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Abstract: In view of the few studies on the influence of Armillaria spp. infection on the content of the
chemical components in different parts of Polyporus umbellatus sclerotia, this study determined the biomass of P
umbellatus sclerotia and the contents of ergosterol, polyporusterone A, polyporusterone B and polysaccharide in
the separated cavity wall of the sclerotia and the uninfected part of the sclerotia in different harvesting years under
the conditions of A. gallica and A. mellea infection respectively. According to the difference of content and
dynamic changes of the polysaccharide and the steroid substances, the superior Armillaria sp. was screened to
obtain the best harvest years of P. umbellatus. Using HPLC and UV-VIS spectrophotometry methods, the contents
of ergosterol, polyporusterone A, polyporusterone B and polysaccharide in P. umbellatus sclerotia infected by the
two Armillaria spp. in different years were determined. In addition, the differentially expressed genes related to

P. umbellatus polysaccharide synthesis were screened according to the transcriptomic data of different parts of
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P. umbellatus after A. mellea infection. With the increase of years, the biomass of sclerotia infected by different

Armillaria spp. had significant differences, and there were significant differences in the four components of

sclerotia. The four components of the separated cavity wall of the sclerotia were significantly higher than those of

the uninfected part. The best harvest time was the third year after cultivation. Transcriptomic analysis showed that

the infection of Armillaria spp. could significantly promote polysaccharide synthesis, which provided a basis for

polysaccharide content determination at the molecular level. The study clarified the influence of different Armillaria

spp. infection on the accumulation of chemical components of P. umbellatus sclerotia, laying a foundation for

exploring the symbiosis mechanism and provided a scientific clue for screening superior Armillaria sp. and guiding

the artificial cultivation of P. umbellatus sclerotia.
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Figure 1 Comparison of the biomass accumulation trend of

P. umbellatus sclerotia in different years under the infection of
A. gallica and A. mellea. n = 3, x £5. "P < 0.05, “P < 0.01; NS:
No significance. “P < 0.05. Local: Sclerotia infected by A. mellea
collected from Guxian, Shanxi Province; CX-74: Sclerotia infected

by 4. gallica collected from Luoyang, Henan Province
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Figure 2 HPLC chromatogram of ergosterol reference substance
(A) and sample of P. umbellatus sclerotia (B) at 283 nm. 1: Ergos-

terol
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Figure 3 The change trend of ergosterol (A), polyporusterone A (B) and polyporusterone B (C) contents in P. umbellatus sclerotia infected

by A4. gallica and A. mellea in different years. n = 3, x 5. "P < 0.05, P < 0.01; NS: No significance. Different letters (a, b, ¢ and d) indicate

significant differences within the same year, P < 0.05. Local CK: Uninfected parts of sclerotia infected by 4. mellea; Local QR: Separated

cavity wall parts of sclerotia infected by A. mellea; CX-74 CK: Uninfected parts of sclerotia infected by A. gallica; CX-74 QR: Separated

cavity wall parts of sclerotia infected by 4. gallica
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umbellatus sclerotia infected by A. gallica and A. mellea in
different years. n = 3, x £ 5. "P < 0.05, P < 0.01; NS: No signifi-
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Table 1 Differential genes involved in polysaccharide synthesis of P. umbellatus sclerotia infected by Armillaria sp. QR: Separated cavity

wall parts of sclerotia infected by Armillaria sp.; CK: Uninfected parts of sclerotia infected by Armillaria sp.

Annotation or function of enzymes Compared group  Adjusted P value  Log,fold change Up or down regulated Gene ID
Chitin synthase 1 QR vs CK 3.30E-09 17.3 Up comp22190 c0
Chitin synthase export chaperone QR vs CK 1.22E-10 17.2 Up comp31208_c0
Glucokinase QR vs CK 6.29E-08 16.2 Up comp21436_c0
Glucokinase QR vs CK 2.42E-03 14.4 Up comp28547 c0
1,3-Alpha-glucan synthase QR vs CK 3.24E-11 16.4 Up comp43858 c0
1,3-Alpha-glucan synthase QR vs CK 4.32E-10 15.9 Up comp43857_c0
Hexokinase QR vs CK 5.93E-07 16.0 Up comp29269 c0
Hexokinase QR vs CK 8.40E-05 15.0 Up comp26037 c0
Glucose-6-phosphate isomerase QR vs CK 1.56E-05 16.5 Up comp28199 c0
1,3-Beta-glucan synthase QR vs CK 8.91E-07 16.6 Up comp11969 _c0

H, X et mfiiE A R 5RION, % 10 SEbrA: =
RAFIRIES .

DAAE: B FEH A ABEANRE S TR AZ A E AT 0t 12,
T ASHIF S04 B A% 10 R 25 s B 3 o7 AN AR G A 4 ol i3
AT HURE, 277 R SN B R 2 1 S I A A e A 2
B AZ IR AR = AR R IPE R o AR =P 1) # ok
B, BN R B BE AL AL S W 2 REPE RS A
TARR LA, HE R AZ AT B PR T B ICE 7R,
RIAE B IATE RN, B8 B S AR, IR AR 2R )
WELE FA A AR =R

TERG 25 I S B AR 72 o, 00 254K 5 B PR 1R S R i
ARMVE R, BEARMEEZ, 2 A CEEEMN
AR LA 40 T, G0 A0 5T B A R N 2 I A
JeREE, Sib%E, JHA P EEA CX-74 )8 TR
[F AR, W8 R B, 5 &2 m ) B, &
RS LR ER, EHREER 2R, X0 &
BN R BB AOIR, T A8, Ao 3, A
S 5 BT J93 1 993 i B, 80008 1k B, T v T B B
R LA 09 M PR R A, A IR AN, 1 D R R
TR P A RS, R RY, CX-74 T4
b AR P T R R $ v A 2 R R U T A R B
PFh, iX 5 S Al — 2, AT T 45 R A i ik &
BREEE R E I 0T B PR T AR DL R S e
Ji 52 R B kA

BT S R I, IR R G S L G, S K
KA A N, R IULE a2 A 8 A O 3N 2
FIER Y LA RERT . [F, %R 1R e e 68 (2 ik
T WAL 2 G R S, gD LT R A R L 1,3-
BRI RN G RIS ) 2 R BRIE (R D, B
PRI 4 60 BE 22 0 2 B E LT R SR A R LT R
AE LT A e AR, LT RA R —
JIEE & & 1f B % A0 B, 32 B S CHSI. CHS2 AN
CHS3™). i bE B SE AT R R 2008 — R 516 Uk
I JE RS2 W GRS, TR IR AE AL T 03 S P 1) 1,3-3-

R WE G R A R AN W SE A IS T 1,346 R
BERON, Bian SEHR Y, X HE K E K AT AL
Yifhie (nis2) LA AV IE (R R R GY) 3L
R JUT B AN 1,3-p- S0 G e 3 R
i o IR SRR 9 2 W AR R AL AN R AL
Hh IR 25 2 S BRI TR SR

ZR EPTIR, ARSCERIT T E W% 2 AT 5 R 2K
By IR R, B8 AIE 1 AS [ A 588 B A T 11 1R e 0o o
L W% AR O B R IR 2 SO, LA TR A A
(e B i ) 5 AR AR G B AL 265 U 1 & B 5, 9 ik
IR TUE S S B I I U] DA S 2 TR R %
F 2 PR 4% 7 3B AR JE i

1B STAR: W IR P — KON A ST I B ) S 362 11 3 22
PR LI HEE A R RS RIE R E S 51k
SAB TR 25 WERA R eI S 5 S0 Bl 20 A s THE Bk g A 58
2 v S 6 O SR REAT TR B AME B

FURE RS JTA 5 & 1 WA EAE R 2 R

References

[17 Chen XM, Tian LX, Guo SX. Research progress on chemical
constituents and pharmacological effects of sclerotia of Polyporus
umbellatus (Polyporaceae, Basidiomycota) [J]. Mycosystema ([
PIAR), 2017, 36: 35-47.

[2] LiuT, Han T, Liu C, et al. Polyporus umbellatus polysaccharide
iron-based nanocomposite for synergistic M1 polarization of
TAMs and combinational anti-breast cancer therapy [J]. Int J
Biol Macromol, 2023, 251: 126323.

[3] Liu CP, Li X, Lai GN, et al. Mechanisms of macrophage immu-
nomodulatory activity induced by a new polysaccharide isolated
from Polyporus umbellatus (Pers.) Fries [J]. Front Chem, 2020,
8: 581.

[4] Gao W, Zhang L, Wu J, et al. Extraction, characterization, and
anti-nonalcoholic steatohepatitis activity of a (1,3) (1,6)-f-D-
glucan from the Polyporus umbellatus (Pers.) Fries [J]. Int J Biol
Macromol, 2023, 230: 123252.



\

238 - Zj%E %4k Acta Pharmaceutica Sinica 2025, 60(1): 232-238

(3]

[6]

[7]

(8]

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Liu GK, Yang TX, Wang JR. Polysaccharides from Polyporus
umbellatus: a review on their extraction, modification, structure,
and bioactivities [J]. Int J Biol Macromol, 2021, 189: 124-134.
He D, Ren Y, Hua X, et al. Phytochemistry and bioactivities of
the main constituents of Polyporus umbellatus (Pers.) Fries [J].
Phytomedicine, 2022, 103: 154196.

Lu WIJ, Ren H, Cui XM, et al. Research progress on effective
components, pharmacological mechanisms and clinical use of
Polyporus umbellatus in diuresis-promotion and dampness-
clearance [J]. China Pharm (F[[E 24 )57), 2023, 34: 1399-1403.
Henkel TW, Smith ME, Aime MC. Guyanagaster, a new wood-
decaying sequestrate fungal genus related to Armillaria (Physa-
lacriaceae, Agaricales, Basidiomycota) [J]. Am J Bot, 2010, 97:
1474-1484.

Xu GB, Li TY, Li YR. Research and prospect of the medicinal
Fungi Polyporus umbellatus [J]. J Yanbian Univ Agric (%E i K
FAREEAR), 2012, 34: 262-266.

Xu JT, Guo SX. The relationship between Armillaria mellea and
Grifola umbellata [J]. Mycosystema (B 9%~ 4R), 1992, 11: 142-
145.

Xu JT, Guo SX, Li Y, et al. The ontogeny of sclerotia of
Polyporus umbellatus [J]. Chin Pharm J (4 [ 25 2% % i), 1991,
26:714-716, 759.

Guo SX, Xu JT. Genesis and function of defense structure of
sclerotia of Grifola umbellata after Armillaria mellea infection
[J]. Mycosystema (B4 %41)k), 1993, 12: 283-288.

Lin ZY, Geng L, Liu X, et al. Research progress on pharmaco-
logical action and mechanism of Polyporus umbellatus polysac-
charide [J]. Pharmacol Clin Chin Mater Med (24 24 B 55 I P,
2023, 39: 100-105.

Jia W, Luo S, Lai G, et al. Homogeneous polyporus polysaccha-
ride inhibits bladder cancer by polarizing macrophages to M1
subtype in tumor microenvironment [J]. BMC Complement Med
Ther, 2021, 21: 150.

Li JL, Tian F, Kang LW, et al. Content comparison of ergosterol
in Polyporus umbellatus (Pers.) Fries from different producing
areas [J]. Chin J Spectrosc Lab (J i 5246 %), 2012, 29: 2818-
2822.

Guo SX, Cao WQ, Wang QY, et al. Studies on the content of
sugar in different parts of Grifola umbellata sclerotium in the
courses of symbiosis with Armillaria mellea [J]. Chin Pharm J
(EZG 22k &), 2002, 37: 493-495.

Yang HY, Yin LL, Zeng H, et al. Research on the relationship of
elevation, slope and years with production and quality of Zhuling
[7]. Pharm Clin Chin Mater Med (# 2 51I%JK), 2017, 8: 8-10.
Xia Q, Li M, Zhou J, et al. Analysis on the content of ergosterol
and polysaccharide of Polyporus umbellatus from different

producing areas, commodity specifications and growing years

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[7]. J Chin Med Mater (- Zj#4), 2015, 38: 45-48.

Ren LL, Zhao ZH, Yang Y, et al. Correlation between medicinal
components and inorganic elements in Polyporus umbellatus
from different habitats [J]. J Liaoning Univ Tradit Chin Med (1
THRBE L), 2020, 22: 49-53.

Song RQ, Song TG, Yuan Y, et al. Study on polysaccharide content
and monosaccharide composition of Polyporus umbellatus from
different production area [J]. Chin Pharm J (' [ & 2§ 4% %),
2019, 44: 3608-3614.

Liu LL, Qin S, Zhu GS, et al. Advances in studies on ecosystem
of Grifola umbellate and Armillaria mellea [J]. Hubei Agric Sci
(LAl RHE), 2012, 51: 655-659.

Wei ZQ, Xiao B, Li N, et al. Preliminary screening of Armillaria
mellea with symbiotic nutritional advantages in sclerotia of
Polyporus umbellatus [J]. South China Agric (5§ J5 £ k), 2021,
15:1-3.

Men JX. A Study on the Symbiotic Armillaria mellea Group of
Medicinal Fungus Polyporus umbellatus (% FH B P4 % %5 18 1% 2L
A % I B 2R B 19 BF 90) [D]. Beijing: Peking Union Medical
College, 2017.

Gu YJ, Tang ZH, Zhang RY. Action of Armillaria in ecology and
pathology of forest [J]. Edible Fungi China (" [E & F &), 2007,
26: 15-16.

Men JX, Xing XK, Guo SX. A comparison of Armillaria spp.
associated with Polyporus umbellatus and Gastrodia elata in
China [J]. Mycosystema (B #%%#), 2017, 36: 1072-1082.

Liu MM, Xing YM, Guo SX. Investigation of symbiotic
Armillaria species with Chinese traditional medicinal fungus
Polyporus umbellatus [J]. Chin Pharm J (W [E 2§ 7% &), 2015,
50: 390-393.

Xing YM, Li B, Liu L, et al. Armillaria mellea symbiosis
drives metabolomic and transcriptomic changes in Polyporus
umbellatus sclerotia [J]. Front Microbiol, 2022, 12: 792530.

Ibe C, Munro CA. Fungal cell wall proteins and signaling
pathways form a cytoprotective network to combat stresses [J].
Fungi, 2021, 7: 739.

Chen DD, Wang ZB, Wang LX, et al. Structure, catalysis, chitin
transport, and selective inhibition of chitin synthase [J]. Nat
Commun, 2023, 14: 4776.

Zhao CR, You ZL, Chen DD, et al. Structure of a fungal 1,3-
f-glucan synthase [J]. Sci Adv, 2023, 9: EADH7820.

Fu X, Zan XY, Sun L, et al. Functional characterization and
structural basis of the S -1, 3-glucan synthase CMGLS from
mushroom Cordyceps militaris [J]. J Agric Food Chem, 2022,
70: 8725-8737.

Bian XY, Pei TL, Liang ZS, et al. A landscape of transcriptome
analysis of three sclerotia growth stages in Polyporus umbellatus

[J]. China J Chin Mater Med (7[5 125 4% ), 2019, 44: 3718-3723.



