[H3tAustaiX), J13A M25(1998)
Korean J. Sanitation. Vol. 13, No. 2. pp40~46(1998)

2IIw&0 s d45H WSL29 %’7‘"71‘@ %’él—% SAlof

MAVSt= B. thuringiensis AF6TF

pi

(=]

Foustn R - TR

o
o
o
hicl

.L

Isolation and Characterization of Bacillus thuringiensis strain AF6
Producing an Antifungal Substance and a Mosquitocidal
Delta-endotoxin Simultanously

Kwang-Hyeon Kim - Kwang-Bae Lee’

- Du-Man Shin”

Department of Microbiology, Dongew University, Pusan 614-714, Korea
Department of Health Hygiene, Taegu Health College, Taegu 702-260, Kored'
Department of Enivornmental Engineering, Taegu Health Collage 702-260, Korea™

Abstract

For a biological control on a plant pathogen, Pyricularia oryzae, and a mosquito, Aedes

aegypti, Bacillus thuringiensis  strain

AF6 which produces

parasporal  inclusion,

delta-endotoxin, was isolated. The B. thuringiensis strain AF6 was produced not only an

antifungal substance(AFS) against P. oryzae,

but also a mosquitocidal delta- endotoxin.

The AFS of the strain AF6 is more stable at pH4.0 than pH10.0. At the mode of action,
the AFS of the strain AF6 was inhibited hypha growth on potato agar plate(pH5.0), and

degraded cell walls of P. oryzae.

o)
7b AEs we whd QAo Hs}ﬂ A g
b7 HdTe] 2WES Z7A7E AE AHo)
o)A HZoE AMEEF WAE FAW ol A
e BRI F Qe BB LaAld T BA
o] mEH: ey, By olyel AEHATS °
Astr] A% gslzere] Age A2 BHLA
o2 98 A FAE fHAANY 28y

aAaEsA 4139 25(19%)

Ao dE BAs UFe
Aol e W
L e ] é‘%% FEA]
%ole Al
g3te AH 2) 5o AYAE SR
v Ze] #&g nsorsthY,

AYgvEe Hrbe EYl SAde HEH
Aol oE M2 wARAM dFdHolu 44
& TASE g sk AHRE FA)E
A dite] Mot Aguigre 2y
o] o7 7tx] HEHATH Y5 A4EE Fa A



DIRE0 e BN LHSL0 SR 222
Zotd gyl Ty AL s¢, AewAs
AY Age ooz AgHn.

53], gagee WdvAed oF g 4F
dEol sl Aan, olgg WA A #7]
T4 oo dF ¥ e #Peds do
A AR wE Ao Susden Attd o
&g W mebs % %“&

=

thurmglenszs
° Z\erb =g
B. thuringiensis®] 3F o
el s wAY =

T UE
S =
o 7HsAE AT

Nz o U
L ARE 25 2 WAx4
2 Adel 48w dFE E% 43t Pyri -

cularia oryzae KTCC1939¢}t & Aol A of o}
g AR Aol A 823 Bacillus thuringiensis
o= stk wAEge gl 10

H7HA 71 1L = 548 2AF}

0

% yeast extractZ

of ARg-atsith

2. B. thuringiensisd 59 34
zag o80T, 1087HE &
"h/H]SZb Abd A7) 1, PYGER R Vel A ul ok
, 3AZL & A Ao }J}sé d

‘73— 92 AN WELE AH BFEdach
882 Akl Krieg 7% Colling 5V

stol ¥ st

SpIm e
LA

_\LL_‘._,qO(\JOB,

EjO_

3. &AFA B thuringiensisd 9]
g 2 4

Yeast extractZ} 1.0% &85 7Z=FeHd ]2 (pH

sS4l g8 RAIAFE dA AkelY S F

Moz HMEste (28T, 4AIHAIZIYy. 2 &
AT P ooryzaeE H3ATOl AS5E 9

“ f

ometA] JFHA0~20emE A BBHder HFES

om

Pyricularia oryzae)® 2718 didez’

MOl NIABH= B thuringiensis AF6ZR0| 2] 3 &M 4]

&7 WA AS&(25T, 29zhARHY. A&
P. oryzae® @AY B thuringiensis® A& A
of o8 AAg AAAI= B thuringiensise
Aoz Felddsd chstreak method). 1AHE
4% B rthuringiensis FoA 2&He) o3
-.Bé ol ASE AdAElE FE Al dHskd
Z uvlg] ZAAHA(pH 5.4)e 13 A
B [hurmgwnszs—;: Apdle] Tl olFAAR
spot3}ad 71‘35‘—’\]7]-7 AE(28T, 242 F
3 Eel 05% ol ¥ AP AI(pH 5.4)
= g, P oryzaeE HFEL wlR@5T,
36-48A1 M)A XM B. thuringiensis®] colony 59
o P orvzaed] A5 A Ho] FHg o] ¥
Ase 058 232 Mgsidn

o
€
A

rﬁ:f
,LE*\—’
o

t
12

ExS
°
Z=

S
I

4, FAFA B d4&FH
B4 =4S Disk method?E Ar&3ld. =,
U]a 25C ] A 2~397F A widd P oryzae’t

k2 st HEAZTH
% Hd¥E B thurmg1enszs7} s gl
4] E2(Antifungal substance; AFS)e] /¥ &
BS paper disk(@P0.8cm) gl
31, 25°Col A 2~3Y7E W FAAA diskTHA A
5 XV]“H‘{ Erde] 9kxFe 37|12 FUTA
=

g4 Jea.

DPY YA

5. FATAH EA9 FAA
A2 R (pH 5.4)ol A widE B thuringiensis
AF69] wiFale 1A ¥-2](10,000 rpm, 15 min)s}

o 1 AEdd FALRFS ITHAATE 1 F
4T A shEy Sk wxsia gAY IALES
oA g4l destd FerEtgct da" JAHES
Al vjFde] 1/508 §Ho] HEE AdgAds

7b 68 20mM LAkerEA(pH 7.0)0 &l Ete
FA1eHMW  8,000; Dialysis membrane tube)®
ol BEXAA FAAREE AASAL

6. S¥de] FF

3 zé;q]% B2 A

(SIS S

24 22 =437 9
3l Lowry method™ 7} A& 1tk

KOREAN J. SANITATION Vol. 13, No. 2, 1998



02 AR - O - A

7. FAHA
P oryzaeE

A A ¥

gl g
ol 2-3d Tk FAbA
gAE TFAE 0.8% NaCl
IR O]*}@z"“ﬂ oA E
o = 0.8% NaCle] ol Amie} IF
ekl IS EFetm Algateld 0.8% NaCl
g dabekFd omlieh FAEE A Iml R
B #ATFA BF 2mlE &5t 25T
ES

2 Mxeie] gy duld

8. 274 digt £AAH
B. thuringiensis PYG 3 a =¥

ot #) 3}

ol

o]

kil E”l vk izt

A
o]

Tz

az

HOL

O %

ol

A
g

&

ﬁ‘%"—‘.‘oﬂ 271 (Aedes aegypti)®l &
Hol 25T e} g27]oA 24
A Eg zARS AT

dy 4 &t

1. B. thuringiensis AF632] A4
A 242 At

225l B thuringiensisE 2l A& BT P

orvzaed) W AL o AZE streak methodZ %

]
i

Abs) B A Fig LA vebd s 2ol
selo) el AHATL AFS FF7F EAshe
o Ry PooryzaevtAZE HE A& WA efskrh
P e i A thA] - diffusion
method2 &8t P oryzaedl S8 s 2

o

ox

A

AF6E %=

vfek(3d, 28T)A1Zl F AFANS
e BRES FRF G Al
Fig. 1. Growth inhibition of P. oryzae by

Symbols: A P. oryzae, B B.
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Table 1. Physico-chemical properties of B.

thuringiensis strain AF6

Physico-chemical

properties \ Strain Bti Bt AF6
Gram stain + +
Spore formation + +
Shape rod rod
Motility + +
Parasporal Inclusion (Crystal) + +
Growth at pH 57(Nutrient broth)  + +
Catalase + +
Nitrate reduced to nitrite + +
Antifungal activity - +
Lecithinase + +
Aaid production from glucose + +
B -galactosidase - -
Arginine dehydrogenase + +

H>S production - -
Indole production = -
Gelatin liquification - -

Symbols ; Bti | Bacillus thuringiensis subsp.
israelensis(type strain), Bt AF6: Bacillus thuri -
ngiensis strain AF6.

e AAR FSIAY. webd B F37h A
CoRAE BRE FANS FaaA 8 a8
of Holm MWB000 o) 4o Ealoleln 4%t

Fig. 3. Morphology of B. thuringiensis strain AF6 on Phase Contrast Microscope.
Symbols ; C : Parasporal inclusion(Crystal), S : Spore.
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Table 2. Growth inhibition of P. oryzae
against B. thuringiensis strain AF6.

Table 4. pH stability of AFS from B. thu -
ringiensis strain AF6.

Volume of AFS

in paper disk Ol S0t 80l 11018
Growth Inhibition(cm) 0 015 0.20 ().3()‘_
A paper disk was soaked with an antifungul

substance(AFS) from B, thuringiensis strain AF6 for
determination of growth inhibition of P. oryzae.

Table 3. Heat stability of AFS from B.
thuringiensis strain AF6.
Temperature(C) None treatment 40 60 80

Growth Inhibition(cm) 0.3 0.2 ()1 () Oa

AFS(0.5ml) from B. [hurmgzmszs strain AI‘G were
heated for 30 min at 40T, 60T, and &0T,
respectively. Each AFS treated heat was rapidly
kept in ice, and remaining activity of AFS was
measured by disk method.
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pH None treatment 4 10
0.05 0

Growth Inhibition{cm) 0.1

Mixture of 20mM phosphate buffer(0.3ml) and an
antifungal substance(0.3ml) from the strain AF6,
was kept at 37C overnight. After that, 50mM
posphate buffer(0.3ml, pH7.0) was added to the

mixture, and remaining activity of an anti-fungal
was measured by disk method.

substance

Fig. 4. Degradation of cell wall of P. oryzae
after treatment of AFS from the strain
AF®6.

P. oryzae cells suspended in 3ml PBS buffer were

mixed with 2ml AFS solution of the strain AF6,

and the mixture was kept at 25°C for 2 days. The

AFS solution of the strain AF6 was contained

4.1mg/ml protein. Symbols; A : None tretment, B:2

day treatment.
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Table 5. Mosquitocidal activity of B. thurin -
giensis strain AF6

Feeding Time(hr) / Strain Bt Bt AF6

24 5/5 5/5
48 5/5 5/5

B. thuringiensis AF6 was cultured on PYG agar
plate for 3days at 28°C, and the spore-crystal
mixture was suspended into test tube containing
distilled water. The 5 larvae of mosquito(Aedes
aegypti) were introduced into the test tube, and
kept at 25C for 24hr for observation of number of
dead larvae.

g s, dzdde 08%BeHEF7E #

FE daeEFApH 7.0) dmidl FHEGY 1ml -

€ A EE AT A4S AT A

ZTole 08% M7 FiE ALy
2mlol TA d=d Imigt FRTAY Bl &
¥ &9 2mE EFAAA 25CoAM vE-EAI7IEA
BAHLR P oryzae®) TAS WHE HU|F S

3t stk 2 A# Fig 49X Bkt
2ol gAgA EAL 48413 FoE P ooryzaetd
A7E ddsn FElE Boko] #EsAT wElA
o] g2FA BHE P oryzaed TAE BEHFe
EA P oryzaed] ¥SE AASE AR Al5d
=3

7. R71fr5o dd 4354

B H3(A aegypt)ol W3 B thuringiensis
AF6RF o] EXAYE 33 A Table 5904
HE upe} o] 24A3F Folle BF XAHYZL
2 ¥ B thuringiensis AF6Td 3+ 27§30 7
g xxtEe] Qe UWELE AN oln gz
T2 BZIFF #3 S4& Jdeglle B thur -
ingiensis strain israelensis(type strain)’} AH&5]

At

v.d E

£

3 T AEHJITE UAT EHoz
NS 2% Bacillus thuringiensis & oF

3
& 23 2oe then 2o,

2Rl B4 R WEAS Yuss

Al =HE TP oryzae)dl WI FAF
A B2AE MASE B thuringiensis AF6
TFE HHIEn

. B. thuringiensis AF62] 3274 £4L P

oryzae2] M ¥H & &3N3, Hojx 8000
Kda o149 £x3-& 742 842 F35 Q.

. FRTEA BAL 40TAA 308 A

g8 49 237 280w, FHA
74 bgstgct

. B2® B thuringiensis AF68] W=4¥ B

thuringiensis subsp. israelensis$} vl37}3)
2 X7|(Aedes aegypti)ol ZFEA EAHE
e

a2 d

. Carlton, B. C.:Development of improved

bioinsecticides based on Bacillus thurin -
giensis, In Pest control with enhanced
environmental safety, Edited by S. O. Duke,
J. J. Menn, and ]. R. Plimmer, American
Chemical Society, Washington, D.C., 256-
266, 1993.

. Cook, R. J.:Making greater use of intro -

duced microorganisms for biological control
of plant pathogens, Annu. Rev. Phyto -
pathol., 31, 53-80, 1993.

. Gregory, K. F., O. N. Allen, A. J. Ricker,

and W. H. Peterson: Antibiotics and an -
tagonistic microorganisms as control agents
against damping-off of alfalfa, Phytopa -
thology., 42, 613-622, 1952.

. Kerr, A.:Biological control of crown gall

through prodction of agrocin 84, Plant Dis.,
64, 24-30, 1980.

Kim, K. Y, and S. D. Kim.:Biological
control of Pyricularia oryzae blast spot
with antibiotic substances produced by
Bacillus sp. KL-3. Kor. J. Appl. Microbiol.

KOREAN J. SANITATION Vol. 13, No. 2, 1998



46

10.

2

1

- Ol - A0

Biotechnol. 25 :396-402, 1997.

. Parke, J. L., R. E. Rand, A. E. Joy, and E.

B. King : Biological control of pythium da -

mping-off and aphanomyces root rot of

_peas by application of Pseudomonas cepa -

cia or P. fluorescens, Plant Dis., 75, 987-
992, 1991.

Feitelson, J. S., J. Payne, and L. Kim:
Bacillus thuringiensis : insects and beyond.
Bio/Technology, 10, 271-275, 1992.

. Kim, J. Y, and K. H. Kim:Isolation and

characterization of Bacillus sp. PY123 pro -
ducing water-soluble yellow pigment, Kor.
J. Appl. Microbiol. Biotechnol., 25, 454-458,
1997.

Krieg, N. R. and ]. C. Holt: Bergey's
Manual of systematic bacteriology, Vol.2,
William and Wilkins Co., Baltimore,, 1105-
1138, 1986.

Collins, C. H. and P. A. Lyne:Micro-
biological method, 5th ed., Butterworth &
Co., London, 356-360, 1984.

@A A ABA 23(198)

11.

12.

13.

14.

Isaacson, D. M., and J. Kirschbaum : Assays
of antimicrobial substance. In manual of
industrial microbiology and biotechnology.
Demain, A. L., and N. A. Solomon(edit).
American Society for Microbiology. Wa -
shington,D.C., 410-435, 1986.

Cremer, A.: Antibiotic sensitivity and assay
tests. In Collins, C. H. and P. M. Lyne,
Microbiological methods. Fifth ed., 167-181,
1984.

Lowry, O. H,, H. J. Rosebrough, A. L., Farr,
and R. ]. Randall : Protein measurement
with the Folin phenol reagent, J. Biol
Chem., 193, 265-275, 1951.

Kim, K. W, M. Ohba, and B. W. Kim:
Cloning of a hemolytic mosquitocidal delta-
endotoxin gene(Cyt) of Bacillus thurin -
giensis 73E10-2 (serotype 10) into Bacillus
subtilis and characterization of the cyt gene
product, J. Microbiol. Biotech., 6, 326-330,
1996.



