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(Pseudomonas aeruginosa) . KT # (Escherichia
coli) I3 F o == [P M TH 4 8 A H 4 R A
(Staphylococcus aureus) | fii % &% BK T (Streptococ-
cus pneumoniae ) i A ZE fFT 1 (Bacillus licheni-
formis), VA BB H 2B T RSBkl
TR B S R b 4R

TR IRBESE B 12 DPPH(96%) (BT i
W2 (VC,99%), W A Fhe T A AL RHEL B0 A BR 2
ml KR AR BLR LB, — SR O RS T
H R AR R A AR BR A |, B o b s g
12 (F|/E5E&EF

UV2102PC #4585k —n] WLy e e 3t it
JE AT & BRA 7] ) ;SPX-100B-Z A fL 15 3548

TR S AT PR

1.3 FHik

131 HRENARER S EL  BO &
MR 25 K e e PR T T8 TR KT BE
T5% WK THBE 2% U E PR SN BOH B , BeJm IR
KR 3 URIF R A i S — U R WA A S 1
BRI, SR Gary SRR IE 1 2 21 B 32 4 3 T T 25
it AR ZU 5T A 10 mm KA /NBL, A3 BRI AE
F 1R 1-IX 36 9 Foft [ R 8 37 2k v 28 “CH IR 5~
10d, S8R5 BEBRI 20 70 B A5 2 A PR 5% 1% 200 1Y
Fi SRk RIS ISR R 4~5 IR, EL BT 3
TRV SR 0T TR P R AT 20 5 R 38

1 RERAEFERES

Table 1 Experimental medium and ingredients

B 5 R AR5
I PDA 3 74& 43 200 g, Ao K & 3k 30 min, AMAKE £ 1000 mL, # £ 45 20 g, 3%
s 15 g, pH {5 & %
II 50 45 ## PDA ¥ 24 50 fE AR e 3R T
11 100 45 # # PDA 3 4 & 100 45 #F 6 3% A A& 1
v SIESE- 1S 3 W01 25 200 g, An K & 3 30 min, KGR E £ 1 000 mL, # 2 42 20 g, 3545
15 ¢, pH 15 B &
\Y 100 445 #0125 3% A & 100 43 # #ag 32 A K TV
VI CIE AT WF 200 g, Aok Ak 30 min, AR E E 1000 mL, 3 # 4 20 g, &
Bs 15 g, pH {5 & %
VII 100 &8 F 3k 100 45 # & 69 3 7 A& VI
VIII BAEAL BEH 10 g, AMAZZE 1000 mL, H Z 4 10 g, 5% 5 15 g¢,pH 14 8 &
IX 100 &% 8 &34 100 4 4 # 04 3% 4 48 VIII
X FAFTEGMmE AL 4 F 3.0 g, %G 10.0 g,NaCl 5.0 g, 5 g 15.0 g, A 47K 1 000 mL,

pH & B 4

132 HENEEED TEYFEE KBEoE

CRAEI3 U, 3 IFA UM, 55 CIsl e 45 28 1%

ali Ak 1 H B PN A TR A B 2 A L AR R 9% 3 28
CAH T K 75 WL 0 S T AR AR KOIR B . BVE AR IE
A THL TR 220 K R R B A B R 4 T
RS TR R R 270 L — B A R ) AT
18S rDNA &R 5, 0 15 25 SR 7E GenBank %X
P e R AT IR A L, AR BCEE RS,
MEGA 7.0 ¥1F4:41 2 G EAb i

1.3.3  H 5N A BB 1 & T B R AR 7 4 1 il
AR R R R A R 3 28 CE RS FE T d,
1L U8 4) B R TR TR 2244, R WO SRR 2 TR

KB AL & T 22 R R B B IR 3 IR,
B A WA e 4 75 45 T 22 IR IR . BT
FRHE S 18 T OKAR 4 CLRRAE HT

1.3.4  HHRANA BRI GACE Y5 &40
AR

1.3.4.1 J75Fx DPPH H 2 Gyl 2  HER
DPPH H HH 06 R B I 5E 2 B Du 81748 g 7
2 o F i IE AL AR A S W (50 . 0.1 mg/mL) ,
Bl DPPH- 2 B 3% W (50 wL 0.05 mg/mL) , i i€
% B 30 min, /K ZBERAZEF517 nm
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b 5E WA A FHJEK O BEE 5 DPPH T
MR Aj; hIE/K & B AR 1 DU AE B WO A5 Ao
PAPCIR L FR (VC)E b B X B8 A 4 2 =03 T B4
DPPH % bR %,

DPPH. i 3630 5 (9%) = 1= 1100

1.3.42 VEREAMBEEEGNE EREEH
FEE PRI S 2 IR Smirnoff 25 8 4 7 vk I I
FF 82 BURE AL & 75 W (50 wL 0.1 mg/mL) , 4K i
A 50 wL FeSO,(6.0 mmol/L) & W . /K # B2 — £
(6.0 mmol/L) ¥ .0.1% H,0, % ,37 CKIB L
A 30 min, H 20% . BEJHZE F P 510 nm AL
SEWOGEEAA A5 LATCIK AR R IR S v s
5 Ay, FHZEMKE# 0.1% HO, RIS A,; I
AR IR (VC) FE Sk BT B AR 8 28 =0 H 3315
7% H R
¥ H m%iﬁ[ﬁ,’%%%):[l—%]xmo

1.3.43 SR JE 30 g i ) i 2 i
Wei & 77k, E T % Ul 2 £ 22 vh i (500
pL 0.2 mol/L,pH=6.6), MU T DA i %5 W
(500 L 0.1 mg/mL) Fl 500 pL 1% Ks[Fe(CN)g],
50 CKIF G REBR R W, A 500 pl 10%
ZH LRV IRATE 5 000 r/min &0, B R
100 pL AR A 80 wlL Z&4#E K & 20 wL 0.1%11
= FZACEE W, 7 N 15 min, T % K 700 nm
A0 S BEARL, WO B R R B R 5

R, DL 500 wL Z5 B K A 1% Ky[Fe (CN) o[
YEZS 11, 1 VO IS T b o il 26 B3 4R
AT 3R SRILHE

1.3.5  H 5 Py Az BB R G 7= 4 0 0 B 9
B BRZIEARI 5 Fh a2 R R B 1911 $2
AT 100 mL 28 R -2 R IRR B 55 50T
W ERBER 0.5 2 RWE EAZLHE
W20 1.3 TR A AR - A R A RS
FRIE (BB 2~3 mm) B BUSZ I B 200 pl, 35)
R A R TR, BRUREINRE SV (10 plL 10
mg/mL){% T EHA2 Smm B KEELK A B ESH
BH P X g o IR 1 T RV E WS AT . 37 “CHE
T 1 % WL £ - 0 2 0 BT PR AR RN, LA R
FRAE R VTR S 400 B SR I 4 A2 2

2 #R
21 HENLEEHEKSH

WFIE R 9 B TR B A H FOAR 25 it rp gy
B AR LB 128 bR L AR 95 Bk ZEER 9 Bk
HES 24 Kk 43 00 S o B T bR R RO 74.229% |
7.03% ,18.75% (VL3 2) . 9 Pk IR H 2rh iy
BB ERME 1 R, DLl 2R
F1 100 f55 75 B 0 1L 25 15 72 i 1 W R e, 4 )
4 19.53% .13.28%,

x2 HENEEEEKSH

Table 2 Distribution of isolates of endophytic fungi from licorice

o B 3% R SR EEE S 5 B AL B /%
ES JS-1~4 NIECECE S 7.03
JS-100-1~2 W 2532 7R K (100 4 #8)
P-1~2 PDA 3% 74k
JP-100-1 PDA 3% 7% (100 & # 4 )
vt YP-1~5 PDA # 74 18.75
YP-100-1~6 PDA 3% 7% 2 (100 45 % &)
YS-1~8 NIECECE 3
YB-1 TAERE
YB-100-1~4 G A3 AR R (100 45 A8 )
Fiid GS-1~13 NIECESE S 74.22
GS-100-1~15 Wb 25 35 45 K (100 454 )
GB-1~9 ERCEE S S
GB-100-1~6 B A3 ARk (100 45 7 8 )

GP-1~9

PDA 37 %




B28 H5M

FAHENAE AT S B AL KBRS T ERFR

323

(&% 2)

o XA Bk 5 ¥ IR A £ 2B AL A & /%
GP-50-1~6 PDA 3% 7= 3 (50 & 4 %)
GP-100-1~13 PDA 3% 7~ 3 (100 & # %)
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Type of culture medium
B1 HENEEREAREFRESE THHEXRE
Fig.1

Isolation rate of endophytic fungi from licorice

in different media

22 HENLAHEENS FEWFELTE

IIE 43 88 14 B P 4 O[] 0 B 3 3% L 45 1k
BT BB SRR M BRI T 18 Bk, 47 T 18S
rDNA )7, #38 NCBI #£17 GeneBank 14 M ( Il 3%
3) o B AR KRB E Y S FE Genbank £ PR i
107 5 Lxt , #) i R e AR A, 45 AN &L 2 o

HAZH THEYFEERET4HSB S IR, &
IR SNV INCP N Y NI I
J&, 58 F 4 AR E , Ky bR 2 i E
ok SRSy NSy

23 HERNLEEHRALZREFORELFEN
M

231 RBARE WA S DPPH A il 14 7
BRAEF MR (25 0 3 A0 A07 0T 40 5 B4 B AR v 4%
BT B4 T A5 FRIR 1 H 5 9 A B I 18 4k 1l
1% 36 A HEECRE A JE I E T L6 DPPH H AR
PR, 4 s,

IR 25 9 R BHPEXT E VC A9 DPPH [ %%
HBRRH 95.20% , % DPPH [ 1 375 bk 8 i
60% [ FE il A 25 4>, i BFE S 9 69.44% 5 15 B R
L 80% M FE A 10 4, Hirh GS—6a.GS-7
K42 % x5 DPPH [ i JE 19 % B 2% 40 il ik 21 7
97.54%11 96.87% 5 A X BE R AR 2, HAT 4058
RS A AL g

x3 HERNLEEBRASTEYFERE

Table 3 Molecular biological identification of endophytic fungi in licorice

ST AEBE  RZRAWMIE/

aFAMmF  RKAMME

ko5 - % Hhk o5 o -
% E % B %

GP-50-5 S5k BEH B, 100.00 MW422613 GS-100-7 Y71 A % 100.00 MW422629
GS-1 S5k BEH 99.82 MW422614 GS-100-9 Pk 71 14 )% 100.00 MW422621
GS-6 S5k BE A 100.00 MW422615 GS-100-11 Pk 71 1A % 100.00 MW422622
GS-8 L k- 99.65 MW422616 GS-100-12 Yk 71 1A % 100.00 MW422623
GS-9 L k- 99.82 MW422617 GS-100-13 Yk 71 1A % 99.81 MW422624
GS-11 Mok 7% 99.62 MW422618 GS-100-14 Yk 71 1A % 100.00 MW422625
GS-12 Ly k= 99.82 MW422619 GS-100-15 R s 99.82 MW422626

GS-100-5 Ye 71 H B 99.81 MW422620 YS-3 W 99.82 MW422630

GS-100-6 Yk 71 1A % 100.00 MW422628 YS-6 305 100.00 MW422627
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53| GS-100-11_MW422622
30 GS-100-12_MW422623
36/ GS-100-13_MW422624
9l GS-100-5_MW422620
S GS-100-6_MW422628
GS-100-14_MW422625
4% GS-100-7_MW422629
- GS-100-9_MW422621
60" =ZSkJIE_strain Z2_EF611095.1
[ GS-11_MW422618
100 - AFRFTHE_isolate Z-G-17_MK367535.1
100 YS-6_MW422627
BAIBEE_strain NRSS_MH270583.1
78 [ YS-3_MW422630
100 ldﬂ H1%%_strain C16-2-1_MN704694.1

89
8

GS-12_MW422619
GS-6_MW422615
100 GS-8_MW422616
| GS-9_MW422617
GS-100-15_MW422626
ZFAB S HERBERE strain 32A_KP764957.1

—_—
0.05

B2 HENEEHEHNZRZSHMLH
Fig.2 Phylogenetic tree of endophytic fungi in licorice

x4 TREHENEEREFRY DPPH BEREFRE
Table 4 DPPH free radical scavenging rate of different licorice endophytic fungi samples

5B AL/ A MRS DPPH -F 34 i % /% VC # DPPH & W
& (R) £(8) (L) Bk (Y) e B AR (T) 4T 4 AR E %
GS-8 51.55 82.16
GS-12 35.16 78.79
GS-5 83.85 -
GS—6a 97.54 63.31
GS-7 96.87 59.16
GS-8a 77.73 54.03
GS-10 - 81.04
J-P-5 - 93.90
J-P-1 65.94 92.62
95.20
YS-2 78.52 -
YS-3 60.63 92.48
YS—4 65.21 60.41
YS-6 87.97 59.87
YB-4 75.30 51.27
YP-2 73.07 56.73
YP-5 82.42 71.60
YP-3 64.56 69.73
YP-4 70.46 70.47

=R FE S DPPH ) H 3 975 B 5 <50%

232 WGACH PrRE A B b R BN BRAE ] FEH G BR AR IE , I E SR AR R 5 PR,
U X BT A 36 AR GLACE ™ Py R il L HEAT
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Table 5 Hydroxyl radical scavenging rate of different licorice endophytic fungi samples

N A s -OH # % %/% VC #-OH ik %/
#(R) %(S) *+ (L) Bk (Y)4 34 BAR(T) 442 4 %
GS-8 76.94 93.28
GS-12 55.39 96.70
GS-5 23.51 33.54
GS-6a 45.76 98.83
GS-7 28.33 45.70
GS-8a 90.51 92.57
GS-10 43.80 97.74
J-P-5 31.94 93.72
J-P-1 54.77 44.50
95.30
YS-2 92.09 94.34
YS-3 74.02 90.61
YS-4 92.75 98.32
YS-6 18.70 92.07
YB-4 9.42 81.63
YP-2 63.45 33.86
YP-5 16.77 42.58
YP-3 85.84 84.88
YP-4 77.18 16.88
IR0 25 5 R B XS B VC 192 [ TS BR 0.90¢ it 0sen
05 95.30%. X ¥ 11 HUHE T KR 4 3k 60910 BE i ol
A 20 A, o5 SRR R IY 55.56% ; 1 R R E T 80% 11 (o
HEEURE S AT 16 4, Hoh GS—6a,YS—4 T bk 14 24 14 S osof
HEICRE S B SRR AU BE T, X A H R -
BRI L E] T 98.83%Fl1 98.32% , 5 BH X iF 0.10f
0.00

FORAR Y, BAT B iR St AL g
233 WYAREFE YRR L BRI ST K PR X
BB VC E A 7] 52 ViR (AR VA A, DA VC A ifE
VA VIO VAR B DR R A A, DA 700 nm AT R 1Y
AN TR) J5T 2t R B A o I TR O BE (B R AR AR AR VC
PRAEM e, WA 3 iR . VC bR R R 0.02~
0.10 mg/mL 5T & ik BE Y LN, HOG 2 5
RN R BT, B 45 il Re ol 7 W Ot B
B AU A & P35 B Y =7.445X +0.0587
(R*=0.994) A FEM Y VC M2 a3 6 iR,
R LR WoR, BiRJFE S #id 0.060 mg VC
M A JE T R A A 1A, B TR SR
Y 30.6% ; YS-2 YB—4 1 Pk & B RE &b (1) B ik
JE 743 13k ) 0.115 mg VC 245 1 0.101 mg VC
i, 5 0.100 mg VC 45 (i 5 A Y, BA R
SRS E AL g

0.00 002 004 006 008 010 012
VC B

Mass concentration of VC/mg-mlL™"
B3 VC itk
Fig.3 VC standard curve

2.3.4  H AR H IR G ACHE™ Py RE dh 10 G
APPHr R L 4C R 7 BP0 36 ) H A
PN A TR R A ™ WA i A 0 A
o v (3t TR (0 2 ol A 22 B T R R AT T R
Jo A o R 3 b 22 G B P R < € e e B il
RBEBRTA A AT, 45 2R Nk 7 P

RIGHT TR Lk BT T2 BH P 285 — 5% 2 3% 5 M A 2F
TRAT R | 4 9 (0 7 4 BR AT | i 48 6 K T B P 24—
B B AR A EAT T AR PR A I E | O 4
ANV 4 7 o PR 4 23 550 45 200 T ) LR 40 T 45
o
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Table 6 Determination of total reducing power of different licorice endophytic fungi samples

o BT/ R ARG S VC % & /mg
& (R) %(S) (L) A (Y)H R A K (T) 442 4
GS-8 0.064 0.033
GS-12 0.025 0.057
GS-5 0.059 0.053
GS-6a 0.048 0.042
GS-7 0.039 0.036
GS-8a 0.037 0.037
GS-10 0.054 0.061
J-P-5 0.044 0.092
J-P-1 0.021 0.091
YS-2 0.115 0.026
YS-3 0.044 0.021
YS-4 0.081 0.084
YS-6 0.026 0.037
YB-4 0.101 0.059
YP-2 0.021 0.059
YP-5 0.094 0.034
YP-3 0.051 0.070
YP-4 0.064 0.037
x7 WMEAFEMNESR
Table 7 Test results of antibacterial activity
e Cw AKX A AR AP 1A B A2 /mm
BEIXAE 5 R T = s - o Fra. ¥ 4t gk 5
K AT GMATE  RRFEME  ARENHKE M RERHE
GS-8 R B i 8.0 8.0 - 11.0 9.5
GS-12 & # i 20.5 7.0 21.0 15.0 8.5
J-P-5 & B ik 16.0 9.0 19.0 11.0 -
J-P-1 & ®i& 21.0 8.0 19.5 - -
YS-2 & B ik 15.0 7.0 17.0 25.0 -
YS-3 & 8 & 7.0 7.5 9.5 17.0 10.0
YS-4 & B & 15.5 - 9.0 9.5 9.5
YS-6 & B i 26.0 8.0 24.0 30.0 -
YB-4 & 8 % 15.5 - 7.5 - 7.5
YP-2 A B ik 10.5 8.0 11.0 7.0 -
YP-5 £ B iRk 8.0 7.5 - - -
YP-2 & B ik 11.5 8.0 10.0 7.5 9.0
YP-4 K Bk 8.0 - - 17.5 10.0
GS-5 R B i - 8.0 10.0 - 9.5
5S—6a K B ik 12.0 6.5 - 8.0 -
GS-7 & Bt i 9.5 - - - 8.0
GS-8a &K B ik - - - - 9.0
GS-10 & B & 17.0 9.5 9.0 7.0 7.0
GS-8 B £ 4k 9.5 7.0 8.5 8.0 8.5
GS-12 # 4k - 11.5 - 7.5 -
J-P-5 @ £ 4k 14.0 10.0 9.5 31.0 7.5
J-P-1 @ £ 4k 13.5 - 8.0 7.5 7.0
YS-2 § £ 4k 9.0 9.0 7.5 9.0 -
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(BE%7)
S B - : *’f#:i»‘iﬁﬁi"f’% @fﬁ/mm S _ _
K AF A LE AT 1A WRFAAE A HEHHRA B 4k K
YS-3 B 44k - - 9.0 - 7.0
YS-4 B 24k - 8.0 - - -
YS-6 & £ 4k - 8.0 - - -
YB-4 & 24k 12.0 10.0 7.0 - 8.5
YP-2 # £k 10.0 8.0 8.5 7.0 7.0
YP-5 # £k 8.5 11.0 - 15.0 13.0
YP-2 ¥ 24k - - 7.5 12.5 -
YP-4 # 24k - 9.0 11.0 - -
GS-5 & 4k 11.0 10.0 14.0 - -
GS—6a H £ 1k 9.0 - 10.0 - 10.0
GS-7 & £4k 9.0 - - 8.5 12.5
GS-8a H £k - 12.0 - 13.0 -
GS-10 & £k 8.0 - 13.0 12.0 10.0
BEEIFEE 37.0 29.0 36.0 38.0 30.0

=" MR,

(a) KT g

(d) 4 B (03 7 BR AT
B4 SHKERMARNEER

Fig.4 Typical antibacterial results of each tested bacteria

SEIRRW] KR YS-6 K B K T B G 0
BTG PR IR B BE R R Y T0% , o Hb AR 25 F AT B (4
B TEIR R T B EM 67%, W4 s % Bk 1Y
RS A B B R 79%, HA KA E
P T GS—12 K BEROA LA B 3 F i 4 i A %5
AR T YS—6 BB P 5 BT A 1R 0B o ) e e 25
FELF TR % il & SR B 1) 410 o 4 R B G, R B
EEEG MR IE M, BT, YS-6 & M LR
At Al GS—6a BRI 22 1A AU it £ 300 T8 0 P T A 4
GF RS 7T .

3 itig
W) 9 A FLTRAE R S A S A — 2R R,

(e) i 9 5 Bk

5 A A LA TR R AL A AR )
GRS AT AR 2R R — PRI A
114 B B Gl A ) R, AR AT S e AN [ 35 5 2 5 B
HHRAR 2K R AT N AR R 2 B SRR S
N A TR AE AN R 2 R A o3 A B AE A [ 4 41
I oA AN TR, AR R AR S 2 SRR W R Ak
Z AR R4S, PR PR N A B B 2 R
mAEHE,

AWFSEIE S 9 R[] 55 I FEHEAT A A2 LR O3
B g TR AT REBLALL N AR T AR K FARERIE 0
R TSR 28 BB A W 0 R T B0 AL R
FEON BB T 28 50 A5 100 15 B 1) 52 8 IR B
FREEPIPATNERE N E (IR 1), SR TR,
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RS I T B TP AR 43 8 B N AR LA 63 B i
SEE SRR RN 2B N A ELR 65 Bk . LAARFR N
A L B R R L PDA B 3R 36 B O, H O
PDA 7B 5] O BRELBE , 28 50 5 F1 100 5 B (1)
PDA 73553 85 51 6 BRELTFN 13 BRI, %45 Rl
PR 203k B R B 15 75 e mT LA 40 2 R 9 X LA
PR, 2R TSR R R AN R R R
4 N A LR A B T B

TR A e Ay B H R N A A, A
FORM T D88 2 B N RTE SRR AR A
AT AT R R B R, 25 5 R Ll 2 B 7 A
o BB 42 BR A H T S W T By R A
PDA 4385 2 (1 N AR LR B AR Y, 305 S B e
HREIY 32.81%, 17 8 2 77 45 5 FR LA 2 b Ky 9%
oo B B 0 AR B A DL EPIR 2, 0
d B E R B 15.63% M1 18.75% , 145 F it —
UL T IR R AP E R FE, R
TN A LR AT B LR SR 5L . PDA J2 )
DA LR 43 B A I — R R 3R 2 A R R
FZSEFRHSAT T H B A B Y 4 B0 X
SeZE SR L, AR SN H B S 43 B A
TR FEE MEE B AEEC
3B o R N AR A, LA A L2 R R A
HAEE N RE IR LA A ] T AN R R | AT
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Isolation of Endophytic Fungi from Wild Licorice and the Activity of Its Secondary Metabolites

Jia Zhipeng', Zhang Xinguo', Guo Guangjun', Wei Yaru', Xie Dongdong', Fan Xiaoying', Zhang Ji?,
Huang Lina', Wang Dengtuo', Zhu Jianning’
(‘Key Laboratory of Herbal-Tibetan Drug Screening and Deep Processing of Gansu Province, School of Life Science and
Engineering, Lanzhou University of Technology, Lanzhou 730050
*College of Life Sciences, Northwest Normal University, Lanzhou 730060
‘Food and Drug Administration Review and Certification Center of Gansu Province, Lanzhou 730070)

Abstract Objective: In this study, endophytic fungi from wild Glycyrrhiza uralensis Fisch were isolated and the antibac-
terial and antioxidant activities of their secondary metabolites were evaluated. Method: Using fresh wild licorice as mate-
rial, the different tissue parts of licorice were treated by tissue cutting method, and then the endophytic fungi were sep-
arated and purified with 9 different media and carry out molecular biological identification. The antimicrobial activities of
their metabolites against five tested strains was evaluated by paper diffusion method. The antioxidant activity of the
metabolites was evaluated by DPPH and -OH radical scavenging capacity. Results: 128 strains of fungi were isolated
from the plant licorice, which belonged to 5 different genera through molecular biology identification. YS—6 fermentation
broth showed certain antibacterial activity against Staphylococcus aureus. The DPPH free radical scavenging rate of GS—6a
fermentation broth was 97.54%, and the -OH free radical scavenging rate of GS—6a mycelium was 98.83%. Conclusion:
The resources of endophytic fungi isolated from licorice are abundant and diverse, which are good sources for screening
antibacterial and antioxidant substances.

Keywords licorice; endophytic fungi; isolation; identification; bacteriostatic activity; antioxidant activity



