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Abstract: [Objective] A wild Inonotus hispidus strain parasitized on Jujube tree was identified and an-
alyzed phylogenetically and the antioxidant and antibacterial activities of its submerged fermentation broth

were analyzed to provide basis for its further development and utilization. [Method] The wild I. hispidus

[k ] 2017-10-13

(4w H] ERARBEILLSTE (81503187 s A h & FEBUNAF BHIFH H (JALS177) 5 48 dE A bR A 2% BT L T8 0F 53 B
BRI E ARBTG5 A T H (KNJ-153011-O s w il m A E = R TR E F &5 H
(2014N2001)

[MEHRIA] WMA988—) g ARVLAER A B+ REAF A EBE E RIS . Email:13305027599@163. com

CEGES] MRAAISI—), B A M BB, it 322N 35 25 F W D30 4 A 55 25 AL BRI 52
E-mail; fujunsheng81@163. com



%1z SIS 45 < 1 k2 T 4T AL B AR S B HE A 3 1 131

was identified by morphological characteristics and ITS rDNA sequences. The length, base composition,
variation degree of ITS1-5. 8S-I1TS2 sequences were analyzed and compared to investigate the genetic diver-
sity. The antioxidant activity of the submerged fermentation broth was determined by measuring its scaven-
ging ability to hydroxyl radical and DPPH radical. The antibacterial activities against Klebsiella pneumoni-
ae , Pseudomonas aeruginosa » Escherichia coli and Staphylococcus aureus were determined by measuring
the diameter of inhibition zone. [Result] The wild strain parasitized on jujube tree was identified as I.
hispidus. The length variation range of I. hispidus 1TS1-5. 8S-1TS2 sequence in different areas was 614 —
718 bp,the GC content was 44. 4% — 51. 8% and the total variation rate was 52. 70% ,indicating that I.
hispidus had abundant genetic diversity in natural world. The submerged fermentation broth of I. hispidus
had antioxidant and antibacterial activities, and the antioxidant and antibacterial activities were positively
correlated with concentration. When the concentration was 2 mg/mL.,the hydroxyl radical scavenging rate
reached 65. 96% and DPPH radical scavenging rate reached 91. 91%. When the concentration was 10
mg/mL,it showed inhibitory effect on P. aeruginosa and S. aureus,while it showed no inhibitory effect on
K. pneumoniae and E. coli. The antioxidant and antibacterial activities had good stability. [ Conclusion])
The basic information of the genetic diversity of the parasitized species was obtained,and its deep fermenta-
tion liquid had good antioxidant and antibacterial activities.
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Thm @RI A R E B A Y TR SR =
11,2 E2BMELRAN  EEIUIROHE S EEIR
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BRI 1,25 CHiFR 7 A G R & M. PR
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DNA, LA ITS1 (5'-TCCGTAGGTGAACCTGCGG-
3" f1 ITS4 (5'-TCCTCCGCTTATTGATATGC-
3D AEIYY L HE B CL i rDNA ITS J7 41,
PCR & W & & 4 : 10 X Taq Buffer 2. 5 L, dNTP
(10 mmol/L)2 uL,Bifk DNA 2J 50 ng, ITSL Al
ITS4 % 1 uL, Tag DNA R4 0. 25 pL,ddH, O %k
EE 25 pL, PCR ¥ 88 & K. 94 C WA M 10
min; 94 C7284E 1 min,55 ‘CiB 'k 55 5,72 “C #Efd 1
min, 3% 30 PMFEER ;72 CLIEM 10 min, 4 TZ kI
Bo K PCR W% 2 Bl A T/AEY) TREEAR MR 55
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EWERGERE MK A Z (Antrodia cam-
phorata)fERHMEEHEAT 1 000 IR A REHIE . LAAS 0
G F HEALARS [ 0T HE PR FI A R CT BT AL i 43 2
v, IF L Kimura 2-parameter #5589 34580 B 4k [a]
MG B B . DL Gonzalez ZEP% N5 19 Inonotus
J& FL I rDNA ITS [ 51 8 Z B 4k CL 5 NCBI
R USSR 1Yk B A BROR W] L 8 15 LB AT AL
rDNA ITS F5 #4752 B 2 5 4% 18S rDNA
X 3" 28S rDNA 31, % 8 1TS1-5. 8S-1TS2
%1, LA Clustal X version 1.8 347 JF %1 9 ¥ Hb X &%
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(DFFEA M EWEBRRMNE . BEA b5
Wi fE 77 I 2 2 BR P 2B SCEEST R O s R K g -
B B Bk R o AR IR TP AR 9 mmol /L 1y
KR, BV . 9 mmol/L iy FeSO, ¥ A [H
Jo Wk BE (0. 2,0.4,0. 8,1.2,1.6,2.0 mg/mL) [l f
SR 8.8 mmol/L ) H,O, W4 1 mL. &5
JNZEEKANE 15 mL, $E57, BT 37 CREH I
15 min, 7E P 4K 510 nm Kb WG EE Ay, LZEIRIK
1 mL B AR G VA VR 2 OB BE Ay DAZETBZK 1 mL
AR HL O, M WG EE Ao s MR T TR BR 2R
HE 3 HCFHHE.

(3)DPPH H 3G R M & . DPPH H H
LI BR A F7 090 5 5 MR Saiga ZE [k . BUAS IR
Jo R B (0. 2,0.4,0.8,1.2,1.6,2. 0 mg/mL) [l kE
SRV 2 mL F1 2X 107" mol/L f§ DPPH J&/K Z, i
VW2 mL, I AR R S &R T % MR E 30
min, T K 517 nm WG W EE A, HF FiEK
517 nm &b 2 mL DPPH+2 mL &% /K ) W o B
A, F1 2 mL BEf+2 mL BAKZBERBOLE A, #
P~ 115 DPPH B AR R, EE 3 K, P
HIMH .
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B 15 78 T ) R 5 A Mk B 4y A 20, 10,5, 2.5,
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B P UM TE TR A R 100 p L 48R R (Gl
Ry It 58 5 TR TR 5 A A SR M AT TR R AT R L B
A ERED B R E Y 2. 3X10° CFU/mL) , 7§
AR I I = i A ks R A 5 )5
&R A = SR AT o s R A AN [
W R B 27 FL A 0 L 2 mg/mL B R R K IE
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80,100 °C F AL 30 min, 3% M8 1. 2.3 5 )y vk, I
& DPPH [ i 3 B %5 R #E, DL 4 o (0 7 45 2R i
RAR R AR L 204 WO I E AR .
6 f 2 mg/mL 1KLL LA I 3 ) 5640
SRS 0,1,2,3,4,5 ho 4% M 1. 2.3 iy 7 ik
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wtk Cl W& N EIE MR 2 a6, 2406
ARTE B 2 b e ) S04 SR AR K (B -0 5 0 1A 2278
R I IS 1-b) s BB P24 K9
TG 33 WY W0 0 B T 22 R W 1 3 B (A 1-
dse) s 2T 22 A i W8 R v 8 (BT 1-0) 5 T 22 7
Melzer FIAf #1250 o 34 T8 8 f . F SRR A
AR EORLE (B 1-g) s #1471 [BE . 4 504 £,
Wi J5E BE, 7E Melzer 5] v J6 728 €8 2 B . K/ Ry
(8.5~10) pmX (6.3~8.6) pm, FHK 9. 25 pm,
FHPE 7,45 pm (B 1-0) . DL AR5 o [ B &
55 29 25 0 ML B 27 L AR AR RO SR AR W) 5 B0 20 )
Wi AR C1 M B L FL1E (Inonotus hispidus) .

a AR b AR K E WIS e BT s d. WA BEIN 22 se. MEREI TR 225 L BN 22 B EHT

a. Colony at early stage of growth;b. Colony at later stage of growth;c. Spore bearing;d. Initial stage hyphae;

e. Vigorous hypha;f. Mature mycelium;g. Brown shag

B 1 BEiRk ClINESSEE
Fig. 1 Biological identification of strain C1
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ik PCR ™44 A0 5 & 8L, W Bk CL B rDNA
ITS J¥ 51 5 GenBank v & £F L & KP446596 [
rDNA ITS J3 81 55 o0 #2301 CHIBLEE S 98%60) . 25 & T8
P AR, T E O bk O ML B A AL L
hispidus) . WEHC9 # [FPPER = B9 £F FLTE B rDNA
ITS J¥4 /i Neighbor-Joining ¥ #4) & R 4t & & #F 1k
B LI (AL camphorata) M S5 R WA 2, 1
PR I] 1 35 1 R B 45 2R L3R 1,

2 L 1] WM B L S LB LT AL
W (L. andersonii) 3 % & 2 BT, it 1% BE B
0.061;H[REFFLE (1. patouillardii) 5 B 58 4 FL
(1. rickii) FEH— T - it A% BE B 0. 004, P 4 25 %
FRAEF T ; AR Z A FL (1. subdryophila) 5]
e LI (1. tamaricis) 3 Ry — W, it % 055
0.072; 54 LT (1. cuticularis) S5HeLF LB (1.
obliquus) T — i, Hs AL BBk 0. 123, 45
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100 BI#RC1 Strain C1
90 HE A FLHE KP446596 Inonotus hispidus

36 L Z{EINFLEKF4465593 Inonotus andersonii

H [C £F FLHAY 072024 Inonotus patouillardii
100 B30 £ fLEKF 147913 Inonotus rickii
T 7% 47 FL FAKF 446595 Inonotus cuticularis
28 HEA FLEK C312697 Inonotus obliquus
A FLHKI575523 [nonotus sp
MR £F FLIN169789 Inocutis subdryophila
100 BRI L FLEHMO050416 [nocutis tamaricis
12 AY603470 Antrodia camphorata

68

96

Bl 2 10 BREFSLE rDNA ITS JF 5 RS K & B
Fig. 2 Phylogenetic tree of 10 Inonotus strains based on rDNA ITS sequence
F1 I0KAILEHKBENBEEES

Table 1 Genetic distances between 10 Inonotus strains

W ¥k Strain 1 2 3 4 5 6 7 8 9 10
2 0. 045
3 0.210 0. 209
4 0.228 0.222 0.072
5 0.061 0.057 0.212 0.220
6 0.091 0.072 0.212 0.228 0.061
7 0.170 0.168 0.233 0.229 0. 149 0.174
8 0.163 0.158 0.253 0.272 0. 155 0.123 0.202
9 0.097 0. 084 0.213 0.234 0.059 0.063 0.164 0. 146
10 0.097 0. 084 0.218 0.234 0.059 0.063 0.164 0.146 0.004
11 0. 307 0.292 0.269 0.294 0.290 0. 290 0. 300 0.329 0.276 0.278

W1 BBE CL; 2. ML BEF AL ;3. SR AL s 4. AWML LT AL T8 5 5. L TRAR LT AL T8 5 6. ST 4P LA 7. £F LA 8. MELFFLIA; 9. W IREFFL A5
10. HLyg 2P fLpE s 11 R 2,
Note: 1. Strain Cl; 2. Inonotus hispidus; 3. Inocutis subdryophila ;4. Inocutis tamaricis; 5. Inonotus andersonii ; 6. Inonotus cuticularis

7. Inonotus sp. ;8. Inonotus obliquus ;9. Inonotus patouillardii ;10. Inonotus rickii ;11. Antrodia camphorata.

BT ITS1-5. 8S-ITS2 o xf itk C1 5 NCBL - fLi #EA7 st Z R0 M S5 R W3 2.
B e T R B R B A RO W] s 15 BRHL B 41
®2 HEAILE DNAITS FIKER GCRBERHH
Table 2 rDNA ITS sequences and GC content of Inonotus hispidus

Wkk ITS &35 I1TS1 5.8S 1TS2 & ITS Total ITS
Strain ITS login K /bp  GC &ht/ % KKE/bp  GC /% KKEE/bp  GC /% KKE/bp  GC /%
number Length GC content Length GC content Length GC content Length GC content
MF183947(C1) 272 43.4 158 47.5 288 47.9 718 46. 1
EU282482 266 43.6 158 47.5 291 45.0 715 45.0
EU918126 262 43.1 158 47.5 291 44,3 711 44,6
EU918125 263 43.7 158 47.5 288 45,1 709 45,1
EU918124 263 45.2 154 52.6 293 50. 5 710 49.0
EU918123 266 43.6 158 47.5 291 45.0 715 45.0
EU918122 266 44,0 158 47.5 290 45,2 714 45,2
KY654742 281 47.3 158 46. 8 263 47.5 702 47.3
KF446596 266 43. 6 158 47.5 290 44.5 714 44,8
AB811856 264 42. 4 158 47.5 280 46.1 702 45.0
JX501315 238 52.1 158 46. 8 218 55.0 614 51.8
FR686562 263 43.7 158 47.5 291 44, 3 712 44. 8
AY558602 262 43.1 158 47.5 291 44,3 711 44. 6
GU068592 263 43.0 158 47.5 284 44.0 705 44,4
AY624993 202 43.6 158 47.5 290 45.5 650 45. 4

AM269784 280 44.3 158 47.

o

191 42.4 629 44.

1371




%1z

SIS 45 < 1 k2 T 4T AL B AR S B HE A 3 1 135

% 2 BoR A F L M B A LR ITS S)F 4
K BEAs Sa K, F614~718 bp, 2% 104 bp; ITS1
JF 54 B Sl 202 ~281 bp, 5. 8S JF K BE £k 158
bp,ITS2 4K B K 191 ~293 bp. Xf ITS1-5. 8S-
1TS2 J 51 1) ik 5 A4 B 2R A7 43 # & B, 1TS1 5 1TS2
X3 GC & & B 5B 40 5, ITS1-5. 8S-ITS2 (1) GC & &
K 44, 4% ~51.8%,1TS2 . ITS1 f) GC & 828 LAl
K ar A k42, 4% ~55. 0% Al 42. 4% ~52.1%,5. 8S
X GC & i 46, 8% ~52. 6% , 3% 5 JF 41 K B Ap
45 R AH—F
%3
Table 3

Wi — R SE M B L FL A 1TS1-5. 8S-1TS2
P9 A SRR L MEGA 6.0 4358 2 16 6
ELF ALY TTS1-5. 8S-TTS2 J3 4 X v HE 51 , 4 0l 75
788 A I A7 o5, - AT AR AV 0 AR B A5 RN B A
HLFE 3, M 3 WAL ITSI-5. 8S-ITS2 jads &%
h52.70% , Hovp ITS2 #5 ITS1 A8 % &, i 8] T
60.53% 5. 8S Jy 4l LA AR5 HAR 57k 35.80 %0,
X5 3 F R A K A S R B BT 1 R —
B, GEH HEGARHEARRATEGERED
gl Z R

HAEFAERK ITSFINETRER

ITS sequences variation of Inonotus hispidus

{3 5 &/ bp A]AE N 5/ bp

{5 B A/ bp A GRS /bp AR

[Aiﬁ Total number of Number of Number of parsim- Insertions or Rate of sequence
Regions . . . . . . . L
sites compared variable sites informative sites deletions variation
1TS1 306 164 36 142 53. 60
5.8S 165 59 7 11 35. 80
1TS2 317 192 48 160 60.53
ITS(ITS1+5. 8S+1TS2) 788 415 91 313 52.70

1E Bk o M i B ml B — PR B AL
1A% 22 5 5 MR AR OGP R Bk 16 BRML BT fL I
FP O HEAT RIS B AR ULIEL 3 sk 4. BT 3 Ik 4
Kot W1 A [m) b 1 AL B 2F L T 2 R A7 AE — 0E 1
WAL A AL B AE 0~0. 778 fE AL I B 0. 2
b AR A 53D A KD B AN SR L M A TR AL T

B0 1 A SRR gk 2 AR R 1AL TR BR
C1,EU282482, EU918126, EU918125, EU918124,
EU918123, EU918122, KF446596, AB811856,
FR686562, AY558602, GU068592, AY624993 7
AM269784 FHkR, WHE 2 XA KY654742 WHbk ., 2Kt
B U4 JX501315 Hitk.

64 |[EU918126 VG ¥E 7F FL4& ¥ IF. Valencia,Spain
AY558602 & [E W I, Seoul,Korea

EU918125 74 3 5 FL 48 VG IE Valencia,Spain

GU068592 & K F| & T Rome, Italy

' FR686562 & [E J £& Hamburg,Germany

EU282482 G £ F FL A8 76 I Valencia,Spain

o4 [|EU918122 PEHEF FLAE 76 T Valencia,Spain

100[] | EU918123 P4 3EZF FLAE PG W Valencia,Spain

86| | | KF446596 # [E L. FH Shenyang,China

L AY624993 % [& 3 #i £& Freiburg, Germany
AM269784 3 E{A 7 7] Berkeley, USA
MF183947(C1) #1 [ T Zhongwei,China

64L_ AB811856 H A4 X Fukuoka,Japan

EU918124 F§ ¥ 5F FL4E 7§ IE Valencia,Spain

8

o0

68

KY654742 3% Efh Z B & M Florida,USA

IX501315 9 E B % Nancy,France

1 100
1
l 98
1 s
A
1 =
i -2
'
m
1
) L i 1 |
0.4 0.3 0.2 0.1 0.0

8% 4% P B Genetic distance

K3 ETF 16 BRKHL L LI rDNA ITS J$ 51| i 5 255t 45 R
Fig. 3 Cluster analysis of 16 Inonotus hispidus rDNA ITS sequences

P 3 A3 4 WTAT, ok A B E Y AY558602 HL
B FLI AR A PET (19 EU918126 # E £F £L 14 3%
FEBEES  0. 00055k A 58 [ 1Y 2 A 4L B 2F FL 1 B
AM269784 Fl KY654742 43 B J& TREE A 1 2 A~ IF
ARy 0. 22155k A P HEA 19 6 BRHLE 27 4L

R TME A BOMAE 1. R, B s
0.000~0. 126, {Hk F FE [ A1 b [F #9 2 > B k- 4P
JE TR 1. e al W 4 BROA [ XML B £ LA
(14382 1% 22 S 5 M 30 DG T S F) A S DX S A
AR
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Table 4 Genetic distances between 16 Inonotus hispidus strains
Bk Strain 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 0.043
3 0.466 0.013
4 0.048 0.011 0.002
5 0.162 0.126 0.118 0.116
6 0.043 0.000 0.013 0.011 0.126
7 0.043 0.000 0.013 0.011 0.126 0.000
8 0.284 0.254 0.236 0.239 0.277 0.254 0.254
9 0.043 0.000 0.013 0.011 0.126 0.000 000 0. 254
10 0.041 0.046 0.048 0.046 0.162 0.046 0.046 0.298 0.046
11 0.537 0.532 0.537 0.532 0.633 0.532 532 0.778 0.532 0.532
12 0.050 0.013 0.004 0.002 0.118 0.013 013 0.242 0.013 048 0.528
13 0.046 0.013 0.000 0.002 0.118 0.013 0.013 0.236 0.013 0.048 0.537 0.004
14 0.048 0.015 0.002 0.004 0.121 0.015 0.015 0.239 0.015 0.046 0.541 0.006 0.002
15 0.048 0.017 0.017 0.019 0.131 0.017 0.017 0.251 0.017 0.055 0.554 0.021 0.017 0.019
16 0.057 0.039 0.026 0.028 0.144 0.039 0.039 0.221 0.039 062 0.537 0.030 0.026 0.028 0.037

## (Note): 1. MF183947 (C1); 2. EU282482; 3. EU918126; 4. EU918125; 5.

EU918124; 6. EU918123; 7. EU918122; 8. KY654742;

9. KF446596;10. AB811856;11. JX501315;12. FR686562;13. AY558602;14. GU068592;15. AY624993;16. AM269784,

2.3 MHEAILEREEABRARIYNRELER

B

FH B 27 L R 2 & I B T 1 e A Ak 3
E LS RN A B R 78 9T 38 0 S vk Y L L R B AT
LR IR 2 & B 1 B B4 % 32 3k Bl 36 0 DPPH A
AN H —ENERREES . LGB A M NN
JoT R R B B TE AR DG . YR R R R R TR T AR
h 2 mg/mL B FR 3 [ B BETE BR F 3k 65. 96 26, DP-
PH H 5 RRREF 91.91%,

M 5 AT KB 2R AL IR Z R TR B 6
o 2 {1 P LA A R G 5 2 R O B A — 2 1 R
PR FLA B B B AR R /N 5 o R A 2 T A DG L H
X i 8 v T A B FH R T AT TR A 2% BB L 4

—— 523 H ¥ Hydroxyl radical ;

100 —A—DPPHE Hi23: DPPH radical

80

H B %/%
Clearanace rate
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Fig. 4 Scavenging activities of extracts from Inonotus hispidus

submerged fermentation broth on two free radicals
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Table 5

Antibacterial activities of extracts from fermentation broth of Inonotus hispidus

B H 4% /cm Antibacterial circle diameter

JREWRE/(mg « mL™1)

oo o W e e 1 PECTATE” R SRR
Klebsiella pneumoniae Pseudomonas aeruginosa Escherichia coli Staphylococcus aureus
P()Sﬁi‘zxiﬁml 2.5140.03 1.2640.02 3.8940.09 3.1640.02
(RGP _ _ _ _
Negative control
0. 625 — — — —
1.25 - - - 0.85+0.02
2.5 - - - 0.8840.04
5 — — — 0.9440.03
10 — 0.82+0.02 — 0.97+0.02
20 — 1.0040.02 - 1.134+0.02
=" RN M EAEM
Note:“—" means no bacteriostatic action.
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Fig. 5 Effect of temperature and UV irradiation time on antioxidant activity of extracts from
fermentation broth of Inonotus hispidus
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Fig. 6 Effect of temperature and UV irradiation time on antibacterial activity of
extracts from fermentation broth of Inonotus hispidus
5 w® FE ML BT L S 58 Hoast A% 28 s A 07 . R
> ()

KL 32 BEARK - 52 R T 285 4 AiE %) 22 79
T B RBEE T RIKEE S 24 KR4
B 3 45 00 PR 2R A R ), L 2 R 0 0 G .
ZEWEE W, A — R, TR,
AFLP.RAPD.ITS J3 4| 53 #1 55 4y F T BOAE B A M
R 5 AR B T T2 N fHE  AFLP X AR
BORE . HAE — Sy R % b R RS,
RAPD () 8 & % F1 o] S PR 48 2%, 1 ITS rDNA X
B AL AR R T W 5 2 25 X R
FL TR 1Y) 5 AT e 1 A R RN R R L IS TR [
Gy BKF W P S K R GRS R I AE A%
Z RIS AL A A YRR e SR T AR B T
B RS AR IR 45 R R B TTS 741 02 7T Ok %

C1l 5 KP446596 B4 FL 1 (Inonotus hispidus)
rDNA ITS J7 51 55 2 230 AL EE By 98%0) . 255 TE
S R E m vk C1 B2 fLE (Tnono-
tus hispidus) ; 7 F ITS I E R RG k7 b
BRI, M B LS LTS £ LA (Tnonotus
andersonii) 2% X RWIT , G HE B & 0. 061,

WG Z AR Y ZREE IO AT S B ) R
FR 38 1% 5 S M AE AT (. st 2RI =
YRS N AR T AR e A B AR AL R s
1% 22 FE M T8 WK A6 R 1 35 IV AE A7 RE ) AL YE e
BT LA % 35848 Z2 A6 i I 58 0 B R Ok 4 B B S
BRGSO SE PR A (" A T ITS1-5. 88
ITS2 Fp8xf Etk C1 5 NCBI Eud R g 1ok B 4
BROK [F] i 380 A 15 KRB 45 L B AT st 15 2 HE M o
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B 9% 45 S 22 B, K [R) b 35 1% ML B 27 LA 1T SI-
5.8S-ITS2 Jpdl K Ji | ik 44 B A AR S5 0 B 22 e 4%
K 9K AE 614 ~ 718 bp, GC §il £ & & 7&
44. 4% ~51. 8%, Jp FI W] AE {5 415 bp, 5 B A7 8
91 bp, 4l A B 313 bp, 48 533K 52. 70 % , A] HIHL
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