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Effects of Bacillus amyloliquefaciens HRH317 on mycelial morphology and
ultrastructure of Fusarium moniliforme
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Abstract: In order to determine the antifungal activity of Bacillus amyloliquefaciens strain HRH317
against the growth of Fusarium moniliforme, the inhibitory activity of strain HRH317 was detected by
using the oxford plate assay system, and the mycelial morphological and ultrastructure changes of F. mo-
niliforme exposed to the fermentation supernatant of strain HRH317 were observed by scanning elec-
tron microscopy (SEM), transmission electron microscopy (TEM) and fluorescence microscopy. The re-
sults showed that the strain HRH317 supernatant could inhibit the activity of £ moniliforme and result-
ed in obvious inhibition zones on PDA medium, with a diameter of 33.31 mm. The SEM images of F.
moniliforme exposed to the strain HRH317 supernatant showed that the hyphae were collapsed and ap-
peared transparent after treatment for 24 h; the strain HRH317 supernatant caused severe damage to F.
moniliforme mycelia after treatment for 72 h, and the fungal mycelia were disintegrated completely,

without whole mycelia after treatment for 96 h. The TEM images of F. moniliforme exposed to strain
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HRH317 further showed the strain HRH317 supernatant altered the morphological characteristics of F.
moniliforme, and the shape of cells became more irregular after treatment for 72 h. Meanwhile, fluores-

cence microscopy revealed that some cells of F. moniliforme were stained red after treatment for 12 h

by PI and cell membrane was damaged slightly. More cells were extensively stained red for 16 h and the

staining area of the cells increased for 20 h. After treatment for 24 h, cell membranes of F. moniliforme

were damaged seriously, which led to increased stained area of cells. In conclusion, these results sug-

gest that B. amyloliquefaciens strain HRH317 could inhibit the growth of F. moniliforme and destruct

the mycelial morphology and ultrastructure of fungi.
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ylaminomethyl) phenol, DMP-30) , ‘& Ti i #£ 4k T-
A R 5 B DU S8 28 — F R I (3a-methyl-5, 6-
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FIFEANRNZEAT 45 mL HeRl & BEROR 7R3 250 mL
=, pH M 6.5, F 37°C . 166 r/min 51 F R
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1.2.3 R SFROATRA X & ZRURTC A 7R H g 2

K A= ARV E HRH3 17 B kR 5 BB 1 1
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ARHERR 239 1] A HER A 0.2 mL TG R AR BRER /K
F10.2 mL AR FREE A 28 IR, B 3 41
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ERERPIRTEL B PR 224K 2 b, (80 [ ), H pH o 7.4
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VR AT ER R0 P PR 22 R B SR A0 B R FE A
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FHAE 2R K 2 9K, 47K 20 min (AR FE RS, HoE
J K A B R B0 BRI IR 1.2.4, A AR B
T ity RAE it S0 e A [) L0516 59 42 466 8 G o
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Je R A TR S5 S AR FR L R 31 IR A
ALFR 3 hy 55 3 NG AL HE 3 h S IR L L S 2% EP
B SRR AR 24 b, B2 DL FERE S A
AL FRAGRE 2 F) 34 1.5 mL EP 45 A, BT
76 CHEFE PN 24 h 5 BOHRE & B ) SR
70~90 nm AP A, 2K FH RUER 4L 60 0 X5 U R gk AT e
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PR AT e (0, CRARSIRAS 1.33 g AR =N 1.76 g IR
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24 LLI A P B 5 ) ] 5 4 7 LU RS B R B A
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PV 27, T 10 000 r/min 533 R #.0> 5 min, #2% |
TV, 153 B 224455 FH pH 7.4 ¥ 0.1 mol/L PBS 4%
MR 1 mL B, R RAG RS H 10 L B Bl 2 20
b 55 R A HEH A AR R 450~
490 nm. & HHEIE K N 520 nm B9 I fHGE N gL
FP PR SRTEL DA R 22 R A MBS A I 150, DT R S

2 HER55H

2.1 fREMEFRATE X B BRRAEHEE M

PR R TA 7E PDA B 972 38 AR K B a2k
BEITE , JINA TG B A B ER /ORI 20 B R R 85 77 3 1) 4 v
PR T R0 G IR 5 AR Ak, T e 1 B (L 1-A) T e
TN HRH3 17 B RE & 375 T 4 2 R JE) 6 A 4
Rl B (&1 1-B) , 5 P2 1545 0 33.31 mm, 3R H
i T K93 RUFT T HRH3 17 TR R T £ B Sl 6 B A TR 4T
(R PRI 1 o
22 PRHBENEBENFRAENINESR

55N B AR 75 3L B T 22 A L TR 2
JHOAT P& HRH3 17 B8 A% A I L 37 T A B ) 3 B 1 o
TS RS I ARk (& 2) o 40 e R R 5%
FREEAC I | BRI IR T 2208 SO, B o8
I EIREE R FICTE  AIRE | PR 22 4T 426 1 RLAm
BI5) R R T, TR 22 R IR (P R 4, Pl
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U, HRH317 Wbk & BE LIS WAL P 24 h 5, ER Rk
6L A PR 22 IR I 52, DA 242 3 TR RELR 5 b F 72 h
J&i o ERBRHITEL A TR 22 R R AR B A 3
PR 22 AR 22 b e B, I 2 S5 R R 858 40 B 96 h

Ji o B R R PR TR T 22 LAV IG FUAR , 0 58 BT 224K, T
23S W A A AR, BLSUE RS
U RS (52) .

A: 2R ; B: HRH317 RE A BE EIETRAN B, 1. Jomid: ALK s 2. NP TRIARE: Rt

A: CK; B: treatment with fermentation supernatant of strain HRH317. 1: Sterile saline; 2:

liquid culture medium.
B 1 fREH ST E HRH317 X 5 ERR A E A E R
Fig. 1 Inhibitory effects of Bacillus amyloliquefaciens strain HRH317 against Fusarium moniliforme

B:3F96 h
Incubated for 96 h

24 h
Incubated for 24 h

B AR B R
Liquid culture
medium

HRH317E Bk
R LVER
Supernatant of
strain HRH317

BEFHT72h
Incubated for 72 h

B2 RS AATE HRH317 B3 B BRR A E H LS I0
Fig. 2 Effects of Bacillus amyloliquefaciens strain HRH317 on mycelial morphology of Fusarium moniliforme

2.3 EHHEENEMBENFRTENINERR
SN B IRAARE IR B 72 h (1) B BRI A 7 22
VA EL , ff K3 28 MO AT 1 HRH3 17 B bk & 18 LT
A3 72 1 ER PR DA TR 22 AR A TR A ORI
YR AR AR IR AN F 72 h s,
BRI B AN M S5 F4 SE 2L, AN AR X 50 43 A A A
PR /D  R N AR R SR % | AN ISE &)
£ i PSR — 3, A P 22 A L A AT B i A
FEl (&13-A) . HRH317 Rtk &l LISWALEE 72 h s,
FR R0 PR PR 22 AR 0 TR S HLIN AR TE | AL RESR I

i, A0 RE RN — N EDRDREASFLI , Ho s
JERE Ay BB G | TR LR AN DI BRI 1, 45 41
gt #a) e A 2R EIR , AR MAZ AN B, A P B
TohEZE W &), MUAM Y BRI P P B (8] 3-
B,
2.4 KHBHMENEMEHFEFENMNELER
2 AN WA FR LA 12 hink, B BRI M
22 1A 20 AR XL 1) 2 € R T 28 HRH317
PR 1L T TR B 12 b, S R £ TR A 22 AR 4 i
EL A AR YL 21, 10 I R 24 (AR 4 S ) 3 5k L
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P E L IR A FE 16 h i, AR 37
SEAFH YD EF B DA PR 22 AR A0 M A e £
0, T2 HRH3 17 PR AR A& B b I8 WA B A B 22 44
N5 P S b N Ee4 e W DR SN E AL EA
ABFRZE 20 hI, 28 20 PR IR AR 35 5 AL B A TR 22
i JURh e AR BN, T 28 HRH317 iR A
T 1 3 V0 Ah FIE ) BRT 22 PR A FR ES E— 25 T R IR, e
BEIE A G, 21 0 T R R 5 4b B & 24 ho B
HRH317 B R & 1 35 V006 B R At a1 40 i e 3R

VERTGE , (G FE P — 23K, Kam Rkt A d
787 SN EeA S o I NS & S AN Al i
JHUREE A2 8 SRR E AR , A 5 R R ] S AR i
CRA TR R R SR RE AL P 1% 5 BA S £60 PRl % 57 ) 1] S
I EA4UNEE= o7 SUE -3 IS AR R (i €L DEAN N2 1B

B, % B A UE K 2 BT TR HRH3 17 TR KR A L7
TR RE I £ 2R e 00 A 200 0 S %) a5, A L 1]
K W™ (F 4) .

L, ¥

-

A: X HG B: HRH317 BRI LWL R 12 Z000A%; 2. Wit ; 3. BGENTNGY); 4. Qe@ETRIYII

5. i}fIBE. A CK; B: treatment with fermentation supernatant of strain HRH317. 1: Nucleus; 2: vacuole; 3: non-

membranous material; 4: heavily stained material; 5: cell wall.

3 FRIEMZFAIATE HRH317 B AR SR ERR 70 E A B L S A R S5 /i &2 M

Fig. 3 Effects of Bacillus amyloliquefaciens strain HRH317 on cell morphology and ultrastructure of Fusarium moniliforme

BEFR12h
Incubated for 12 h

¥F16h

M AR TR 2
Liquid culture
medium

HRH317H #k
KB LW

Supernatant of
strain HRH317

Incubated for 16 h

BEFR20 h
Incubated for 20 h

BFE24 h
Incubated for 24 h

B4 fEEH AT E HRH317 EARXT 5B ERRT B & 24 4R e #2m
Fig. 4 Effects of Bacillus amyloliquefaciens strain HRH317 on hyphal cell membrane of Fusarium moniliforme

3 i

figpJE AT 2 AT B AT DA A 9 400 1 s DR (AR
Yy 5 A= W B 16 5 T RO , IR AT (2011) 73
B B A UE A 2 M AT B HNOG Bk , & BLIZ A bR AT
ith 85 Aspergillus niger . K& I 35 18 Pyricularia ory-

zae syn. Magnaporthe oryzae N 7K F& SU A 9 TR Rhi-
zoctonia solani A ARSR P EAEH] , (HXF A AR 2205

W E oxysporum Schl. f. sp. benincasae A0 H fii i
VBT AR I8 AT (2011) Ui 2 45 21 fifk V€ By 28 M AT 1A
YB-3 R, IR R 14 MR 5 LR FI 7 AR AN AR A
ANV B2 AR T, LA X /K R SO T R
IR K IRIEIR # Colletotrichum truncatum 11
T ARIB R 80% LA L, X HR AL 14 Verticillium
dahliae . 8 JK 9% 1 C. orbiculare 3 ] %835 |
70% LA L 5 TKRIREAE (2013 IR IR WFTE R B, v 28
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MUAT B Lx-11 R JC B 75 W A2 B B kS 4 o
X K A A B 1 2 B0 7] Xanthomonas oryzae pv. ory-
zicola (Fang, Ren, Chu, Faan, Wu) Swings 5 fR5# 1
PIHIVER I SR 2 A 11.7 mm A19.8 mmy; 7t 5
5 (2013 ) i 6 45 2 A S B3 24 HUAT 1 HE-01 B#k , 1%
BRAR A TR AT A 2 5594 TR Penicillium digitatum 1
NG Rl ELAR 0 25.90 mm; 5K AR (2014) BF 58 K BLAR
TE M 2 HAT T BA10 TRAR & TR e ] 0 4100 o) 5 40
144 £ B A0 Pestalotiopsis guepinii (Desm.) Stey
PR TE AR IR 1] 3% 0.85 5 405255 (2016) i
15 2 £ € A 2F MEAT TR NCPSI7 BRI AR , 72 bR AR A& TR
X5 VG JIAL 22995 B E. oxysporium f. sp. niveum H #4f
(OBIRIFE, PR A2 4 25.65 mm., ASBIFFE i e 5
BIAFR S 2 MOAT T HRH317 bk, T bR R B 3
YRGS ER TR A TR B S A4 B S M B R A T
153331 mm, H AT BELE A I Qi A i i 23 A A
O A A R AT ] £ BR A 1A

HAIT, OC T DE K 28 BAT B i o 40 B 1
FH A2 BEARIAE X995 Jir AT A1 22 A= g A il A B X 7
B & BRI (BRI S5, 2015) o FRTERT ZEBEAT I VE N
AT B, L E B U A P R DG D e e A
B BUBIAAEHT, DT AT B iR o AS PR i
JRTFE R B, SV M 25 BT R HRH3 17 B k™ AR Y
PR A AR AR A MR 22 R B A
SR AN HIAE FH (55, 2015) o ARG E o
BEWLEE A IR, ZE M VE K 28 MU AT TR HRH3 17 P bR & 19
EIEAL S BRI TR T 2 S e, IR AR
BU% , 2R TEALBE 96 h )RS FUAR , JR R T e
HRH317 WAk AE P B H A X, APE R %
(2010 ) Fz 18 fif VE B 25 HUAT T YN-1 T O IRV P KL
PR AT RIS AE R 2208 1 F. oxysporum £. sp. vasin-
Sectum 22 A TR 22 T i, i A 0T AR B 4 Wi Ui
EARMREE R —5 BLAh, AE B o E N P 22 4
SR AN 995 JFU A, UNAE Torres et al. (2017) & i JE Ky
ZFHUAF# PGPBacCA 1 I MEAM I IR A Beauveria T4
LR RIS FITE RIS 55 (2014) X6 F SWB-16 bR T
A0 1 ERF6L TR B. bassiana K5y flF
B SE AR, DL B 25 SRR 7 50 I A [
Ap A= A A e AR 7 DA 2 BT BRDRG B 0 i P T
22,5 I TR 22 SR figp S 4 s i A Rl — &R 8 g
T B T o A R RE S A A o, LT S L B-1,
3-8 ROl 4, 3 Sy SR D TR A S TR A (5
7%:,2016)

FTE A 2F MOAT TR ™ A IR A A bR R

AR 25 (PR, b oA 2250 I 2 56
RS | SR 25 A LB — 2L 3% 1 4 5T (Bloemberg &
Lugtenberg, 2001) , K Z Bl k2L 1k & P e % i IR
T 0 %) 2R B RS ¥4 , 10 R 00 O 200 M ) 6 T A 7
ZWEAE, G S S ERRIE R T, S m
FAp S AR R S TR VR A0 TR ) 20 R SO
SERENE A, (o A A I N AR 7B 8
S 1 B A R, DT 328 B4R %) H (9 (Jenssen et al.,
2006; Hayes et al.,2014) . -} Hfi i %5 (2017) F A
FRTE R ZE MR T BA-16-8 TE K & BER 1 4 B B Y
KRBT RIS o Z R R R Y R 5 P, expan-
sum PEATANTH 375 5 e B B K I, I 4 A
FEARAk , 400 PN 40 A% AN A A B 52 AR, He
A MRS & AR A8 4 . Sun et al.(2017) 5T
K IR TE NS ZE AT B L-1 BRI AR BES0 ) 48 SO Phy-
salospora piricola WA TR ZAKIEIKASIE | 22
PRI A KR o AR 6 30 o 75 S F B LR
P, B VERS 2 MFT T HRH3 17 B bk & 8% b i b 3
Ji V18 B BR S A A 22 (AR A0 IR S L R AR JE | s B
BESYES A5 NS A 2L S e IR G, FLIA MG e
RGBT B, 7] GE PR Sk TR 22 41 B B3 15 P 18
FUBEIR , DT 5 S0 22 A BESMIURR K A W A8
Y1 F 8 (Castillo et al.,2002) , 5 ik B k8 (1) 45
HL

T 450~490 nm SROCHAST T, PLYE SR
GEO G2 KK 520 nm A2 A AT 5856, PT Yk
AR B R BB 1 (1 U ARASE , (H B 28 1k BB 9 A S
AT 33 9 AR AR A L, H BRI TR B B 22
A 40 it P K T R e 21, 1 T AR TE A 2E AT
HRH3 17 B S 18 b 37 X0 T T T 22 1A 40 i s
TR TR IR, (5 L0 0 0 2 VARG [ A} it A 5
(2017) AT 245 (2010 ) BT T8 HIE S 5 1 20
Jif PR 75 44 2 R A A, 5 L D PR Tl A i TR 24
FF PR PR 2 I L TV P PR I RS B A 25 A o v
FTEL, F A DU A 56 A Y R 25 MOAT B HRH317
PR AR 25 B S A e 00 AT T 22 AR T B RS 443 ) D PR T o
5 HRH3 17 R A2 B IR BAC A RS AG B
B, A SR it — e

AHFFE 45 L0 HRH317 B bk & 8% b5 W fie
WK ER BRI A TR A 2T A5, 3 i s i i 3
TG E T, 4 7 it D 403 28 BT B HRH3 17 BB 70 3
(R AR =9 rh T B 00 e D P A K B 0 I A
75, AARE A B & A A AR 7845 i i
FEH T X E R 2 AT B HRH3 17 B bR T 7= A= A
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