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Abstract

The endophytic bacteria which antagonized the pathogens of mulberry bacterial wilt and mulber-
ry bacterial blight were screened from healthy mulberry leaves, and the biocontrol mechanism
was also explored. The endophytic bacteria were isolated and purified from the mulberry leaves
which were strictly surface-sterilized by conventional methods. The antagonistic bacteria were
screened by the inhibition zone method. At the same time, the organic solvents were used to ex-
tract the products of the strain, and the active substance group was analyzed by the inhibition
zone method, and the types of active substances were qualitatively analyzed. Results showed that
7 endophytic bacteria were isolated from the three healthy mulberry trees, in which 3 strains an-
tagonized mulberry pathogens, and the strain numbered 381 isolated from 9703 had the strongest
effect. Based on morphological, physiological and biochemical characteristics and 16S rRNA se-
quence analysis, the strain 381 was identified as Paenibacillus polymyxa. The active bacteriostatic
substances produced by strain 381 existed mainly in the fermentation broth and could be effec-
tively extracted with ethyl acetate. Qualitative tests indicated that the active bacteriostatic sub-
stances may be alkaloids, flavonoids, diterpenes or triterpenes. At the same time, qualitative
analysis on the plates showed that the 381 strain could produce organic acids, cellulases and pro-
teases. The results in this paper provided theoretical basis and reference basis for the pollu-
tion-free prevention and control of mulberry bacterial diseases.
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. LRFHERTENCHERIEFHORNH P oS g WAR, RAMEBSRERDE; R
FHHBEF SRR ETY, NEBEOEEYREELR, FettatriBEtEmRfE. 418
> MEABAERENH A RO ERB7THRAESE, EH3RRAERAZRMNEERENER, 25 H R
#9703 K145 N381HBRIE I MR B . &5 AT A F A A B A LLRHE A K 16S rRNAFF B & e HoA
L iR F MU (Paenibacillus polymyxa) . EHE381=ARIIEHEMNEM R FEFLAT KBEF, THZ
BRZEEARFER. EEEEeRAFEHMEDFRTREEDR. B, ZER=. PR EESTE
AER3SIAF=AEFHER. FLERBAELOR. HALEFENRZRAFIEREFELAFHERAEBERMAMA
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1. 5|8

YR F AR A FER R —, FERBRIEMEKEE, BT EMRE, SR7E
HECRE T . Aol A= b, AR 2R P i 5 1 E k77 10, (H A A& BT A 2 B
R AT, WR R R PTG . RS YT O A 2RV DL s B R R AR (1] [2] [3] [4].
bEE NI R EAR DUACR P e 2 ROR B AN BTG o, AYBiia 2 2] 7 = N MED RS TAEHE R EM. 7
HEYw T AT G AR BT R — R E B R R, AR 2 R AR s A BTG R B R

SHTE TR AR R 5 AT AR S AR B TR SR TR S B AR B IE H [5]-[10] AR A B B A BIAEAET 2
REARDE R, BhamE . UGN R 4 XDw R EH 77 X2 SRR BRI RS B
AR FE B A FSRIE 7 SIS e 2 M B G PUEY W S mE e DA w, FEAEFEAER
(Bacillus)~ L3 B )& (Agrobacterium) R 5. M0 J& (Pseudomonas) 1055 K J& (Serratiabizio) 1A K
B J& (Burkholderia) 1 2% ZF #3 AT 18 J& (Paenibacillus) 55 , . 1 UL ZF 8 FF B J& (Bacillus) F1 18 9 1 &
(Pseudomonas) 1A= B 4N B B 7 SN FH B 22 [ 117 [12] [13] [14]s

A7 A TR T ORIE B E SRR X G 4 AR PR L A T AR s g DA i RRAE A ZH A N B (N
AR E 2N IXI[15]. WAMBEEEYENEE. %5, 7TRGEH 0 THEY AR BREE N 5
TEEVEAR RIFRIEGR, ARLBNEFRMIT, HZ2MMALRRRY, Tk LR
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Wi o SR EARF R A P 2R A TR RO R 3 AR I iR b — SR P T RE F) B R A 1

SRR E R LR ATAR, B TAFRERINERAEENZAH T WEAR RN E. &
10375 S B9 AN 375 98 16 P 14 22 R SR 40 18 288 25 36 A PR 0 SR OB A I 0 Ao BELR 3% BRI R
LREIGZ —[16]. HATSRBHRH FIBTIRERE B PUvE s R4k, BB AAR G, Hoas R A G AR 2
PREEN TR ARSI 2B, SR Rl SOV

AT A FE S oh oy 10 B0 P 2R S AR, DAS R M S T R0 S R 9 RN TR, MAARK
EMIIRETR . TS RAEBAENSRIR . 27D A E AN TEN T, PRI S A A 40 R0 S840 1 195 it
W IPURAE T R S0 AR R SR, B R AR 25 BT R 4R it — @ B it BEWT
IR A AR 53 BRI BTG e, A AT H A M R 57

2. MMEFHE
2.1. SEHHHY

2.1.1. HIARKHEE
FEMRWEIRE T 5 5 /Ni(Ralstonia solanacearum race 5)FZ 5 IR B T 75 B S0 MO B 53
WAL Fh(Pseudomonas syringae pv. Mori), ¥4 HH A LR RF =Bt 20l i 55 Bl SOm 0t 78 = 4R 41

2.1.2. iR EH
K [ o ARk e e AT 9T K R SR AT S5 [ ) S (Morus alba L) E(50FP: 9703, W15 2
SAEFAF) . BEMCRAEE T A B8 % D b A 920 5 34T ARG 2 .

2.1.3. IBHE

KB 57755, PDA 55732, GYP Biiks, NB Hioedd. IRATRRAR — IREE R E(BE A 2.0 g, NaCl 5.0
g, KH,PO, 0.2 g, HiZj K& 10.0 g, TfIF 6.0 g, IR H YA 1.0%/KIE W 3 mL, Z&1#7K 1000 mL, pH 7.0~7.2),
HIELA ARG R 95 3 (B A5 5.0 g, Bi&HE 5.0 g, K,HPO, 5.0 g, 7EM87K 1000 mL, pH 7.0~7.2), WERSEREE
R R TR (A NE 10.0 g, AR 5.0 g, TWAHMRHN 1.0 g, ZE18K 1000 mL, pH 7.3~7.4), BJREEF*
FEEAM 5.0 g, WK 100.0~150.0 g, 7&187K 1000 mL, pH 7.2~7.4), ;P WL F=ECE P 6.0 g, B
RHRE 1.0g, EAM 1.0g, MgS0O,7H,00.2 g, CaCO51.0 g, WHMHEERME, g 15.0g, Z&M/K 1000
mL, pH1H 7.2~7.4).

2.2. EHAEHERN S BEMAL

RERAR B A L TSN E A S = PR BERSCASE T, R 2R TR VRIS, BT RS BY R 5 om x
2 cm (B, 1.5% R IRINAT 75% LB UCR TN 35 5 min, B JERKETE . £k B REBT
BT R 1 om® 24T /NI, IHEE PDA 53R 56700 L, 28 CIEIR S MF FEiFR 3~7 K. KA P HiL
G I R R ZE N 23T PDA B 9R3E T b, 2kl Baife. IREE RN, S, Bt
SEHHAT YL, U S B ARG S R BUORAE - R R JE — KT BRI B K IRI T PDA 5 9R 2, 8597 J5 0T
Ak, BRI BRI AR

2.3. RPREEHFEHEKIGZE

K F 9 T A0 P ZE G R 23 S50 KB AT PDA B8 9728 i AL 12 ho TER/KMBEIR R B -TA, 3RS B
W XS0 pL FERIRAT T KB B IRAE o g P9 ARG IR R AR B A S A0 SR T AR, 37°CHEI B IR 24 h
MR EE R, JFTH SRR R B B AR(17]. XTI B EAR = MnEES - WEER.
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24. REERENEE

2.4.1. REFERERRSTIERER S (HFE

S8 (YIS (1815 % A N A RS PL R 7E PDA Bi33E FREFR(37°C, 24 h), iEEREIIEE.
gt FERESE, Ot RS N SR A A 2 IR O R SR e e N B fE e K. TR AR
GeminiSEM 300 kG A M 7 BB R WA RES. S CE AR RGEE T M) [19]0 5% K
WA FE G HEAT AR AR AL S R 5E

2.4.2. RAEIEHIE 16S rRNA S FEMFLEE

¥ BRI E NB BraR B R%55% 24 h, KA i T.(Sangon Biotech) B Coit: B4 4t B Jik [K 4H
DNA #HCAF @I A M 20 DNA. DASREUZH 2L I 4 DNA B, (@A 5190201 (BS54
5-AGAGTTTGATCCTGGCTCAG-3’; Fii#51#): 5°-GGTTACCTTGTTACGACTT-3".)¥ #E 41 16S rRNA
K. 50 uL (IR NAR R: DNA BB 4 uL, 10 uM 54974 2 uL, Premix Taq 25 puL, ddH,0 17 pL. PCR
N A 95 C A 4 min, 94°CAFME 30s, S0°CIEBK 45s, 72°CZEfH 1 min, 30 MEHJE, 72°CLEfH
10 min. HY 5.0 uL PCR 4T 1.0%EE NEBE &K F iRy 38 2405 . PCR 97 3 P W) ZEH WL i Fe A= DR
AR T HEATIA . B3 16S rRNA JE[K 75 7F NCBI 34 )2 b AT Eont, T #k R e 1, R
MEGA (version 6.06)# 1, i N-J ¥E#E4T 1000 PR [20], WERGIKEW.

2.5. RERmEIHRREREEE D055

2.5.1. FEIMERFHE S

PR T AR REE . M. AVIERSE — RINVYTORBEA E A0 ZE#, Mk B30 B 192
e

FEAHUR M B AEPUE AEA A WL R R 5 TR b, 37 CHERIER 9% 4 d, MR AT 5 01 [4 AR
k.

FEAFYERBE AT S DU S 5 0.5% R FRELF4E 210 1000 mL () GYP 85723 |, 37°C
FRIERE IR 4 do BEFRMAINN 0.2%KI R YBIR K HE T8, 40 min JE{RH AW, FHIIA 1 mol/L NaCl i
115 min, MR A HEORFEME[21].

PR ERE T BRSPS R AR b, 37°CR IR 3 o BRI I N AR R R S VA R
KT, 30 min JofEHEAER, WS EEEVE. 5955 1000 mL ] GYP £ 358 (pH 6.0) I 8%
50 mL F A VAR 21]

2.5.2. FEHEMGIRRRRE 5

1) SBT3 BoA HLEE BRI B 2 A

I PURE AT PDA AAR: 7236, 37°C. 120 r/min I35 1557 48 he 5000 r/min ¥ 250> 15 min,
WER R . R IR . &bt SRR OEE . 1E T B DUFPAE HLIE 7 3 BR 2B, WER A LA
YBT3 0 B A HURAKA & g i 28 %A 50°C IR ERAE 2T [E AR — R ORI R R — e W B
2 0.22 pm FALIEMERR R 5 45 H o SR A BELR V70 A 25 A EUBLER UV S IR B A B R, I
SN PR 5T P A B B

2) U5 PEAEECER U E P A

VIR BBV IR R BRI W, A R PTIE, WA A

TG IREUIEROINK, BN 3~4 ¥ 0.2 mol/L BEERERAIR, SO —H.

=i SREERTP IO LI, BAETHE, A TR EA =,
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T %

W SRBUE I LIE 0.25 mol/L BEBRALAE, A B i 2 WG IR 17 1E .
3. ERE5 9
3.1. ERRHEFREMAEN Y B4

T A AR G oy S AT VR A R B A B R R Y 7 BRI AERTE, A RS A 9703
R 3 BR(rAldr 44N 371, 381 A 391); BFAES R4 EH 3 BR(rAldn 4N B1. B2 F1 B3); %2 5
B 1 AR(f 44 9 CP1).

3.2. REHREEOEREKIGE

PSSR S5 R AR R, XA BRI 7 bR AR AT RSB I E . A5 R 7 MRIN ARG A
3 PR(381. 391 Al B3)E ARG MIAERN, 1dm'5 4 381 B RO A (B 1), 381 X F i kb
93 JER AT P40 A B SR, R A A P ELARTA ) 8.51 + 0.75 mm; R S EI 0 TR A R 40 b R AR X S, M
Yo 4015 Bl EL AR M 5.74 + 0.26 mm.

Figure 1. Antimicrobial effects of strain 381 on two pathogens caused mulberry
bacterial wilt (a) and mulberry bacterial blight (b)

B 1. NAEFERE 381 MR B (2)FIRER(b)mRERIHIZER

3.3. THEARETERE 381 HEE

3.3.1. WAERHE 381 ST ERAE FIE

HFk 381 7£ PDA B9 FAEK BIF, 37°C FREEE 20 h BI A 5B B A B T4 (81 2). AN TR &
FEBKEAR, ENAAEREETY, REREE, hohiiE, WS, WARAZPE. 10 x 100
R RME T, WK, F2 G E 2N, RRIZEM(E 3). B BA0E T WA iR A
WkEaE, BAPIR, um R EOE, RUEEH R RS, K/ 0.8~2.3 x 0.2~0.3 um (] 4).

AR S R A R 1), PR 381 RERI RS, HEREE. Z AN, WAL SRR iR
VEARER . WIHRLL SRR 45 IR R, S5A MR BESRIGnTHERT, PPk 381 TDRERE R A MR FE A0 AR
FRVEAR S =)o V-PIRE BN, TP ASERIE S5 S SRR TE . B 4 5 bk 381 S—Fh A HIAT A

3.3.2. RERRE 381 WARSGHL O

PLE PR 381 RYEKI4L DNA ftR, FI4HE 16S rRNA 8 51447 PCR §#%, 588445, 7~
YK/ 1500 bp, 2k s M. PCR 38 =& Wil A=A FRA = P70, A3k 381 19 16S
RNA ZE R FHLEK N 1431 bp. 7 AL ZE NCBI K 741 43 M Wb 3E AT BIVEPE /04, FRig S FoAH
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Figure 2. The colony morphology of strain 381
2. RAEFEE 381 WEELS

™~

a b

Figure 3. Gram staining (a) and spore staining (b) of strain 381.
(Red arrow: Gram positive; Yellow arrow: Gram negative; Magni-
fication: 10 x 100)

B 3. AEBIE 381 WEZRERQFMFRER®DL). CIBE
3. BEMAM; mEfisk: FZRAM; BUKEE: 10 x 100)

EHT =5.00 kV WD = 7.1 mm Signal A= SE2 Mag = 10.00 KX

Figure 4. Scanning electron microscope photograph of strain 381

4. WNERE 381 B33 E FEMEBER FH (x10,000)
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Table 1. Main physiological and biochemical characteristics of strain 381

F+ 1. NERSE 381 WEEEIRELHHE

D5E FaAR Ttem test 459 Result
WERE Sucrose +
H ¥ Mannitol +
2B Maltose +
S Z=H% Rhamnose +
V-P 5 V-P test +
W1 Gelatin .
FLBE Lactose +
FAILLT Methyl red
VETHER Nitrous acid

VE: 4V ABAMERBL, ‘=7 BT B Note: “+”, positive; “—”, negative.

FFAIRIER, K N-JEWE RS BN IRIEH L 381 /£ NCBI 24 & | BLAST 4558, B 51t
)& Paenibacillus A E 5 W RIJRME . 115 5 T LUE B, Ak 381 585%5 9 NR 117729.2 I¥] Paenibacillus
polymyxa strain DSM 36 BN T8 — MR /MR 233, HIEEYE Y 99.65%, SRR Rk

MRIGTE PR 381 K] 16S tRNA [FIJRIEDHrE R, JFa & KBS, T””Hiﬂi 381 A%
MR RN B (Paenibacillus polymyxa)o

55— 381
| Paenibacillus_polymyxa_strain_DSM_36_NR_117729.2

41 Paenibacillus_woosongensis_strain_YB-45_NR_0.43229.1

Paenibacillus_sabinae_strain_T27_NR_0.43729.1
62 { Paenibacillus_faecis_strain_CIP_101062_NR_145888.1
95 Paenibacillus_phoenicis_strain_3PO2SA_NR_1108292.1

Paenibacillus_wulumugiensis_strain_Y24_NR_136854.1

100 Paenibacillus_campinasensis_strain_324_NR_024857.1
{ Paenibacillus_campinasensis_strain_JCM_11200_NR_112162.1

Paenibacillus_uliginis_N3/975_NR_117012.1
43 Paenibacillus_provencensis_strain_4401170_NR_044179.1
—53: Paenibacillus_terreus_strain_D33_NR_147741.1

Paenibacillus_polymyxa_strain_IAM_13419_NR_112117.1
 — _polymyxa_ _IANV_ _NR_

64

40 92

[ Y- I Paenibacillus_terrae_strain_AM141_NR_025170.1

Figure 5. Phylogenetic tree of strain 381 based on 16S rRNA gene sequence
[ 5. fkIBREFEE 381 89 16S rRNA EEFFIHEBENRZE L BN

3.4. REFERE 381 HHIRREERE DL 5

3.4.1. RAEFERE 381 A4S
Pk 381 AP HLER . R ARG AT 4E RBFS Y, B2 E A e 4 T A B (i Ak 381 X2 R A
AP B A A R A A R, 3B SRR A K (F 6).
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Figure 6. Identification of organic acid (a), protease (b) and cellulase (c) produced by strain 381
B 6. MEFEIE 381 FHHEL(2), EARSb)MALREG ()T

3.4.2. REERE 381 G RIFREE Y

1) WAFETTE 381 AN [EA HLAE B =4 (400 1 0UR

Fikk 381 REFRRIRZATHEE. — & F ke, ZMROBs. 1IETEURAHAER > BAER, R
RN SAFIE PP . 40 mg/mL HLFEP A0 B i ME E 45 R Bon(k 2), LR ZFRAAL I 5K
FRHBR W%t S0 R B s HH PV ER s 1, P DADD A S T iR 381 P2 AR 1F F A R AZAE T LR B A
FKAH

Table 2. Antimicrobial effects of crude extracts in each organic extraction on pathogens

2. BENEREARRYHRREINELR

ek — = e
Petroleum ether Dichloromethane N-butanol Aqueous
Pathogen Ethyl acetate phase
phase phase phase phase
HETA S B . )
Ralstonia solanacearum race 5
TR AT R BOR A
Pseudomonas syringae pv. - - - + +
Mori
W T BB, -7 TR . Note: “+7, antibacterial activity; “—”, no antibacterial activity.

RIE—IPIGUESRIG 45 B, B B IR A5 TS B R ZERARFN KA B iR 381 P2 52 i 0 v v
Yo IR CERAEFLERITE MR BN 40 mg/mL B % 3% 75 ko3 I S8 903993 Jirt 1 1A 900 Bl A28 233l 3.27 051
mm Al 2.54 £ 0.29 mm; sKAHSRYITE [F]9 Ao e S8 75 Al R0 S 28 90 1 Do I (190 4710 1 el LA 90 ) 5.02 &
0.40 mm 1 3.47 £ 0.51 mm (I 7).

2) LR LB AN KA $0 4 5 s P AR

LT TR ABFN AR TR ) o 4020 e A ) & SR 2% B IR 2L T8 A HH RS H00 B A FH B0 4 J5 0T e D A el
B B s R (% 3 R 8(a)); AR A R B TR AR FH I 5 T RE D = SR (e 3 AT 8(b)). FAk
() IO P IS RN 45 ) 5 S s S 3 it — 20 B

4. g
Z K5I ZE MU B (Paenibacillus polymyxa) )i 8 % 45 ZE f K B (Bacillus polymyxa), &2 2 R 15 J& 145

U, 2 — R BORT RO SEIR T [22] . 2RSSR FAT BTl P AR PR R L MR BERSRSE 2 MR
JREL AN A T AR BT R P AR L BRI SR R R K, SR A — R B
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Figure 7. Antimicrobial effects of crude extracts in ethyl acetate phase and aqueous phase of 381 strain on pathogens. (a)
and (b): Antimicrobial effects of crude extracts in ethyl acetate phase on pathogens of mulberry bacterial wilt and mulberry
bacterial blight, respectively; (c) and (d): Antimicrobial effects of crude extracts in aqueous phase on pathogens of mulberry
bacterial wilt and mulberry bacterial blight, respectively

7. ZERZBERBAIK AR IR RATRREMIESR. F(b): ZERZEBEMREHBRIRERKERE; (o
(d): KX REHFEIREFHRER

X AW W mE R =i

(a) (b)

Figure 8. Qualitative tests of bacteriostatic substances produced by strain 381 in ethyl acetate phase (a) and aqueous phase
(b)
[E 8. ZE& ZBEHE () F7K A8 (b) HDEH BT AY ZE M AE T

Table 3. Qualitative test results of bacteriostatic substances of strain 381

3. NERERE 381 HIEYREMEMLER

LR OBEH g KA EES
Ethyl acetate phase Result Aqueous phase Result
AW Alkaloid + P8 Alkaloid
#if Flavonoids + # Flavonoids
1 Diterpene + 1 Diterpene
=il Triterpene - =il Triterpene +
VE: ‘4T RREBEWMR, ‘-7 BRAEHMF . Note: “+”, substance; “—, no substance.

HEFRAAR AR, TR PR I [22] [23] [24] [25] [26]. AR, T HAEM YR bR e b ae SR Xt 56
B E R ERR E, NER A RTE R A, O N TR AR . 95 E IR E (EPA)
K BB A PTAER DY BRI MEY 2 —[22], W3R E LMV ERE A il e 4 5 1 — R P . (HI2 2R
AT R AR S S0 P AR B R T ST P 5 0 AR B0 Y TR AR DG T R WARGE .

AHIE TN A it ot 3 SRR i v 43 B R A — RO 3 7 R P SR 03 0 i T LA IR RS B E A
AEANTE 381 Bibk. 454 381 WAKTEASHRE. AFAEELL AT 16S tRNA MRAKE ISR, ¥
381 BMRSEE N R IERIAT B . SE0 N = PP B Sy p A A5 2 7 PR cEgEE, BEA R, X
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HRE S AEARIEH LA OC . AR Ja — UCR ISR S KPR A BAVERT I, A R R B AT 55 77 B AE T 4
I P AE AR I AR N IR AR A B R B N TS S . PR 381 BR TN R
FAI AN S BEI JR I AT — S B ORI, BRI « A% TR 5 BRI 1 <5 AT B RO 4 £ FH (5
SCRUR) . AT FCIAR 45 RO ] 22 R S8 28 A 1 AT S A0 B PR A V0 35 B ZE B VR B0 T Skt
fiffo

PUEE TEV AR B BT B AR LB E FT RO it gk, PR, S5 5IhREMR AR, P54
SMAE AR SEPR R I OCR . WIPR 381 7P AL (T MM B Y0 A7 A T AR, T LR LA AR L
(B 8 B B MR AEAE T KM b e WP e Ve M P LE O ST mT R ARk, SRR . il B =il
RIS PHGE PE T o 381 BARAT AN 2P 4ERBEM e M. V0. SR il A0 = s
Yo¥siAr — s I HI[27] (28] [29] [30]. ANLERZ —REARMIEMALEY, WiEd RS &k
T AN A R I A B T AW AR 1A A 5 S AR U IR AR 2 A T T R 4 ARG
ARG KR E AU EE, MBS . AR KR4 R, SRR REE H Y.
R AR IR 381 7 A (MG IS P B A 2 ek, st ) Pl R4 PR X 2 b B 2 2 4 £ P

ARSI A AE S I 3 R PR AT S0 S R A A PO T B AR AR, T B RS VE VR AT 4
381 G AR S TR AR LA L A SR P9 AR S SRR R S K mhoxeh SRR 5 (1 Bl 42 38R e B P L
SHAMAYNERE R SRR IS PEY R RS 7 D SR WA
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