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bacterial communities inhabiting fruiting bodies, the diversity and biological functions of fruiting
body-associated microbes remains elusive. The symbiotic associations between fruiting bodies and
their microbial inhabitants play integral roles in promoting the growth, enhancing the adaptation to
environmental stresses, and facilitating the accumulation of secondary metabolites of host fungi.
Additionally, these fruiting body-associated microbes exhibit promising biomedical properties,
including antibacterial, antioxidant, and anti-tumor activities. This paper reviews the recent
advancements in the isolation and cultivation techniques of these associated microbes, delineates
the diversity of associated bacteria, actinomycetes, and fungi, elucidates their biological activities,
and provide insights into the intricate interactions between associated microbes and their host
fungi. This review offers avenues for the future research and utilization of fruiting body-associated
microbes.

Keywords: fruiting bodies; associated microbes; diversity; fungal development; secondary metabolism

HLIA 32K (fruiting bodies) & H 1 7E H A= Ay
JAI R ) 2 A s b, B RE R 7 A I
LA PR AL 7 (ANH A B 7950 1), TS
T, Je B B IR A K (B 2 AR B B 1) A= 5
AR EERREY . — BB SRR ARG
MM ERE, HACH W 2 HE . B
HAs, 7edi . s i) oy
5 AT B i AR PG E  AE H RRR
L E TSR f e e e R WL, {H
TEF SR R B, —ZRIEEUR Yt
WO R RAERAE, BATEMET
i EEE AT 22 R R L A0 A,
SR H AT W AA — A HERR AL 2ok 2 SOxX 261
Y. BET, RE SR F TSR R AR
PR R X R M A, (EHEARE
(GB/T 12728—2006)) UM “fErEsige” & Ll
“2 MR AL R A AR R —JE Y b, Horp R
MBI ERE T AR A —Ly
FAr A “ P 2E T (endophytes)” [T Bt AF
(epiphytic bacteria)” 1k 5 S ix I N FSL A P 43
BIRRUEY) o AR T — RS E Bl T R A )
AN TR Y, TR AR T T4 A R
TAEWIRR T EARAA LN AR . 5K
N (fruiting body-associated microbes) 515
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FE T 0 G AR AR PR BT S5 KR B A IS [) T e
2, ATRERAHEA 4. PR A A
PR, S P RGE TR Al R 7% 2 A T T
(Cantharellus cibarius)¥ SEAR T 73 8 1 — KR AEAE
20 TN I I R T R AR R 2R
7 S T3 3 A Ao B2 B G FHL VK (denatured  gradiient
gel electrophoresis, DGGE)$ RAF5Y T2k FH 8 Ff
AST] L IX 11 46 BB B (Cordyceps sinensis) ¥ 554
HoR AN B ORE IS A5 R, o LU AR B W T
(Proteobacteria, 50.0%). FFE ] (Bacteroidetes
33.0%) FUEBER | ] (Firmicutes, 16.0%) ML H#E
1o 2% AEUOT R H 4l B 35 100 DA 8% IR 1A T
[Sarcodon imbricatus (L.ex Fr.) Karst.] T34 43
B 52 BRI AR A0 AT 26 Bk N AE U, 40 LA
111 5% IS T & (Burkholderia, 40.4%)FME . 1 &
(Pseudomonas, 23.1%) AL %W &, H# L
Phaeomoniella (26.9%) 1 [ BR 5 & (Cryptococcus,
11.5%) A9 L3 BAT i o 5l B 3 A5 7008 DA P R A H-
(Pleurotus nebrodensis) ¥ 2K W 43 B B 75 BREF
AR T TS, LUYAT RS (Arthrobacter) il
1 R 141 J (Pseudomonas) HALH & #E . H T,
XF T 7 SRR A B 2R N AR Y D RE R F
GEI TCLRIR S, AR T T IARPE R )
BRI, HN T AR S S A
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FERERER 2 REE, DRI T SRR R
FEIINRE, BN TR P A R Y B
KAMTARMEIERY, I PR I Y R 250
REMHIR IS %

1 FEERMAER ZHFE

VAR, AH BT S AR N R TR PR TR 1Y
EWREPE . 2R AN AR R R R EUN R B
Ak, DA R SE R A W 7 A T A
Yz B TR, BT, MAEYRER 2R
1Y 3 B M 7 AL 45 2 5% R 1 (culture-dependent
method) 5 JE 8 75 5 (culture-independent method)!'” .,
X 2 Fh 7 R 5T SR R A R TR
FZH U E SRR . ARk, JENE
Fr ¥, vl & WP ¥ (high-throughput
sequencing), 8% F 4G B 1Al A 0 VR 1Y
ARl
1.1 dEFRE

a4li 1% #7 1 (culture-dependent method) J& i -
T e R S5 7%, AT LUK T 3R
B 2 A A S BN U E D R AR AR, a3
i it oy B B IR MFEAS o B H AR TR D)
bR, EADWEMAE YR ANE R 2B ) . A
FUAEALARYE, JFEE6 00 T AEW 2 T BOV o BT
BRI 16S IRNA FEIGETTHEE o X THEAS N BB
A CANAE N A T B SRR AR T A B, W
BEXPAEAUEAT P AL PRAN R TH SR H B AR A
FREE R B AH N 35 35 2 o0 Bg . SRR ) £
BEE T UK E (LA SRR . KA K
DRI KB (b2 KR WL, —k
iR A, RSN . AR .
ACELIREN . SRR EHITKE .. Fol
SEISLR P k2 A K i AR SR T (Tuber aestivum)
TR AR 233 ARAA, ST ST 118,

N T AR ) 2 R g L T N A TR Y B

22 R 1T RE 2 R AR K85 95 I SR B0 A i AN
6], 1 JC— G 5 5L AT LI A2 i 4 TR 1 SR
A RV BRG, ATXE R TR 43 B T A
i 0P L 171 55 3% BRI AR G 0 B 1R T
IR T AT A B A4k o (P B A% 2 A
I8 (potato dextrose agar, PDA) % 57 70 B HEAR
W ECT s AHTE 10 73 12 5 R H] LB R8s 55 3
R T 4 B R RS FR R AN 3 £ . Xiang )
KA - R B 8 SR A RUA B
(Agaricus bisporus) SR 43 85 H 55 BR4H T A1
R, o DU R o e R . sk IR IR
ISR P o EG—5 15 77 3 D A B (dictyostelids)
TR B 28 BRI, Hrh DL R
(Microbacterium) LA FIHE
1.2 JEEEFE

R REIRIE R B AR R R A R S I DNA,
#F1T 16S rRNA JEH (1) PCR §78, I 6 R4
BB N, XM AR TR LR A HE
BRI . E— R 2 RN E B 2R
S, A IRIE R AR B AT AR KRR A
AIZRTR , H R ZEON A AR AR AL TR
A, —LeR T AR PR PR B R Uk
WAES I 2R TR AE K . RS AT,
HAARE 1% WA RIS AT REFR 1, il
FACR UL RO I T FEAR I Z AR, 48K
R DRETE AT RER SRl I 200 i A
HAT, CHBEMAY LA 2 1 ZFE G
PP, R R AR W B R
BAZHE . Ak, WESEITR T 280 T A i
W ZRETERYIERE IR . R AR B SR T AR
S 5L T 3R A i £% 2V (polymerase chain reaction,
PCR) £ A, a0 A8 PRAR B B B2 BE B H Uk
(denaturing/temperature gradient gel electrophoresis,
DGGE/TGGE)™ | PA%ER) G £ &M (single strand-
conformation polymorphism, SSCP)!*! | Rl F Bt

http://journals.im.ac.cn/actamicrocn



1436

SHEN Wenhao et al. | Acta Microbiologica Sinica, 2025, 65(4)

K B £ & 1 (restriction fragment length
polymorphisms, RFLP)*4 | Jk i BR il 14 1 BE K 2
% & V£ (terminal restriction fragment length
polymorphisms, T-RFLP) 1 & # & I &
(barcoded pyrosequencing)®® | % H I A A4 I
)W (quantitative PCR, qPCR)™" F1 7 i@ 12 I ¢ 1=
(high-throughput sequencing) 2, H: fib A 4K 4
PCR %577 TR M Tk, {44 ) (microarray)
FH5¢ Y6 A 2232 (fluorescence in situ hybridization,
FISH), e FRUEMZREE A0, —
SO R, dnd 2 B O 1 (Raman
microspectroscopy) FI 4 K 2% — 2% B Jfiii% (nano-
scale secondary ion mass spectrometry, NanoSIMS),
U, 32 W7 0 T D2 0 A 2 RN PR S A A 2
BRPA L o, v e O R SR
T R R R T R T AR Y B
98, EREEXIFEM AR . A TR A
55 25 00 PR SR A A A AR . Li P03 i
) FH A& 5% iR I ¥ (barcoded pyrosequencing) & i,
>k B 1)1 Z 1 X AN (Tricholoma matsutake) ¥
SR Hp DL JEE BE B 1T (Firmicutes). 7% 1 B 1]
(Proteobacteria) S ANFTFH ] (Bacteroidetes) 14
WA 3. Benucci 2PN i = o 0 3 (high-
throughput sequencing) b %% 1 =F Jit & (Morchella
sextelata)# 35 TIETARRPAL(E . 2£. HHHK
IR AZ A WA, O RS A R A v 2 LU
W 1] (Bacteroidota, 36.7%) Fl 28 & B I']
(Proteobacteria, 23.7%) 4. Chen ZFPYF]
TR A, A R Hb DX R A R (Tuber
indicum) SR T LUK R (Bradyrhizobium) 1L
g, Ho, Sk s PR AT N 1 R AE Y
SO, SR B A0 R VR Y R A 2 AR
TAHME AR P A B % . A AR IR
e AT LU s AR P U 00 S R A T 2R A7 A
Liu 2 2R D) 2L A 184 51 (microarray) 4 14
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W47 AR 43 M7+ LT (Thelephora ganbajun) ¥ 55
TRNE B A ) 2 e LT ge IR R, R B
H1 1334 MR Z S A E G, 524 DR
SN RS2 WA AP B PR Eh b It 255
K2 51 6 K 2 BB A8 AL AN Z W R R %1 . Ren
AL i vl N P R P, AE R 2 (Ganoderma
lucidum) K 320 i 3 I E RS A A B %
%5, T #E ] (Ascomycota), ¥ T[]
(Basidiomycota) . “FICTE T TVHE R [ 17 R 2 15
FRfE AR I 25 5, L FCTRURT A TR VR 45 4
58 pH, A A ITE (Fe. Zn, Mn,
Mn. Cu)iFi EH K,

2 FEAHEEHLSX

21 FEEHERE

P TE SRR DR I b b,
TEFA TR N FRFNAPER , dniE s e e i, HEE
A 354 58 T SCMAR (T ) 10° 44057 Antony -
Babu %5853 1ot w5 3 5 0 e AR A T SR A R
(T. melanosporum) WU -EWIFEVR I ZAE0E, L BIAS
JE BT (Proteobacteria, 11%—21%)FHLFT B 7]
(Bacteroidetes, 2%-20%) NLHEFPRE, KFBHL
FE W R A AR Vs e S, EE WA
JELRE B I T RHDFFER T 14 %Y. Gohar % LR
125 A I 4 AR A BT RS I T (C. cibarius)F 554,
R B HG PN IS A R R 9 2 LA T B 1 (63.2%) il
AT TT(20.0%) A EFHFIHE . Kumari 25581
LRI 2H$8 8092:(BOX-PCR fingerprinting) 73 #1 | -
ILREHE L K AS 91 &8 (Cantharellus spp.) ¥ 32K fY
PER R R, Horb g 22 QB M o s ke iR
(Hafnia, 26%). ¥ H.J0 5 J& (Stenotrophomoas,
16%) Fl{E 2R Bl B & (Pseudomonas, 16%) (5 LR
o Li S5O0 o i i e R B, 2K
FAFE(T. matsutake) TR VIARTEE 1T SRR ]
FERER LB . Liu 28050 i = 3 )
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R, WERE B Micrococcaleus). - #FT
H (Bacillales). %5 2 B % M W H
(Sphingomonadales) FIEFT 7 H (Caulobacterales)
FENEL(T. matsutake) T SEARASTA] b 2= R A 322
BRI PR H o Ma ZE09053 sk g 3 B vk o T S B 7
(Sanghuangporus) ¥ AR A0 TR ZHE0E, HhA
W% 1476 4~ OTUs, 432k 33 17 82 44 195 H
355 BL 601 J& 679 Fft, HA AL, TR
K JRERETE T AR 1], W R0 37 4T R
(Methylotenera, 8.65%) 1 H X B i H J&
(Methylomonas, 6.62%) HALHHi & . Oh ZHI
240 ™ H¥AE(T. matsutake) ¥ SEAARY) v 432
110 BRAA T, JEXT 16 BRACEIE 0 H #7168
rRNA JE N % 5@, 25 R B R 2B W
(Proteobacteria, 43.8%). TZEH 1(Actinobacteria,

®1 ARIFEBFLEDHAREMBRE

31.2%) FEBER | ] (Firmicutes, 25.0%)IFP2E &
et ;s W IR E (Serratia, 34.5%). J&EH
40 B J& (Mycetocola, 17.3%) F1 1K 9. i & J&
(Pseudomonas, 16.4%)°h EEFEE, FREEWIR
M Rk N = m T B (T ganbajun) TSk H
JreE iy 282 BRANER, J3J@ 2 1712 )&% 15 Fh, H
H B B o R BB . Varese S5 & IS
RFL A I (Suillus grevillei) TS24 R L AR A0 B
J@ A AT 8 5 R, s R EI
HRTH (T, aestivum) TS T 3 B0 L 1 233 Bk
A, PR I R R (40%) A1 A IR R
(Buttiauxella, 24%) MILHEEIE . ANRIZEAL 52
PR rb R AR DL AR DL 1.
22 FEUEHFERLER
TEFAR AR AT BT, WifERE K

Table 1 Dominant bacterial communities in different types of fungal fruiting bodies

Fruiting body types Dominant strain (phylum/genus) Analytic method References

Black truffle Proteobacteria High-throughput sequencing [38]
Bacteroidetes

Cantharellus spp. Hafnia BOX-PCR fingerprinting [43]
Stenotrophomoas
Pseudomonas

C. cibarius Proteobacteria High-throughput sequencing [42]
Bacteroidetes

Tricholoma matsutake Proteobacteria High-throughput sequencing [26]
Bacteroidetes
Firmicutes

T. matsutake Micrococcales High-throughput sequencing [44]
Bacillales
Caulobacter

Sanghuangporus Proteobacteria High-throughput sequencing [45]
Bacteroidota
Firmicutes

T. matsutake Proteobacteria Culture-dependent method [46]
Firmicutes

T. ganbajun Pseudomonas Culture-dependent method [47]

Suillus grevillei Pseudomonas Culture-dependent method [48]
Bacillus

T. aestivum Pseudomonas Culture-dependent method [15]
Buttiauxella
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PR . L GHC S, JB T
2 RPAER . TERTAMEYD, E, JTUH
W, SRR
29 2/3 1B R R SR P AR R WA GE A
AW 2GR P R kR .
W RIFNERZE . HEIRZE . IR a5t
WEH S, Xl ™ A T A )
W, A2 2T SR R R R R R AR TR
Vg IR I IT K A E %% X . Antony-Babu Z£5*)
K B ¥ # Wit £ B 1] (Aetinobacteria,
0.6%~20.0%) HALFFIRE, 1ESMERRIET, E5
& (Streptomyces ) FIFEH T J& (Thermoleophilum)
B E A . Gohar SE R g 2 0 2 ARG il
W (C. cibarius) ¥ 5% K v e 300 i 2 R 1)
(Actinobacteria, 6.7%)TEAMNZMFEVIE & T
JZ . Varese S IR 2L 4= T (S. grevillei) T
SR Ry B 24 5 T R (Streptomyces) ATV
Xiang 217 XA BE 45 (A. bisporus) T 321K v 4y
B oSS kAW ML W, &k E
(actinomycete, 16.4%) WL GEHE. X 16 PRAG
TR T TR, 5 PR 2 IR R4 R
TR & (Alcaligenes) VBRI T8, 11 #R5 =
PGB TR o0 R 2R A TR & (Bacillus) . H8i 2008 2718
¥ @ J& (Lysinibacillus), 2% % {4 ¥ & )&
(Paenibacillus) . W 241 # J& (Pandorea) M5 55 T4
J& (Streptomyces). 7K I I FH S 33 4l 55 55 1k X
W H R L B A R AR B A T S A
TR R TR Z REPEREAT TAESE, LA R
(Microbacterium) i £ E 0 J& 5 M 5T 44 1 I A%
B BB 17 ARG, Horb DL
(M. oxydans)ﬁ\jﬁ‘:%ﬁ' o
23 FTEUHHERE

TEEW IR, s, FIFE. Wik
WAF, BT a EERIN, RS H A E A
PIRETE BOAEAE . Ma S5 UVRI F v 3 o 0 AR 4
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Mr T 85 (Sanghuangporus) T SR W £ 42 B
ZFEME, LA H] 865 4~ OTUs, 4324 11 1]
34 49 84 H 186 £} 328 J& , HAL# R T 0T
WiT., TERIMNTMEETT, RERW
(Sanghuangporus) i) i Wiy, K28 T 70%. F
AW\ 7/ T B FE (T ganbajun) 152k b4y
EARE] 114 PREBE, AL P R[] R X (internal
transcribed spacer, ITS)/ P8I %%, L5 KA A
SPEABENBET 217108 10 f, Hob P8R
I 7(62%) F1FH T B 11 (38%) ML HE 1], W FLIE
J& (Lophiostoma) #1 1 & B H [ £} 7 J&
(Asterotremella) NP H Vi & . 255w SR 0% F 4l 1%
FRuk, DAPUE . o AR A B R % N U TR (S
imbricatus) ¥ AR LA B 26 HRETR, RIS
T 141 g, HAEREE (Phaeomoniella, 26.9%)
B2 EK B & (Cryptococcus, 11.5%) AL & o
2 [ SOV B SR 4B FR vk, A& /N B 7
(Volvariella brumalis) ¥ SE A& H 47 8 1 50 bR B
B, I ITS P8 % E 9k o o 3 17 13 A
16 &, 5AE2MARDERK, HbhEHE
(Mucor) FEAEH J& (Fusarium) WL A FE . WZH#
B 1 XA 4= BF I (Boletus sp.) KL-1 PSR Hh 4355
53] 2 BRAEAFE, 4 ITS 750 %2 50 3 oh 8
I8 161 121 J& (Hypompces) 1 & B W J& (Mucor) 7 H
PP T PSSP 2 B K /N 2 F R (Boletus
speciosus Frost), i JFH(B. aereus). FEMH
FF B (B. edulis) FIl ¥5 €6, ¢ AR 24 1T & (Leccinum
crocipodium)=5 4 T A= JHF TR i 1 SR o B AR
) 5 BRECE, @it ITS J3 50 %00 430 b B
(Trametes hirsuta), 4 {8 & 5¢ W (Chaetomium
aureum) . 1B 22 % B} 1§ (Candida sp.). #% 1 &
(Mortierella sp.) X BYBE TR (Eurotium sp.). MR
SN F IV (T ganbajun) TS24 2y 85 1 6 Fh
PEAERTE, 2 1TS 31506 h B W& (Mucor)
IR [ & (Gibberella) . HEt&10JE (Alternaria) .
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& £ B 4 J§ (Pestalotiopsis). 1 B € & J&
(Enterobryus) LA S WU 2 7 J& (Dipodascus) H. 14

3 TR A E M

30 FEAFERNEEERENEN

AR A e R AR A, R
WL B ARy ot v, xR S5 1E
FHEKRRRENES, s EEENH
P, RIS A R AR,
311 FEAHERNBEIEREKLZEN
AL

TR A R RE NS B A A B AR
KER, thmaERPY w2, 1
HOmPTRE Y RPYAE S Ayudhya S5V ALT AR
J& T [Rhizopogon roseolus (Corda) Th. M. Fr.] 3£
R4y B 6 BRAZTE 1R 1] (Proteobacteria) 41 A ,
XS TR A RE R i SR R A B 22 4E K . Oh
SOV MBA (T, matsutake) T 53 B3 1 16 FPANER
FHCHp R 3l P [ (Dietzia aurantiaca) ENS 12 3E
o FEFEMWAR, MELHEEEHME (M. lacteus)
W) B A . Ma BT AT 8 B (Shiraia
sp.) T AR 5 Y AR 1RSI TR (P, fulva)
SB1 BEMS AT 85 7 (Shiraia sp.) S9 AT 227515
4, I H K Z B0 22 45 20 TR SR L H R B,
[, ECTR Y 53 AE B 80 W 7R A
i, AT S SRR M SB1 g
&, FELREEERIA, EA R AN, AR
WEE R, HEMR MR SB1 S5T# T S9 kA4
TR, R EAN A e e
LR R 22 11, A 0 Al 4 M LT 5 Hw e 22
SEARATE. Xu SEPVRBEL, AT A
FE - KT T8 (Bacillus cereus) No.1 € . & #1477
TR 1Y I 22 A AR AR Ak, TRTESE RS e
220y BRI AR JE Ay R . B BEDS BT A
Praorh e B 29 BRFPEAR LB, JF ST s i

(Shiraia sp.) S9 FEATILREFR , JH i VRS ST
it 9 R YA TR RE A% S 2 0 R A T ) R 24
AR A, 2 BRAEA HOm [ R R
(Bjerkandera sp.) PTY 1 Fl i JH & (Colletotrichum)
MAFF | TE R At 55 55 vh (L RE 1 25 300 0 7 B T 1Y
AR

312 FRUMEEEMEERERE KB
o

—HEETE LB NIRRT, Geg
AT VIR AR ) A 388 8 X T FE A ) A A e e
WAICE S 708 17 M 1 e S N & S s 4 AT
SR A A OG IR AR . Splivallo S5 P
FA & (T. borchii) T SE R Hh 43 55 Y o- 22 T B8 40 I
B-ARIE TR AN AN TR, X SO B AR A5 A M TR
A AR AL S I (CINBE AT A=), AT AR
AN FE IR TR ATE I Ma S0P HE 1152
PRI 40T 2 (B BRI (P fuadva) SBI REAE I
71 (Shiraia sp.) S9 & W 1T 4 =
(hypocrellins), H:3% 5% 5 M N AR AP R AT 2118 H
% (hypocrellin A, HA)FL 2 i F a0, & HA 7~
AT 225.34 mg/L, SEHSRETIREG 3.25 45, 1
Gb, ATELT R 0 G R G B [ A0 R R S
(polyketide synthase, PKS). #F+8 ¥ 5% [H F (zinc
finger transcription factor, ZFTF) . #8 %% iz 5
[ (major facilitator superfamily, MFS) fl1%% & &5 2
;32 75 1 (ATP-binding cassette transporter, ABC)]
TR W AT SB1 TG T . A
HKIZEEY) . KL ZWEEE ) PGB Ty Y Re M HA
A R, s R S RO et AR
WS R, LT SB1 REAS R PR EL TR 40 LS,
M AE A HA ALY, Li 5% sk
TR (P, fulva) SB1 i85 70/ M5 543 T
Jfi 4k ATP (extracellular adenosine 5'-triphosphate,
eATP), 5 T (Ca*") Fl i 1 44 (reactive oxygen
species, ROS) it 47 ¥4 [ (Shiraia sp.) S9 1T 4L

http://journals.im.ac.cn/actamicrocn
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A M. Xu PR BT 8 SR B Y
AL ZE AT 18 (B. cereus) No. 1 BE & 35 1 47 25
W (Shiraia sp.) SO T2 R BIA K, HHIERY)
WRefE T WM R R R, FERIAE SR T HA 7
HikF) 1.28 mg/em?, JEARACFRLAK) 4.06 155 HE
— PRI, BEREZFEAT A No. 1 REGSIE ik
R MRATLLIE 2 . Z2r B0 Y A A7 8 1 5
W g 29 BREEA B, RS EE
(Shiraia sp.) SO FEATILEEFR, WL HAdHi S0 5
i 19 PR B8 A% £ 2 7T 20 TR R A L E I A
10 AR A R B, g — 2D R AR B 57
i 195 H i 10 o4 8 L B (Fusarium sp.) SF12 X741
RIS R A B3, HA PR R 155
) 1.56 fi5, ZE M EIEAPTL R A RO
FER IR, MRS HA P75t
3.2 EREMENE

TR AR A AR By B T BT
(F 2). Xiang S5 OBUAL B 45 (4. bisporus) F 3
Ry B 55 vk, Hirp Lysinibacillaceae
2 ZF KT 8 Bl (Paenibacillaceae) . i Hp il 7
(Pseudomonadaceae) F155 55 1 B (Streptomycetaceae)
PRI T I RIS T . 3 R SRR AT
J& (Bacillus) % B0 240 P& A EL B 4 HA TR i
K AT (B. cereus-like) DY 17 2 B0 3 #8511
PUA TG . Sbrana ZE N FAFARE (T, borchii) T-55
PRrh oy B i 259 BREEBR, Hod 101 SRR T
FLRE P, 35 2R 2k R (actinomycete) FI {52
Jfi P& (pseudomonad) . MAAT(T. matsutake) 544
a3 ) S N 28 SCEC R (Ewingella americana)
WA R S0 5 (P. endophytica) . VWEF R . FLH
5 B AN (M. lacteus)F1 43 VG HL VY B (Cedecea
neteri) F WL T IEHTE B TEME , TOHAY 11 Fham
WRPLEIE RS, Horh 8N & SCICHE LT X
A WA I H AR L OB g (4.
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R T 16 bR, Hob 3 BRABSF LT SR
fitg, 7 bRBon HEFAER WS, 6 tREA E
W, 7 R IRIIBES T, b, YR IR
M owg & ZFE F OO W (Stenotrophomonas
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Table 2 The examples for bioactivities of fruiting body-associated microbes

Host fungi Associated microbes Activities References

Agaricus bisporus

Tuber borchii

Tricholoma matsutake

Volvariella volvacea

A. bisporus

T. matsutake

T. borchii

Shiraia sp. S9

Inonotus obliquus

Bacillus

Actinomycete
Pseudomonad

Ewingella americana
Pseudomonas endophytica
Serratia marcescens
Mycetocola lacteus
Cedecea neteri

Bacillus sp. C2.2,
C3.8,D3.3

Pseudomonas sp. AB-114

Stenotrophomonas maltophilia

Pseudomonas

P. fulva SB1

Acremonium sp.

Anti-bacteria/fungi
Anti-fungi

Anti-fungi

Antifungal activities against
Cercospora lactucae, C. gloeosporioides,
Fusarium oxysporum

Anti-bacteria/fungi

Chitinase, endoglucanase, f-glucosidase, protease,
lipase activities

Indole-3-acetic acid, siderophores, protease,
collagenase, carboxymethyl cellulose activities

Antioxidation

Antitumor

[16]
[59]

[45]

o O

Bis(2-ethylhexyl) phthalate

OH
\
0
N\
NH

Indole-3-acetic acid

2)-0-D-Manp-(1—2)-a-D-Manp-(1-p2)-a-D-Manp-(1—2)-0-D-Manp-(1-§2)-a-D-Manp-(1—2)-a-D-Manp-(1-$,
6 6 6

¥
1
a-D-Manp

X
1
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I}
1
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6

Y
1
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6
Y

1
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Figure 1 ~ Structures of some bioactive metabolites from fruiting body-associated microbes.
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AR

4 RHEH5EZ

AR SO - S AR TR R 22 A R A T
PEAT T 2RIk, AN T HE T IR N A v
SR EEMT T, AR A IRIE AR R SR
ko XTI E RN T A E B T RIR AR
AWy (LG B L A TR AR ) (8 B v 0 A
fi, RIS T2 2 SR AR R I AR W I RE
R AT 1 2 S DR A A A B A
Vit . FRT, B2 dm AR aE i 1 SR RO
PTG TG TS o B T A I Y —
NERSY o T R BT SRR AT N T HS
7, AR BIATSE AT LU T LU JLAST7 1
(1) LR FR kI B T SRR R, 2 AE
g Bt EEE TR LT . MR,
25 RTFI B B A ON AR S R A 4 A B
(2) F T AR IR T T SL AR, i i A B S
[ = R/N IS S SE S T BUR I (A=K (781 NibBU
G AR IR AR, S AT AR R IR R AR 1 AR
KAETE, DARTEX H 0 Wi w1 ek k|
FIRZIR I BH BSOS A PO 78 B T BE P T
s (3) R FE RSO LRI L A u s
A TR B PEAC P ALy, I aE A (] A 2
PR N A e, Faia sl

P4 actamicro@im.ac.cn, 7% 010-64807516

Ry Ik, X 5 EA T PR S AT Al R AR
LR RO S, TR AAZ I T SRR A TR Y
T RE s (4) TRV AR RO 7 SR T 1R A
Oy B R R T BLA SRR - R AL
B3ROk, o O A A AR I BOR
AR BEET R B R RO

1B STk = A

TESCH . ZRR VIR IRS S B KRB -
BRI S e il I SCRR M Je 23
BB ESISC: RAFEE K SIS
iR 8

Aoz AR & A 2208 RATE E

VR P AN AEAT AR AT B8 23 52 W AS SCHI 4l
R K (RSN Sy I N S

B35 3k

[1] NAGY LG, TOTH R, KISS E, SLOT J, GACSER A,
KOVACS GM. Six key traits of fungi: their evolutionary
origins and genetic bases[J]. Microbiology Spectrum,
2017, 5(4): 1110-1128.

[2] DANELL E, ALSTROM S, TERNSTROM A.

Pseudomonas fluorescens in association with fruit

bodies of the ectomycorrhizal mushroom Cantharellus

cibarius[J]. Mycological Research, 1993, 97(9): 1148-1152.

Te R, Wk, SE2hl, AR B IS TRTAR EL B A 40

HBFSE R[], A 4524, 2007, 27(12): 5345-5351.

LONG LK, YAO Q, AI YC, ZHU HH. Advance in

researches on bacteria associated with arbuscular

mycorrhizal fungi[J]. Acta Ecologica Sinica, 2007,

27(12): 5345-5351 (in Chinese).

[4] 2508, XU, F1CoR, WRSE, HLV5 - A, Fiith . BpAEA R

SRR LR A R VR S5 S RV E e T D). AR B
2, 2014, 30(10): 196-200.
LI H, LIU Y, BAI FR, YAO S, ZAHI NAGI, CHENG C.
Analysis of bacterial community structure and diversity
in wild Ophicordyceps sinensis[J]. Biotechnology Bulletin,
2014, 30(10): 196-200 (in Chinese).

[5] 1] 5% Jo st M A o A 2 By, vl ) [ G v AL A B 2

512 BT AR E: GB/T 12728—2006[S]. b 5t: A1[H
PRIEH RCEE, 2006.
General Administration of Quality Supervision, Inspection
and Quarantine of the People’s Republic of China,
Standardization Administration of the People’s Republic
of China. Terms of edible mushroom: GB/T 12728—2006[S].
Beijing: Standards Press of China, 2006 (in Chinese).

—
w
—_



WS 55 | BUEYEEAR, 2025, 65(4)

1443

(6]

[13]

ZEnih, ERELL, 2/IVbR, BRI, 8530, BRI, AR, A8
AR P A At P 147 B 7S PR N A T R (0], BT S
LAY, 2015, 21(4): 629-634.

LI Q, LI SH, LI XL, CHEN C, HUANG WL, XIONG C,
YANG ZR, ZHENG LY. Diversity of endophytic
microorganisms in fresh fruiting bodies of Sarcodon

imbricatus[J]. Chinese Journal of Applied and
Environmental Biology, 2015, 21(4): 629-634 (in
Chinese).

SKIA, WP, 22T, B, ST S . R AE K
ot R BE A R (0] & W 2= 4R, 2012, 19Q2):
106-110, 123.

ZHANG RY, HU DD, ZUO XM, GU JG, HU QX.
Preliminary study on the wet blotch disease of Pleurotus
nebrodensis[J]. Acta Edulis Fungi, 2012, 19(2): 106-110,
123 (in Chinese).

PENT M, HILTUNEN M, POLDMAA K, FURNEAUX
B, HILDEBRAND F, JOHANNESSON H, RYBERG M,
BAHRAM M. Host genetic variation strongly influences
the microbiome structure and function in fungal fruiting-
bodies[J]. Environmental Microbiology, 2018, 20(5):
1641-1650.

VR XS AR R R A A T B[] il AR
Wy, 1998, 17(3): 135-139.

XIN ZH. Isolation of Cantherallus cibarius by
germination of spores[J]. Journal of Mountain Agriculture
and Biology, 1998, 17(3): 135-139 (in Chinese).

VESCHE, B, B =i, MR . BUEYRREZ HEE T
TP R FEHERELT]. £ AR, 2009, 30(7): 258-265.
XU WT, GUO X, LUO YB, HUANG KL. Research
progress on analysis methods of diversity of microbial
flora[J]. Food Science, 2009, 30(7): 258-265 (in Chinese).
WIJAYAWARDENE NN, BAHRAM M, SANCHEZ-
CASTRO I, DAI DQ, ARTYAWANSA KGSU, JAYALAL
U, SUWANNARACH N, TEDERSOO L. Current insight
into culture-dependent and culture-independent methods
in discovering ascomycetous taxa[J]. Journal of Fungi,
2021, 7(9): 703.

SUN W, DAI SK, JIANG SM, WANG GH, LIU GH, WU
HB, LI X. Culture-dependent and culture-independent
diversity of Actinobacteria associated with the marine
sponge Hymeniacidon perleve from the South China
Sea[J]. Antonie Van Leeuwenhoek, 2010, 98(1): 65-75.
OGER P, MANSOURI H, DESSAUX Y. Effect of crop
rotation and soil cover on alteration of the soil microflora
generated by the culture of transgenic plants producing
opines[J]. Molecular Ecology, 2000, 9(7): 881-890.

K. EEEN TR R B M BCHAE T W T
FE[D]. Prr: ZREE Tl A Befit 12718 3¢, 2012.
ZHANG X. Isolation and identification of endophytic
fungi from bryophytes and study on their metabolites[D].
Jinan: Master’s Thesis of Shandong Polytechnic University,
2012 (in Chinese).

B, L, M, PLATE . DU RS X R R TSk
PN B A B 22 A R BT (0], R R R, 2016, 35(4):
58-62.

LI YL, PENG YH, YAN T, GONG HD. Bacteria diversity
research on Tuber aestivum fruiting bodies from
southwest of China[J]. Edible Fungi of China, 2016,

[16]

[17]

[18

—_

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

35(4): 58-62 (in Chinese).

EEVERS N, GIELEN M, SANCHEZ-LOPEZ A,
JASPERS S, WHITE JC, VANGRONSVELD J,
WEYENS N. Optimization of isolation and cultivation of
bacterial endophytes through addition of plant extract to
nutrient media[J]. Microbial Biotechnology, 2015, 8(4):
707-715.

XIANG QJ, LUO LH, LIANG YH, CHEN Q, ZHANG
XP, GU YF. The diversity, growth promoting abilities and
anti-microbial activities of bacteria isolated from the
fruiting body of Agaricus bisporus[J]. Polish Journal of
Microbiology, 2017, 66(2): 201-207.

SKIRAH, RIS, AR A, ik 3k - IR T vE, R, ik,
R, 2, XA . DS (6] b X DA 7 v 3 B AN A
AR R [T]. EAIAIESE, 2023, 21(S1): 131-142.
ZHANG ZJ, YANG YK, ZOU Y, DILIDA
YEERKENBIEKE, ZHAI C, SUN D, LI M, L1Y, LIU P.
Symbiotic Actinomyces isolated and pure cultured from
Reticulatus from different areas[J]. Journal of Fungal
Research, 2023, 21(S1): 131-142 (in Chinese).

AMANN RI, LUDWIG W, SCHLEIFER KH.
Phylogenetic identification and in situ detection of
individual ~microbial cells without cultivation[J].
Microbiological Reviews, 1995, 59(1): 143-169.

PACE NR. A molecular view of microbial diversity and
the biosphere[J]. Science, 1997, 276(5313): 734-740.
DEMAIN AL, SANCHEZ S. Microbial drug discovery:
80 years of progress[J]. The Journal of Antibiotics, 2009,
62(1): 5-16.

MUYZER G. DGGE/TGGE a method for identifying
genes from natural ecosystems[J]. Current Opinion in
Microbiology, 1999, 2(3): 317-322.

LEE DH, ZO YG, KIM SJ. Nonradioactive method to
study genetic profiles of natural bacterial communities by
PCR-single-strand-conformation polymorphism[J]. Applied
and Environmental Microbiology, 1996, 62(9): 3112-3120.
LAGUERRE G, ALLARD MR, REVOY F, AMARGER
N. Rapid identification of rhizobia by restriction fragment
length polymorphism analysis of PCR-amplified 16S
rRNA genes[J]. Applied and Environmental Microbiology,
1994, 60(1): 56-63.

DUNBAR J, TICKNOR LO, KUSKE CR. Assessment of
microbial diversity in four southwestern United States
soils by 16S rRNA gene terminal restriction fragment
analysis[J]. Applied and Environmental Microbiology,
2000, 66(7): 2943-2950.

LI Q, LI XL, CHEN C, LI SH, HUANG WL, XIONG C,
JIN X, ZHENG LY. Analysis of bacterial diversity and
communities associated with Tricholoma matsutake
fruiting bodies by barcoded pyrosequencing in Sichuan
Province, Southwest China[J]. Journal of Microbiology
and Biotechnology, 2016, 26(1): 89-98.

TAKAI K, HORIKOSHI K. Rapid detection and
quantification of members of the archaeal community by
quantitative PCR using fluorogenic probes[J]. Applied
and Environmental Microbiology, 2000, 66(11):
5066-5072.

LEMOS LN, FULTHORPE RR, TRIPLETT EW,
ROESCH LFW. Rethinking microbial diversity analysis

http://journals.im.ac.cn/actamicrocn



1444

SHEN Wenhao et al. | Acta Microbiologica Sinica, 2025, 65(4)

in the high throughput sequencing era[J]. Journal of
Microbiological Methods, 2011, 86(1): 42-51.

[29] BODROSSY L, SESSITSCH A. Oligonucleotide
microarrays in microbial diagnostics[J]. Current Opinion
in Microbiology, 2004, 7(3): 245-254.

[30] BOTTARI B, ERCOLINI D, GATTI M, NEVIANI E.
Application of FISH technology for microbiological
analysis: current state and prospects[J]. Applied
Microbiology and Biotechnology, 2006, 73(3): 485-494.

[31] KUYPERS MMM. Sizing up the uncultivated
majority[J]. Science, 2007, 317(5844): 1510-1511.

[32] OEHLER DZ, ROBERT F, WALTER MR, SUGITANI K,
MEIBOM A, MOSTEFAOUI S, GIBSON EK. Diversity
in the Archean biosphere: new insights from
NanoSIMSJJ]. Astrobiology, 2010, 10(4): 413-424.

[33] BENUCCI GMN, LONGLEY R, ZHANG P, ZHAO Q,
BONITO G, YU FQ. Microbial communities associated
with the black morel Morchella sextelata cultivated in
greenhouses[J]. Peerl, 2019, 7: €7744.

[34] CHEN J, LI JM, TANG YJ, XING YM, QIAO P, L1,
LIU PG, GUO SX. Chinese black truffle-associated
bacterial communities of Tuber indicum from different
geographical regions with nitrogen fixing bioactivity[J].
Frontiers in Microbiology, 2019, 10: 2515.

[35] LIU D, HE XH, CHATER CCC, PEREZ-MORENO J,
YU FQ. Microbiome community structure and functional
gene partitioning in different micro-niches within a
sporocarp-forming fungus[J]. Frontiers in Microbiology,
2021, 12: 629352.

[36] REN F, ZHANG YG, YU H, ZHANG YA. Ganoderma
lucidum cultivation affect microbial community structure
of soil, wood segments and tree roots[J]. Scientific
Reports, 2020, 10(1): 3435.

[37] BARBIERI E, GUIDI C, BERTAUX J, FREY-KLETT P,
GARBAYE J, CECCAROLI P, SALTARELLI R,
ZAMBONELLI A, STOCCHI V. Occurrence and
diversity of bacterial communities in Tuber magnatum
during truffle maturation[J]. Environmental Microbiology,
2007, 9(9): 2234-2246.

[38] ANTONY-BABU S, DEVEAU A, van NOSTRAND JD,
ZHOU JZ, le TACON F, ROBIN C, FREY-KLETT P,
UROZ S. Black truffle-associated bacterial communities
during the development and maturation of Tuber
melanosporum ascocarps and putative functional roles[J].
Environmental Microbiology, 2014, 16(9): 2831-2847.

[39] BARBIERI E, BERTINI L, ROSSI I, CECCAROLI P,
SALTARELLI R, GUIDI C, ZAMBONELLI A,
STOCCHI V. New evidence for bacterial diversity in the
ascoma of the ectomycorrhizal fungus Tuber borchii
Vittad[J]. FEMS Microbiology Letters, 2005, 247(1):
23-35.

[40] GRYNDLER M, SOUKUPOVA L, HRSELOVA H,
GRYNDLEROVA H, BOROVICKA J, STREIBLOVA
E, JANSA J. A quest for indigenous truffle helper
prokaryotes[J]. Environmental Microbiology Reports,
2013, 5(3): 346-352.

[41] SPLIVALLO R, DEVEAU A, VALDEZ N, KIRCHHOFF
N, FREY-KLETT P, KARLOVSKY P. Bacteria
associated with truffle-fruiting bodies contribute to truffle

>4 actamicro@im.ac.cn, 7 010-64807516

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51

—

[52]

aroma[J]. Environmental Microbiology, 2015, 17(8):
2647-2660.

GOHAR D, PENT M, POLDMAA K, BAHRAM M.
Bacterial community dynamics across developmental
stages of fungal fruiting bodies[J]. FEMS Microbiology
Ecology, 2020, 96(10): fiaal75.

KUMARI D, REDDY MS, UPADHYAY RC. Diversity
of cultivable bacteria associated with fruiting bodies of
wild Himalayan Cantharellus spp.[J]. Annals of
Microbiology, 2013, 63(3): 845-853.

LIU D, PEREZ-MORENO J, ZHANG P, WANG R,
CHATER CCC, YU FQ. Distinct compartmentalization
of microbial community and potential metabolic function
in the fruiting body of Tricholoma matsutake[J]. Journal
of Fungi, 2021, 7(8): 586.

MA YJ, GAO WQ, ZHANG F, ZHU XT, KONG WB,
NIU SQ, GAO K, YANG HQ. Community composition
and trophic mode diversity of fungi associated with
fruiting body of medicinal Sanghuangporus vaninii[J].
BMC Microbiology, 2022, 22(1): 251.

OH SY, KIM M, EIMES JA, LIM YW. Effect of fruiting
body bacteria on the growth of Tricholoma matsutake and
its related molds[J]. PLoS One, 2018, 13(2): ¢0190948.
FfE, TR, 2 T O TSR N B R BE Y]
AR, 2018, 45(5): 1112-1119.

WANG R, YU FQ. Culturable microorganisms associated
with basidiocarps of Thelephora ganbajun|J]. Microbiology
China, 2018, 45(5): 1112-1119 (in Chinese).

VARESE GC, PORTINAR S, TROTT A, SCANNERINI
S, LUPPI-MOSCA AM, MARTINOTTI MG. Bacteria
associated with  Suillus  grevillei sporocarps and
ectomycorrhizae and their effects on in vitro growth of
the mycobiont[J]. Symbiosis, 1996, 21(2): 129-147.
LUCAS X, SENGER C, ERXLEBEN A, GRUNING BA,
DORING K, MOSCH J, FLEMMING S, GUNTHER S.
StreptomeDB: a resource for natural compounds isolated
from Streptomyces species[J]. Nucleic Acids Research,
2013, 41(Database issue): D1130-D1136.

MG, AR, v, AR, XL X, T8 . &/ ]
B % A A TR D TR R - SR LR ) Rl 2 R ST D). AR
dl2E4R, 2022, 37(8): 1082-1091.

LI P, XIONG X, XIANG Z, HE YW, LIU ZX, WANG 1.
Diversity of culturable endophytes and rhizosphere fungi
of Volvariella brumalis[J]. Fujian Journal of Agricultural
Sciences, 2022, 37(8): 1082-1091 (in Chinese).

TR, RUTTHE, X ETTT, BRSCoR . AR BT 1R A A LT
10 73 18 M TG PR D A0 WF S (0], R PR R A,
2011, 36(12): 885-888.

DING XW, LIU KH, DENG BW, CHEN WQ. Isolation,
identification and bioactive assays of two endophytic
fungi associated with Boletaceae[J]. Chinese Journal of
Antibiotics, 2011, 36(12): 885-888 (in Chinese).

EITHN, BETE, R . g TP I N AE EOR 70 7 5
SE FIITS 7 91 R AiE BF 58 (9], & Tl B 52, 2014,
35(19): 172-176.

YUE WS, XIONG Y, CHEN YJ. Isolation and
identification of endophytic fungi from different Boletus
in Yunnan and ITS region sequence analysis[J]. Science
and Technology of Food Industry, 2014, 35(19): 172-176



WS 55 | BUEYEEAR, 2025, 65(4)

1445

[53]

[54]

(53]

[57]

[60]

(in Chinese).

R, RIRI, 1R, BoaTs . T TSR A feA:
HEAIBETEL]. T E BT, 1997, 16(2): 8-9.

YANG DZ, ZHU QS, YANG ZB, DUAN YQ. Study on
the accompany fungi in Thelephora ganbajun’s fruit-
body[J]. Edible Fungi of China, 1997, 16(2): 8-9 (in
Chinese).

XU R, LI XP, ZHANG X, SHEN WH, MIN CY, WANG
JW. Contrasting regulation of live Bacillus cereus No. 1
and its volatiles on Shiraia perylenequinone production[J].
Microbial Cell Factories, 2022, 21(1): 172.

YAN XX, WEN YD, HU MH, WU ZQ, TIAN XF.
Promotion of the hypocrellin yield by a co-culture of
Shiraia bambusicola (GDMCC 60438) with Arthrinium
sp. AF-5 fungus[J]. Fermentation, 2021, 7(4): 316.
AYUDHYA SPN, RIFFIANI R, OZAKI Y, ONDA Y,
NAKANO S, AIMI T, SHIMOMURA N. Isolation of
bacteria from fruiting bodies of Rhizopogon roseolus and
their effect on mycelial growth of host mushroom[J].
Mushroom Science and Biotechnology, 2019, 27(4): 134-139.
MA YJ, ZHENG LP, WANG JW. Inducing perylenequinone
production from a bambusicolous fungus Shiraia sp. S9
through co-culture with a fruiting body-associated
bacterium Pseudomonas fulva SB1[J]. Microbial Cell
Factories, 2019, 18(1): 121.

B AR S oyl N: )7 UK UEAN. |- chuat (0} MR (V3|
WFFE[D]. ZRIH: TR R AR -2 1183, 2020.

JI HY. The regulation of blue light and fruiting-body
associated fungi on hypocrellin production of Shiraia
bambusicoloa[D]. Suzhou: Master’s Thesis of Soochow
University, 2020 (in Chinese).

LI XP, ZHOU LL, GUO YH, WANG JW. The signaling
role of extracellular ATP in co-culture of Shiraia sp. S9
and Pseudomonas fulva SB1 for enhancing hypocrellin A
production[J]. Microbial Cell Factories, 2021, 20(1): 144.
SBRANA C, AGNOLUCCI M, BEDINI S, LEPERA A,
TOFFANIN A, GIOVANNETTI M, NUTI MP. Diversity
of culturable bacterial populations associated to Tuber

[61]

[62]

[63]

[64]

[65

—_

[66]

borchii ectomycorrhizas and their activity on 7. borchii
mycelial growth[J]. FEMS Microbiology Letters, 2002,
211(2): 195-201.

MASRUKHIN M, PUTRI AL, SULISTIYANI TR,
ILYAS M, PURWANINGSIH I, SASKIAWAN I, NIAM
MY. Antifungal activity of bacterial isolates from straw
mushroom cultivation medium against phytopathogenic
fungi[J]. Journal of Tropical Biodiversity and Biotechnology,
2021, 6(1): 59235.

SRR 22 T T PN A T A 7 1 2 LA™ 0 6490
AWFFE[D]. AR M - AR 20 2= 1183, 2010.
ZHANG JL. Isolation and identification of endophytes
from edible fungi and preliminary study on their
metabolites|[D]. Fuzhou: Master’s Thesis of Fujian
Agriculture and Forestry University, 2010 (in Chinese).
BEDINI S, BAGNOLI G, SBRANA C, LEPORINI C,
TOLA E, DUNNE C, FILIPPI C, D’ANDREA F,
O’GARA F, NUTI MP. Pseudomonads isolated from
within fruit bodies of Tuber borchii are capable of
producing biological control or phytostimulatory compounds
in pure culture[J]. Symbiosis, 1999, 26(3): 223-236.
ZHOU LL, SHEN WH, MA Y]J, LI XP, WU JY, WANG
JW. Structure characterization of an exopolysaccharide
from a Shiraia-associated bacterium and its strong
eliciting activity on the fungal hypocrellin production[J].
International Journal of Biological Macromolecules,
2023, 226: 423-433.

PN, PR . —RRAEAE FL IR TR 19 S i KOxT fieh g 40
FE A AR I, A TR, 2017, 15(4): 82-86.
SUN Y, JIANG JH. Identification of a strain of
companion fungus of Inonotus obliquus and its activity
against tumor cell[J]. Chinese Journal of Bioprocess
Engineering, 2017, 15(4): 82-86 (in Chinese).

CHEN YT, YUAN Q, SHAN LT, LIN MA, CHENG DQ,
LI CY. Antitumor activity of bacterial exopolysaccharides
from the endophyte Bacillus amyloliquefaciens sp.
isolated from Ophiopogon japonicus[J]. Oncology
Letters, 2013, 5(6): 1787-1792.

http://journals.im.ac.cn/actamicrocn



