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Screening of Antagonistic Endophytic Bacteria from Anemarrhena asphodeloides

and Optimization of Fermentation Conditions

MENG Qianqgi', WANG Zhiqing', LIU Guiying’, MA Jing', LYU Jing', TIAN Yixin'*

(1. College of Traditional Chinese Medicine, Jilin Agricultural University, Changchun 130118; 2. Agricultural and
Rural Bureau of Jiangyuan District, Baishan 134700, China)

Abstract: To screen antagonistic endophytic bacteria isolated from the plant of Anemarrhena asphodeloides, of
which could inhibit six common diseases of Panax ginseng and three ones of Asarum sclerotium, to provide a base
for biological control of some Chinese medicinal materials. The antagonistic endophytic bacteria were isolated and
screened by tissue slicing, tissue grinding and hyphal growth rate. The strains with significant bacteriostatic activity
(P<0.05) were identified according to 16S tDNA sequence and phylogenetic tree analysis, and the bacteriostatic rate
of fermentation broth of active strains was detected by hyphal growth rate method. The fermentation conditions of the
strain were optimized by orthogonal test. From the 359 endophytic bacteria isolated from the plant of A. asphodeloi-
des three endophytic bacteria were screened, they are strains of BR10, BR11and BR26, and all of them have had an-
tagonistic effect and strong bacteriostatic activities to the nine pathogens, there was a highest bacteriostatic rate
92.41% of them. The results of phylogenetic analysis of 16S rDNA sequence showed that the BR11 had the closest
relationship with many strains of Rahnella aquaiilis, and was in the same branch of the phylogenetic tree, so the
BR11 strain was identified as R. aquatilis. The optimum medium formula and culture conditions of BR11 strains
were determined: beef paste 1.5%, glucose 1.5%, yeast extract 0.5%, MgSO, 0.15%, initial pH value 7.5, tempera-
ture 29 C, fermentation time 72 h. The endophytic bacteria BR11 from A. asphodeloides is an excellent candidate
for the control of ginseng and Asarum diseases.
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FHE (Anemarrhenaas phodloides Bunge ) N H &
PRI E A, DL TR ZE A W TRy 4
SR | PTUIE | il R 0 S RE R RE AT R
[0 i o S i R NSRS L ol L | B S 9
oyt B GO | PUBE I 5 2 Bl 2y B AR R
B A TREAL I X, A T il TR
B M A 5 RS R )T, T AL
B LR IR SRR R LIRS 2R

HAi b2y p S b, A2 AR 25 B i AT 2 3
K BB 6 T B AR 25 b A 5k, 42 e 245 44
W LB ER @R R A AR B x
25 HIRE W 7 2R A7 B i6 2 A S0 T Brz —1s
HT T A= W B 16 B S0 AR PR o 26 PR HLJCH Jo ik M
SO0 AL O B Sz B A 8 R e R 2
HEMEANY MEEFEET, E 2k R
S U XF 1 4% B A i BUAE T B AT, X T
RHRE A A T RS R UL ARGE o PRt O B AT
FEPUVE R A ARE N AR B A 3 BRI AL L 8 IR 2
P8, 0T B 3R 75 AU 8 s 25 44 K UL 3, R KR 2
0, 24 TR LA T SO R 8 1 i

1 MH#F7m ik

1.1 #HiXHBRRIESRE
IR RE i R YR DL R 1

x1 EYEREKIR

SRAEH W b % i

20184F6 H MK A%4:125°17'18.42" db45:43°49'59.77"
20184E6 H HMMEE  A%:126°34'27.70" db45.43°52'54.73"
20194E6 H LT A4 :123°56'25.90"  db4:41°53'20.29"

20194E6 H  Hl 22 %£:.103°43'7.61"  dt%5:36°06'14.26"
20194E6 /] HEENE  AZ:115°46'44.90" Jb45:33°52'35.08”
20194E6 H  dLRE  ZR£:115°27'31.50" Jb£5:38°52/39.25”

N2 6 B WL 3 B0 B R (Fusarium
solani) . JK 25 9% (Botryis cinerea) %5 J& ¥ ( Cylindro-
carpon destructans ) B (Alternaria panax) PR
( Phytophthora cactorum) . 3. i 3% (Rhizoctonia so-
lani) , 3 B0 41 2 5 UL T B0 < W A% 0K (Sclero-
tinia asari) 55905 (puccinia asarina ) WAL IR (Myco-
centrospora acerina ) , 73 5| FH 7 PRA Mk K22 A 1) f
e Be M 25kt o e S it

il NACA A E R BUER) NB(4A
B E ) SR,

12 NEENIEEW
BEGURE AR R ZE AT 2 8 K ek T

e e v, B G TR D8 AR T R R K . DIk 2
em W7 BN (B R ), e 75% S BEEAT 3R T
M # 30 s, H2 H 0.2% HgCl, 7 # 9 min; 2 25 H
0.2% HgCL, {4 7 7 min; " 2% NaClO 4 7 3 min,
T35 5 JC B K whisk 3~5 WUm 3 A4 B 2 A
Br R A JT s B Ja — Rl Bk 1 0 TR K Uk A TESF AR
AR X R 15 d A T TR AR AR K RIS ) .
P A T 43 B O vk ok 41 210 Rk R 4l L
TR b B Gy Y 20 SURR B N NA B R B R
TE(28+1) ‘C TR IR, bR 2 d M — K. KN
A TR R RN 2k 2lifb J5 4 COR AT 45 H
1.3 HEHEKRNIEIE

K FH TR 22 A AR AR, DU N ke 1 TR WL 1) T
M Ak BN, B 3 R E A, I o B R LA TS
W%, SPSS 18.0 M40 #r. AR ITE AT .
S IR EITE H AR — WAL R

X R AV AR

14 BERESTEE

R 5 R AR WIE S E TR S . e
W RE S PN A 41 42 S PDB RS 37 JE P (26+1) °C
160 r/min =% 85 5% . AL A B A H ARG
FR 2\ 7] 4 72 Y Bio Tekecat#DP2001 40 B %5 4 41
DNA $2 B ) & (850 A ) B EURE 5 DNA . DL
HUAY 4 7 DNA FE AR, R 2 Tho g i Y3 1
51 E4T 168 PCR P14,

% = x 100%

®2 5lMF5
ElL7EA SIHF(5'-3")
27 AGAGTTTGATCCTGGCTCAG
1492r GGTTACCTTGTTACGACTT

PCR [ W A& FH 50 wl, H i &% 2xPCR MIX
25 pL, ddH,0 15 pL, 51 ¥ 45 2.5 pL, 3 FH 41 DNA
5 wL. PCR W 2140 94 °C, HiZE¥E 5 min, LA 35
MEFR 94 “CAEME 40 s, 53 “CiH K 60 s, 72 °CHEfifi
90 s, FeJmi VA 72 ‘CHEMH 10 min, §" 84 P2 M1 7E 1% B
NEAREBE I b 435, 80 W H 1 T3 T g yk ',
1.5 FIMNESIEE

H A7 B 5 254 19 PCR =y 470 7 (A8 T 4R
Yy TR () By A BR A RIS ), 7 51 I 45
e H 388 43 B R I BLAST (hitps:/blast.ncbi.nlm. nih.
gov/Blast.) # 17, MEGA7.0 (43 ¥ 3 4k 38t 1% 43 #r 5K
)L RGE KB
1.6 HEMEREFEGMHRL
1.6.1 EXXE

1E 22 50 % 1 S BR R O I A5 Oy ik, 4y B 4
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PUF (A) 2 B (B) (B EEF (C) \MgSO, (D)4 A
R 3RPRE AR, 2R WK 3,

®3 L(F)EXRBEERKTE

IR i
A B C D
1 0.5 0.5 0.5 0.05
2 1.0 1.0 1.0 0.15
3 15 15 15 0.10

1.6.2 R EMHMmA

DAL AL 5 1 & e b 5 56 Sy Sk, R D H b 4
PURMRTEA R 5T AR MR RBOR . %
‘Bl hf pH 5.5.6.0.6.5.7.0.7.5.8.0.8.5.9.0 2 8 /4~ 4k
P, HAth 25— 20, A5 T 28 °C 180 r/min 15 37 4
o, R A R AR B Al A A pH (E . IR B IR
¥ 20.23.26.29.32.35 ‘CH 6 AL HE, B3R 4 d,
A A TR A0SR | B A al B SRR . R R R
] 12.24.36.48.72.96.120 hdk 74N AbFH | 15 5%
e A 0 R A8CR |, A i i I T

2 ZRE55H

21 HMBNEESIBER

A6 A~ 7 b T BEAE R A R 31 Bk N AR,
Forf 28 BRAHTA 3 AR FL I AR 22 A5 31 131 SR N AR
B, Horb o7 BRANEA (33 B EL A L1 MR B AR
3] 300 k9 AE B, Hob 219 #R 0T L 88 Bk E B L2
PR T . & 31 507 Bk INZE T, Hirh 359 BR 40 1
145 BRELTE 3 BRI TEX S N A TR P, KRBT
MR o3 B A5 B 99 BRAE TR L 21 PR ELR L 1 RRER

DA 5 7 MRE B 77 o B A 3] 62 PR TR 37 PR LA
07 G 7 M 4y B A 2 47 RRAN T 1S BRE PR L1
PR LR B 5 H R 22 7= o B A5 2 72 BR AN B L 11
PRELT 5 205 B 7 #4325 75 31 40 BR A0 T L 8 R
PR L1 BR TR T T b AR E 7 b 3 B A5 3 39 Bk 4
T S3 PR ELTA .
2.2 FEHMEHKRBTEIE

PL6 Tl NS U095 5 A1 3 A = i UL 3 A
SR N TR 35 AR AT 9 AR 2 EL A I TR TR R 0 N A
FEPUAH T, o 3 bk N AR R TS R R 3
BR10.BR11 .BR26( % 1A),
22.1 AR 6H AR B IR N GH R

3 A0S PN A B X 6 A N S B Y R
RGO R4,

%X 4 BR10.BR11.BR26¥ 6 A SFEFIME X

BRIOFIEE  BRITIIEE  BR26INE

9 ST 44 B (%) (%) (%)
(x+s,n=3)  (x#s,n=3)  (x#*s,n=3)
Fusarium solani 22.17+0.02  32.19+0.01 16.98+0.01

Botryis cinerea 21.56+0.02 43.26+0.02 33.08+0.03
Cylindrocarpon destructans  14.25+0.03  65.13+0.04  54.23+0.05
26.26+0.04 43.38+0.04 23.87+0.04
35.86+0.02 57.44+0.13 33.76+0.07
12.43+0.04 70.48+0.05a 45.91+0.11

Alternaria panax
Phytophthora cactorum

Rhizoctonia solani
RE A A T R 6 Tl N2 UL BUW TR A B AL
R CE1B) o 8 Pk BR11 % 3 5 4F , X Rhizoctonia
solani 1 ) T4 % 7] 3K 70.48% , ik 7 W 3 #5076
(P<0.05) , %I Cylindrocarpon destructans [ 3 B %
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65.13%, X} Phytophthora cactorum [ I B
57.44% , X} Alternaria panax W 7 >R 43.38% , X
Botryis cinerea A 1 T 2R 43.26% , % Fusarium solani
TR # 32.19%(F 4)
222 MmF3IFAHR AR DGHE

3 A0 E B P A 0 TR R 3 P AR S A R B 0 B
RGNS

&5 BR10.BR11.BR26 ¥t 3 FwEEHHIME X

BRIOMIE BRI  BR26IME

9 S5 TR 44 R (%) (%) (%)
(x+s,n=3) (x+s,n=3) (x+s,n=3)
Sclerotinia asari 34.24+0.03  92.41+0.02a 39.46+0.04
Puccinia asarina 24.54+0.01 22.07+£0.05  28.74+0.03
Mpycocentrospora acerina ~ 37.47+0.02  34.98+0.01 36.47+0.01

T ¥k BR11 [6] BE 2% B B & , X} Mycocentrospora
acerina B H 2 N 34.98% , Xt Puccinia asarina
W E RN 22.07% , % B ¥ %K B Sclerotinia asari 11

W F ik 92.41%, B A B &5 P0/EH (P<0.05)
(E1C),

PRI, A B 58 6 P A 45 Be 4 8 BR 11 AR A i
— WA A 1 A= B B AR JT 64T 0 4 R R
FAFLA
23 REMEMA TEEHERREZZLAEWMOW

BRI11 4k 16S rDNA 730 5E L R %K B 4
BT, /&% BR11 Btk 16S tDNA ¥ 84 =) 1% 4 T4
Yy TR () By A BR 2 mI T, A5 K R
1450 bp 1y A Bt , #& 3¢ % J¥ 91 M X A5 B & Gen-
Bank , 15 % 55 CP032296 , ¥1% )5 %] 5 GenBank
WP S HEAT AR 2 X, 25 R o H 5 2Rk oK B R
K 7 Rahnella aquatilis T8 #& 16S tDNA ¥ 51| §9 [A]
JEE R I8 99% ., H: T 168 1DNA R4 kK F 4r B4k
B UR, BRI I R 5 & 5% 5 2 DQ115791
MK764976 & MK601690 25 7K 417 J&L [ A 1) JE 4 K &R
i, A TFRELEBEWHE—2 L (E2), Hit,
i BRI1 /K P71 B .
KF 305404 1 Rahnella varigena 1S & 47

)
28 | hR 146547 .1 Rahnella victoriana FRB 223

9% || KF305405.1 Rahnella wariigena S0OT 210

¥ | kF308408.1 Rahnella bruchi ALN 45

. L KF303406.1 Rahnella inusitata FOD 9521

DE15791 1 Rakhnella sp. HX2

& BR11
98

e MK TE4376.1 Rahnela aquatilis DGES

MK EDM 6301 Rahnella aqustilis PFF2

KC 990511 .1 Erterobacter cloacae RJ20
100 | W 99058221 E rterobacter cloacas RMZ2

_
0.05

KY002067 .1 Streptom yvoes laurentii H13

B Z R BT M GenBank [ 51455 17 S AN Bootstrap {H.
E2 BRU1E#HZRZLZEHR

24 BEFZFGRAUER
241 BEHREGHA

PR BRI R BRI 1E 28 iR 50 25 5 L 6.

22 1F A A0 I 30 2 00 2 TR AR X A0 A A A 1
IR e IR R WMESTT R 44>
PRI 20 20 PR A998 T AT TR 2R 52 0 2 ASB>D>C
N 6 T R ARG #R FE AL LA ABLCD,, BRI A- A
1.5% %05 1.5% BEEEE 0.5% (MgSO0, 0.15%
242 BEIHRFHGMHA

SR B L1 97 3, X T Bk BRI Y 2 18 4% A1tk
A, 45 B W, A 5] 55 3% 4% 12 0092 B bk % 1
YR 0 BRI PR S A R, AN 3 TR o DR pH {E
Sk 7.5 B0 B O P A (T 3A) 5 KR IR B 7E 29 °C

BF 300 B 0 1 o, TR R AT 38 97.31% (K1 3B) 3 &
ez Bsf ] 5 2% T 00 T 3% P 2 DE A 56, 35 9% 72 hi
F5PUTE AR BRI A0 187 35 4 fe i, 7] 35 98.09% , B
Jei B A 4% 5 B TR 39 K 0B 3 M R B (181 3C)
25 F AT BB BE BRIT R S 35 4 0F pH 1 7.5
JE RIS W IR A, 29 "CE fal B IR IR, 72 h R
T B IR ] o AR AT B R R T N R I A
PEREF% BRI R BRIEAT 50 0F o 25 SR R0, b )s
BRI B RS A TRV B4 B 2% R 98.79% , . 3 (P<
0.05) K T PDB 5 37 & A& W 1) 31 T 2 92.41% , [F)
B, XA 6 Bl NS DL 35 0 2 B 40 2 1 DL 35 1)
IR — i .. RUILE & R R4
55 R T 2% A R 0 RT3 T A ) A
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®6 BEMBRILEGEFEEXRRITRABER

02 R A%
= A B C S )
W (%)

1 1 1 1 1 22.23

2 1 2 2 2 31.89

3 1 3 3 3 64.97

4 2 1 2 3 32.29

5 2 2 3 1 40.98

6 2 3 1 2 97.24

7 3 1 3 2 87.07

8 3 2 1 3 88.45

9 3 3 2 1 91.36

X, 119.09 14159  207.92  154.57

X, 17051 16123 15554  216.20

X, 266.88  253.57 193.02  185.71

K, 3970 47.19  69.31 51.52

K, 56.84 5374  51.85 72.07

K, 88.96 8452 6434 61.91

R 49.26 37.33 17.46 20.55

150
£ 100
=

5.5 6.0 6.5 7.0 7.5 80 8.5

pH
150
< 100
E 5
- LA
0 .-.I . N 1
20 29 32 35
B (O
150 ¢
=100 |
=5t ﬂ ﬂ
Sl A
0 N 1 -.I.-I I 1 1
12 24 36 48 72 96 120

W Ch)
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3 i ®
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