (2H, m, H-3',
5%, 7.17 (1H, m, H-4"), 422 (1H, m, H-3), 4.05
(1H, m, H-6), 3.10 (1H, m, H-9a), 2.91 (1H, m,
H-9b), 2.00 (1H, m, H-7a), 1.58 (1H, m, H-7b);
BC NMR (150 MHz, DMSO-dy) d¢: 170.1 (C-8),
166.4 (C-2), 166.3 (C-5), 136.2 (C-1'), 130.2
(C-2', 6'), 128.1 (C-3', 5"), 126.7 (C-4'), 55.2
(C-6), 51.5 (C-3),37.9 (C-7,9), VA FEmg%dE S
HIHAF 0194k B B A — 3, e EY
A cyclo-(Asn-phe) (K 3),

AW 6: FAERAHEE), 'HNMR (600 MHz,
DMSO-ds) dy: 8.11 (1H, s, H-2), 8.07 (1H, s, H-5),
7.27 (2H, m, H-3', 5), 7.22 (1H, m, H-4"), 7.13
(2H, m, H-2', 6"), 4.16 (1H, m, H-3), 3.47 (1H, m,
H-6), 3.13 (1H, m, H-11a), 2.83 (1H, m, H-11b),
1.42 (1H, m, H-8) ,0.75 (1H, m, H-7a), 0.63 (3H,
d, J=6.5, H-9), 0.60 (3H, d, J=6.6, H-10), 0.11
(1H, m, H-7a); “C NMR (150 MHz, DMSO-dj)
dc: 167.9 (C-1), 166.6 (C-4), 136.6 (C-1'), 130.9
(C-2', 6"), 128.6 (C-3', 5"), 127.2 (C-4'), 55.9
(C-3), 52.7 (C-6), 44.1 (C-7), 38.9 (C-11), 23.4
(C-8), 23.2 (C-9), 21.8 (C-10), LA F AZREE IR 5
T AF (20224 E B S A — B, LAY
cyclo-(L-Phe-L-Leu) (K 3).

0
. 0 0
0 0 0
3 R=CH; R,~CH,CH, 5 R,=0 R=NH,
4 R=H R,=Ph 6 R=R,=CH,
/‘©/ ook \/\\?/ NH
R, HN HN
o o)\d 0

7 R,=OH R,=R,=CH,R,=H
8 R,=R,=H R,=R,=CH,

El3 et 2-10 EHX
Fig. 3 The structures of compounds 2—-10.

10

250051-6



Research paper

22 September 2025, 44(9): 250051

Mycosystema ISSN 1672-6472 CN 11-5180/Q

&Y 7: FERAEFEE), 'HNMR (600 MHz,
DMSO-dg) 8yy: 9.20 (1H, s, H-18), 8.03 (1H, s,
H-3), 7.86 (1H, s, H-6), 6.94 (2H, d, J=8.5, H-9,
13), 6.61 (2H, d, J=8.4, H-10, 12), 4.11 (1H, t,
J=2.2, H-5), 3.55 (1H, m, H-2), 3.05 (1H, m,
H-7a), 2.73 (1H, m, H-7b), 1.41 (1H, m, H-15),
0.85 (1H, m, H-14a), 0.67 (1H, m, H-14b), 0.60
(6H, d, J=7.0, H-16, 17); C NMR (150 MHz,
DMSO-dg) dc: 166.5 (C-1), 166.4 (C-4), 156.3
(C-11), 131.3 (C-9, 13), 126.2 (C-10, 12), 114.7
(C-8), 58.9 (C-2), 55.3 (C-5), 37.9 (C-7), 36.9
(C-14), 23.1 (C-15), 14.6 (C-16), 11.7 (C-17), LA
R RERE S D E 5 (2023) Hi1E 1 B AR —
#H, KEMAEY N cyclo-(Tyr-Leu) (K 3).

&Y 8. ARG W(TPEE), '"H NMR
(600 MHz, CDCl3) 6y: 7.35 (2H, t, J=7.4 Hz, H-6,
8), 7.30 (1H, d, J=7.3 Hz, H-7), 7.22 (2H, d, J=7.4
Hz, H-5,9), 5.84 (1H, s, H-16), 5.72 (1H, s, H-17),
423(1H, d, J=9.9 Hz, H-2), 3.93 (1H, s, H-11),
3.45(1H, m, H-3a), 2.90 (1H, m, H-3b), 2.03 (1H,
m, H-12), 1.31 (1H, s, H-13a), 1.10 (1H, m,
H-13b), 0.99 (1H, d, J = 7.1 Hz, H-15), 0.89 (1H,
t, J=7.3 Hz, H-14); "“C NMR (150 MHz, CDCl;)
dc: 167.1 (C-1), 166.7 (C-10), 129.7 (C-6, 8),
129.3 (C-5, 9), 135.5 (C-4), 127.8 (C-7), 60.3
(C-2), 56.2 (C-11), 40.6 (C-3), 38.2 (C-12), 23.7
(C-13), 15.5 (C-15), 11.9 (C-14)., V) R4t 5
5 AE (20 19 IE BB TR A — 5, e &Y
M cyclo-(D-Phe-L-Ile) (& 3).

&Y 9. TCEIPIR(FEE), "H NMR (600 MHz,
DMSO-de) dy: 8.33 (1H, s, H-22), 7.95 (1H, s,
H-23), 4.11 (1H, s, H-2), 4.10 (1H, s, H-8), 3.95
(1H, s, H-4), 3.50 (1H, m, H-11a), 3.46 (1H, m,
H-21a), 3.44 (1H, m, H-6), 2.13 (1H, m, H-9a),
2.11 (1H, m, H-20a), 2.02 (2H, m, H-16a, 10a),
1.85 (1H, m, H-11b), 1.84 (1H, m, H-10b), 1.78
(1H, m, H-9b), 1.76 (1H, m, H-19a), 1.75 (1H, m,
H-20b), 1.74 (1H, m, H-21b), 1.73 (1H, m, H-12),
1.50 (1H, m, H-13a), 1.30 (1H, m, H-17) 1.25 (1H,
m, H-16b), 1.23 (1H, m, H-19b), 1.10 (1H, m,
H-13b), 0.97 (3H, d, J=7.1, H-18'), 0.88 (3H, d,

J=6.9, H-18), 0.85 (3H, d, J=3.1, H-15), 0.82 (3H,
t, J=7.5, H-14); C NMR (150 MHz, DMSO-dj)
Sc: 170.6 (C-5), 169.1 (C-7), 165.7 (C-3), 165.4
(C-1), 62.0 (C-6), 59.6 (C-4), 58.7 (C-2), 58.2
(C-8), 45.6 (C-21), 45.1 (C-11), 39.3 (C-12), 35.3
(C-16), 29.4 (C-19), 28.4 (C-9), 25.1 (C-13), 24.3
(C-17), 22.5 (C-10), 22.1 (C-20), 15.7 (C-18), 15.4
(C-18"), 12.7 (C-14), 11.6 (C-15), VA %GB
ST 5 (201 5) 4B B A — 3k, S5tk
G WK fenestins A (K 3).

k&% 10 TEHR(FEE), '"H NMR
(600 MHz, DMSO-ds) dy: 8.35 (1H, s, H-6), 8.01
(1H, s, H-7), 4.17 (2H, m, H-2, 2"), 4.00 (1H, m,
H-2"), 3.60 (1H, m, H-2""), 3.42 (1H, m, H-5a),
3.38 (1H, m, H-5""a), 3.35 (1H, m, H-5b), 3.30
(1H, m, H-5"b), 2.14 (1H, m, H-3a), 2.10 (1H, m,
H-3"), 2.02 (2H, m, H-4"a, 3", 1.87 (1H, m,
H-4a), 1.85 (1H, m, H-4b), 1.83 (1H, m, H-4"b),
1.79 (1H, m, H-3b), 1.77 (1H, m, H-3"b), 1.73
(1H, m, H-4""a), 1.69 (1H, m, H-4"), 1.55 (1H, m,
H-3'a), 1.42 (1H, m, H-3'b), 1.34 (1H, m, H-4""),
0.91 (3H, d, J=6.6, H-6""), 0.86 (3H, m, H-5""),
0.88 (6H, d, J=6.0, H-5', 6"); '*C NMR (150 MHz,
DMSO-dg) 5¢c: 170.4 (C-1), 168.9 (C-1"), 166.6
(C-17), 166.1 (C-1""), 58.5 (C-2""), 57.4 (C-2"),
55.3 (C-2), 52.6 (C-2"), 45.1 (C-5), 44.9 (C-5"),
42.2 (C-3"), 37.8 (C-3""), 28.5 (C-3), 27.5 (C-3"),
24.1 (C-4"), 23.9 (C-4"), 22.9 (C-4, 4"), 22.5
(C-5"),21.9 (C-6"), 21.8 (C-5""), 21.6 (C-6""). L) |-
KBS Gao et al. (2014)HiE REHEHAR —
2, WELEYI N cyclo-(Leu-Pro-Ile-Pro) (£ 3),
22 o-FHEEEEINEEENXER

o 1) 6 0 R 5 OB 7K - 25 DR DG Y —
T , RRASME 1L B4 v i Z2 W5 S5 7K i kg mT W A
FRECRIZRKEE 2019), @] o-F5 A
TEPE, AT LU RO AR S K, BE R iR
SRt B NE . BR B E R — o A A
R RGR 8 i A 22 oK A ) BT A AT
W, AR IS I K, S 2 RO PRIA IR YT
W B S, LAR R BOHE Dy BH M BECR
pNPG % (H &S 2023)aE LG4 1-10 (WL o-
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AR IS M o BN 2T B AR A 4
K, K H Graphpad prism 9.5.1 34 FHIA I AL
P I FLIF RS ASRE S 2 B R B (1Cs0) o

A 8 XoF o i 2R W I A AU S 1 Ay
%, H ICs i J9(1.1320.01) pmol/L, 5 BHPEXT R
25RO RSOR R th B 2. 6 AT
D)2 B A B RS, ICso (E 53501
(1.58+0.14), (1.78+0.01)F1(1.53+0.10) pmol/L;
M2 T, tbaY 4 TSN oA BT
it ) 1 1 (% 2)6

R2 LEY1-10 E o-BEFEEERR ICs &

Table 2 ICsy values of inhibition capacity of
compounds 1-10 to a-glucosidase

Compound  ICso (umol/L) | Compound ICs, (umol/L)

1 >100 7 1.53+0.10

2 1.58+0.14 8 1.13+0.10

3 >100 9 >100

4 2.77+0.17 10 >100

5 >100 Acarbose  0.98+0.03

6 1.78+0.01

3 itk

RE Ganoderma lingzhi VF i HACENER)
AR Z—, Al Dok 2 H TR
2 PESN AR 35 75 | WSR2 5 24 1 (Feng
et al. 2017; Seweryn et al. 2019), FHAZ A §5 F
I3 52 38 3R B T R 2 A R I ARG T Y
BEITR. MARBE R — PR T RZE)
DG, WREPUE . LR . LY .
Pt HIV & H LI SO0 PR 55 Z R VE FIPLE (Ma
et al. 2015; ZEWILE 2024; Ota et al. 2024;
Wu et al. 2024). BEEHRIIRA, HETCARZ
R I SE Tl 600 Fiib&%)(Gong et al.
2019), FEQUIELHE, EAT . AV, =i
I IR A AT A W) PR B B 7 (Parepalli et al.
2021; HER 2022; FHEFSE 2024; Qin et al.
2024), T RZTF KI5 27 e 2 EkGE Bl N
WK, FEPR g m Ry K. M0,
REWEARY . PBVEFPLEH L 16RO %
2P A5 7 TH I 5 2 R 2 AR FER 77l B 2L [
KVEM S GI N T it — iz EE A2 0

A B, AT B RN LR R 2 v o BT
YE T 10 MR G, X H: o~ 2 4 1 it
S PEHAT TP
REZREMEGY &N RZ P Bun—25 5
AHEYEER /N FIK. EATE S m 2-20 TR
IR A, HA Z A ERIIRE, btk Bk .
G BE P T L BT IR AR IHE S5 (Mishra et al.
2017; Zheng et al. 2020 WSS 2022 Guetal.
2025), MRFALEWHARIE BA BEN o %0
RS M, R G2 oK Ak G W T A AT
We, M AR 5 5K (Lu et al. 2023
Rochin-Medina et al. 2024), tL&5%) 1-8 TE4544
¥R T IR EY), £ Scifinder KR BN,
EW 1 BoRE LAY, B 5 R 1k MR A R
T HAZ R ICRE S , Ao B At Tz e &
PR B S . w12 TE M IPA 5 SRR
ZAEYARE/R o- AT BRI EIEE, I
TE WA W2 16 A o o i — 20 I SE R A 9 T
PABGIE . BeAh, BRG] o5 %00 1 i
WA 5 HaF45 s uIae, (ke 6
18 E5H) LS AORNERR LB T S AT
MR, XA S FIRASER IS Y, 7l he
T KA AR S BRSO S A, TR
PR SR MR PE(LL er al. 2023), R 2R
AW Z R IR ) (AR T . L R EE)
22 B I/ FH (Mishra et al. 2017), fL&Y) 4
SERIE 2 M Pseudoalteromonas sp. 535 2k, It
UEBH L ELPT R & M, I HLT 6 A 24 G P PR B F
=% G B M B A % B P (Martinez-Luis et al.
2011), NI EL TR o B 0T 5 iR AL &9 3
RURE T e = N S 2 SR IR i A N e
2017). fLB Y0 9 F1 10 SR 4549 2 22 0 3R DU K21k
EY, L EY 9 SRR uESE T ERSM T N R Yk
F 11195 40 AL (HL-60) . A H(SMMC-7721)
NI (A-549) . AFLIREE4E(MCE-7). A
45 I 95 4N L (SW480) JC ) I A= B P (fr] Y33 45
2015); itk a ¥ 10 WHHESHA X HepG2 Al
HeLa #fiJifd 5 ARSI 521 (Gao ef al. 2014),
AR pNPG LAY 1-10 47T a-
R 25 LT WP RS R SE A R, LG

250051-8



Research paper

22 September 2025, 44(9): 250051

Mycosystema ISSN 1672-6472 CN 11-5180/Q

Yy 8 FIH BEW oA MG M, W
AW 2.6 A7 WL 7 H o A5 2 F 00 1 SR
B B R I 4 R 2 A 25 T D RE$ 10L T 2
WA , 38 Sy A HE PR 0B FNYG 7 40U T &
5 B T EHE R RRE IR

1E# STk

JBRSCHH - SCERERAE | BRAL B S 0T | 185
MRESERE Do BIR2H ., e30RE 58
o RN SR S BT RSB S
MBI RSB UC S =il SRR
ScEe PR IUH A S

F 3% o R

VEFE 7 I SE AN AT AT TR AE A 2 v 5%
AR B 55 AR

[REFERENCES]

Ahmad MF, Ahmad FA, Hasan N, Alsayegh AA, Hakami O,
Bantun F, Tasneem S, Alamier WM, Babalghith AO,
Aldairi AF, Kambal N, Elbendary EY, 2024. Ganoderma
lucidum: multifaceted mechanisms to combat diabetes
through polysaccharides and triterpenoids: a comprehensive
review. International Journal of Biological Macromolecules,
268: 13

Cao Y, Zhang SH, Liang C, Li BT, Dong S, Zhang GG, 2019.
Study on the chemical constituents of the mycelium of
Paecilomyces hepiali. Chinese Journal of Medicinal
Chemistry, 29(4): 300-304 (in Chinese)

Chan SW, Tomlinson B, Chan P, Lam CWK, 2021. The
beneficial effects of Ganoderma lucidum on cardiovascular
and metabolic disease risk. Pharmaceutical Biology, 59:
1159-1169

Chen XQ, Zhao J, Chen LX, Wang SF, Wang Y, Li SP, 2018.
Lanostane triterpenes from the mushroom Ganoderma
resinaceum and their inhibitory activities against
a-glucosidase. Phytochemistry, 149: 103-115

Cui BK, Pan XH, Pan F, Sun YF, Xing JH, 2023. Species
diversity and resources of Ganoderma in China.
Mycosystema, 42: 170-178 (in Chinese)

Dai YC, 2022. New trend of edible and medicinal fungi
research in China—based on publications in Mycosystema
during 2000-2021. Journal of Fungal Research, 20:
141-156 (in Chinese)

Dai Y, Lin XP, Pang XY, Luo XW, Salendra L, Yang B, Wang

JF, Zhou XF, Liu YH, 2019. Secondary metabolites of an
endophytic fungus Colletotrichum sp. SCSIO KcB3-2
isolated from Kandelia candel. Natural Product Research
and Development, 31(3): 450-454, 555 (in Chinese)

Fang XX, Wang H, Song HL, Wang J, Zhang ZJ, 2022.
Neuroinflammation involved in diabetes-related pain and
itch. Frontiers in Pharmacology, 13: 14

Feng J, Zhao H, Cao B, Wang J, 2017. Emerging roles of
Ganoderma lucidum in anti-aging. Aging and Disease, 8:
691-707

Gao CH, Chen YN, Pan LX, Lei F, Long B, Hu LQ, Zhang
RC, Ke K, Huang RM, 2014. Two new cyclic tetrapeptides
from deep-sea bacterium Bacillus amyloliquefaciens
GAS 00152. The Journal of Antibiotics, 67: 541-543

Gao H, Tang JS, Hong K, Zhuang L, Zhang ZH, Wang NL,
Yao XS, 2008. Cyclic dipeptides and nucleosides isolated
from Aspergillus awamori in mangrove ecosystems.
Chinese Traditional and Herbal Drugs, 39(4): 502-504
(in Chinese)

Gong T, Yan R, Kang J, Chen R, 2019. Chemical components
of Ganoderma. in: Lin Z, Yang B (eds.) Ganoderma and
health. Springer, Singapore. 59-106

Gu Y, Chen Q, Lu Z, Dong Q, Wang J, Zhou X, Liu Z, 2025.
Preparation of novel Ganoderma lucidum protein-derived
bioactive peptides and their oxidation resistance, melanin
synthesis inhibition and anti-inflammatory functions.
Food Bioscience, 64: 11

Guo XY, Cheng CL, Teng LM, Yuan Y, Zhang JS, Pan XH,
Pan F, Dai YC, Feng N, 2024. Triterpenoids identified
from the fermented mycelia of Ganoderma tsugae
(Polyporales, Basidiomycota). Mycosystema, 43(7):
230364 (in Chinese)

Hanefeld M, Mertes G, 2018. Acarbose in preventive
treatment for type 2 diabetes - update after evaluating the
ACE study. Diabetes Stoffwechsel Und Herz, 27: 85-90

He JB, Li ZQ, Jia J, Tao J, Zhang XM, Miao XS, He F, Ju HP,
2015. Study on the chemical constituents of Penicillium
commune 366606 from marine fungus. Journal of Yunnan
University (Natural Sciences Edition), 37(4): 564-568 (in
Chinese)

Hossain MS, Barua A, Tanim MAH, Hasan MS, Islam MJ,
Hossain MR, Emon NU, Hossen SMM, 2021.
Ganoderma applanatum mushroom provides new
insights into the management of diabetes mellitus,
hyperlipidemia, and hepatic degeneration: a comprehensive
analysis. Food Science & Nutrition, 9: 4364-4374

Huang J, Wang HJ, Wu Q, Wang XL, Liu G, 2022. Research
progress and prospect of active proteins and peptides of
Ganoderma. Journal of Fungal Research, 20(2): 79-86
(in Chinese)

250051-9



Bz F | WK RZ Ganoderma shandongense P HIBK RN 4 R Ho- BB FEEERING A1

R

Ji L, Li ZK, Wang PY, Li QQ, Liu WZ, Liu DS, 2023. Study
on the nitrogen containing secondary metabolites from
symbiotic Aspergillus clavatonanicus JLOO1 isolated
from Scapharca subcrenata. Chinese Journal of Marine
Drugs, 42(5): 65-70 (in Chinese)

Jiang SQ, Zhang JS, Feng J, Li SH, Li EX, Liu LP, Liu YF,
2024. Anti-inflammatory activities and mechanism of
Ganoderma lingzhi B-glucooligosaccharide in vitro.
Mycosystema, 43(7): 230338 (in Chinese)

Kalra S, 2014. Alpha glucosidase inhibitors. Journal of the
Pakistan Medical Association, 64(4): 474-476

Li Z, Zhang S, Meng W, Zhang J, Zhang D, 2023. Screening
and activity analysis of a-glucosidase inhibitory peptides
derived from coix seed prolamins using bioinformatics
and molecular docking. Foods, 12: 15

Lu H, Xie T, Wu Q, Hu Z, Luo Y, Luo F, 2023.
Alpha-glucosidase  inhibitory  peptides:  sources,
preparations, identifications, and action mechanisms.
Nutrients, 15: 24

Lu Y, Su HG, Peng C, Lin Q, Liu J, Liu JR, Meng CW, Xiong
L, 2022. A new lanostane triterpenoid from Ganoderma
luteomarginatum. Acta Pharmaceutica Sinica, 57(9):
2780-2785 (in Chinese)

Luo XW, Lin XP, Zhou XF, Pang XY, Salendra L, Liu YH,
2017. Study on the secondary metabolites from South
China Sea deep-water-derived fungus Penicillium brocae
SCSIO 05793. Chinese Journal of Marine Drugs, 36(3):
23-28 (in Chinese)

Ma HT, Hsieh JF, Chen ST, 2015. Anti-diabetic effects of
Ganoderma lucidum. Phytochemistry, 114: 109-113
Gutiérrez M, 2011.
Antibacterial constituents from the octocoral-associated

Martinez-Luis S, Ballesteros J,
bacterium Pseudoalteromonas sp. Revista Latinoamericana
de Quimica, 39: 75-83

Mishra J, Rajput R, Singh K, Puri S, Goyal M, Bansal A,
Misra K, 2017. Antibacterial natural peptide fractions
from Indian Ganoderma lucidum. International Journal
of Peptide Research and Therapeutics, 24: 543-554

Ota N, Endo S, Tatsunami R, Yamaguchi AOI, Wakame K,
Nakata A, Sato K, 2024. Effect of Ganoderma lucidumon
cisplatin-induced nephrotoxicity and gastrointestinal
toxicity. Anticancer Research, 44: 3605-3613

Parepalli Y, Chavali M, Sami R, Khojah E, Elhakem A, El
Askary A, Singh M, Sinha S, El-Chaghab G, 2021.
Evaluation of some active nutrients, biological

compounds and health benefits of reishi mushroom

(Ganoderma  lucidum). International Journal of
Pharmacology, 17: 243-250

Poojari AS, Wairkar S, Kulkarni YA, 2023. Stem cells as a
regenerative treatment of

medicine approach in

microvascular diabetic complications. Tissue and Cell,
85: 16

Qin X, Fang Z, Zhang J, Zhao W, Zheng N, Wang X, 2024.
Regulatory effect of Ganoderma lucidum and its active
components on gut flora in diseases. Frontiers in
Microbiology, 15: 13

Qu YQ, Zhao WJ, Chen JG, Yin ZP, Li MX, Wan CP, 2019.
Inhibitory activity of corilagin, a key active compound in
Phyllanthus emblica, against a-glucosidase. Jiangsu
Agricultural Sciences, 47(14): 206-209 (in Chinese)

Qu ZW, Zhou SY, Guan SX, Gao R, Duan ZW, Zhang X, Sun
WY, Fan WL, Chen SS, Chen LJ, Lin JW, Ruan YY,
2018. Recombinant
comparison of four typical fungal immunomodulatory

expression and  bioactivity
proteins from three main Ganoderma species. BMC
Biotechnology, 18: 12

Rochin-Medina JJ, Ramirez-Serrano ES, Ramirez K, 2024.
Inhibition of a-glucosidase activity by potential peptides
derived from fermented spent coffee grounds. Food
Chemistry, 454: 7

Seweryn E, Ziata A, Gamian A, 2019. Properties of
Ganoderma lucidum triterpenes. Postepy Higieny I
Medycyny Doswiadczalnej, 73: 345-352

Shao H, Li Y, Wu C, Chen R, Kang J, 2024. Triterpenes from
antler-shaped fruiting body of Ganoderma Ilucidum and
their hepatoprotective activities. Phytochemistry, 224: 10

Smina TP, Mathew J, Janardhanan KK, Devasagayam TPA,
2011. Antioxidant activity and toxicity profile of total
triterpenes isolated from Ganoderma lucidum (Fr.) P.
Karst. South India.
Toxicology and Pharmacology, 32: 438-446

Sun YF, Xing JH, He XL, Wu DM, Song CG, Liu S, Vlasak J,
Gates G, Gibertoni TB, Cui BK, 2022. Species diversity,
systematic revision and molecular phylogeny of

occurring in Environmental

Ganodermataceae (Polyporales, Basidiomycota) with an
emphasis on Chinese collections. Studies in Mycology,
101: 287-415

Teng LM, Tian XM, Wu F, Dai YC, 2021. A comparison of
triterpenoids and polysaccharides in 13 species of wild
Ganoderma. Mycosystema, 40: 1811-1819 (in Chinese)

Tsai CH, Huang PJ, Lee IT, Chen CM, Wu MH, 2022.
Endothelin-1-mediated miR-let-7g-5p triggers interlukin-6
and TNF-o to cause myopathy and chronic adipose
inflammation in elderly patients with diabetes mellitus.
Aging-Us, 14: 3633-3651

Wang LF, Wu RT, Yao YF, Fu WW, Wan M, Sang T, Li WJ,
2024. Cardioprotective effects of Ganoderma atrum
polysaccharide in a type 2 diabetes mellitus involvement
with gut-derived metabolites and NLRP3 inflammasome.
Journal of Functional Foods, 112: 15

250051-10



Research paper

22 September 2025, 44(9): 250051

Mycosystema ISSN 1672-6472 CN 11-5180/Q

Wang Q, Tripodi N, Valiukas Z, Bell SM, Majid A, de
Courten B, Apostolopoulos V, Feehan J, 2024. The
protective role of carnosine against type 2 diabetes-
induced cognitive impairment. Food Science & Nutrition,
12: 3819-3833

Wang YJ, Zheng YG, Xue YP, Wang YS, Shen YC, 2011.
Analysis and determination of anti-diabetes drug
acarbose and its structural analogs. Current Pharmaceutical
Analysis, 7: 12-20

Wei Y, Dong WH, Li W, Zeng J, Chen HQ, Yuan JZ, Mei WL,
Dai HF, Wang H, Guo ZY, 2023. Two 2-(2-phenylethyl)
chromone dimers with o-glucosidase inhibitory activity
from agarwood of Aquilaria filaria. Chinese Traditional
and Herbal Drugs, 54(22): 7336-7341 (in Chinese)

Wu S, Zhang S, Peng B, Tan D, Wu M, Wei J, Wang Y, Luo
H, 2024. Ganoderma lucidum: a comprehensive review
of phytochemistry, efficacy, safety and clinical study.
Food Science and Human Wellness, 13: 568-596

Xu M, Yu ZX, Zhang B, Li XB, Li MY, Xu W, Chen GY,
2022. Chemical
inhibitory activities from seeds of Morinda citrifolia
(Noni). China Journal of Chinese Materia Medica,
47(13): 3519-3525 (in Chinese)

Yang AA, Yang YX, Shi PD, Yu C, Feng YZ, Zhang MK,
Xing L, Cao CY, Yin X, 2022. Insulin mimetic lanostane

constituents with  o-glucosidase

triterpenes from the cultivated mushroom Ganoderma
orbiforme. Phytochemistry Letters, 48: 57-61

Yang JS, 2012. Research progress of chemical compositions
and pharmacological effects of Ganoderma lucidum.
Chinese Archives of Traditional Chinese Medicine,
30(4): 906-907 (in Chinese)

Zhao JD, Zhang XQ, Xu LW, 1986. Studies on the taxonomy
of Ganodermataceae in China IV. Mycosystema, 5(2):
86-92 (in Chinese)

Zheng M, Pi X, Li H, Cheng S, Su'Y, Zhang Y, Man C, Jiang
Y, 2022. Ganoderma spp. polysaccharides are potential
prebiotics: a review. Critical Reviews in Food Science
and Nutrition, 64: 909-927

Zheng S, Zhu N, Shi C, Zheng H, 2020. Genomic data mining
approaches for the discovery of anticancer peptides from
Ganoderma sinense. Phytochemistry, 179: 8

[’ s 35 % K]

WEH, wRde, ok, R, ETE, SKERI, 2019. YW
U I 0L A 22 (L2 R g . TR E 25 e 2E 4
&, 29(4): 300-304

wEYL, B, B, 3, PEE, 2023 PER
TREARHMESFEE SRR, WY ¥, 42:170-178

WA, MFEMH, B/, P/, L. SALENDRA, #

s, TRE, B, Xk, 2019, —RRBOG AL
EW Colletotrichum sp. SCSIO KcB3-2 AR Z A
YIRS, KRS 5 %, 31(3): 450-454, 555

BWEM, 2022, PEENAEETIREREGBEER—D
CHP2AR )2000-2021 4 % T8 . WHITFFE,
20: 141-156

mR, Fael, dgE, B4, k&R, TIIA, sk,
2008. ZLAARCE TR 1 2 3 R S K
Ay, thEEZE | 39(4): 502-504

e, RAE, B, RBE, ki, WHE, %
W, BLER, DR, 2024 MAZRE R B 2K RY
=AY, WY, 43(7): 230364

fayril, ZEJ68F, 08, W1, skEHE, BHE0R, 7,
AL, 2015, M VE R VR %l B W (Penicillium
commune 366606) L= A ISY. =M R2F (A
IRBLERR), 37(4): 564-568

WA, EiGER, MR, TR, XE, 2022, REWEHE
A2 o it e SR B, T IIESE, 20(2): 79-86

W, IR, TMGER, ZRE, XOhE, XI7ERE, 2023
FMI LI Aspergillus clavatonanicus TLO01 & & ISR
KA. T EEEELY, 42(5): 65-70

LHTHL, KNS, AR, ZEWLD, 2RI, XIRSE, X
J5, 2024, RZ B SERRIRSMT 5 06 T B HLHI B ST
FYIFR, 43(7): 230338

AL, SRR, R, TG, XA, XAk, SR,
L, 2022, BRI R E A EE AR =,
AR 57(9): 2780-2785

B/ND, MFEM, BT, P/, L. SALENDRA, X
KZE, 2017. J E RGBT Penicillium brocae
SCSIO 05793 MR FACE =B sE. hEWEFELY,
36(3): 23-28

HiEtk, ®OCH, B4k, FEE, WA, JTTHEM,
2019. A HFEZIG MR A X o-H 2 T
BN TE . VLI B, 47(14): 206-209

Beasas, MEME, 5%J5, B, 2021, 13 FPEFA R 2 wH
RN =S 2 R . R, 40
1811-1819

g, wfh, L, M, WREZE, =yERE, WSO,
HWires, T8, EH, 2023, ZHET 2 D o-#iE
W B0 R TS PR 2-Q-FE R @ TR Ak, pRe
24, 54(22): 7336-7341

w, AET, SR, Z/hE, ZRHURE, TR, BRI,
2022. PN AN AR A B o R M T ) 7
Wh5E. PET 2R, 47(13): 3519-3525

A, 2012, 2 B Ao K H 25 FLAE FH A 9T A
. PR 224, 30(4): 906-907

WAk, BRNTT, RIERE, 1986. TPE R Z RGPS
IV. EHR2H, 5(2): 86-92

250051-11



