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B AR AR 245 F (Rhizoctonia solani). R A4&IHE (Fusarium oxysporum). #a45#s3(Alternaria solani)
Fo 3 A &2 & (Phytophthora infestans) B RIF 6937 8 & 1, 8 F 5T £ 50%90%. LB R 55 259
B4 35 min. A AREBA 10 h AE 100 °C SR G, AT E E 05 H 74%. 92%F 98%; A
BRI E AL R E G B A B K W %oh; A2 NATERER. 324K, HIEE pH A 4.0-10.0, &
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Determination of the stability of fermentation broth and analysis
of active components of Bacillus velezensis HN-Q-8
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Abstract: [Background] Bacillus velezensis HN-Q-8 has biocontrol effect on Rhizoctonia solani
effectively. [Objective] Identify the inhibition substances produced by Bacillus velezensis HN-Q-8.
[Methods] Both effects of strain HN-Q-8 on five pathogens of strain potato and stability of fermentation
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broth were detected though the growth rate method. Active substances of HN-Q-8 were identified using
matrix-assisted laser desorption ionisation time-of-flight mass spectrometry (MALDI-TOF-MS). [Results]
The fermentation broth of strain HN-Q-8 exhibited strong inhibitory activity against Rhizoctonia solani,
Fusarium oxysporum, Alternari solani and Phytophthora infestans, with the inhibition rates ranging from
50% to 90%. The inhibition rates of fermentation broth retained 74% after 35 min exposure to UV, and
92% after a 10 hour exposure to natural light, respectively. The fermentation broth retained 98% antifungal
activity after thermal treatment at 100 °C. In addition, the antifungal activity of fermentation broth was not
affected by trypsin and protease K. However, the fermentation broth could not endure both extreme acid
and alkali treaments, and the suitable pH ranged from 4.0 to 10.0. The methanol extract from strain
HN-Q-8 had significant inhibition effect on Rhizoctonia solani, with the two main active substances in it
including fengycin and surfactin. [Conclusion] The fermentation broth of strain HN-Q-8 exhibited stability
and strong antifungal activity, and has promising prospects for its further study, development and application.

Keywords: Bacillus velezensis, Fermentation broth, Antifungal activity, Stability, Active components
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gk HATREE [ FIF kR RE R

H 0 A= Wy B 36 B 5 2 MO B 1Y) il 2k
F B KM B (Bacillus subtilis)? . 5742 %
W AF B (Bacillus  thuringiensis)™ | %5 /N 25 M AF
(Bacillus pumilus)™ F1 i V& ¥y 4 M ¥F 1 (Bacillus
amyloliquefaciens)® . i & 25 MUAT B M 95 = 42 2
FFTR S5 A~ 28 JUFF o R0 i S DR 2 58 A,
FEDA2H 22 S AR o 6P A B 2 A o B 9T AN
Jey BRF AR (0 43 B Ui aE , T e 3 2 F 9% 2 A 1A
SRR EAE, IRV .. AT RGeS
AR, EEAAREIE ISP E R PR
B IPIZRAE BT -, 38 A V8 A SR 1) At i B
AR, THUHE A A, eI A A o
SEMER, M S T 222 K A
LA ZE AT I (Bacillus mojavensis)BENS & WA
it 70 Jig JOR A 40 o 00 ) KT A 8 A 96 R 1 R A TR
(Verticillium dahliae Kleb.)FI#1 T %™, D132
MFFTE S6 7 A= By 4L B AR 1 RE 8 4% P ali B A% 1
(Alternaria solani), fFILTEZZAKEFM . WL . i
K, WA TH LD B, AR AT A
P 2y 52 2R . JERERT pH &8 252,

SEFEN TR, a4 2R AT Bt185 AW LI
WETE 50 °C LA i A B0 10 B I A T R
FEVERD 2 MUFF IR HZMO bR R BRI 26 BAR 3 12 h
JE IR AR ZEAT I al PRI
IR SAE pH>8.0 I, IR AR 2

DUSEHT ZEMUAT 7T HN-Q-8 AR EASSL 00 % IR
SRR T AR T ) Y S R M AR R 1 g v
SrEARE, e D SR 2E AT B HN-Q-8 Tk
RBEWAREE . TGS YEY) T 55y T TR ST,
R it — 20 R B AL 25 S, IR AEWTE
PR PR
1 eSS
1.1 #R
.11 Bk

VUSRS 27 MOAF I HN-Q-8  H AN S5 30 % 73 5 A
ffo ISR ERER 5 f: VHZEHE
(Rhizoctonia solani). HiEEAEHL(Alternaria solani).
i A Bk 0 (Fusarium  sambucinum) . 23 ¥ 7 B
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Figure 1 Inhibitory effects of fermentation broth of B.
velezensis HN-Q-8 on five pathogens of potato

T A UARZAZE B ARl C. HiEEMEAL; D: Sk
fiR; E: Bowiess. 2 AIVEARRIRE; A EEEK
BRI A

Note: A: Rhizoctonia solani; B: Fusarium sambucinum; C:
Alternaria solani; D: Fusarium oxysporum; E: Phytophthora

infestans. Left: Treated growth pathogens; Right: Normal growth
pathogens.
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F1 WSRHTSFRATE HN-Q-8 Mk ABIAX SMOHRE 22 HN-Q-8 Bk AEGMAE M

RIRE R
Table 1 The antagonistic effects of B. velezensis HN-Q-8
on five pathogens of potato

7 S T EAE ElEES
Pathogens Inhibitory diameter (cm) Inhibiting rate (%)
R A 5.56+0.50a 89.68+0.79a
Rhizoctonia solani

AR 1.58+0.92¢ 24.17+1.42d
Fusarium

sambucinum

AHEEAR 7 3.85+0.17d 72.85+0.32b
Alternaria solani

A TR 3.10+0.83¢ 50.78+1.38¢
Fusarium oxysporum

R IEE 2.73+0.36b 49.82+0.91¢
Phytophthora

infestans

W RPEEE YRR EE. AFRFE/RS Duncan FRHT
EWREFRIAE P<0.05 /K258 E.
Note: Data are mean+SD. Different letters on the bars indicate

significant difference at P<0.05 level by Duncan’s new multiple
range test.
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WA DA 6 M R A — 2 (B 2B). ARG IR
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ik 100%; FSRIGREST 12 h, AHXTI0 B R,
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5 5 07
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B2 FREFHT GRS E HN-Q-8 Btk & BRI E T2 E i

Figure 2 Antifungal stability of B. velezensis HN-Q-8 fermentation broth under different conditions

M A BMDE; B HIEHT; C: EHABMZS; D: BUE; BE: BRWE. EPEdE - FEI8abrfEzE. ARTFHER/R4 Duncan KHTRE

WIS TE P<0.05 K2R B E.

Note: A: Ultraviolet light; B: Lamp light; C: Protease types; D: Temperature; E: Acidity and alkakinity. Data are mean+SD. Different letters
on the bars indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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##, Bl pH 2.0 B, PIRETEMETRE, FXTHER
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IR AR, A 34%. FBIZINBE 6 1 9 AN T
SRR . SRAK, 1EE pH A 4.0-10.0.
2.3 HN-Q-8 BEHEEMEM 2 3 B 4 F 7S RIS

Xof BEZH e I L PR TR 22 A K IE (] 3A), TEASY

SJ(E1 3B); T Ak FRZH 5 T EL AT 1 2232 F1) HN-Q-8 ]
PRIEVERL 093], 22K S (B 3C), TERS
mHEHM, T2 i (& 3D). Uil HN-Q-8 Ftkk
TRV T 5 A Y M) S5 RE el I L TR TR 22 RBDE S
WiIE , WIS A A% ZB4 AR, IRBEEHT
SRS AR TR BRSO o
24 HEHERYMEEYE

HN-Q-8 [k A Aok S Jy vl LA S 41 ot 5 4%
BRSE TR RAC, TA R P X DS B R TR
AR R TCIHIVE I (B 4), 58] HN-Q-8 T #k HY Bt
Y EANEERSY, W SRR ZB4
HvER
2.5 HN-Q-8 WHkAMMREE

¥ HN-Q-8 bk FH st £ 5Ly () 08 PR ) o ik A 7
MALDI-TOF-MS Ml . 4nfl 5 fizs, KRB m g
(B m/z S 1 058.700 00 1 1 477.900 00, AR id
RTINS IE MR g, U] HN-Q-8
TRl A FH B B 1) 3 PR o A R MR
(suractin) F1=F 512 (fengycin) I FF AR KAL)

B3 N3 E HN-Q-8 KB R L4 B B 2 R0

Figure 3 Effect of B. velezensis HN-Q-8 fermentation broth on hyphae of Rhizoctonia solani

TE: A-B: 40 fiF1200 fi 5% FIEH A KARELZZ; C-D: 40 f5F1 200 £ F HN-Q-8 & BEMAE o 1 2.

Note: A—B: Normal mycelium under 40- and 200-fold microscopic observation; C—D: Treated mycelium under 40- and 200-fold microscopic

observation.
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4 DUSRHTZFREATE HN-Q-8 E kR EZARIR M Ak 4 i RO R AE AR
Figure 4 Antifungal effect of methanol extract of B. velezensis HN-Q-8 on Rhizoctonia solani
TE: A IEWAERKKSIANZEE; B: Sl is Y B G B A 22 A% 08,

Note: A: Untreated control Rhizoctonia solani; B: Rhizoctonia solani after co-culture with HN-Q-8 active substances.
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Bl5 DURHTSFAEATE HN-Q-8 HARkFRERRENIE £4 5iA) MALDI-TOF-MS 5347
Figure 5 MALDI-TOF-MS analysis of antifungal active substances in methanol extract of B. velezensis HN-Q-8

3 WiEgi

AWFFE . HN-Q-8 HHR AR A HE . 4
. HROE. pH SEARFEZMA IS, AN RS T
ANTA], 308 BH 28 JRUFF TR 356 1 0 o R e M 2 2 B A A
A . XSRS A — 8, RS
2 UTIREg & PR EE AT YQS 7E£8 100 °C [ i Ak 3R
30 min MR FREF] 52.9%; FRiaUSRrse & e
HERRTER ZE AT R GM-1 765618 16 h Ji5 0T 76 1 B
R ARSI & IR E AT SH-1
A W TE P AN T SR PR SR B . A, TR ZE AT
PR AR R B O e ME R TR) o R SR SRS K
P, FETEM SEMUFFEE HZMO Bk RBEK 121 °C it
P 30 min JFAMEEE T3] 28.94%", iAHESE
i HN-Q-8 BB AE 121 °C 47 30 min J5HARXS

I RIRA 69%; MFEZ R MAFFA L1-9 &
P22 52 S MR IR G 5 min FRUS IS PR R,
AR H HN-Q-8 A BERAE 22 7RSS 35 min J5AH
XN T RAT IR R 74% o 1d B AR 52 35 =5 0 16 15 51 19
DAMEELAT Beom i T ORI 28 S 1B T . HN-Q-8 T4
PR R BE A e M R AT, i T AT A7 &
WY, B B AR

ZEMFF B AR A NS RSP AR R BT
PUELDENG TR, 2R MO B R AR B A ) 32 2
TP AR AR, AR R R R
(fengycins) . A E % (bacillomycins) FI 4
T M2 580 (surfacting) 22 3% 26y T A % -5 250 i
W 22K . Tmie K, DL 99 5 & i
T P 1 e P % PR T 2 AT T
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B1619 HtkAE/=4: Bacillomycin L. Fengycin I
Surfactin =FARIREIGY, MHIRMRA A 221
AR FRIEN ZFIEAT R CO06 BEr~4: Bacillomycin Al
Fengycin, JIHiI SR RS & f 224 K P
AHF5E R DU 27 MUAT TR HN-Q-8 Ptk AT =42
TEEYIF N Fengycin H1 Surfactin HiRMIEIEZ L&
Vi, XA E R 2 A BAER 5 ARG
FARL. 346, 3 Flis IR AR X AN [R)s it  R A
FEVIRE NP e 22 5 . RIETEER AW . Bt
SRR AN B ERY . SR TR M
PR T 2R 3 5 2 HAT SR A B ECRRT BE 1 BT R
—ERREMPUAERE . (HU2, 3 FIIBARZEHUAER
TEID B 1o A rh 2 R B P RIS s/ Y L IR
AGH5EH HN-Q-8 B ™ AE MRS TEY BT, 7e4
il 57 Al 22 % TR 2o AR v ) AR O e A e i —
5

AWFFE R MALDI-TOF-MS J7#:, %} HN-Q-8
PARRTE P B3 21T 1 20 Hr %€ . MALDI-TOF-MS
T3 3E 2ok ok OGRS R R S B AR, P AR R S
FAEMEH A AR T 208, A B fr i s 1K
ATHEEANTE], AR AN [6] AT B (8] X 49y Jox ik A7 4
P, MALDI-TOF-MS J5 vk HERf e s . 53 S0
L R R e R A O A Y IR H b
BFE e, A RRMPTTHEME, mHAESHED,
B SR i = S VAT i e B
b, AiAb PR PRI PR A, FRINLH Sy & —
s AN S B G I R D L AT R i
ERFRUTTE A P A B A D e i Ak D R, e KR
AR ERTEPERL ST, IR A SR e . = RO
4,11 ¥ (high performance liquid chromatography ,
HPLC) H fil i 1o {4 B Bk ] 4 i 00 92 5 i 40 B2, 46
DR AR

SZ, HN-Q-8 BPRA B EARBINEEE
PERFRETE, BB A BEAKZEAL B4 Fengycin Fl
Surfactin JHIZ M 2R NA K . TE S8 R0
BTG A ARG RN RS, AT AR B A AR 2
PR T P ILAE .
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