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A& B4R ATCC27708. L@ B MAFH ATCC33420. M £V 1T K ATCC14208. &) f &K
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Isolation, Identification and Inhibitory Activity
Screening of Endophytic Fungi from Wild
Plants of Scutellaria baicalensis Georgi

LI Qing-Lian SU Hong CHI Wei-Dan CUI Jin-Long FAN Li"

(College of Life Science, Capital Normal University, Beijing 100048, China)

Abstract: Ninety-seven strains of endophytic fungi were isolated from the roots, stems and leaves of natural
Scutellaria baicalensis Georgi, in which, thirty-three from the living stage and sixty-four from the riping
stage. They were classified as thirty-eight fungal genera in which Alternaria is the dominant genus. The dis-
tribution of genera in riping stage was more diversified than that in living stage. The inhibitory activity
screening was conducted with fourteen species of microbes. The results showed that ninety-one strains, ac-
counting for 95.8% of all the isolates, showed inhibitory activity to one indictor or more. Some endophytic
fungi showed remarkable inhibitory activity to Escherichia coli CGMCCIL.1103, Bacillus subtilis
CGMCCI1.769, Bacillus cereus ATCC1361, Enteropathogenic E. coli ATCC49105, Candida albicans
ATCC10231, Pestalotiopsis microspora CNUMB2PMO1. All fungal strains of endophytes obtained in this
study showed no inhibitory activity to Staphyloccocus aureus CGMCC2.282 and Rhodotorula rubra
ATCC12600.
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TRIT O LB e SR T
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WREF GHNERERN KR, D — 238,
B G AR R N TR A OGRS AR TR
FIF S AT AR WAC 2k o X R % 2 N A L T R AUF 5
g N A BT SARk, Horb A K240k, BUEUB30
PR, KIBAFR . AR 2P A RELIERE SR 3R 7R
P A RS PR TR e R R T, R i 1 TRR N AR LT
MRS A SCHGE AT B A WS N
IR EE R

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

O S ¥ DR

1.1 #7#l

1.1.1 iK% H: A A F 2006 4 8 MK
W, EEFARK IE 10 Aok, LIFZRR
B )R A P E KA H(36°18'N, 113°08'E)
HEILIARY . SEEUHE [ 385y K/NZ IR I s X fE bR, 4
PRIBUREJS S R SRS b, IR fS 4°C 12k
A SEIRE, 2 d FESR AL BRSEEE . BFA B2 1l
VPG48 H 24 2 b8 W B T S W S

112 it REEE: MR R IR A
FZEMAT I . KA . IR EERE R A A [
A= Y Rb ORECE B Py U Bl A AN B 2
EA Eh P AR R 2 A Y R AR B R TR R
S B b st B W ot o PN EE RT3 AR A
T (IR AL L 1.1.3) B F4°C, TEAS S50 25 {150 .
1.1.3 EFE: HHE RIPDAR £ 4E(0.4-5 g/L):
SrE LA . FRE RO R RN
RN B MYPGREFR 5L 35 IR IRAT BEBE AN 1 o i 2
WERE, B M (g/L): Z2FRE 3 g MHHRH 3 g,
EWE 5 g, #ARE 10 g, BUE 18 g, &K 1L,
pH 5.5, B EIEIRIL(PDA): K3 SN Biestd & A/
2 B

1.2 A&

121 HEEEMSBMAL: 200 3CHk[13]. 1t
A, REHFEE RS YIR 0.2 cm x 0.2 cm f/NEE
(), BRJE DA KR A AR . 25 L v 4y 1 B
BLIEER 32 LU L 192 AN HLUH) T 9 48 B
1438 . A PDA(K AR R) R L&HCE 2 14
#le,

122 HEERABEFRRABRLE: 20
k131,

123 HBTEREES: S 0LCH[13].

1.2.4 EIRE: 2 003CHk[13].

1.2.5 BEMEE: 5RYEESHIHR[14-18], Hr
— ORGP AR, SRTIECH KR (4°C) . #A
(37°C). 90, KIGFEZFRIBOE T H 7 . W
A BT B 0 25 R Isolation Rate, IR)¥% VAN 73t
B D EER = HEAHS PRI/ &
FEAH LB AL
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Table 1 Microbes as indicators of inhibitory test

EEEN B T4 7% R
Sort of indicator Species No. of strains
9 oy o o
B CPHEAN T AR 2R IRAT IR T
Gram-positive Bacillus subtilis
bacilli e o
SR ATCC1361
B. cereus
PR 2 Y 6 A 2 R B
ot 7 i 0 T ATCC27708
Listeria monocytohenes
EROHERE ATCC12600

Staphyloccocus aureus

FE RN KIBAT R
Gram-negative Escherichia coli
bacilli AT

CGMCCI1.1103

R ATCC33420
Proteus vilgaris
Ok K M e A R T
Enteropathogenic E. coli, ~ ATCC49105
EPEC

25 b T FE
WRGTIRE ATCC14208
Salmonellae enteritis
= 1) BT R
il I ATCC27519
Bibrio parahemolyticus
%WE&J@J@H% ATCC51060
Shigella sonnei
2= DAY Q
Hw RELRERE CGMCC2.282
Fungi Rhodotorula rubra
YA
P B 22 e L) ATCC10231
Candida albicans
n =3

UM Bk CNUMB2FKO1
Fusarium kyrushuense
RS T CNUMB2PMO1

Pestalotiopsis microspora

2 BRERH

21 HAEEZREEENERE

AL PG A L LR S g A B AR L 25 L Y 192
AR AR S e 253 B3] 97 BRI AE FLR (R 2),
33 Mok AA KNP AE SRR, M. 2K iFar e
12, 10, 11 #%; 64 Rk H SR EF A4 B AR, AR
25 MR 21, 22, 21 ko AR R B A
BN A LR Y 2 B R 0.67 F10.34, AR, K
AT 5 v g DY AR LT B RO K AR K .
SPRUE L RE, KEEMRE T 38 NEEE,
HepE R 178, W@ 28 &8, A 78 FE T X
PN, 9 J@ AL F A= K 0, 22 J& 0L F i i (=
2)o AL, BN EF ZREER TR, 4T A
M A L B WA, oM B & Rl A 7E 2
S Alternaria WS, BB 23.2%,

22 HNAEEWWIIEENE

Ha b 95 BRET AR B N AR TR 14 FIHE/R A
PEFTPUBR TG M, S5 RGER 3. AR, A 91 BN
Az FLTR O —Rh a2 e 7R B B MR E N, 5
FARR BB 95.8%, X 156 HH BT A ¥ A5 I A= BB AT
e E TR PR E
221 EKEBHFEETHNEEREMINEESE: WE
TEPERIG 45 R W], A 5 A B 1 33 BRINAE
T 43 ) 2 /D Re P — R TR 1 A K, ¥
PRIk (6 3); BRIFURLIEER: . & (R A Bk B
AR AL, X AR 10 s R E A B 7
PR AR, XK AT A I HE R SRR £,
930 Bk, HEREEY 90.9%, HIAMERE KT
20 mm M RPLREBRA 9 #k, Hrb—8k5r 2 AR TR
¥k N.SBA27(Paecilomyces sp.)FJ4 I &l E A% H 1A 5
26.30 mm; HJEX AR AT . BoR TR IR
A QAR N AT A B RIVE R, 43500k 15,
14, 11 ¥k, N.SBA9. N.SBA18. N.SBA29 % 3 /[
RGBT M P0E E RR m i, Bk )E T
Alternaria F1 Sclerotium, HEWE4rHIFH 6. 6. 7 Fp
F8R B AE KB, MR B2 Z 84 %) 15 mm L
FGR 3). ERFEERE, A 16 PRGH R EE0
48.48%) E I M PLETEAE 1-3 FhZla], W FE N
A8 M (5 /R BB 57.1%), FIHEE N EEA]
REHLAT BT BB
222 BABABTEEZTHNEEREMINEEME: XK
PN A RN 62 Bk PN Az BT B PR A B it
IEE SRR, A 59 k2D RERESBL—FP R AR TA, TETE
APk 7 BB 95.2%(F% 4) o X KT T A 4 il 7
PRI T RAR I 22, A 54 Bk, BRI 87.1%;
SPRZLIERE . AW O HARE . BRI TRE. &l
VS PR . RN FRIRIAT R 55 5 B 21 TR 98 78 TR
AHEPOE R . B BT A B N A BLBE ) A 2
WL ML Z B, JUNR RS 3 M E TR R
T 2 P A S PTG (B 4), FEPUIE PR A B AR R
SR 14, 21, 6 Bk o, P/ 2 B EAT
RSP I I BR B B KT 20 mm) R 6 4K,
K& T Naemospora 1) N.SBO40 FI J& F Sclerotium
7 N.SBO45 Myl I B B2 8 437135 22.7 mm Al
19.40 mm. 62 PRINAE TR PAUA 12 BR( A B RS
1) 19.4%) X /R BT Y 5 Pl o8 G 8 AR TE AT
B BRI A ECRR . BRAZ AN R 3 A 2 TR R
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SRR ZEFEAT TR . A 2T 1) S s S BRI P,
RSP 2 PR TE RS 7 R 3 RAY 2 Bk 4 FREY 2 Bk
S 1Bk, BT PN AR LG R A A BT TS R A
X 2%, AR AT BB AL AT

ARSI A IR R, B A B R T A K
SEBEIMANERRSE RS WEESEET, G

TR A B L A9 AT, 0 17 9 R D 5 A, (L s
PN A FLRR S B DT R TG, (AR B — A B
GEo B PN AR L TR TR R T 200 TR 95 7S T 3l 2 TR 4K
AERIPUETE, DLUTE TR Y A B Bk %
Pobk, I BE R R i B B RESTE B s AL Y
TEAEBTIR.

x2 HEEZTALEEMEESHEA: %)

Table 2 Identification and distribution of endophytic fungi isolated fromwild plants of Scutellaria baicalensis Georgi
B (28 1) A K17 AR
U= J& % Growth Ripeness IS%i'8
No. Genus name e 2% - B Vit 2% - B Total
Root Stem Leaf Total Root Stem Leaf Total
1 Alternaria 0 3 6 9 0 4 9 13 22
2 Arbuscula 0 5 6 11 0 1 0 1 12
3 Sclerotium 2 3 1 6 2 0 0 2 8
4 Fusarium 4 0 0 4 0 0 0 0 4
5 Minimedusa 3 0 1 4 0 0 0 0 4
6 Asteromella 1 2 0 3 0 0 0 0 3
7 Acremonium 2 0 0 2 1 0 0 1 3
8 Colletotrichum 0 0 1 1 0 2 0 2 3
9 Paecilomyces 2 0 0 2 1 0 0 1 3
10 Amerosporium 0 0 1 1 1 0 0 1 2
11 Cladorrhinum 0 2 0 2 0 0 0 0 2
12 Dendrodochium 0 0 0 0 2 0 0 2 2
13 Isaria 0 0 0 0 Y 0 0 2 2
14 Myriococcum 1 1 0 2 0 0 0 0 2
15 Rhizoctonia 0 0 0 0 0 0 2 2 2
16 Aspergillus 1 0 0 1 0 0 0 0 1
17 Beverwykella 1 0 0 1 0 0 0 0 1
18 Bullera 0 0 1 1 0 0 0 0 1
19 Cryptostroma 0 0 1 1 0 0 0 0 1
20 Echinochondrium 0 0 1 1 0 0 0 0 1
21 Gonatobotrys 1 0 0 1 0 0 0 0 1
22 Libertella 0 1 0 1 0 0 0 0 1
23 Metarhizium 0 1 0 1 0 0 0 0 1
24 Mucor 1 0 0 1 0 0 0 0 1
25 Naemospora 0 1 0 1 0 0 0 0 1
26 Nigrospora 0 1 0 1 0 0 0 0 1
27 Phialocephala 1 0 0 1 0 0 0 0 1
28 Botrytis 0 0 1 1 0 0 0 0 1
29 Rhinocladiella 0 1 0 1 0 0 0 0 1
30 Thichothecium 0 1 0 1 0 0 0 0 1
31 Trichocladium 0 0 1 1 0 0 0 0 1
32 Trichosporiella 1 0 0 1 0 0 0 0 1
33 Chloridium 0 0 0 0 1 0 0 1 1
34 Diplodia 0 0 0 0 1 0 0 1 1
35 Aplosporella 0 0 0 0 0 1 0 1 1
36 Penicillium 0 0 0 0 1 0 0 1 1
37 Sirodothis 0 0 0 0 0 1 0 1 1
38 Ulocladium 0 0 0 0 0 1 0 1 1
%TH?'E‘?& 21 22 21 64 12 10 11 33 97
Total strains isolated
BAPIHLER 32 32 32 96 32 32 32 96 192
Total fragments plated
or B 0.67 0.69 0.66 0.67 0.38 0.31 0.34 0.34 0.51

Isolation rate
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Table 3 Inhibitory activity screening of endophytic fungi and identification isolated from wild plants of Scutellaria bai-
calensis Georgi in growth

{5/~ H# Tested microbes

A B C
Ec Bs Rr Lm Bec Sa Pv EcE Se  Bp Ss Ca  Fk Pm
H N.SBA1  Beverwykella ek ++ - — e - _ _ _ _ _ _ _
Leaf N SBA2  Alternaria A = = = - — — — _ _ _ _ _ _
N.SBA3  Rhizoctonia 4= = = = = _ _ - _ _ _ _ _ _
N.SBA4  Rhizoctonia A = = = +++ - - - _ _ _ _ _ _
N.SBAS5  Alternaria 4HF = - — _ — _ 4t 4+ - 4t _ _
N.SBA6  Alternaria A = = _ — _ _ i _ 4+ _ _
N.SBA7  Alternaria St = = = = = = - - - — — -
N.SBA8  Alternaria A - - - = - - - _ - _ _ _ _
N.SBA9  Alternaria AR - - - - = = 4t A+ 4t = = T+
N.SBA10 Alternaria 4HF ++ - - b - - = = = = - 4t
N.SBA1l  Alternaria +++ - - - - - - - - - - - - 4+
N.SBA31 Alternaria - - - - = = = 4t 44— 4 = = =
2% N.SBA12 Aplosporella = ++ - - - - - - +++ - = = = =
Stem NSBAI3 Coleletotrichum ~ ++  ++ — o~ o~ = = 44t =i = = = =

N.SBA14  Coleletotrichum St - - - - - - - = - - - - -

N.SBA1S Alternaria S=F ++ = = - - - = = = - _ _ o,
N.SBA16  Sirodothis ++ ++ - - - - S +++ - - +++ - ++ _
N.SBA17  Alternaria A 4 = - 3 = = - - — = + — _
N.SBA18  Alternaria 4= 4 - i ST - - - =+ ++ - -
N.SBA19 Alternaria A A < &~ = = - +++ = = - T+ = -
N.SBA20  Arbuscula ++ ++ — = - - - - = - — _ _ _
N.SBA32  Ulocladium Ch ++ - = = - - - = = - _ - _
R N.SBA21  Dendrodochium SeiE o AEEE - - - - - ++ = - ++ = ++ -
Root N SBA22  Isaria M+ = == == - o4 L4
N.SBA23  Dendrodochium 4+ - = = = - - = = = - — _ oo
N.SBA24  Chloridium A - - - = = - - - — = + — _
N.SBA25 Diplodia = ++ - = = — - - = - - _
N.SBA26 Sclerotium A - - - - - = ++ T _ —
N.SBA27  Paecilomyces +++ - - - - - - A = - T+ -
N.SBA28  Amerosporium A - - - = = = ++ - R — _
N.SBA29  Sclerotium A - - AEEE AR = 4EER = = i s -
N.SBA30  Acremonium ++ - = = - - - = = = - - _ _
N.SBA33  Isaria ++ ++ = = - - - = = = - _ _ oo

W A B B RMHS; C: HEESR,; Ec KM CGMCCI1.1103; Bs: AR ZEfIFF I CGMCC1.769; Rr: IR 4T [ £):
CGMCC2.282; Lm: AWk ATCC27708; Be: MEAEZEMUAF I ATCC1361; Sa: 4 A 2 BRI ATCC12600; Pv: 3l A L+
B ATCC33420; EcE: BUitk KR % [RBT ATCC49105; Se: R U1 TFRE ATCC14208; Bp: @l ML AIHREE ATCC27519; Ss: P E A
PEFFE ATCC51060; Ca: [1fR 221 H: ATCC10231; Fk: JUMHikfi%: CNUMB2FKO1; Pm: /NMEHIEZ Ef CNUMB2PMOL; +: )1 15 1&
HA d<10 mm; ++: 10 mm <d < 15 mm; +++: d > 15 mm; — JoHitk.

Note: A: Plant position; B: Fungal code; C: Genus name; Ec: E. coli CGMCCI1.1103; Bs: B. subtilis CGMCC1.769; Rr: R. rubra
CGMCC2.282; Lm: L. monocytohenes ATCC27708; Be: B. cereu ATCC1361; Sa: S. aureus ATCC12600; Pv: P. vilgaris ATCC33420; EcE:
E. coli EPECATCCA49105; Se: S. enteritis ATCC14208; Bp: B. parahemolyticus ATCC27519; Ss: S. sonnei ATCC51060; Ca: C. albicans
ATCC10231; Fk: F. kyushuense CNUMB2FKO1; Pm: P. microspora CNUMB2PMO1; +: Antibiotic circle diameter (d) < 10 mm; ++: 10 mm <
d <15 mm; +++: d > 15 mm; —: None inhibitory activity.
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Table 4 Inhibitory activity screening of endophytic fungi and identification isolated from

wild plants of Scutellaria baicalensis Georgi in ripeness

578 Tested microbes

A B C
Ec Bs Rr Lm Bc Sa Pv EcE Se Bp Ss Ca Fk Pm
H  N.SBOl1 Coleletotrichum HE — - — — _ — _ _ _ _ T _ T+
Leaf N.SBO2 Alternaria S = = — — — - - — — — I _ _
N.SBO3 Alternaria HE = - — — — — — _ _ _ _ _ _
N.SBO4 Alternaria HHEE = = _ _ — _ _ _ _ _ T+ _ T+
N.SBO5 Alternaria HE = - — — — — — _ _ _ _ _ T+
N.SBO6 Phymatotrichum W = = - - - - _ _ _ _ _ _ 4+
N.SBO7 Latendraea e = - - - — - _ _ _ Tt _ 44t
N.SBO8 Minimedusa HF = = - - — - - _ _ _ e _ _
N.SBO9 Amerosporium AFE = = = - - - - - _ _ _ _ _
N.SBO10 Arbuscula HE = - — — — — — _ _ _ _ _ _
N.SBO29 Cryptostroma 4+ = = = - - - - _ _ _ _ o+t
N.SBO30 Trichocladium 4+ = = = - - - - _ _ _ _ _ _
N.SBO31 Arbuscula = = = - - - — _ _ _ _ Tt _ _
N.SBO32 Arbuscula HE = - — — — — — _ _ _ _ _ _
N.SBO33 Arbuscula HE = - — — — — — — _ _ _ _ 4+
N.SBO34 Arbuscula HE = - — — — — — _ _ _ _ _ T+
N.SBO35 Alternaria HF = = - - — - - _ X _ 4 _ _
N.SBO36 Arbuscula +* = - — — — - — — - _ _ _ _
N.SBO37 Echinochondrium AFE = = = - - - - - 3 _ _ _ _
Z% N.SBOl1 Cladorrhinum 4 = = = — — _ _ et s _ _ — o+t
Stem N.SBOI12 Arbuscula FEEE A - - - - _ - _ _ _ 4+ _ T+
N.SBO13 Minimedusa HHEE = = _ _ — ++ r _ _ _ T+ _ 4
N.SBO14 Sclerotium HEE = - — — — 4 — _ _ _ _ _ _
N.SBO15 Rhinocladiella 4HF = = - < - — — _ _ _ _ _ _
N.SBO16 Cladorrhinum 4HF = — = A _ - — — _ _ _ _ _
N.SBO17 Thichothecium “HF = = o = = - - — — — — — _
N.SBO18 Arbuscula SHE - L 4 — — — _ _ _ _ _ + _
N.SBO19 Arbuscula AHRE - % _ — _ — — _ _ _ _ _ _
N.SBO20 Libertella ¢ b | < = _ _ — — — _ _ _ _ _
N.SBO38 Arbuscula 3 = = - — — — — _ _ _ _ _ _
N.SBO39 Arbuscula = = = = — — _ _ _ _ _ _ 4+t
N.SBO40 Naemospora 4HF = = - - — - _ — _ _ _ _ et
N.SBO41 Metarrhizium = aHE - — — — — — _ _ _ _ _ 4+
N.SBO42 Asteromella HE = - — — — — — _ _ _ _ _ T+
N.SBO43 Alternaria +* = - — — — — — _ _ _ _ _ _
N.SBO44 Nigrospora ++ = = = = = — — — — — _ _ _
N.SBO45 Sclerotium 4HF = = = _ _ — — — _ _ _ _ _
N.SBO46 Sclerotium ¥+ = = = _ _ — — — _ _ _ _ _
N.SBO47 Myriococcum A = = = = = = - - — - _ _ _
N.SBOS53 Paecilomyces A = = = = = = - - — - _ _ _
N.SBO54 Fusarium HF — = = — — - ++ - — — — — _
M N.SBO21 Mucor ++ _ — + _ _ — _ _ _ _ _ e _
Root N.SBO22 Paecilomyces = AEE — = = = - - - - _ _ _ e
N.SBO23 Aspergillus ++ 4+ = = = = = = = — — _ _ _
N.SBO24 Sclerotium aHF = = — — — — — _ _ _ _ _ 4t
N.SBO25 Asteromella 4 = = — — — _ _ _ _ _ _ _ T+
N.SBO26 Acremonium HE = - — — — — — _ _ _ _ _ _
N.SBO27 Fusarium i = = = ++ — - - - — — _ _ _
N.SBO28 Acremonium S = = = = — = ++ - — — — _ _
N.SBO48 Alternaria ++ = - - — — - — — _ _ _ S+t _
N.SBO49 Fusarium ++ — - — — — — — _ _ _ + _ _
N.SBOS50 Fusarium =HF = = — ++ = - - - — — — — _
N.SBOS51 Myrioccum = = = = = = = - - — - + _ _
N.SBO52 Trichosporiella = = - — — — — — _ _ _ _ et _
N.SBOS53 Paecilomyces = = = = = = - - - — _ _ _ _
N.SBO54 Fusarium = = - = - — - — — _ _ _ _ _
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Inhibitory activity screening of endophytic fungi and identification isolated from

wild plants of Scutellaria baicalensis Georgi in ripeness

Table 4
#  N.SBOS5S Gonatobotrys + - - -
Root N.SBO56  Asteromella Sas = = =
N.SBO57 Minimedusa 4=F = = =
N.SBO58 Minimedusa I = = =
N.SBO59 Phialocephala - - - -
N.SBO60 Sclerotium - - - -

- — - - - - — - — ++

e A B B WMkGS; C: EEEA; Ee: KHFFHE CGMCCL.1103; Bs: i H# 2EHIFTH CGMCC1.769; Rr: IR0+
CGMCC2.282; Lm: HZHIA 4= FF I ATCC27708; Be: BEAE ZE AT I ATCC1361; Sa: 4 B A A 2 BR A ATCC12600; Pv: il 28T
T ATCC33420; EcE: BUR M RIHIR % [CIE ATCC49105; Se: R I I'IICH ATCC14208; Bp: /I M ZYJNEE ATCC27519; Ss: A P [CHi
BATH ATCC51060; Ca: [ {22 B EE ATCC10231; Fk: JLM#EAIEE CNUMB2FKO1; Pm: /M2 B CNUMB2PMO1; +: 154 14

HAA d<10 mm; ++: 10 mm <d < 15 mm; +++: d > 15 mm; — JCHitk.

Note: A: Plant position; B: Fungal code; C: Genus name; Ec: E. coli CGMCCI1.1103; Bs: B. subtilis CGMCCI1.769; Rr: R. rubra
CGMCC2.282; Lm: L. monocytohenes ATCC27708; Bc: B. cereu ATCC1361; Sa: S. aureus ATCC12600; Pv: P. vilgaris ATCC33420; EcE:
E. coli EPECATCCA49105; Se: S. enteritis ATCC14208; Bp: B. parahemolyticus ATCC27519; Ss: S. sonnei ATCC51060; Ca: C. albicans
ATCC10231; Fk: F. kyushuense CNUMB2FKO01; Pm: P. microspora CNUMB2PMO1; +: Antibiotic circle diameter (d) < 10 mm; ++: 10 mm <

d <15 mm; +++: d > 15 mm; —: None inhibitory activity.
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