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Isolation, identification, and biological characterization of a wild Sanghuang
mushroom™

WANG Shounan', CHEN Qingjun®, ZHANG Guoqing"~, HAN Peng', ZHANG Yuxuan' & LI Bing'

' Key Laboratory of Urban Agriculture (North) of Ministry of Agriculture, College of Biological Science and Engineering, Beijing University of
Agriculture, Beijing 102206, China

*College of Biological Science and Engineering, Beijing University of Agriculture, Beijing 102206, China

JAbstract) Sanghuang is a famous traditional Chinese medicinal fungus and a generic term of medicinal mushroom species
taxonomically belonging to the family Hymenochaetaceae. In the present study, fruiting bodies of a wild Sanghuang species
were collected from the Heihan Mountain, Sihai Town, Yanqing District, Beijing. Pure culture strain was obtained and
numbered as SS. We then studied its classification, optimum culture conditions, and bioactivities of fermentation broth.
Morphology and ITS identification showed it as a polypores fungus of genus Phellinus and family Hymenochaetaceae. Strain
SS manifested high sequence similarity of 95% with Phellinus tuberculosus based on ITS identification, and was further
classified as P. tuberculosus based on its morphological characteristics of fruiting bodies, mycelia, and the host plant. Culture
conditions study showed the optimum condition for the mycelia growth included glucose as the carbon source, soybean powder
as the nitrogen source, the C/N rate of 20/1, growth factor as Vitamin C, temperature as 28 °C, and pH as 7.0. After incubation
in potato dextrose (PD) medium, 10% inoculation amount, 28 °C and 150 r/min for 7 d in the shaking flask, fermentation broth
of strain SS was harvested. Crude polysaccharides and flavonoids of fermentation broth were evaluated to be 176.71 mg/L and
0.11 mg/L, respectively. Total antioxidant activity was 7.82 mol/L (FeSO,). Polyphenol was not found in the fermentation broth.
It suggested that the newly obtained fungal species demonstrates potential application in medicine industry. It is an important
reference for further artificial domestic cultivation and applications of the medicinal mushroom resources.
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R, NN RE . KRR R WX AR, 2
KEEEWAH AN, BT KRR, R —id
I R BT R AU 2 (PR ) h, TR X Rd T
KRB CHBEAT) | RN (ABEHH) 4525
RN —FESRWA AR, A “HWRE " 26k, b
BRIN RSB he R AE, 3R HERE L dk . 3, HkiE .
(iR REIL) ek, FEMRAZY, AR, %, M
SRR, (MRARFEZ) MR A RR G REEE P
19684F, HA2EH 1 KR A8 Phellinus linteus 3 K A BUR Xt/
B S 180 PRI 11 ) R 4 96.7% ). Bt i, i ok ik 22 [ 5% (4 ) o
TAEE ST “RH W EIERTIF, BACL B2 58 %
B, SREHUMR . SUEAL . S o ag
FWAESLELRFETABER (Fungi) HFH]
(Basidiomycota) <40 ( Agaricomycetes) &5 fLH H
(Hymenochaetales) 45 % fL Bl (Hymenochaetaceae) , {H7E
PR R E— R RS e E R R HIX, ik —
WA R “FIE” (Y44 N Phellinus linteus (Berk. et Curt.) Teng
CRBEAZEALED L XA 197448 ChEZHZEE) (1))
g, BN 4 0% Phellinus igniarius, 1 3CAFR K
ARZFLEE" 5 AR 19784 R A9 55 20, il 42 32 H AR 2% 35 (0
B, NN E B E Pyropolyporus yucatanensis, & P. linteusf)
[F¥ 4. AR, BEE G FAYF TR ML, BT
JE B FAR% (ANITSIF ) A5 J7 i, ANATTx S8
KL ALHE M HA T HE— B YGRT O Rz i
5% %4 Phellinus)g i) 20/ Fh 4 45— N J& Fuhifomes, Ml i
WA P. linteusFNP. baumiit i<, # %€ Phellinus baumii A&
g gy “S¥” R T %4, — L JERE T Phellinus)g i Fh
WK B) T Inonotuslw, Herp 4045 P. baumii-P. linteus s BE 0 A7
02, AT L T2 T L 5 S B R A 4
L. baumii. I. linteus. I. veminii, 1. lonicericola. I. lonicerinus .
1. sanghuang. I. tenuicontextus. I. weirianusf11. weigelae, §{FK
h CEFEET B E R, S DR R & e ad 6938 Flinonotus
sanghuang Sheng H. Wu, T. Hatt. & Y.C. Dai (=71
HTT, 5 0 R 328 2 2 LR 32 %22 Inonotus . Phellinus
K Fomitiporia®3 @ ¥, 'CAEA .35 b bys 16 v i) 2 FL
TR sk 2 B OB Y T &, T LA BT 3R FE 24
BEUR. FRATT AU 5 T HE D DX PG T L R LV SR 4 P A SR 5
I, IFRAG A 2R ali s 35, E— L IFR e  E E  Iid B
FRAE . KRBT, T AN B A 25 B B SR G DIk
R AR B A S 56 FE .

1 GRS

L1 % #

7 A 228 TSR AL T oI 5 T 4E PR XU AR AR SRS, 43
B AW (Malus baccata) A, LT E A YR E Y
T ARG RS . S R G, TRk 2 5 SS.
1.2 ExE

PDAREFRIE. THEAB200 g, #4420 g, BiJE18 g, pH
7.0-7.2, ZEEIK1 000 mL, FH T B A4 25 5 4 5%

PDIR A K7 77 B . ThE2 8200 g, i 454520 g, pH 7.0-7.2,
ZEI 7K1 000 mL, FHF B 2204 T M 2 T 157 572 1 6
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TR IR I HAINE20 g, KEEAMR2 g, B 441
g, BilREE0.5 g, 4/E B, 10 mg, BEf§20 g, pH 7.0-7.2, 71
7K1 000 mL, JHT B 224 5 316 15 37 A 1 50

INE R FRHE . WA 20 g, KEHEAM?2 g, B4435200 g,
WEREEO.5 g, BEMR A1 g, 4/E %B, 10 mg, HJR20 g, 7%
187K 1000 mL, FH T 3 220K 5 3 15 557 4 1R
1.3 BHRAE. BEESRE

FIHALV B FE T AT, F70%0 AR B, X
FW IR AT R I . F IO B JTAE IR s g
I, BEFF R4S, PP G B 0 422 Pl 4 B BB 4% P 38—/ Bl 4
41, R 1% 3 PDAE- AR G 5 3k |, BT 28 ClHiRE: 4T
BECIE IR RSV &S, DB T 0 2k BRIBURT fif 1 22 1647
E—L aifb R 7%, H R RIS T AR AR5 3%, ¥ 1: PDAR} K
FRIE, 28 CAHIRLKT S A RO 3%, frRbE K s, K Rhm
REH R4 C T RHLRAT A H.
14 BHRHESERE

W EE SSHH Bk A TS (A S AE e 3¢, E R &MU T,
A5 BN S mmY SSTE K 4155 77 122 7l £ PDA- A b o, 7 I 25
RIS 15 emZE AN G SR 3 1, LL30-45°R ) A TG 19 76 B
Fr, 28 Cilt IR, TR ik S LEak R s, Bob ek it
S EAINTAT Uk Sl
1.5 BEFITSEIS S RFETE

W22 IR S DNAE A HDNA# BGR F & (KRR
AL R AL AR AT ) . ITS Y% 5 F &L TSI H
BlHIITS1 (5-TCCGTAGGTGAACCTGCGG- 3’) FIITS4
(5>-TCCTCCGCTTATTGATATGC -3°) , ¥ 145.8S rDNAJ% H:
PN B TTSIANTITS23E R F Be 'Y PCRY 4K £ R 150 puLfk
., PCRP=W A FH1% B IR B RS A6 . 518 A 1 5 PCR= )
DY i A TA 9 T AR I A PR A R 58 . K 3RAS AYITS
751 F HINCBIE 17 7E 28 BLASTH. % ( http://blast.ncbi.nlm.nih.
gov/Blast.cgi) . & HUHT J& AR AUITS 721, A Clustal_X
TR AR T A5 A0 A TR IE AL X434, SR FIMEGA 6.0k 14
I Neighbor-joiningi: My R gt b AL i, HEATIRIIEOC R by
YR, 4% SSEREITSIF 51142 38 % GenBank % 4% 27
1.6 [E) R iIE X B 22 A K B9 820

PISERE 8 R I H20 B AT 0 R S I AR, B &2 2
B ORERE . TEAY. SURE . H SRR AR R SL AT RN
o, T AN R e R A ) 5 ok d 9 3% 97 3L, pHL 7.0-7.2, DL
Fe fih 1 % F RN BR IR A X RR, AR AL PR3 A AR
R R TR AL T 22 TR 22 AL 55, TRV K B H A4S om, i H
o5 mmg TG EFTFLAS . BE B VG e 1.5 emZE A AR T L.
PPN F & s 3 5 gr ) 28 CCHE RS IR AE T LR 35,
E IS R 22 AR B A ROIR B, 35 4T — I 22 4K 3 i 1% 3%
14 dJi, IR 3R, WSS TEIL A IR 95 B, TR E
A H X AR S [ 22 A Kl =TV AR K (mm) 35
FeRH () 1™ R
1.7 AEIRIBEMNELE £

DLFERE B SR R P B2 gl 8 AR A & A bR e, 4 B
ERE R A RRE . IRE . mEh . ERK | SRR . iR
i HE R, BB A A ZUR AR R & AR A8 3R 2L
pH 7.0-7.2, LKLl 3% 7 3 AN in &R A % IR, A4S Ak B 3K
mHE.



1.8 AEC/NEE X B 224 £ KB 32 M

DAL flt 85 5 3 Ry Sk, A WA R R oK G E A
Wi, T % C/NEL 43 541071, 2071, 30/1, 40/1, 50/1F160/1%)
ARG FEIE, pH 7.0-7.2, A MK3REE.
1.9 AEAEKEFX & L4 E KB =0

DA FE R 87 52 3 A9 10 medk A= B oA AR UE, 4 53 FH 45 5
wIYEL KB, did FE B, 4L KC YL KB, Bl
il A T A R B s SR L, pHL 7.0-7.2, DAFERIE; SR HOR
T TS IR, A BRI 3R AR
110 A[EE E X E 24K

TC N s s 3R 2, pH 7.0-7.2. BRIG5> HI7E16. 20, 24,
26, 28, 30, 32F136 CEIREL TR bt L IR, b k3
WHEE.
111 ARN[EpHE X & 2214 4 < 1 2 Mg

el s B 3% 3%, JWpHIE 43 51°85.0, 5.5, 6.0, 6.5, 7.0,
7.5, 8.0, 8.5F19.0, &P IR FEH.
112 REBEFRS LB HNE

WA & B % FHPDES 3 5L, LI10% 42 & 28 °C. 150 1/
minkF 357 d, PASZ L An it YR I 2244, W2 g, 4 <C. 10 000
r/minZ.[>20 min, W FIH .
113 XBRDESHE. SHMINERSSHNE

e T VR A B D S R R - B R 1k . AR TR
Fr I E R 3,5k IR Y. SRS R = AR PR
i R o SO A Y. 2 R SR T A R T
ek P IR O R P I T - A T .
L14 B s EERNE

SR T AR BB A DR &l e (Rl SR s R
ARG AF ) . RHFRAP (ferric reducing antioxidant

228 THM % 669

power) {1, FRAP{H (FeSO, mmol/100g) =[J I {& %
FeSO, ¢ & (pumol/L) <A i A e 5 £ /1000)/[FE e (/L)
/100].
L15 Zit=Z 45

FTAT B4 R FH SPSS 20.04% 155 4 2 47 4k BURN 43 A

25 RO I

21 EEE

SSHItR LML S EART /R, FSER /N, s I
BEAR, ELfR3-5 om, W GBI . KR, KA E\ G, G40
S, ARG SR TSI S WNENBAT R . % W bk 7E PDAEAR L A
KR, 28 CHi 20 dF HARZAT70 mm. 2%, 1K
RN L, BfE R FR I R RS, 1 VK 5 78 vk 75 25 9
W, Mg RFaa. DR EARSEILEBN, &
2 TE U R RO 80 Bi it R, AV 23 AR DT A Ak
B 22 R 0 S B & B, SSERIRE A 22 BB S IE ICH A~ I
R EBRTAR G, RDaK, 2RI 2L, A W5 2 Bk
A By AT

Ell SSHHES
Fig. 1 Morphological characteristics of SS strain. A: Fruiting bodies; B:
Colony; C: Mycelia.

68| Phellinus pomaceus (AY189704.1)
Phellinus tuberculosus (AM269806.1)
Phellinus tuberculosus (GQ383783.2)
Phellinus tuberculosus (KP054958.1)

43

Phellinus sp. SS strain (This study)

Phellinus tuberculosus (KJ668485.1)
52 || Phellinus tuberculosus (JQ828923.1)
59" Phellinus tuberculosus (1Q828928.1)
Phellinus tremulae (GQ383781.1)
Phellinus betulinus (GQ383776.1)
Phellinus laevigatus (AY340056.1)
Phellinus alni (AY340037.1)
Phellinus lundellii (AY340060.1)
Phellinus igniarius (EU682413.1)
Phellinus cinereus (AY340039.1)
99" Phellinus nigricans (AY558631.1)

Phellinus gabonensis (HM635715.1)
Inonotus lonicericola (JQ860308.1)
Inonotus baumii (IN642566.1)

100 Inonotus vaninii (HQ845065.1)
79 Inonotus sanghuang (JQ860316.1)
43 [ Inonotus lonicerinus (JN642575.1)

E2 ETITSFIMSSEH SR ERIARMAIEREENRERTAN.

Fig. 2 Polymeric analysis of strain SS and other Phellinus strains and Inonotus species based on ITS sequences.
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22 EFITSHFIIMRESZEEST

2L PCRY B FFHI I, FRAGH BE 41653 bpli) SSEEHFRITS
FH R B, GenBankZ s 2 WKU745284. it —# 2 35 BlastfE
LR ELXT, JERIHIMEGA 6.05 1 SR Fig @ R R B,
2 7. 59K, SSEMkNZLEE (Phellinus) , 535
K2 LT Phellinus tuberculosus (JQ828928.1) Fl7E 15 K= FL
W Phellinus tremulae (GQ383781.1) AT & &1, 73 #1 895%
H192%, 1% 1 2543 314 0.028410.033.
23 BRIBEMELEERKNZ

TERRIRSZIE T, TR 27 U IS IR B 55 % R 7 L v Bk
B LA Y R AN SR A AN B AR, TE 22 AR K DR 7 b A
fE, ZZEMIR 2, RS 4E Rt i 25 (GR1) . AR R
T B 57 3 1 TR 22 A K Sl A U R A 2 > 2 2 b > X R >
AL >H §2 I > R > JE 0y > FL0E > 5 H L 27 2 40, 25
ALK T2 K T B, ST MR TE 22 1 35 1 fk S e
M (3.15 + 0.19 mm/d) , Hok 2 228 (3.07 + 0.37 mm/
d). SSERA R R AT LA (5 25, I 16 AN [RI e 1) 355 3%
I I, W IETE AR W O 2 W . FE4S BRI A RS 97
b, EIEE OO BN, 7RI AR A AR LAY
Pt H AR R E M R R I, I VR BB A E ML
FEAR R LB IR B, WA 2. 546, BEE W 75k
K, TEHEE ., 2 2R BRI RO R B 4
24 BN ELEERKF N

TERUR LY, B 22 78 S I A [R) 22005 0 8% % 3 o 1 A
K, B2z A KOl B T A, Rz, AR 2 (R
2) . SRR 373 1 22 A K i BEAR YR R 18 R > B R
>R >4 IR T >TRE H R > B KK SRR >H &
i >R 2 >N R W R R IR 3 R AR K R, YRR
Witk P RAER. GARWARKE . W AKHE, SSIH
2255 F (R 1E AR S (4.65 £ 0.06 mm/d) , HK AR
Mz (4.29 +0.19 mm/d) . SSEEFRTE bR IR 2 2 AN 45 R R 57

F1 BRIE X SSE R E £ £ KK

Table 1 Effect of the carbon source on mycelial growth of strain SS

Frp, WAKBRL RPE0E; M IRERFREPAERKE
2. WA, HaWKLNEaR, SEREEMRERLYE
IR AE .
2.5 C/NEEX 284K B9 820

C/NILSZ I, A TES I R P AK R I, HApH
2K FE L0/ (3R3) . AR RS 3% L2 AR
HEEAR YR R10/1 > 20/1 > 30/1 > 40/1 > 50/1 > 60/1, Tij20/1%5 3%
PR A mE. SRR W LK HE, SSHIk
B 225 3 B RS C/NEE 2071 (3.65 + 0.16 mm/d) , Hovk A110/1
(4.16 + 0.04 mm/d) . SSEFEF & FF1FE 32 C/NEHLSZ I K. Bl
FC/NELAY T, T8 P8 3z S0 i, 5132 4 4 1) g
AN I AR
26 ERKEFHELEEKNFMN

ANFEAR P F526 b, 2248 R 3 h ¥ A K R
Hop g 2 CRefE (£4) . AREKKFR R LR 24K
TR, R Y R C> i EB,> Yk KB > iR &
Bo>XF B > L. Hirp, DI4E A= R CRE FRBE 1 B 22 K B £k,
WL s, AWK WK EE, R SSH L7
B e 1 A P 4R 2R 2 C (3.32 + 0.01 mm/d) , Hk ok 42k
#B, (324 + 0.12 mm/d) . $5FRIE R4 AR E B SR I Z A,
b P Y AR R
27 BENELEEKANEN

TET [ 9 B S i b, B 2276 16-36 C 54 T RELE K,
Hrip28 CHlEK Ffl, 24 CIRzZ, 16 CE®EET (RS . #
16-36 CHAF T w22 Kl BRI 28 C > 24 C > 32 C >
36 °C >20 °C > 16 °C. 28 CHI L EK M R, w2
KB W2 RKHE, REBIFLR: NGRS N28 C
(4.12 + 0.38 mm/d) , Kk H#24 °C (3.53 £ 0.07 mm/d) . ZEIN
ERE IR b, SSTRAR AR AL B2 0K O TR
B, FRARIRAR 2 R 2R A R K . WA K
TR E Y A28 °C, I HLAEUEIE BL 2R F LR AY “B I BELh .

TRt [ ARSI [z [ERESIS
Carbon source Mycelial growth rate (v/mm d") Mycelial growth Colony morphology
i 2 W IR BB O, FRLCE, 78 A a R
3.15+0.19a ++ : L . .
Glucose Light yellow to brown, concentric circles, producing brown pigment
A 2F WR B (O, g E, ARLCE, s AR
3.07+037b ++ - S b .

Maltose Brown, white edge, concentric circles, producing brown pigment
bapid WA ERITE, K- ER
CK 227+026b * White to light yellow, unpigment

F i N ;
eSS 5 244009h . IR, PROEE
Sorbitol Brown, producing brown pigment

2 e e N N .
e B 2104014 b + AR, IR EER
Mannitol Brown, producing brown pigment
R 2.00+0.02b + BT BOR A, A7
Sucrose Light gray, unpigment
i 1064 011D . BRI, PR (0 %
Starch ’ . Gray brown, producing light brown pigment
FLuk B RE O, A ER
Lactose L61£011¢ * Light yellow, unpigment
R LA 2 240 d [EEZNERS
Carboxymethylcellulose sodium No growth

- ARG+ AR+ AEREEUE. ARG TRERR 2R L (P<0.05).

—: mycelia did not grow; +: mycelial growth weak; + +: mycelial growth ordinary. Different small letters indicate significant differences (P < 0.05).
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Table 2 Effect of the nitrogen source on mycelial growth of stain SS

228 THM %

671

Nitrogen source

PR 22 1 O

Mycelial growth rate (/mm d™)

[EEas
Mycelial growth

WIS
Colony morphology

BT RO B — B B, SR, AR

Soybean meal 4.65£006a e Yellow center, white edge, unpigment

i 1R WYERIEEA G, AAURELCE, A7 6%
4.29+0.19 ab +++ . L .

(NH,),SO, Yellow to white, unapparent concentric circles, unpigment

i 2 E PR G, BEERKE, A ER

NH,NO, 4.17£0.05 ab A Yellow center, light gray edge, unpigment

R B, NGOG, AWLELGE, AR
3.89+0.14 be +++ : L .

Beef extract Yellow center, white edge, concentric circles, unpigment

g 5 1 TR R EOK 6, ARG R, R AR

. 3.81+£0.17 be +++ : o .

Casein Tryptone Yellow brown to light gray, concentric circles, unpigment

EP/S/ 4 e, NG E, AULRELCE, A7 AR
3.51+0.23 cd ++ : L .

Corn syrup Yellow center, white edge, concentric circles, unpigment

R 4067 d . B — R 1, AR R L, 7 5

Yeast extract ' ’ Gray, unapparent concentric circles, unpigment

T 2205 o BHEREEAE, FENZHORAS, £ @R

Glycine : ’ Yellow to white, concentric circles, unpigment

IR 2.03+£0.03 f + W A r‘ﬁ‘%f@ﬁ% .

Urea Gray brown, producing brown pigment

X IR [EEZNERS

CK g . Not grow

- ARG+ AR+ AEREEUE; AR EUE. ARG FRERR 225 L (P<0.05).

—: mycelia did not grow; +: mycelial growth weak; + +: mycelial growth ordinary. Different small letters indicate significant differences (P < 0.05).

33 C/NELXfSSE#RE 14 & KM FIT
Table 3 Effect of the C/N ratio on mycelial growth of strain SS

C/NI PR 22 A LSS [ERE3IZ
C/N ratio Mycelial growth rate (ymm d™) Mycelial growth Colony morphology

o 1620044 s HH G, BRI, (A R, 0%
’ : Yellow center, light yellow edge, concentric circles, unpigment

o 654016 . T 1 S M e,
’ ’ Yellowish-brown to light yellow, unpigment

. 44003 h s e 9 AN SR 6, A R DR, R %
: . Yellowish-brown to light yellow, concentric circles, unpigment

2o 1375008 b o o 9 AN TR B IR, AT L BB, PR (0 %
: . Light yellow to light gray, concentric circles, producing light brown pigment

ol 36043h . T S SV R B R (8, A RO T, P 6 6
’ . Light yellow to light gray, concentric circles, producing light brown pigment

s0/1 286012 . T 9 9 SR B R R, 77D I BB P 3

Yellow to light gray, concentric circles, producing brown pigment

o AERHREL + - A RKEEE; +++ EREUE. ARG TFRFRR2Z R E (P<0.05).

+: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial growth vigorous. Different small letters indicate significant differences (P < 0.05).

R4 A RKEFISSEMRE LZEEREZ M
Table 4 Effect of growth factor on mycelial growth of strain SS

HERET S STS [CESS S [ESRLSIZ
Growth factor Mycelial growth rate (W/mm d™) Mycelial growth Colony morphology
Ve 13220014 L O LS R T i e T T S
’ ’ Yellowish-brown to white, concentric circles, producing light brown pigment
B 2401 .. HE IO, RN, BRI, R
2 ’ ’ Yellow center, white edge, concentric circles, unpigment
VB 1990194 . 3 SD B R, FLRLO, e 6 %
! ' ' Yellow to white, concentric circles, producing brown pigment
VB o1+ 004b L 3 SV B R 1, FLRLO, 7o 6
6 ’ ' Yellow to white, concentric circles, producing brown pigment
S ) 8840.07D o ORI G, DENIE, RO, 6 a %
’ ’ Yellow to white, concentric circles, producing brown pigment
L Tnosiol 4t 005 b . HiE IO, AN, LRI, P 66 %

Yellow to white, concentric circles, producing brown pigment

+ A RECEUE. RN TR RRE R (P<0.05).

+ +: mycelial growth ordinary. Different small letters indicate significant differences (P < 0.05).
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x5 BEISSHKELEKIH M
Table 5 Effect of temperature on mycelial growth of strain SS

% [ S 3 [GESSS [ERLS I
Temperature (6/°C) Mycelial growth rate (mm d™) Mycelial growth Colony morphology

N — T IR (0 e TR GE R, NP

28 41240382 - B3 — R R, kA @ TS, A B3
White, brown similar fruiting body structure in center, unpigment
WA e 1, LG, ARORE R, LGN, A7 AR

24 3.53+0.07b ++ . . . S .
Light brown to white, pigment ring, irregular edge, unpigment
Wk Ny S : < :

" 24t 012 be . TR (., G KE, ATIRRE R, A %
White to light gray, pigment ring, unpigment

36 2974026 cd ++ WENE—WAE, AFER
White, unpigment

20 278+ 0.04 de ++ Hig RS, A7 O
Light gray to white, unpigment

y S s 001e . TR SRR E A, A

Light yellow to white, unpigment

R 4 A REEUE; + -+ EREUE. ARVNEFRRREREE (P<0.05).

+: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial growth vigorous. Different small letters indicate significant differences (P < 0.05).

6 pHIEXSSEMRE LA E KNI
Table 6 Effect of pH value on mycelial growth of strain SS

pH{H TR 24 KR L KH [ERLSZS
pH value Mycelial growth rate (v/mm d™) Mycelial growth Colony morphology

WK s ] A BEW N3 T :

0 860094 s AT AN W E A @, BRI R OH, A 65
Yellowish-brown to white, unapparent concentric circles, unpigment
[ i £2 } ’ ELHH B[R] 3, Ay

. 2074005 s TR SR B €, ROTRO B, R
Yellowish-brown to white, concentric circles, unpigment

20 261013 T 3 AR P AR AR 6, L LD, R

. . A5 ¢ ++ . . .. .

Yellowish-brown to white, concentric circles, unpigment

8.5 0.78+0.05d + ML, £
Sparse hyphae, unpigment

9.0 -e - AH:AK: No growth

5.0 -e - AR No growth

5.5 -e - A K No growth

6.0 -e - A K No growth

6.5 -e - AHA K No growth

- ANERG + EREREL o+ R REEUE; -+ EREUE. ARV F AR SR (P<0.05).

—: mycelia did not grow; +: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial growth vigorous. Different small letters indicate significant

differences (P < 0.05).

2.8 pHEX B £ 44K K F T

TEpHIZ G, B 22 7EpH 7.0-8 555/ T AE A<, HrhpH
70K Fdfk, pH 7.5, 8.00k 2, pH 8.5K 34455, A4 A
A (F26) . FEARTR pHIE & 11 F 18 22 A4 K 3 AR IRl 7.0 >
75>8.0>85>50=55=6.0=6.5=9.0. pH 7.00} 22 £ i
FERct. AR KS WK, RESSHAR TN
g pHM 7.0 (3.86 £ 0.09 mm/d) , Hyk kpH 7.5(2.97 £ 0.05
mm/d) . 55 L0, SSEX pHE A UK, H il pHA 7.0.
29 REERAEYFEHE

SSTR R 25 957 A R B ha s L IR R 2. £
Wy . B o R R W S PRATE . DU S R R, R
VR 5£270.21 mg/L ., 38 JFUBE & 593.50mg/L ., 24
1176.71 mg/L. # i & 10.11 mg/L, AR 00 FE. &
P BT R AL TS M (FeSO,) 47.82 mol/L.

8 WSS

SR TR AR AL G 4 T 2. AR, LA
Wl sE WL sanghuang 7, it 55 13 A 55 BB Inonotus .
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Phellinus}; Fomitiporia®s )@ B, VG F PR . wsid1y
SEVGPE, AT AL, T A 2 R R . AR SE LA
SRR T b I T 4E B DX DU I A S U LR T R i 2 fLE T
SCAACHHIFTE X G, TR 24 F B TR B IR &S R ARG

SSEAAK 43 85 1 #5 2 BE S SR Jm AR L, TSk
A, B TOARE . W SR L R, KA B M S A gk
B WDk IR TRURE A, T kT HE
BAHF SR K ZFLE (P twberculosus) — 327, ITS% 52
JEH B EE S TS TRz K geh,
ARAF SSTH R ITSIT 41 i Br i 5653 bp, SR ARZFLE (P.
tuberculosus) M7 S5 RKJZ L (P. tremulae) 3E4% 5 Z 8¢,
ARAE 53 31 R 95%H192%. 78 15 A 2 FL I £ 222 T LR
Y, HTcikh o, KK BEREG, ®HiEil =M
L R T 87 N = W 1 SR 0 s o SO I )
THEEMEY, TN A SR KA ZEE 6. SSEH K
A3 8 AR B YN T, T ARIE SRR 4 — B
M, @A ESH TYE, i SSH M ERARZILE (P.
tuberculosus) .

ST P il 15 97 2% PFIF TS ST, LT 22 MR A K Y o ik



TGk #  B, BeaE RN B ELK, BeiE C/NHH20/1, Heid A
KPR YgetE RO, fi@ I N28 °C, f@EpHh 7.0, 5L
A8, MAHEAR 20 5 W5 A SR T 22 A K A Rl R VR
B, Bl AR A, FOSIEE b28 °C, FifpH 6.5 P
W R, & KZE LA (Phellinus mori) TEIE 8 i 5
st A K T e bl (E I A A 58, LT 2 R 2 ZE B R BR R K
PR, 5B AN EERE A, pH 5.5-8.00F 22 E K 25 S AN
K, 28-33 CIkFE B 22 R BN ST MR 11 fc 385 B U R B
FIE SR R FARZLE—8 XS RE, AR
SV (Phellinus igniarius) W 2235 35 f5c 18 S50 530017 T ST,
HE 2z A KA EGE I . &R C/N, pHIE . 15 B 43 518 1
W EEREHS . 2001, 6.9F130 C P PhVE SRR E , A2 AL
( Fomitopsis pinicola) T 22 fc A0 I A FLE, e &I 0
¥, fedfi pHR 7.0 PO MICHIFTE M, SSHI bk it iE C/NH 5 pH
5 1 J2 FL TR S EURR AT, 11 45 R O T A e i AR 22
SRR, PTLAAEE Ry . SRRy L R BRSO iR E
R, AW, SSTRBR AT LA FH A 4 W T O AR L R
RPRI28 °C | pH 7.0% R MG 32 45 AT R 9%, J SSERRE—
A TT R R R AL T 38 AR

REVEN— R gh 25 ke A, £ =ML EE AL
X SRR A FTIC . BUCRL R st K RIS TSR
EAAFUE . BrEA . SR A RER, ey
BRI F= B 2 WAL TR R R FLE M T
/b Hef5 ISR 2 FL B T 3R 3R A5 7R Drimane 45 2 i
Phellinuins A-G P*; 5341, 3843 8 5] — R 19 udinZ 4% 2 i
2k A W Phellinuin J, JEPE44 T 1246 & P4 HL-60, SMMC-
772145 g A vk B VR O AR S v R TR R
BT B, MR 2 FLE SSH Bk & BE W 3l A9 L 2 0 & =
176.71 mg/L, MFHH 4 5:0.11 mg/L, MBLEALTE M (FeSO,)
477.82 mol/L, 1% 4 o B & 4R 4L T S B Sl
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