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The aims of this study were to investigate antimicrobial activities against Xanthomonas oryzae
pv. oryzae the bacterium responsible for rice bacterial leaf bligsht and Pyricularia oryzae, major rice
pathogens, and biosurfactant production of Bacillus velezensis. B. velezensis isolated from lichen were
used in this study. All isolates of B. velezensis showed antimicrobial activities against Xoo and P. oryzae
according to spot on lawn assay, agar well assay and dual cultures method. The biosurfactant
production of B. velezensis was screened by cell hydrophobicity, emulsification activity (E24) and
specific genes for cyclic lipopeptides (cLPs). The results of bacterial cell adherence with hexadecane
and emulsion by olive oil confirmed that the seven isolates of B. velezensis were able to produce
biosurfactant. Furthermore, the PCR products of six cLPs synthesis-related genes comprising of SUR3,
sifA, ituD, ituC, fenD and bmyB that regulated antibiotic biosurfactants production including surfactin,
iturin, fengycin and bacillomycin, were detected. The safety of B. velezensis isolates were evaluated

using antibiotic susceptibility test. It was found that all B. velezensis isolates were susceptible to
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penicillin, ciprofloxacin, tetracyclin, Tigecyclin and vancomycin. B. velezensis are also not be listed in

Pathogens and Animal Toxins Act 2015. These results can potentially make B. velezensis useful and safe

as agricultural biocontrol agents.
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(Shafi et al., 2017)
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IuﬂﬁiMCydic lipopeptide 1 0.5% Sodium Dodecyl
sulfate (5DS) 10 u positive control wazldurndu
WaEDI11S TSB LU negative control AN14IUMA

ARl £24 1nwans

height of emulsion layer

E24 (%) = x 100

height of liquid column

3) m3230UT i et eatun1sadeans
UiThuy uazBuiiieadestunisaiasaniseiai
¥99 Bacillus bawn surfactin, fengycin, iturin wag
bacillomycin Tngd1384 primers wazan1izdi 1oy
N15v11U 581 polymerase chain reaction (PCR)

N8BS Mora et al. (2015); Nanjundan et al.

(2019); Plaza et al. (2015) lngainnLduLawUATILSY
Bacillus 199371150529 Ingyaardn DNA 11525y
PureDirex Genomic DNA Isolation Kit (BIO-HELIX,
Taiwan) vmsifisdSunadiduevesuiiifendesiu
cyclic lipopeptide (Table 1) A28 1vAdn
Polymerase Chain Reaction (PCR) feia3esfigens
Major cycler (Major science, Taiwan) N15M 573
HanAnALdweanUfATe1 PCR 1neds agarose gel
electrophoresis Tu 1.5% Agarose gel FHaweia SYBR®
Safe DNA gel stain (Invitrogen, Canada) Sutaalng
P304 Electrophoresis (Majorscience, Taiwan) L#l
1XTAE buffer (Invitrogen, Canada) 81uraseweses

UltraStim® LED illuminator (Mastrogen, Taiwan)

Table 1 Specific primers for cyclic lipopeptides (cLPs) production

cLPs Genes Primers Base sequces (5 —>3 ) Ta (°0)
Surfactin SUR3 SUR3F ACAGTATGGAGGCATGGTC
SUR3R TTCCGCCACTTTTTCAGTTT >0
SrfAA SRFAF TCGGGACAGGAAGACATCAT
SRFAR CCACTCAAACGGATAATCCTGA 004
[turin ituD ITUD1F GATGCGATCTCCTTGGATGT
ITUD1R ATCGTCATGTGCTGCTTGAG >
ituC ITUCF GGCTGCTGCAGATGCTTTAT
ITUCR TCGCAGATAATCGCAGTGAG °01
Bacillomycin bymB BMYBF GAATCCCGTTGTTCTCCAAA
BMYBR GCGGGTATTGAATGCTTGTT >
Fengicin fenD FENDF GGCCCGTTCTCTAAATCCAT
FENDR GTCATGCTGACGAGAGCAAA °01
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mMsvadausTLANUUABAAEYE YD B. velezensis

Anwiguuutlunishesesiufdaug dae
disc diffusion method (CLSI, 2010) Tagnsal vo
Bacillus 1%’ @15 Penicillin (10 pg/disc), Ciprofloxacin
(5 pg/disc), Tetracyclin (30 pg/disc), Tigecyclin (15
ug/disc), wag Vancomycin (30 pg/disc) (Himedia,
India) ¥INN15VAERUUUBIMT Blood agar (Biomedia,
Thailand) YuHugILAazsidn 1MIUURINL181AS
fivinamadey 3 41 Unfigamndl 37 ssmiwaidoa
Wy 24-48 Flus Fuanudnadudadeuuaiitouay
Sovunadusinugudnarsvenda thumeindouas
\WigufuAsnasgIu Weaguin Susceptible (S) Ao
Tasiensdudawesen Intermediate () Ao Tasionns
fFudwesenusaan wae Resistant (R) Aefumusesn
(Weber et al., 1988) uaﬂmﬂﬁmamﬁamzﬁumm
Uaanden1adan mainseauaiudes (1-4) vaq
Wouundiise AUUTENIANTENTNANSITNGY 304
51901918 olsafi Uszasd mruaumIuLIngT 18
.7, 2561 (Royal Thai Government Gazette, 2018)

ASAATIZINSEDR

Tuusiazn1smaaedsii 3 91 Tias1eRAIY
LANF1909ALRA BF 28 Duncan’s Multiple Range
Test laglusuasy IBM SPSS Statistics version 29.0

NAN1599¢

nan1magauqns sudwdeuuaiiseanalsn
vauluusta X. oryzae pv. oryzae vaeauuniie
B. velezensis

PMNNTNAABUANUAUTOVDN B. velezensis
Tun1sgudad ouuaiise X onzae pv. oryzae
annnlsaveuluuisludnn Tnslamzngudinenld
nlairu (Klayraung et al,, 2017) WUi’]L%’ 9 B. velezensis
Alsnavanlunistudauuaitidelgwannismadey
1agle35 spot on lawn way agar well diffusion R
gannsmadaulag spot on lawn fifwdnsduds
(;?ﬂl,m' 1.86-8.12 (Table 2, Figure 1 A) %&L%’E)B velezensis
LC130 aunsadusud e X. oryzae pv. oryzae 1§
Fitan Tnedidviinissuds fe 8.12

wdntuideuvaiiGeilinauinlunis
nedeuwad I mageuUsyansnwlunsdudde
X oryzae pv. oryzae Wgansvienil lngly superatant
voudefiwzidsdusmsmva TSB uu 3 Yu Tne
15 agar well diffusion WU supernatant “UENL%EJ
B. velezensis va 7 lelwian uansusnaduduiniy
soUNAY 71 1A Y supematant (Figure 1B) fiALade
AU eI NUS 17.13-43.87 wu. Tnaide
B. velezensis Tolgtan LC1, LC2, LC19, LCT0 wag

o w

LC130 dengandn LC33 uag LC33.1 ageditaddgy

o

v @ o W

nananseauledifey 0.05 nIoNszAUANUTDLY
95% (Table 2)
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Table 2 Antibacterial activity of B. velezensis against X. oryzae pv. oryzae

B. velezensis Accession no.

Antibacterial activity against Xoo

Spot on lawn (ABI)* Agar well assay (DCZ)**
LC1 KY084550 3.73° 41.40°
LC2 KY084550 6.65° 43.87°
LC19 CP014990 2.55° 43.87°
LC33 CP014990 6.93° 24.80°
LC33.1 MT649755 7.01° 17.13°
LC70 KX673635 1.86° 42.80°
LC130 KY084550 8.12° 39.03°

* ABI means antibacterial activity index. ** DCZ means diameter of clear zone in mm.

Figure 1 Clear zone of antibacterial activity against X. oryzae pv. oryzae of B. velezensis LC130

by spot on lawn (A) and agar well diffusion assays

HANTNASEUANE SUSWT a1 P. oryzae veuTe
WUANLSe B. velezensis
a"wﬁ’umimmaauqmﬁga”uagaLsﬁyam
Pyricularia oryzae anvnlsalniludia e
nadaun oAl A dual cultures wWuIn L%a
B. velezensis v 1 7 lalwian 7 @a1u1saduds
X. oryzae pv. oryzae annsadiud P oryzae 9
wuitu TneAndudesidusdudansiasey 24.67-
58.79%
wonandladnsmagoudszansamlunis

Fuds P, oryzae tnganinaeni neld supernatant
voud o iwizid selue misinas TSB uu 3 Ju
Wuieafuiinageu X. oryzae pv. oryzae dlold33
agar well diffusion wu3191n 7 Telwiandilinauan
Tudunounsmadeu dual culture fiites 4 loluan
i supernatant mmsas‘]’usﬂ% P. oryzae 191 (Figure 2)
Téun LC2, LC19, LC33 way LC33.1 lnudAnLtdu
Wesiduidudinisiadaiios 11.89-31.64%
(Table 3) Ing) supernatant ¥e4 B. velezensis LC19
ﬁ‘uszﬁw%ﬂwwqqqmiumimaau%umauﬁ
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Figure 2 Mycelial growth inhibition on P. oryzae by B. velezensis LC1 (A) and supernatant

of B. velezensis LC19 (B)

Table 3 Mycelial growth inhibition of Pythium oryzae by Bacillus velezensis using dual culture

and agar well diffusion methods

B. velezensis

Dual culture

Percentage of mycelial growth inhibition

Agar well assay

LC1 58.79+4.5a -
LC2 57.68+1.34a 11.89+£1.47b
LC19 28.41+2.61c 31.64+0.22a
LC33 56.19+1.29ab 12.96+1.37b
LC33.1 49.38+6.39b 16.63+6.78b
LC70 52.97+0.93ab -
LC130 19.31+1.56d -

NANTSANEINITHANENTAALITIAIRINITINTNUDS
L‘ls;I 8 B. velezensis an1inngau cell hydrophobicity
#2875 BATH assay
wamimaaummwmauﬁwmLévaé (cell
hydrophobicity) f1&) BATH assay 16 gl% hexadecane
W o UTUNIIHE PN TAALTIR IRIMNT 10N WU
B. velezensis Wosidudmnuldvoudivosisad
4.10-46.86 (Figure 4) Inglolaiandilva1aulyl
%auﬁwamaéqqﬁ'qm A B. velezensis LC1 éﬁﬂﬂ’li

Tdveutvewwadaiuisalddudeousdnisuanans

= a = a a ¥
AALIIAIRINNTININVRILUATLS LA

ran159n1%iAn emulsion vasde B. velezensis
fanssunisiAa emulsion Taeld iy
uznan vas B. velezensis #a 7 lolatan uansdaod
E24 wu3n B. velezensis 31w 6 lolaian firade
E24 9071 negative control gnL3u B. velezensis
LC2 AdlAndndn Ao 37.30% luvaiian 6 Telaamiu
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fAnegluyae 38.97-51.92% muandlu Figure 5 ugi
0t19l5f7 superatant vaa B. velezensis i anun
fiewade E24 sndn positive control Ae 0.5% SDS
fififnda 62.02% anuan1IMARBs B. velezensis
lelwaniluanarniade £24 geninlolelanduoeiadl
Toddymeadnfiseduiioddy 0.05 Ao LCL, LC19
waz LC70 Geanvseyleinde 8. velezensis fin1s

UanUaswanstungu cyclic lipopeptides 8NN

HAN1SNTIBUTITETsTUNIES e TanWSIR AT

¥ nlungy cyclic lipopeptide
Mnnansnadeudnuazidosduluniswan

asanussieiatinndaduansyAegiffunum

drfglunsdugarerduvsdnelsaiy Tudunauilis

Iinsnsraduiliiendosfidosiuansanusafisiia
Fanmidsiesunisasranulunuaiiie Bacillus
lagianizna uued cyclic lipopeptides Lawn sifA
way SUR3 Fadedeafiunisadna surfactin 8u fenD
W gt eatun1sadie fengycin 8 ituD wag ituC
Aeadotunisadng iturin waz bmyB 7iduiusiu
38379 bacillomycin sandu 6 8u Aldlunsinen
WU 1@ B. velenzensis wa 7 lelman nsranuiu
5 8u lawn srfA, SUR3, ituD, fenD wag bmyB (Figure
5A-C, E-F) Tnadlauinues PCR product winfiu 201,
441, 647, 201 way 370 bp MIUANY du BU ituC
dunsranuiiies 3 lelawan laun B velenzensis
LC1, LC2 wag LC130 dvu1nva9 PCR product 423
bp (Figure 5D)

50.00 - T
g 40.00 A
>
9 3000
O
ey
s
£ 2000 -
>
e
T 1000 A e de
- I
0.00
LC1 LC2 LC19

LC33 LC33.1 LC70 LC130

Bacillus velezensis

Figure 3 Cell hydrophobicity of B. velezensis by BATH assay
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Figure 4 Emulsion index of B. velezensis supernatant
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A28 disc diffusion method ¥89 Bacillus MUNANNTS
Y943 Celandroni et al (2016) 1% @15 Penicillin
(10 pg/disc), Ciprofloxacin (5 pg/disc), Tetracyclin
(30 pg/disc), Tigecyclin (15 pg/disc), kaz Vancomycin
(30 pg/disc) liwuinide B. velezensis AlFlunsAnw

AOMBYININAT?

£
s
~ o &
oo - R, ]
g co*
<~~~

=

Figure 5 PCR products of specific primers for srfA (A), SUR3 (B), ituD (C), ituC (D), fenD (E) and bmyB (F) genes
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