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B E: KAARRAS B —H@E ge2l, BH AR, A AR HEN T A= 16S rDNA 57
OHT, RBRIZRAARE 40 Paenibacillus granivorans #ABMER &, H 96.89%, mFIAZL AHKF
FOATH B o) — AR W H RIS R A, A AT R I8k ] B (Fusarium oxysporium). 3 £ J&
E # (Phytophthora parasitica). %\ ik % J8 # B (Colletotrichum agaves). Y3 7 2 J4 B (Alternaria
longipes) #5423 & (Pyricularia oryzae). A4k ¥ & (Rhizoctonia solani) A& J& @ (Phytophthora
cactorum)Fa AFE A% J& B (Sclerotinia schinseng)3)# — & 6937 & 7%
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Identification and Antibiotic Activity of Endophytic
Bacterium Strain ge21 from Ginseng Root
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Abstract: A novel bacterium strain, designated ge21, was isolated from the internal tissue of ginseng root.
Its taxonomic position was discussed and its antibiotic activity against pathogenic fungi and Oomycetes was
evaluated in this study. The strain ge21 had the highest sequence identity with Paenibacillus granivorans
(96.89%). On the basis of its phenotypic properties and phylogenetic distinctiveness, the strain ge21 was
identified as a latent novel species of the genus Paenibacillus. The antagonistic effects showed that ge21 ex-
pressed antibiotic activity on Fusarium oxysporium, Phytophthora parasitica, Colletotrichum agaves, Al-
ternaria longipes, Pyricularia oryzae Rhizoctonia solani, Phytophthora cactorum and Sclerotinia schinseng

to some extent.
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HFFEEC ML . Tk /NAE L s, S M
WL %S 2 ) 7 B AR AT N AR RS DUAN BT, K 2t
PN A 355 A0 R VF 2 A W T B B 1 B iR AR
B NS A AT ) 3 B 4 B i B Y
FEGCIE 1k FE P R WA o AT T 24000 207k
X ASHRANEANTE ge2l BRSO AT T AT
FE, FXF FAN ] F 23 A S B A RE I 1 T )
SRR

1 MRS

1.1 FEHE ge2l N BESER

SCH MR AR NS (Panax ginseng C.A.Mey.)
MR, R A b E BB e 25 A OE T . Tk
ge2l H—tk7r B ASHRHAL NI NAEME, NS
MR R ] £ BE- U SRR IR & K, B BE R R 7
%, 1E LB B 3R 3L E Rk /e, 28°C 5555 72 h,
WREHTEIEA . KN BUESEA— BN B 7% R Ll
b, IR Aifb bR, HREE T 4°C VKA NORAF o
ge21 N B bR P A — Pk o
1.2 HiEMHEEE

(1) 42 1 8 J] W (Fusarium oxysporium
ACCC30373), KI5 T = B AR M K 2= A8 ¥ s B
S:He % . PDA BiFRdE, 25°C-28°C,

(2) & 4 % % W (Phytophthora parasitica
ACCC30041), Al F th L AHBE (L7 . PDA i3
%, 24°C-28°C,

(3) SRR B B (JE & 220 B8, Colleto-
trichum agaves ACCC30011), RIETF T PHMAE/EY)
WFFEHT . PDA Kidfdk, 24°C-28°C,

(4) HH AR R B (K W EE RS L, Alternaria
longipes ACCC30002), i T 11 7 18 R BF 58 7 o
PDA }iFidk, 24°C-28°C,

(5) &9 9% W (R AL 460, Pyricularia oryzae
ACCC30320), KI5 T EALFBE AL, Czapeks
HUIRHE IR, 25°C-28°C,

(6) ANZ AR B (Rhizoctonia solani Kuhn),

(7) NSFEJH 1 (Phytophthora cactorum).

(8) NZHEJE IR H (Cylindrocarpon destructans).

(9) NS % (Sclerotinia schinseng) .

B 5 e e E RO A 27 e I RN A A e A
PR B BRI, Ay v S 2 B B 25 AR
YW gE I T 7 B 1
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1.3 ge2l WHRBIFSHHENER . £EBE LFFMHEF
BE BABR 4R X RO U E

FOEBE BB ML T ge2l MHIRIERS, FEXTH:
e LB BRI FAERKNEFEESH T ik, Xt
e . UPBERREG . V-P . AERKIERE . WERIK
fife . FHPRRERIA R . DREE . ARG . KSR SUK S
NG (Tween 80) . MIWES N . =Wk . 7K ik Eh PR IFR 55
Az B A AR AT I B, SR BIOLOG(Gram
Positive Identification Test Panel: GP2 MicroPlate) %
S E HBIE A . ] MIDI 330491 %2 RS0
HRR W R 2
1.4 ge21 WHEHINE F RN E

KPS IR R SE ge21 X J5L v 1 400 T 1
PE: 43 BI7E PDA A A 42 A AR 6 mm B9 A K RE
SR AN TR] B0 D T T B, FETE BT TR 2 om A6
BORWIEAUR, TEUEA0H R 15 pL 190 B Ak
ge2l HITEMK, 28°C {8 & 577, & I WLEE AN i S
PR ARG O, T PR AR o
1.5 ge2l E#EAY 16S rDNA F5iE

K HI V& PCR Y7159 1S ge21 1Y 16S rDNA J
W e 1.5 mL BOAE A 30 uL JEEIK, K
PR A 2 BRI D B TR A T K i B R, &P 10 min,
T A VKH 5 min, 4°C 12000 r/min &5.0> 5 min, |
THAE N PCRAAR . JHAH T 16S rDNA i J 514 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R (5'-
GGTTACCTTGTTACGACTT-3") %f ge2l [ 16S
tDNA (&5 R Bl AT T3 . ROWAA R (50 pL):
10xbuffer (5 uL). dNTP (2.5 mmol/L) 4 uL . 5% 27F
(10 mmol/L) 2 pL. 5[#) 1492R (10 mmol/L) 2 uL,
Taq (5 U/L) 0.25 pL .3 pL b 3EBAE AEH .ddH,0
33.75 pL., PCR W FE/F¥: 94°C 5 min; 94°C 1 min,
48°C 1 min, 72°C 2 min, 30 MEFF; 72°C 10 min, ¥F
P4 R BRI EAR Toplo (KM R, FE A
VEHY I IE R BOBH M O, BT AR TR F L
T7 F1 SP6 VE il )7 51 3 1y, FHIZAs mlEE 4L
A4 Chrosmas Hf4% .
1.6 ge2l E %k 16S rDNA FH ARG L BRI HIME

¥ ge21 ML TR IT 94228 2 NCBI % 11 R 51
FEHEAT AT, 25920 ge21 5B MAYZE /AT 1Y
[P . A NCBI & H R h IR E AT k%R
MIZRZERIAT TR 90 AP A 2 AN FP A% H R F 31,
FEAF Phylip 3.65 HE4E ge21 F 16S rDNA 5 iX e f¥
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SUTA B AR, JEH TS ge21 ARIMER Y 15 4
HRRIFS, H Clustal X BT EiR ¥ 5100 27
X, Z )5 MEGA 4.0 JHEW I E R 5
RER

2 5RE5aM

2.1 ge2l EHREITES . B (LIS R AR BABR LE A
ge2l HFPIR[(1-3.3) pm x (0.5-1.3) pm], J&4
B 1), Sid: ZEA(E 2) RS M E A B A 4k
WTRE LR 1. ge2l WHERIAAGREREMA, 1§
B/, HAY 2 mm—4 mm, [[AIE, A&,
e, ANIEI . A S PG PHPE R IR AR, 42 il |
OO . V-P iU . TEM KRN . IR ER A 5
PHAE, IREGAES . ARG . RS &R SUK L85 . IR
fifi(Tween 80) . WIS N . P MiKG 45 fm ik e B, AN
REK M Ty IR IR, AIAES NaCl 0-5%My ks 3Rk h AR K,
AT A2 A T B STl 2 0°C—45°C, fieid 4= KR E N
28°C, fxifi pH 4 7.4, K H BIOLOG 2l % Hofi i
FIFRZE SRR ge21 RELL B-ERCHINS . MIKE . b
40, L-Bohifamh . se e, D-2F4E — 4 . D-2RHk .
D-EFUME . o-D-FARE . o-D-FLHE ., AR, E A4
=WE. D-HEERE . D-% W 3-HIIEE AR p-IF
FL-D-HIBEAT . MBI AHE . D-BORKE . DA
D-# 0. KB . KB, R D-IdERE .
Wi D-AKBE. NEAER . T8 —BEAE A 0 — Bk DR S Rk
fo HEZARPIR A N H anteiso-Cis.0(60.89%)
anteiso-C;7.0(9.55%) . 180-Cy4:0(7.63%) . Ci6:0(6.76%) .
i30-C5:0(4.98%) . Wllc-C16.1(2.57%) . i50-C7:0(2.15%) .
C14:0(2.04%) . 150-C140(1.85%) . C17:0(0.92%) . w7c
alcohol-C 4.1 (0.49%) 1 Co.0(0.16%).

1 ge2l EHHBERERBECRELHE)
Fig. 1 Transmission electron microscope images showing
flagellum

2 ge2l XEBRHCRIFM)

Fig. 2

Fz1

Microscopic images showing endospores

ge21 F KRR B B A TR A L4 1%

Table 1 Morphological performance, physiological and
chemical characteristics of the strain ge21
I E I 45
Test items Results
Gram stain +
Cell shape Rod
Endospores +*
Catalase +
Lecithinase +
Voges—Proskauer test +
Amylohydrolysis +
Nitrate reduction test +

Anaerobic growth

Urease

Facultative anaerobe

Oxidase _

Arginine dihydrolase -

Esterase(Tween 80) -

Indole reaction =

Produce crystalline dextrin -

Hippurase -

Growth in NaCl

Optimum temperature

2.2 ge2l B 16S rDNA F5 5 4f

16S rDNA [ PCR 253381, 73 1) K/
I 1500 bp(#l 3), SEBRKEEN 1422 bp, WP 45 R
GenBank {5 5t 5}y EF503618, A PERFST 45 5%
W, Ttk ge21 B4 16S rDNA FEFI[A] AT Kk R B2 254
FEREBEERS, BEHMKTF 97% Hb 5

Paenibacillus granivorans BIARIMER &, H 96.89%.

23 ge2l HkMIARFEB ST

Wi Z AN, REKRBFHHT, ge2l FE
2 2R AT 8 AR R SR A — A (K 4), W]
ge2l JREFMAT IR —5, HY5 Paenibacillus
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granivorans MRS R AT o
24 ge2l FIRHIHNEE 4

FAXHIRE A Ky M A ge21 XA 40095 D L B AR B
PRI BR 6 o S5 53k 2 FET 5)3HH, ge21 X 6 1k
AL It TR A 2 BRAE i D B0 AT 38 AT — S B 5
E/IRLIN

R2 ge2l EHMEYRFIREE O E I EE T

Table 2 Antibiotic activity of strain ge21 to pathogenic
fungi and Oomycetes

Pathogenic fungi Inhibition radius (mm)
Fusarium oxysporium 6.2
Phytophthora parasitica 6.5
Colletotrichum agaves 11.0
Alternaria longipes 8.3
3 PCRI R Pyricularia oryzae 10.8
Fig.3 PCR products Rhizoctonia solani 14.3
Note: M: Marker; 1: Sample. Phytophthora cactorum 7.2
Sclerotinia schinseng 17.1
] E— ge21 (EF503618)
67 | l Paenibacillus granivorans (AF237682)
64 Paenibacillus agaridevorans (AJ345023)

Paenibacillus glycanilyticus (AB042938)

98 64 _( P
44 Paenibacillus agarexedens (AJ345020)

Paenibacillus lentimorbus (AF071861)

100 Paenibacillus popilliae (AF071860)

66 _r Paenibacillus thiaminolyticus (AJ320490)
98 L Paenibacillus dendritiformis (AY359885)

Paenibacillus urinalis (EF212892)

Paenibacillus rhizosphaerae (AY751754)
100 Paenibacillus favisporus (AY208751)
44 || Paenibacillus cineris (AJ575658)

99

441 paenibacillus cineris (AJ575659)

0.005

4 SBIEEEMIIERY ge21 16S rDNA FHIRF L B
Fig. 4 Phylogenetic tree based on 16S rDNA sequences of selected strains
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. The number at each branch point is the percentage
supported by bootstrap. Bar, 0.005 substitutions per nucleotide position.
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Bl 5 ge2l X&)% IR E &0 E B FI1E R
Fig. 5 Antibiotic activity of ge21 against the pathogenic fungi and Oomycetes
TE: A ARAGRTIFGTE; B: REN; C: SURRRILDINT; D: ASISAMIE; B: ASIRNR; F: ASWRWH; G FEERHIA; H:

TR AR R T

Note: A: Fusarium oxysporium; B: Pyricularia oryzae; C: Colletotrichum agaves; D: Rhizoctonia solani; E: Phytophthora cactorum; F:
Sclerotinia schinseng; G: Phytophthora parasitica; H: Alternaria longipes.

3 gr5itie

WG FIRPE LX), RGERFMMHE, 45
A AR T, ERR ge21 AT
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ZEXFIRF L I, ge21 X ELdE NS5 5w 7E N
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