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Isolation, identification, optimal cultivation conditions and antioxidant activity
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JADstract] Polypores are a group of macro-basidiomycetes with poroid hymenophore and corky basidiocarps that are widely
distributed all over the world. Some of polypores have high medicinal value. In the present study, a pure culture fungal strain
BJ was obtained from fruiting bodies of a wild polypore species. Further studies were investigated including classification,
optimal culture conditions, and antioxidant activity of fermentation broth. Classification of this strain was performed using
morphological and ITS identification. Optimal culture conditions of mycelia were evaluated based on their growth in different
media. Total antioxidant activity of fermentation broth was assayed using the ABTS methods. Total superoxide dismutase
and radical scavenging activities were determined with the T-SOD and DPPH methods, respectively. Strain BJ was classified
as Fomitiporia punicata. Culture conditions showed that the best carbon sources was glucose, maltose, and starch; the best
nitrogen source was yeast extract; the best C/N ratio was 10/1; the optimal temperature was 28 °C; and the optimal pH was 7.0.
Total antioxidant activity of fermentation broth was 0.517 mM towards Trolox. Total superoxide dismutase and ICs, of radical
scavenging activities were 770.37 U/g and 2.14 mg/mL, respectively. This research obtained new fungal strain with antioxidant

activity, and could be an important reference for further applications of the medicinal mushroom resources.
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et . A CER . MR BUE AL ARSI RIR, IFiF
KA FRIE SO0 . 1S RGETIRE TR, i i
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P, I 22 FLIR 75 AR R R 8 1 — S B R B4R
e PSRRI A

AW FEH R AL 50T 8 = KR ST R AE R P AR 2
FLE TS, 2B PAT H R 22 R X AT JE 2524 A
Or FHEE, AR MR TR B I B SR AR AR WA

ARG PE B F Y, B R B A 22 LR T VR B T & N R it S
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1.1 %% #

Bt Z AL PR E T AU % = IR S 8L, Rk
HE A (Cotinus coggygria Scop.) # 1, Mt KRB AP Hl
2N TSRS S5 ML, RME SR 5 MBI
1.2 #EZxE

PDASE SRR (FH TR 500 « H485200 g, 4
W20 g, Bilg18 g, pH 7.0-7.2, #hFEMEK &1 L.

PDI AR 725 (PR R RS 75 ) « 824200 g, 4
ZjHE20 g, pH 7.0-7.2, #MZEMIK 21 L.

FERt G FR AL (AT ol B 95 2R ) - 4 9520 g, ik
HAMR2 g, B 5801 g, BRAREEO.5 g, 44 EB1 10 mg, 3
£20 g, pH 7.0-7.2, #h7RIB/K 21 L.

13 BN E. EF5RE

PR RR 4l 2 AR AR R FH 4L 84 Bkt
14 BHEHESERE

NS0 57 BY B R T SCAR 19T A FRAIE. 78 PDAT- A e 42
FhBY G Pk 4l 55 75 s OF, BEEEAP T2 emAb A A TG 1Y 35 37
Fr, 28 ClEGEE IR, RRTE IS 4B E S AR, B 35 8t
FE TR WAL SR,

1.5 ITSHEZETE

B 22 14 A DNA L HUF] FI DN A BUR 7 & ( AR AL E
AL ARAE) . FIHEEITSE S ITSIAITS4, X
5.8S rDNA T4 K I () ITSTRITTS23 43 J3 51 #E 4 T PCRY™
WO FWESIFS . 5-TCCGTAGGTGAACCTGCGG-3';
T F %) 5-TCCTCCGCTTATTGATATGC-3') . PCR;™”
R FE 1% B T AR 05 P2 e RS S0 00 . g 0 i 45 A LTSI

23% THM % 83

HI1 42 28 2 GenBank¥( 45 72, I H FINCBLE A7 7E & BLASTLE X
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) . % BUAH T J& A7)
FEREIIITSFE S, R AIMEGA 6.0% 4 #e & G b b, 1t
A TR R ] W) 9506 2R, 7 BI TR Bk 0 28 2 A7
1.6 AERIEEFENFBER

o FERI KT 7 20 B AT VR R 1 5 5 S ik e B AR,
FHR [ B4 B V53 400 25 00, T B S e s ML 0, 0 00 A1) o 2
W GENE . RERE . A ZERE . FUbE . H R . LA . B O
LRGSR, pH 7.0-7.2, FERNIE IR B ORI BIRAE
SoF R, AR AN Ak B B 3 AT, FEAS R IR R e 4 A E BERY
af IR EUE, 28 CCHEIEROGE IR, B H MR LR K
ARBC, B AT — 5% 7 LG 22 40 6 - s, f5m 1k 85 9%, ekl
SEITE AR EEIEDS . R W% R, TR LK
FE [ 2R KT =T 7% 48 (mm) <5535 K80 (d) 1™ F
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17 ARIRBREFENFAER
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1.8 AEIC/NEFEMNF AER
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1.9 AERIEKAFEFENFAEBR

PLIE RS 75 3 10 mgdEAE KB FRIE, DLRFEAY K
R T2 e gl B, BB KK F5 44 EB, . 4id %
B,. #EEE B, #EAEFEC, MBI R 3%, pH 7.0-7.2, LIFLHf
R rh AR R ) B, B A PR #3417
110 AEpHE THELEEKFR
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7.5, 8.0, 8.5F19.0, B AbHRIE B 3417
LIl AREBEETHELEEKER

fic I PDAKRE F2 35, FpHIE N 7.0-7.2. 3R/ BIAE16,
20, 24, 26, 28, 30, 32F136 CIERIEF AP ROGRE IR, A
AL 3T
L12 kA BEEF S ABEIRIE

K PDY: 5 FL AT WA & %, 7 PD% 35 3L h 4% 10% 42
Rl AR AR . 150 v/min, 28 CHR %557 I, FISE LA
YR A I 8 R T, WA TR AR A, TR R T4 °C L 8 000 1t/
minZ 030 min, YA I RA .
113 B RIS EERNNE

SHAALBE I AE SR ABTS: M, i s 4 Ak he
R R il e (_EI A KA HE AR RAR) .
L4 XERYEEZESUYELENEEESR
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2 RS

21 EEE
BIE MR T SLRTE S W ENA. FE2A S IRITE | A A

N, # s EAR3-5 em, ANFRIK A G NARE @, 4150
T, FHRIESWEIB. ek, AR A, pERsR
IR AYIE K, Wik g /bmE R, UFRE . 7
BEE SN A MLRIRET, B 7% 2 T8 8 W 0 58 SR R0 2.
W BB S WEIC, WM EW, DK, 2R, 15
AT FNAUIRER A

0
(A) FIk; (B) W (C) LIk

Bl BJE MRS EHE.
Fig. 1 Morphological characteristics of the strain BJ. (A) Fruiting bodies;
(B) Colony; (C) Mycelia.

22 EFITSHEIINRGZEZE ST
ZPCRY G AT F M 7 , SRAFBIRARITS)F A B, K
J£ 4749 bp, GenBank’# 5t 5 HKU842365. & Blast{r £k [t
X, SHIEFHEEAERGELETW (F2). REEEW
W, BIE RN 08 5 A LR 8 Fomitiporia, 55 41 1 W % 18

fLH Fomitiporia punicata (FI613647.1)FE B 5 18 5 A FL
Fomitiporia pseudopunctata (JQO87891.1) A AH I Fe /55, 4331
99%F198%, it A% i 15 5353l 2 0.004710.007.
2.3 AEBIREFENF ABRL

T B MR RS B0, T 22 AE I AT . 2R TER N
TRUE Y G 7228 b AR e R, A AFLREFTR
LT Y Z AN R IR A B R AR o g KR (R
1). ZRGLLEE, BITERK B 2215 37 04 5 30 hie U5 8 0 (5.05 +
0.20 mm/d) . Z ZFHH (4.95 £ 0.24 mm/d) FIVEH; (4.85 + 0.07
mm/d) . BIFHRA I R A A (o 27 A LA 0 L 22
TR VR . RN by B R I TR L IR ID Sk ) SR [ B
L7 A A AN 2 SR R b, 2, g%y
.
24 AEARBBEFRENFIRBSR

TE e 1 RIS T, e AR Ry AR R AR
PO R SR 04 5 55 3k b A ol e e b KBy, eV H &
TRl IR B A AR K e W % KRS, A T AR
WP AR (3R2) . LR A LA, BIFH 2235 35 1 5l
RIFEHEEEEZ K (4.82 £ 0.25 mm/d) , FLIR B REE (477
+0.09 mm/d) . BIGEPRAE R GRS 2 15 I kv, B 2239
AR R AF TR IR AP 2R E, (AR Z R,
FEH E T i o 2K 1.
2.5 AEC/NEEFERMF BB

TE R I /NS B v, TR 22 78 AN [R) C/N 35 35 3k ip ] AR K

Fomitiporia aethiopica

39

48 1= Fomitiporia pseudopunctata

79 Fomitiporia mediterranea

59 Fomitiporia punicata
Fomitiporia punicata BJ

47
49

Fomitiporia tsugina

Fomitiporia punctata

40 L .
Fomitiporia cupressicola

53 L .
Fomitiporia tenuis

59 Fomitiporia calkinsii

Fomitiporia bannaensis

33 Fomitiporia torreyae

Fomitiporia dryophila

Fomitiporia maxonii

Fomitiporia ivindoensis

{ Fomitiporia gabonensis
98

Fomitiporia nobilissima

63 Inonotus baumii
Inonotus lonicericola

88

100

e
0.02

83 Inonotus lonicerinus

Inonotus weigelae

54 Inonotus sanghuang

Inonotus vaninii

E2 ETITSFIMBIAKSEERABBRNAABBRERNREL BT

Fig. 2 Polymeric analysis of strain BJ and other Phellinus strains and Inonotus species based on ITS sequences.
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Table 1 Effect of the carbon source on mycelial growth of strain BJ

23% THM % 85

{73l B 22 LR A S [ESRLS I
Carbon source Mycelial growth rate W/mmd™)  Mycelial growth Colony morphology
TR WA, AR, 05806 R
Hii&HF Glucose 305020 AR White, concentric circles, producing yellow pigment on edge
oy WER G, ARLCE, g A EaR
2§ B Maltose 495=024a A White, concentric circles, producing yellow pigment on edge
W R, ARG, A7 @GR
Uk Starch 485+007a A White, concentric circles, unpigment
R Sucrose 4.6140.03 b T+ WENEE, AL, AR
White, concentric circles, unpigment
R ; WER A, ARLLE, A ER
8RR Mannitol 4.3320.08¢ A White, concentric circles, unpigment
1 ; RN, AN, A7 6%
LI Sorbitol 415+005cd A White, irregular edge, unpigment
- 0L+ 0.03 4 o HHE R, AU, A 6F
- ’ ’ White, concentric circles, unpigment
FLAH Lactose 297+0.10¢ + IE?EE@,'KFE%
White, unpigment
FRI LT 2 8140080 . B, R EF

Carboxymethylcellulose sodium

White, unpigment

R + 4 EREEUE; + -+ ERIER ARNEFRFRORE R BE (P<0.05).

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

2 MR BIFMREZEE KNI

Table 2 Effect of the nitrogen source on mycelial growth of stain BJ

AR [ESECAE RS Uy 3 T 22 KA EERESIZN
Nitrogen source Mycelial growth rate (/mm d™) Mycelial growth Colony morphology
v N 28
i 32 K Yeast extract 482+025a + 4+ |*]7grh9%}g|ﬁ|@, NEHHE
White center, yellow edge
o BN, DA, AR
B Beef extract 4.77+0.09 ab e White, irregular edge, unpigment
; : B, DGR, R @R
fi#i 25 M i Casein Tryptone 4.67+0.11 ab +++ White, irregular edge, unpigment
. WA, DGR, A= aFR
fit§ 2 B NHNO, 4.6140.05 abe AR White, irregular edge, unpigment
e s e B ICh P, 5w 6
Wik (NH,),SO0, 4.56 +0.24 be T White center, tawny edge
e BRI A, g A
E k3 Corn syrup 4.41+0.07 ¢ ++ White center, yellow edge
55 Uren 37018 . AT, AR, R 6
- : : White, concentric circles, unpigment
458 Soybean meal 198 40,064 . BRI € SR, 15RO
e : : White center, yellow edge, concentric circles
JEN. . BN, R ER
4 Glycine 374+0.07 ¢ + White, unpigment
A CK ot ) W2 AR
Not grow

- ARG BRI E ++ AEREEUE; ++ - AR ARVNE TR E R (P<0.05).

- no mycelia growth; +: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial growth strong. Different small letters indicate significant

differences (P < 0.05).

(F3). LA, BIRMRRE 25 5% A9t E C/NEL A 10/1 (478
+0.10 mm/d) , HIK H20/1 (439 +0.23 mm/d) . BG4 1 7% 45
fiEZ C/NH S M. B 25 C/NE B THes, B 75 K 32 B 0H i
.

26 AERIEKEFIEFENFRAER
FEfol A K TS ge b, 2 AR AERK TR R
WL AR AT, TR E2ZS (R4) . & H 373
I, LR RAE, I R E AR,
27 AEIpHE THELEEKER
TE fO@ pHAE 9236 b, W 22 7EpH 6.5-9.00 4 1F F Al 4=

£, HrpH 7.0, 7.5W 22 A KB KFE AT, pH 8.0, 8.5k
Z, pH 6.5, 9.0/ K G218 | KA, 7E b pHAY B TR P
AR (3R5) . LR ILEL, BIZZEE 310 il pHoR 7.0 (3.86
+ 0.03 mm/d) , HR MpH 7.5 (3.57 + 0.05 mm/d) . 455 FH,
ANTR] g pHAF X BT 22 A KA 0 25 R 5 T, 81 2 %o B ik 2 11 i 52
PEWG & TR, el pHoA 7.0.
28 AEERETHELEEKER

e FOE R T S B b, T2 7E16-36 C R REA K, Hip2g
CHHAERK FefE, 24 CIRZ, 16 TR (£6) . LA,
B KR A 22 35 75 B0 B S U 28 °C (411 £ 0.15 mm/d) . A~
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K3 C/NLL X BIE BRE £ {6 & K B 3200
Table 3 Effect of the C/N ratio on mycelial growth of strain BJ

x5 pHEXBIEKE LA E KA
Table 5 Effect of pH values on mycelial growth of strain BJ

WZZEREE ELRY

C/NIt TR 22 AR el T 22K A e I A
C/N  Mycelial growth rate Mycelial Co]or&g ﬁ(?;ﬁ)lo pH Mycelial growth Mycelial Col [ﬁ%ﬂ/'{:‘]
ratio (mm d") growth Y MOTPRoioey rate W/mmd")  growth olony morphology
TSN S e - e H
10/1 47840102 ppe BENAC, ATER I SR 6 R B G, H
White, unpigment 10 amsomsa  sre  RREUE, PEGEE
»0/1 4394023 b . BT, B White t'o tawny, copcentrlc circles,
’ ) White center, yellow edge producing tawny pigment
ey WP RESMNAR A O EEE G, B
R, R 6% Byt R 2SAMCARHRE, R
! o noene o White, unpigment 73 3.57+£005b A E%Eﬁi’n;frffiric circles.
40/1 393+036¢ ++ %ﬁz\jiﬁi‘ ,mze:nicé% producing yellow pigment
’j; \ B A A B e, LW
50/1 391+0.13¢ ++ @ﬁ%ﬁa L AR 80 316+002c e R, G R
1te, unpigment ’ ’ : White to yellow, concentric circles,
60/1 3.80 +0.02 ¢ 4 ﬁ?ﬁkﬁ M @ AR producing yellow pigment
White, unpigment WL, R,
o KRB b KR + - BRI ARNSFEERRE g5 22140024 . eex
SR %E (P<0.05). ’ ' ’ White center, yellow edge, producing
+: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial }jllovx;plgment
growth strong. Different small letters indicate significant differences (P < 6.5 173+£0.03 e + i 22 Fi IFB@%
0.05) Sparse hyphae, unpigment
AR SNA 6 R e @,
F4 ERETFBIEKELEE K ORI 00  170soile  +  HBEX _
Table 4 Effect of growth factor on mycelial growth of strain BJ White to tawny, producing yellow
— - - pigment
ERET WZAERKEE KSR HIETG A Sl
Growth Mycelial growth rate Mycelial Col WY }‘:l 5.0 -f - AR
factor (v/mmd™) growth olony morphology Not grow
_ VA Rl 1 GOk 55 f S
JULEE SuE N Not grow
; 4.56+0.17 a ++ :
Inositol White center, yellow edge, Kk
irregular edge 6.0 -f - Not grow
BN O B — L —_
VB 4544003 a 1 AR R - ARG+ AERRE + s A REREUCE; ++ + AR AR/NE T
2 ' ’ White center, yellow edge, FFEREREE (P<005).
i’(zncentrlc‘(:lrcles‘ - -2 no mycelia growth; +: mycelial growth weak; + +: mycelial growth
[ﬂﬁi*é%j‘?ﬁr;ﬁﬂ"%ﬁ&ﬁ ordinary; + + +: mycelial growth strong. Different small letters indicate
VB 4522005 b B GARN iomificant diff P < 0.05
0 ) : White center, light yellow edge, significant differences ( 05).
irregular edge, N S ey
6 BEXBIERE L ERKBFM
e N NI
vC 4.47+0.06a ++ " %Wﬁ%}]lﬁlﬁﬂj}}] et Table 6 Effect of temperature on mycelial growth of strain BJ
White center, light yellow edge
. N R NS i WL RKEE WK N
CK 445+003a Ly HRPUONF@AZAHREE i Mmglifﬁgzh Lﬁ;‘fﬁ? 5
: : White center, light yellow edge emperature Mycelial growt yeeha Colony morphology
. N N N 0/°C) rate (W/mmd’)  growth
VB 441£006a Ly EERIONEEDG G TR AT
! ’ ) White center, light yellow edge 28 S+ t’%-‘j‘/ﬁﬁ(f WG, R ﬁlf’ LI
7t . . 411£0.15a Light yellow, concentric circles
o EREEOR. AN FHREFRORZ R B (P<0.05). B T B2 KR
+ +: mycelial growth ordinary. Different small letters indicate significant 24 3764003 b + Light yellc)/\;/’spa;e hyphae
differences (P < 0.05). ’ ’ B , R 3
» L, EETRAE, ARREEE
3.44+£0.04c White center, pigment ring
(] 30 % T 22 AR S i O W 3, e TR IR P s R AR A 2 L. HEETRAEG, HEREEE
ﬁﬁg E"Jﬁiﬁﬁ};{‘ 3.33+0.03¢ White center, pigment ring
i S BRI, R 6%
29 REERMEMNLEHE 20 2814001d * White, unpigment
BIGHEIGFT dIs, KT S A A5 14 4 0.517 mmol/L 16 2452003 e 4 WE N, AR

(Trolox) .
210 EBEHPEFSBEAYEHEETEMBEHE
BERREET]
BIE MR FR7 dJF, I T 1A 10 5 A ) BB A I
J1°4770.37 U/g; DPPHH i 5235 4 /1 #91Cs M 2.14 mg/mL.

8 BAREEES

W AL (Fomitiporia) J2& J& T 1 118 H 85
FLGBH AR B . 2 JaR FC) ARG 154 g 400 L T 7 AR A P bt DX
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White, unpigment
o AR R + s A RKREUE: ++ + AERIER. ARVNEFERERIR 2
SR (P<0.05).
+: mycelial growth weak; + +: mycelial growth ordinary; + + +: mycelial

growth strong. Different small letters indicate significant differences (P <
0.05).

MR ECRAE Y, W BEIA R R R LT B

HER L akai, W, kTS "L EET, X A L R R Y
— S ) G 0 R A LR L MR LS RO BIF T R, X LT
PIEAT BT 25 G PE. ARSI, B B i AL
[ RN 1IN 3 ST I 10 1 7.3 AN e ERTIE: SN £



VR B, T L E A KB SR AL R R PR A
T At R 00 75 14 24 it i 5 .

BUTH R 438 A b 5 1 45 25 KR A5 A, SR A [ B b
T, IR BE | AR T A7 AR, A 55 LA 3-5 om,
SRR AN FRAR W O, S E. WL EW, DA
B A BRI, 46 SCIRIC 2k, AR g A AL, I Rk
i, A, S MIPD Y, R R L BT R, AR
FEIE B AR BB A, BIRRR T RIE S E S A
Wi g 15 A FLIA (F. punicata) BAT—51k. 1TSS/ F AW
YeEH, RIS BIRMRITS 7 41 A B A< BE 749 bp, 54 g
HIFLEE (F. punicata) (FI613647.1) FUE BT 5 98 5 fFLE (F
pseudopunctata) (JQO087891.1) MAHIME B =1, 43 5 99%F1
98%. L EITSHr FHAW- S | TSR R 290 1E , i BJ
VAR R A 1R Vg 1 LT

B AR DA 22 Foc i 35 SR 45 R 5 3R I, JFE 0 340 B VR i 2
W, ek R B RHR R, B C/NE N 10/1, & pHN 7.0,
o IR B 28 L ASBIFGE R, BIGE T LA A 4 0 L T B
2R AR WL, ATAE28 °C . pH 7.045F IR F Rk AT B 57
TG R BI AR 1 — 25 FF & I FHE AL T B0 SE Rl

TE 2 FLE B S EAL BT 58 b, Wus A 2 05 85 H Y 4L
AL 5T E AT DPPH A FR 5 B3 17 14 0 45 559 11 ok LAk A 41 1
VEHT 2. Lee e MMERE FLTH T 52 b 40 85 H 60 H A7 3 AL T
PRI G Y, XeF b & YA B iR i DPPHATABTS H H 2L
B fiE 1. Song % A TR i 1 A2 FL I T 5L AR Y 70% £ 4R B
Wy BLAT RIS B e A i3 (DPPH) 16 1, LR A3 4
k%) (LPO) MR F S R0 0C &, X 2 R 0 410 il o A b
F RN Y. ARG bR F ORI A T B AT P AL
TEPERIEFE. S5 R IH, A 5 g i 0 FL AT BY B i 2 IV 1 S BT
AT 4 0.517 mmol/L (Trolox ) . & M ¥ P i 44 1) o R 4
AW Ak it 3% 724 770.37 Ulg, DPPHA 135 1 B 1 9 ICH
2.14 mg/mL. EPEAFNFoT R, R 2 T ARSI 2 5
YA TGP 40.376 mmol/g P KRG FS S F 7 e WL o g
FE15 disf, TR BSODIE 1 63.78 U/mg, MR K FF15 d
BHYY, & P L SODIE 1 2479.21 U/mL L Wiy WY s 25 0 2 4 10
M- | B S Y < 40 228 3£ FH U1 1 KH 25 B V7 [ DPPHIF #h i
HIC,fH 43 M 14.5 ., 15.02F115.36 mg/mL 2”5 LillianZs i 5 3L
005 2% . 2 T M0 I g L MR OB A L PR b T ) R I PR
DPPH [ Hy 3L A 1C, {43 51 9 9.61., 6.22. 5.37 F1 6.39 mg/mL P*.
Tseng 5515 A8 42 R 2 Z Wl % DPPH | H 2 1 1C, fE 413
mg/mL P A5 v £ AR 1 TR FL B BT bR & RO PSR
AR T T G R 255 7SR 2 W A8 PR AR, T
KR PR AL VE AL O 8 HOse | SR 46 | A2
R E & LR EAL IS, WORBIR MR KA 00 B A AL T
PE.ORIAR K BRI R T, AR, WA A 7, ML AT
LR R RO B AL A Wi B alidk, TR N AN
{H.

g5 b, ARWFIERE B — R R Z LW, L5 AR
WA FLIE, IR AT TR IR A S PR IE TR Y, L
PUEATE M 25 W TF R AR A T S 50 SE .
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