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Abstract

Plant endophytic bacteria played important roles in plant growth, biological control, stress resis-
tance, biomedicine and environmental protection. In this paper, an endophytic bacterium with
broad spectrum resistance to many pathogenic bacteria and fungi, named FFR3, was isolated from
the root of Saposhnikovia divaricata (Trucz.) Schischk. Based on the morphology and 16SrRNA
molecular biology, strain FFR3 was identified. The morphological effects of strain FFR3 on patho-
genic fungi and the characteristics of antibacterial substances were also studied. Results showed
that strain FFR3 was identified as Paenibacillus spp. which had obvious antibacterial activities to a
variety of pathogenic bacteria and pathogenic fungi, such as Erwinia amylovory, Xanthomonas oryzae
pv. Oryzae, Bacillus thuringiensis, Staphylococcus aureus, Pseudomonas syringae pv. Mori and Scle-
rotinia sclerotiorum, Rhizoctonia zeae, Fusarium moniliforme, Phytophthora capsici, Botrytis cine-
rea. The extracellular substances, produced by FFR3, destroyed the cell wall structure of patho-
genic fungi, caused the mycelium to dehydrate, shrink, break, ring or u-shaped ring, and shortened
and thinned the mycelium, so as to inhibit the growth of pathogenic fungi. Using Staphylococcus
aureus and Pseudomonas syringae pv. Mori as indicator bacteria, the antibacterial substances, ex-
tracted by ammonium sulfate, ethanol and different organic solvents, were preliminarily deter-
mined as proteins (or peptides), alkaloids or flavonoids. The proteins (or peptides), precipitated
by ammonium sulfate, showed excellent heat stability, which could remain good antibacterial ac-
tivities below 80°C. After treatment with protease K and trypsin, the antibacterial activities de-
creased significantly. The antagonist could exert its excellent activities in the pH range from 6.0 to
8.0. Paenibacillus spp. was an important biological control microorganism of plant diseases, which
had broad application prospects in the fields of environmental pollution control, food, medicine
and so on. This study provided a basis for the further development and application of endophytic
bacteria and Paenibacillus spp.
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1. 518§

R E R EERAEP M ERREL —, BMEREMEKRS, SR RRIE, SRS ERE X
ZoiraR e, WERR A AR PR ENROEE TR, FASCERE RN, KRG RS
8 FEL R PRI R 575 e« AR 22 REVEBREER 95 S T 0245 M R, L 7 R I 58 41 T i At D 25 1] 2]
[3] [4]. B AN TFRAREH DL A i3 S B AR TR, D6 2 5 7 R RSP T (B, Mo
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IEEARBNELF . &P AERTET . X N SRR MAE AR 252 B FH bR [5]-

TR FCRR TR, B 2R A AR S A B T A R A AR 245 I TR = B AR TR 5] (6]
[7] [8] [9]o HANEBA KAL) 2 PR FE. Bl R, RBNGIE A X IR EH T A 4%
FROARE s, AL BN R AR 25T R

T A 25 T (endophiyte) & 45 IS L6 75 FL A= 3T 52 00— 5 [ Bl 85 4 Bl B B A 0 T i BR A ) & A 2 230
SE N, XAGHEEY YRR ERMAEY), e SEY B P SRS R[10]. BHAT, N
AERZ AR — VRIS EME YR N I AR . SRR AE R . AR TR RS RE[10]. WA TR R A
FAEY A RS A, B R RErE ARG, MORIE BT PURRFEER, HhntE YKk
AR FSE[11]. MDA A P2 AT 2R B AT AU =4, AR Z . MR R 5
Ji TR A EE AR I[12]. (EAEY) N A SEM BRI A priditheR, faE . ZERAIIL A,
BT AR 2 TR R EEX R [13] [14].

Bi \(Saposhnikovia divaricata (Trucz.) Schischk.)J& T# TR 1. X1 HHAEW . TR BB
Y, ZEAERAR. P RMEEEARITRE IR KIREYE. XBEFE. Bl REETh R B Im AR 78 1Y)
RN, WA R 7B AT PLVR T RABE G 28 BRI 2+ B I8 Jl L 48 &5 G 1 e

A FER T 000K B 2= B 7 RGN A A TR AT 0 25, AR O 126t — ot 22 Tl JE 4 8 A
JRE B BADOGIEDIER N AR, a4 08 FFR3, JEMGRUZEMIMEEFR . TR K& T FNT, T
g . RMBBREDUE . CREREU. ANFEAHER AN FFR3 MIAMITEYI, DL B (% &) BR R A
T AR AT R EBOR MO TR AR, N AN TR SR BT 0, R T IR R,
RGE AR 25 T R A — 5 BB AR -

2. MRS RE
2.1. kAR

YRR Bl A(Saposhnikovia divaricata (Trucz.) Schischk.), K H 2 #5445 T IM 5% By B 2 04 2R
LR}

WWIRE W : AL (Sclerotinia sclerotiorum)~ KA 22 1% W (Rhizoctoniazeae) 5 TRk I B (Fusarium
moniliforme) FEMUZEFE(Phytophthora capsici) /K7 4 (Botrytis cinerea).

TRIRYATE : 2L K90 B (Erwinia amylovory) F& 5 ¥ 0 1 7K FE B9 22 # (Xanthomonas oryzae pv. oryzae)-
I G AR R (Bacillus thuringiensis) 4 8 (08 % BR 18 (Staphylococcus aureus) ] B S J AT 18 S B0

AZ T (Pseudomonas syringae pv. mori).

2.2, BEFE

LB Kidk: REAWR 10g, MEHRE Sg, &M 10g, 35 15~20¢g, Z1E/K 1L (pH 7.4).

PDA #3755 S8 200 g, HIM, BE@EUI/NE, INERZAE/KED 20 min, VUZE2DAEIE. 8K
RN & RE 20 g, B 15~20 g, ZETM/KEZA A 1000 mL. pH HAA.

NB £ 5755 4-E 3g. EAME 10g. NaCl5 g, Zi#/K 1000 mL (pH 7.4~7.6).

KB £ 975 EAM 20 g, HIl 10 mL, K,HPO, 1.5 g, MgSO,7H,0 1.5 g, 7K 1000 mL (pH 7.0~7.2).
T T A B AT T SR BUR A R 5 5

2.3. REAREHRAITHE
B B, LK R T B Y, DK 3~4 em K/DBE, 1% 0GR RINE IR I 2 min J5, JoREKT
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W2, FH 75%B21E 2 min, JCREKMPEZ IR, MRIEEE TIEERIETREKS, YK 0.5~1 cm
KB, UIms 2, I mEHT PDA “FAR . 28°CRiFR 3~7 Ko IR 23 MR A 12 A K 1 mT PR B 40 1 7
W%, HEHT RN PDA SPAGEAT ALY . A0S R R T PDA Br 2R RHHT, 4°CUKFE T ORA7 & . o
— WA 44N FFR3 (B FRE W07 5 H T 555 .

U J5 — B VR TG K 100 uL iR AG T PDA ¥Rk, 3R fa LA, RMUMRKRMMERED
TEBR, 0 BN T KRR N AR 4T

2.4. N4E4AE FFR3 WL E

24.1. BRESHEE

¥ FFR3 $200T LB WUARE SR 3L, 37°CRE¥% 84 9% 24 h J5(120 rpm), HL 250 uL BEHRIMARI &4 3 mL
LB AR TR I B SR, IINGEMIE fr, B D% 3 5 E 4 h 5, B TRIR T 37 CHRH577(30 rpm).
24 h AL 72 h JEEUHAHARICH, ZurTile. e JEREE. BK. TR PSS, R T WS A
MRS o

24.2. PFEYFEE

KT FE A2 DNA S0 SO AR R A =) IA A H B K4 DNA, 6 @A Fi
8F (5-AGAGTTTGATCCTGGCTCAG-3")F1 il 1510R (5-TACGGYTACCTTGTTACGACTT-3")5| ¥i#k4T
PCR ¥ 1. 50 uL PCR ¥ 11K %&: 10xbuffer 5 uL, dNTP (10 mmol/L) 1 pL, L R#FSIM& 1 ul, 4HHE I
[A#1 DNA 2 uL, MgCl, (15 mmol/L) 0.5 uL, Taq i 0.5 uL, ddH,0 39 pL. PCR M &f4: 95°C Atk 5
min, 95°CA8M: 30s, 60°CiB-K 30s, 72°CLEfH 60s, 25 MEIF, fix)a 72°CLEM 5 min. PCR § =44
135 i b A8 12 Fh, i v ) 5 234 v < 20 3 AR DB IR W) 58 B A o

BRI A% FFR3 1] 16S rRNA JE[KI7E NCBI £04  HH AT BLAST LU, i 57 41 o de B [RIa PR
1%, KH MEGA(version 6.06)3K 4 £ 71 ] neighbor-joining y2:44) & R G M1 R G K & HAL

2.5. FEZHE FFR3 B850 o4

2.5.1. PR RAE RIS 53 4R

KPR AT 220 BT FER3 6P B 40 1 (A R8i[ 15]. BXUELAE 6 mm [7E PDA 55353 FAEK 24 h
f) FFR3 /INHRL, $eh 7 SR 975 IR A0 1 T 22T 1) PDA PR (T 2 B AT B S B0 A8l KB 159738, F
o), T 37CHFRM TR IR 3 d, 204 FFR3 0P SR 41 B 4 R0 5R o 40118 P8l B2 (mm) = S EL4% — FFR3
/NELEAE(6 mm).

2.5.2. xR ELE A ISR 5 4

SR PO U 73 A FER3 613 [ 0 B A0 2082 [ 161 7E PDA 15772 | LLE B P4 = 6 mm) g
O, BEES 1 em oA B =AM B A4 FFR3 Bk, 28°CREFRM TR BERE IR 3 d, 2087 FFR3 0 J BB (1400
HRACR o TR R 0 T TR ) B 2 s A A R 5 5

253, MRERENRESKE

WU TRAIRITE 75% LI P I 55 3% v R, 76 2.5.2 J5E R T, AR 307 F RHETE EL 14 B JUf FFR3
Z Al 28 CHIFRAPRFE SR 3 KJa, DU, WLmylT, SaEEnEsn L, e BT
MEH L TEAS .

2.6. REYHE FFR3 fESMTE MBI E SR

B RR FFR3 20 BIEERIAE LB K5 973, NB 559736 A1 PD 159725 (50 mL/150 mL), 120 rpm. 37°C4

DOI: 10.12677/amb.2020.94023 174 TRAEAI T


https://doi.org/10.12677/amb.2020.94023

S

PETFREGRETR 3 do BEFRMAE 8000 rpm. 4°C 264 T E50 20 min, YA EIEWFEA 0.2 pm J6 M I8 R
o PR F TG IELC R (6= 6 mm) 58 RIRIEAE HIRBRE FIEW T 30 min, T2 47 M 20 B 4 S50
55 AT R B R

SR 2.5.1 W75, KGIRAUT BUR B 50T, WSTE LR 73 J 0 R 1R B 1 R 7 P AR . 37°C SR 4R
HREFR 3 d,  LEENT s Ji 4 A P 1) R

Z 252 W77k, BUEAR 6 mm R EUE/NRTE PDA K736 PAR th g, LA BP0, B
551 om 2 AT BT B G BB BT IE AR A, 28 CREFRAATRG IR 3, WLER N i L A P Ak RCR

2.7. H4E4HE FFR3 BSMIEYRIAN LS5 E

# FFR3 HM{E LB IR 7L, 7€ 120 rpm. 37°C A FR%H59% 3 d, 8000 rppm. 4°Co&1F N EY
£ 20 min 53 27 FAMPEE Y5 1) ISR

2.7.1. EERHSKREMRNTE

I3 EIEWH 20%. 30%- 40%- 50%- 60%-. 70%FRERE: 7 2 iiE, 10000 rpm 250> 20 min, FF
% b, PAFEAPEE B BTE. H PBS LA (0.1 moL/L, pH 7.2) KT &%, BT MAEENT
SR 415U 8000~14000 D) % 8 5 VR T4, H PBS S DTIERCH i 1 mg/mL FREIR,
K H 2.6 JEAR VR E B 5T ER RSP 5 1A T 1

2.7.2. SREEVMRNDE
3l IE R 20%F0 40% 1) LR, WARDTHE SRS 2 B85 . H PBS Z241¥42(0.1 moL/L, pH
72VK DR H K 1 mg/mL BB, K 2.6 SRR VLI 52 2 R T A4 B vk .

2.7.3. RERBINDE
PASAARR A I . S e PR Bt BiEMk T 0 RAEEL, AEUG e R R AR . P
DUEYIEL AR 10 mg/mL B, DA EE XTI, A 2.6 BEATC A 2200 5 AR AR U M 41 v 1

2.8. AEYE FFR3 fESMRERSRITUE I EYRNREE

TEAF B B AR IR B U TIE AR T, DARAR BN SEIRNS 5, SR 2.6 JEACR 24501 FFR3 J M Y5
X ER AR (pH) (AR E 1

2.8.1. IEYRVEEREM

FE T PBS ZMii(0.1 moL/L, pH 7.2)FIEEAAF 1 mg/mL B4 ¥ 73 I 7E 30°C. 50°C. 70°C .
80°C. 90°C. 100°C/K¥+H AL 30 min, 7E 121°C KBS KT 30 min, A8 A4 M0 P 500 i 1 R
EME

2.8.2. HIEVMRMELAMREEM

43 A0 20 pL K FE N 1 mg/mL ()25 18 KRB ER 5T 2 mL PBS S8 mR0a I IO B ) s i
BRI (R 2E), 37 CHFE R 10 min J5, DU AR EE A B AV AR e JE G DU 4 M40 B 40 )i
Xof 2 I R A AR 1
2.8.3. HEIRAEEREIE E

FHMEE N 1 mol/L () 3B AN SEAL BN W2y S 1 mg/mL (RAME Y FR B pH 354 2. 4. 64 8. 104
12, EERA(RSE), Sim#il 5 min J5, K0 E P50 BT 0 A% 8 1L
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3. RS9
3.1. RAESBHAE FFR3 BFE

SEAE B AR FR T8 Y A ZE AT 14 Bk, ST, 965 08 FER3 RTERFR X 2 s S5 4H 1R A 1
AR A . Bk FFR3 ROBVE DR, 1028 HARRSL, REELD B . HeRh 24 h WG &
WPIR, ZJRiEHAes, Barmigtu (A 1), EEREOE, HARS, 240, Hr2RtdE 2), BT
IR AR R

Figure 1. Colony morphology of strain
FFR3

1. BE#k FFR3 NERES

Figure 2. Gram staining of strain FFR3 (10 x 100). Left arrow: Gram-
positive bacteria (G"); Right arrow: Gram-negative bacteria (G")

2. Bk FFR3 RUEZFRFE(10 x 100 ). Z&7k: £ZKMA
MEG); AErk: EZRAMEG)

3.2. HEXERAE FFR3 NEE

He2E BB MPAR T BTSRRI, fER9% 24 h W, FFR3 WAIREFR, FEULLS
27 NG, R 2R Z (K 3(a) 1] 3(c)). F598 720 J5, 4 AR HARTY, B AR — i iR
o MR AR, B S AR A B T A PR, 2R RIS 3(b) T 3(d)). HED FFR3
FEAN R R S5 rpon] s P AR AN [ 7 s, BB )7 s nT RSz 85 95T ] L B5 3R i« IR FEAE R4
454 FFR3 1] 16S rRNA 7 HI LI 43 8T 4), %558 1% B bk NS 2E AU B8 (Paenibacillus spp.)o
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EHT=500kV WD=65mm Signal A=SE2 Mag=4.25KX

(© (d

Figure 3. Morphology of strain FFR3. (a) and (b) Morphology under optical microscope (10 %
100); (¢) and (d) Morphology under scanning electron microscope (x10,000)

3. Ekk FFR3 BIFEES. (a)f(b) XFEMBEHIS0 x 100); (o)F(d) 3EBRERS
(x10,000)

—|: Mycobacterium sp. DEMJ-443B1 16S ribosomal RNA gene partial sequence
Paenibacillus elgii 16S ribosomal RNA gene parrtial sequence

—:Paenibacﬂlus solanacearum strain T16R-228 16S ribosomal RNA partial sequence
Paenibacillus SP. A3 partial 16S rRNA gene isolate A3

Paenibacillus ehimensis gene for 16S RNA partial sequence strain: NBRC 15658
{ Paenibacillus mucilaginosus strain 3012 16S ribosomal RNA gene partial sequence
— Bacillus ehimensis gene for 16S rRNA partial sequence
L Paenibacillus koreensis strain YC300 168 ribosomal RNA partial sequence
— Bacillus sp. NBRC 15377 gene for 16S rRNA partial sequence
L Paenibacillus ourofinensis strain AC13MSD 16S ribosomal RNA gene partial sequence
,—B.Viscosus (ATCC 51155) 16S rRNA gene
L Bacillus mucilaginosus strain K01 16S ribosomal RNA gene partial sequence
FFR3

——— Paenibacillus tianmuensis strain B27 16S ribosomal RNA partial sequence

Paenibacillus tyrfis strain MSt1 16S ribosomal RNA partial sequence
—: Paenibacillus tyrfis strain AIRSA5 168 ribosomal RNA gene partial sequence

Figure 4. Phylogenetic tree of strain FFR3 based on 16S rRNA gene sequence
4. {RIBEMR FFR3 #9 16S rRNA EEFFMEHNRG L BN
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3.3. RAE4ERAE FFR3 B iS4

3.3.1. FFR3 3R E ARt

WAk FFR3 50 RN 3L 9% 3 d JR 4 Rk | foR. 0B E EAREK, MO 2% . FFR3 X
SERGHT S A R AN B 2 B — 5 BOAMEBIROR T X & i (a4 BR A 13 B SR R T, PR P B AR T IA
24.70 + 5.30 mm; AT F BT B S B0 AR PRI AL K 0 B I R AE 2 s RS B B B K FE B0
AP TR 25 G AT T 1AM SR 55 . FFR3 X S5 R 40 8 (0 3 Bt fE A — e i 22 5 ik, e s e LA T
RO R P 0 €0 5 BR TR R T R B AT B SR 0 A g B R

Table 1. Inhibitory effects of strain FFR3 on pathogenic bacteria
@ 1. E¥ FFR3 3w R AE ISR

I SR A 0 Pl ELA%(mm)
Pathogenic bacteria Diameter of bacteriostatic zone (mm)
FLK TR Erwinia amylovory 12.00 +1.32°
FE T R R KRB BRI Xanthomonas oryzae pv. oryzae 8.30 £ 0.92"
P& MU Bacillus thuringiensis 4.67+1.76°
T E RS AT B SR EBURZM Pseudomonas syringae pv. mori 14.07 + 5.34°
SO R EKE Staphylococcus aureus 24.70 £ 5.30°

W RPFEFIEEE ARG FRRRZER R EP<0.05).

3.3.2. FFR3 R[ERERIn

L8555 3 d J5, WK FFR3 5 J5 BB 40 I 0 R A0 42 2 FITm o BRI 599 D5 350 T 2 ) A 40 1 P s RS
FUBR BURARLT . FFR3 X 5 Al I B g 38 B — @ Al R, JLrh BB . R 22 A% 1 R AR
B OV RO B, 0T o B A T R A 5 R O ) S P AR 55 . KB TR — R R R RS SIS
Z MR EOE I R R . Ak 2013 45, S B R R IAT ] — PR KR AR B[ 17] (18]
BT A fE VR RN SR (1 tH S B IR R, B iR R RS R 24G[19] [20]0 Z7Er S8 AT 477 DLR R i
WA 5, o SRS i PR A o 2K R T O

Table 2. Inhibitory effects of strain FFR3 on pathogenic fungi
= 2. EIFK FFR3 PR R EERNEIHR

o J5 L B BE 2 (mm)
Pathogenic fungi Bacteriostatic distance (mm)
1AW Sclerotinia sclerotiorum 20.33 £ 7.09*
RA LI Rhizoctonia zeae 13.40 + 0.36
HERRM T Fusarium moniliforme 5.57+1.69°
BMUE R Phytophthora capsici 15.03 +3.82°
JKFE W Botrytis cinerea 6.33+1.15°

e "D FESIEERE G F NG TREROR 2 5 2 3 (P < 0.05).

3.3.3. FFR3 iR RRERZAESHE
FFR3 X A% %% B 22 B0 H B S22 Bt LU IE W B 220, W22 B (& 5(a)).
A 10 15 5 B 22 R TGI8 5(b)); 52 FFR3 FUmi s 22 LK ARG, RAERARIEY], B R F(&
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5(c)): BER 225 FFR3 SUMJE /K, SR (14 5(d)).
FFR3 35 H IR AEK(1] 6(a))s TR B 23R MG (5] 6(b))s 2 AT 2 AR WL, BUEH
22 R AN 6(c)), HIMIREL U BLFTIN(E 6(d)).

3.4. AE4 AR FFR3 BESMIEYIRNV S50

3.4.1. FHEYRRBEFERFE
K 2.6 AR F L TRTEAN [A] A B R 7R3 R FFR3 JRLAMI R S5 AR 400 11 55 B, DAV R | LA 25 D8 48 7
(¢= 6 mm) ELARFIRINE AL . PDA 55 IR IE K™ 0%t 2 i s B4 1 25 Je it 11 1 s NB B 7RI A i

=
S i N\
| . {d@’v ;
/| o
| 4
I
e o
(b)
i
ir f/
| /// :
r
2l
/! i M |
‘ e/ > H
il 2 &
i /. / ) y =
i ‘F:\ ) 5;ﬂ
/ A
A e a0 Zs ol

(©) (d)

Figure 5. Effects of strain FFR3 on the morphology of Sclerotinia sclerotiorum.
(a) Confrontation test of strain FFR3 and Sclerotinia sclerotiorum; (b) Normal
hyphae of Sclerotinia sclerotiorum (10 % 40); (c) and (d) Confrontation hyphae
of Sclerotinia sclerotiorum (10 x 40)

5. Btk FFR3 WZEEFSHIFN. (a) FFR3 SEEIFSEL; (b) #%
BEIEBELZ(10 x 40); (OF(d) ZEEIIFEFFEL(10 x 40)
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Figure 6. Effects of strain FFR3 on the morphology of Botrytis cinerea. (a)
Confrontation test of strain FFR3 and Botrytis cinerea; (b) Normal hyphae of
Botrytis cinerea (10 x 40); (c) and (d) Confrontation hyphae of Botrytis cine-
rea (10 x 40)

[ 6. EHK FFR3 M ABEMSHEM. (a) FFR3 SREEXIFSLE; (b)
REBEEEREL(10 x 40); (0)F(d) RBEIFUFEEFREL(10 x 40)

FEAIR T A B MU B AR, R B (R A BRI R S 3 5 LB I IR At 2
A IIEAER, AR T B2 2257 (R 3). SRS R, WY T RER 2B, A F RE RIS
ANE D AR RRANE, AN [R5 A 1 R R R AN ] o LB 35 7R3 R R 40 ) LA R e
FasE, PSR LB A BERE IR IEREAT J5 SESC 00 1 AR TR A I

Table 3. Antibacterial effects of fermentation broth with different medium

3. PRBFELREBRINENR

9o SR A A LB 3775 PDA 3973 NB #7725
Pathogenic bacteria LB medium PDA medium NB medium
A A G R 4.00 +0.87° mm 0.00 £ 0.00° mm 9.00 £ 1.00" mm

Staphylococcus aureus

T AR AT 18 SR EUR AL

Pseudomonas syringae pv. mori

W RPN RS EREROR ZE R B E P < 0.05).

2.00 + 0.46° mm 0.00 £ 0.00° mm 0.00 £ 0.00° mm

3.4.2. EAESTE S BERRIMIEY R

DA 2 E 0 6T BR R FT T 2 B B BT B PR P SR A R o M B, DL LB 53R BN R IR 7R L, AR
Bl SRHT RN CBEREYV) 43 B FER3 MRS, SKH 2.6 JEAR VRGN AR, 45 Rk 4 . ZHET
KA T ClE, BEE BRI, KESE 2P E 00T H . 20%A0 40%BIBETT=40%F 2 il
WIS ER, R ZHERDRA I E YRR K= R IR ER e, m A AP AR A R (8K
JRSO VAR, A8 AR (K 2) Bt K B T UTTE « 20%- 30%A1 40% B BR B T iE Xt 2 Fb s 05 J57 4 14 24
A BUFHIHI R s 50%M B UTIE (0] 4 B8 C 8 AT BR B R I HIAE FH , 70%BRBR B T U0 T 7 (8 5 J AT
B R BN, ELF0 R Y55 55 o R AN, FER3 A B 7= 40 AT R 8 1 2R (R )M 52, 7T 20%.
30%F1 40% i B E AT 20 EhHT 7 15

3.4.3. AHULBFIZERARSMIETIR

WA AR A AL CEAN AT WL R B R AN [, R AN R (KA LI 0 RT3 R A U IR
IAN RIS o FFR3 ABABAN [FIAE UM NS <6 B (R A BR IR 24T — € BB A A, erb DL AR SR AN — 5
HHGEAH MBI AR B X R CBE AT T A (B AT B R B — € IO, 5 LB R ERRIN AL
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H. bl IR KEPERIEST o AR I G A R GACE P W U AN, AT A A LA 7
(IR IR 43 22 e VO a0 B AT KA 24 . FFR3 AN R4 5 3 2 o3 A 42— S e AR AN 2R 2R AH
TN L E VIR e S BHS-Y) 2 5 T FFR3 (3R A0

Table 4. Antibacterial effects of alcohol precipitation and salting-out components in FFR3 fermentation broth

5% 4. FFR3 R EEREZ AN EL AT A 43 BN R LR

- mEL TR
I JE 2 PBS X Alcohol precipitation Ammonium sulfate precipitation
Pathogenic bacteria PBS control
20% 40% 20% 30% 40% 50% 60% 70%
TN B R EO A ] ] e . . L
Pseudomonas syringae pv. mori
S B R _ - - ++ ++ ++ + - -

Staphylococcus aureus

e - TRAMEERL, 7 AIMEIER, e SR A .

Table 5. Antibacterial effects of antibacterial substances extracted by different organic solvents

*® 5. NEAIUEFIZERMEYRMELR

— i R
\\\ Pathogenic bacteria IO B BRI T A (R AT 1
AR AEH B \\\\ Staphylococcus aureus Pseudomonas syringae pv. mori
Different extraction segment \\\
LB RE£K LB fermentation broth 5.67 £4.93* mm 2.33 £4.04* mm
fi Mg AH Petroleum ether phase 3.33£5.77° mm 0.00 £ 0.00° mm
& F HiAH Dichloromethane phase 6.17 £ 5.39* mm 0.00 £ 0.00° mm
LR ZLTEHH ethyl acetate phase 6.33 +5.69" mm 2.50 +4.33* mm
KHH Water phase 2.67 £4.62° mm 0.00  0.00° mm
FFBEXT B Methanol control 0.00 £ 0.00° mm 0.00 £ 0.00° mm

E: R RS E AN F NG FRERORZE R B (P < 0.05).

3.5. RAEARHAR FFR3 EAXGE KRB IEP RO E M

3.5.1. MRERNREM

30%FH 40% I R £ LT UE X 48 71~ TR AR A ) ROR 52 B L I 82 o IR FERT 90°CHE, 30%7Hi iR i
DUVE DA B R L A s TR IR 2 100°C I, Ove I A0 B v M KR T B 78 s 287K 264 F
DUVE R ZANBE & () 7(a))o 40% B B4 T E 75l BEAR T 80°C BT T 75 15 5 ML AT 1A P 410 1) 28 SR At o AR
R, AEIRBEART 90°C I X 4> v €87 47 3R B 00/ FH RCR Lu A e, 15 BE RS LRI R B, fE s R AR
RKHEFM T, REMEETENE 7(b). FH FFR3 {8 [ 2SI M B2 R B B 2
i

3.5.2. MERENIREY
EARE K 2 MEin R AR, AR YRER R R AR, RO R R EE N UIEE, At
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. - TERBRRTE 16 - B - TEBRITE
8
g 12t
) 4 ﬁ 8 |
£ w
2 g ar
0 0
30°C 50C 70C 80C 90°C 100C 121C 30°C 50°C 70°C 80°C 90°C 100C 121C
BECC) BECC)
() (b)

E B R EARNG RS 2 R R (P < 0.05).

Figure 7. Effects of ammonium sulfate precipitation on antibacterial activities by different temperatures. (a)
Antibacterial activity of 30% ammonium sulfate precipitation; (b) Antibacterial activity of 40% ammonium
sulfate precipitation

Bl 7. RE N RERERITUEHIER RSN, (2) 30%MERFSTUERINEENE ; (b) 40%MREREETE HIHIE
EME

20 O (REK ™ BE7E 1Ay OB 20 r DOEAEK WHEEGE OXEA
a
16 a 16 _}_
£ E b
;?;12 12t £
P i b c
55 B ool
E &
ﬁ e
0 0
30%HR FREL TIE A0%FRBREIT 30%BR BR L UTIE A0% IR BRI
(2) (b)

A B E AR EARNG FRER R R R E (P < 0.05).
Figure 8. Effects of ammonium sulfate precipitation on antibacterial activities by different proteases. (a)

Antibacterial activity to Pseudomonas syringae pv. Mori; (b) Antibacterial activity to Staphylococcus au-
reus

8. ERMNRBRETEINEEMEFME. () T HRABTENINFEL; 0) NEABEEK
BEHHEIEME

3.5.3. MERIAOTRE M

30% It R B TTIE AN 40% TR IR B4 TCUE (AT B 1k 220 52 pH B RO REMAAR K, A2 PR SR A T s 1 B

BRASE, TESRBRIE AN SR rimﬁtwﬁi%t, 7E pH {HIAF] 10 LA BB 5 DU B SR SR NI, B
HEE YR A3 pH Y FEl ELE T (1 9).
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Figure 9. Effects of ammonium sulfate precipitation on antibacterial activities by acid-base. (a) Antibacteri-
al activity of 30% ammonium sulfate precipitation; (b) Antibacterial activity of 40% ammonium sulfate pre-

cipitation
& 9. BRI IRER SO IDEDE RIS (a) 30%MBRSRITUE RIINEDE M ; (b) 40%MRBR SRITUE A
BEUEM

4. &g
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