[sorarereix] M14¥ M43 (2010) .
E‘_he Korean Journal of Pesticide Science Vol. 14, No. 4, pp. 446~455U

Sl HMIO|LIEN Spodoptera litura)Oll &2 MEEME LIEHEE
Bacillus thuringiensis subsp, kurstaki KB099
59| LS4 ity £

—_
dotE SoARHE S4B
A
i

Characteristics of 5-Endotoxin Protein Produced from Bacillus thuringiensis
subsp. kurstaki KB099 Isolate Showing High Bioactivity against Spodoptera
litura

Sun Young Jung, Mi Ja Seo', Young Nam Youn' and Yong Man Yu'*

Agro-Materials Safety Evaluation Division, National Academy of Agricultural Science Department of Agro-Food
Safety, Rural Development Adminstration, Suwon, 441-707, Korea, lDept. Applied Biology, College of Agriculture
and Life Science, Chungnam National University, Daejeon, 305-764, Korea

i I
s i Abstract ¢ A

The characteristics of parasporal inclusion body from Bacillus thuringiensis subsp. kurstaki KB099 isolate
which is high bioactive to the tobacco cutworm, Spodoptera litura, were examined. Parasporal inclusion of
B. thuringiensis subsp. kurstaki KB099 isolate showed only 1 band at 130 kDa compared with B. thuringiensis
subsp. kurstaki HD-1 isolate producing 2 protein bands at 130 kDa and 60 kDa from by SDS-PAGE analysis
without any enzyme treatment. Also, we confirmed that gut extract of sensitive S. litura KB099 isolate had
digested only 60 kDa §-endotoxin protein. When the digestive enzyme of sensitive insect responsible for
parasporal inclusion from KB099 and HD-1 isolate was treated to each of them, protein band 60 KDa of
KB099 was maintained up to 12 hours but all bands of HD-1 were disappeared within 6 hours. In KB099
isolate, 6 genes (CrylAa, CrylAb, CrylAc, CrylC, CrylD and Cryll) were identified by PCR analysis. Also,
Cry mutant of KB099 isolate was investigated by phase- contrast microscope, SDS-PAGE and PCR.
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Faculty of Agriculture, Kyusu University, Fukuoka, Japan)
o) H serotype & 2)2|5}0] 4@ o) 3abcsl B. thuringiensis
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PCR analysis

B. thuringiensis 3+52] WEA @2 4219 Cryd<
EA8}7| ¢J8lo] gene-specific primer set(Table DE Apg3}
9t} PCRO £Z2& Thermal Cycler C1,000 (BIO-RAD)
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22319t} Ampicillino] 60 /mlZ H7}E LBH|YHo|
79| colonyE E3te] 37CoA] Ze wjofateh A2 2
ml ho]22 Fuo] Fo] S Ak W LS ml B
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Table 1. List of crystal protein gene-specific primers for PCR analysis
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Size of product

Cry genes primer sequences (bp)
crylda 5'GAGCCAAGCGACTGGAGCAGTTTACACCS' 782
cryldb STCGAATTGAATTTGTTCC3' 238
crylde S'GTCCAACCTTATGAGTCACCTGGGCTTCS' 550
cryIB 5'GTCCAACCTTATGAGTCACCTGGGCTTCS' 902
crylC S'CAACCCTATTTGGTGCAGGTTC3' 288
crylD 5'GGTACATTTAGATGTTCACAGCCAC3'! 465
crylE S'CTTAGGGATAAATGTAAGTACAG3' 961
crylF 5'CCGGTGACCCATTAACATTCCAATC3' 383
cryl3! 5'ATCACTGAGTCGCTTCGCATCTTTGACTTTCTC3' -
aylGs' 5S'ATATGGAGTGAATAGGGGG3' 235

crylG3' 5TGAACGGCGATTACATGC?' -
crylls' S'GCTGTCTACCATGATTCGCTTG3' 1584
eryli3’ 5'CAGTGCAGTAACCTTCTCTTGC3'! -
cry2s’ SCAGATACCCTTGCTGGTGTAA3! 1073
cry23! 5'ATAGGCCCGTGCTCCACCAGG3' -
cry94s’ S'GTTGATACCCGAGGCACA3'! 571
cry943' S'CCGCTTCCAATAACATCTTTTS' -
cry9B STCATTGGTATAAGAGTTGGTCTATAGACS' 402
cry9C 5'CTGCTCCCTTTCAATCCS! 306
cry9D S'CCGAGCTCTATGAATCGAAATAATCAAAATGAATS' 1917
cry9BCD3’ 5'CCTCCTAGACACAGGGATGATTTCAATTCS' -
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Fig. 1. Scanning electron microscopy of spore-crystal mixtures of B. thuringiensis strains. A: B. thuringiensis subsp. kurstaki HD-1,

B: B. thuringiensis subsp. kurstaki KB099; cb: bipylamidal crystal; cc: cuboidal crystal.

of &2 UAAE Holn primary 8AF L 75& B
A Hof L5& AAte] 0124 th(Vadlamudi 5, 1995).

AN =S A5Ade dERd KB099 o5
FAstA o & HD-19} 22 B. thuringiensis subsp. kurstaki
(Gabo)E A= oW, AL W9 9 Ao JolE B
ol & SDS- PAGES 0|4 &4 thlizlo] E49 319la)
AchFig 2). 7 A3 KB09Y 259 A s
HD-15#5o4 Hol= 9 wi=9l 130 kDa”
1} 65 kDa] W= Wolx| ggton ol= As
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wpebA Sl e Astad

II.
N ¢

bj;
5

kba M 1 2 3 4
195
117
97

50

Fig. 2. SDS-PAGE analysis of solubilized crystal proteins digested
with trypsin. Lane 1: undigested B. thuringiensis subsp. kurstaki
HD-1; Lane 2: digested B. thuringiensis subsp. kurstaki HD-1,
Lane 3: undigested B. thuringiensis subsp. kurstaki KB099,
Lane 4: digested B. rhuringiensis subsp. kurstaki KB099; M:
Molecular marker.
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Fig. 3. SDS-PAGE analysis of solubilized crystal proteins digested
with S. litura gut extract of B. thuringiensis subsp. kurstaki
HD-1. Lane 1: undigested HD-1 and Lane2-7: digested HD-1
(Lane 2: 15 min; Lane 3: 1h; Lane 4: 3h; Lane 5: 6h; Lane
6: 12h; Lane7: 24h).
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AL 7FA| 3 qlekar 2 LE o 9) o m(Schnepf

5, 1998), @Y B. thuringeinsis strains, B. thuringiensis
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Fig. 4. SDS-PAGE analysis of solubilized crystal proteins digested
with S. litura gut extract of B. thuringiensis subsp. kurstaki
KB099. Lane I: undigested KB099 and Lane2-7: digested
KB0O99 (Lane 2: 15 min; Lane 3: 1h; Lane 4: 3h; Lane 5: 6h;
Lane 6: 12h; Lane7: 24h).

Zovt 24L& Yefe Ao2 EuEditk(Sanchis 5,
1989; Visser %, 1988, 1990). thu]&a)Eo] &/do] Sl B.
thuringiensis subsp. aizawai+= CrylAa, CrylAb, CrylC 1
23 CrylD 5 4709 §Azk= d2fA 9lom ¢ithAronson
£ 1991; Crickmore %, 1998; Hofte®} Whiteley, 1989),
di KB099 #3= 8434 0.2 HD-19} 18 kurstaki=
=4 ]9l ot CrylAa, CrylAb, CrylAc, CrylC, CrylD

123 Cryll %5 6709 S4 chifdE 7hA]ar gleel gkl
=19l 0 m(Fig, 5B). 7|1&at5<l HD-15 tj2x|@sto] 574¢]
Cry5a A o] 2A3HE 31 3 4= SIQIthFig. SA). L
22 18 SAL) 7W laneolA] Cry2A o] KB0O99
oA gholE]z] ok AL cuboidal crystal®] EA2 B o]
015 74& OH\]S}\:}.

w3}, Gl AN ol it ARl A HD-150h
= e 1%‘5}‘41% 7401\% KB099 w%9] CrylC, CrylD
e e A2 9 4 S0
S CylC 5 £h20] A A7) ol B30 3
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Fig. 5. Agarose gel (1.5%) electrophoresis of PCR products
obtained with specific primers for the cry genes. (A) B.
thuringiensis subsp. kurstaki HD-1 and (B) B. thuringiensis
subsp. kurstaki KB099, Lane: 1, crylAa; 2, crylAb; 3, crylAc;
4, aylC; 5, crylD; 6, cryll; 7, cry2.
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Fig. 6. Phase-contrast microscopies are used to detect the presence of parasporal inclusion (p) and spore (s) in Cry+ and Cry- of

B. thuringiensis subsp. kurstaki KB099.

U, CrylCadle £ A4S Ui o 8o
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AE AAlUl= Plasmid DNAS] =7](2- 250kb)e} 1 =
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Hg. 7. SDS-PAGE analysis of solubilized crystal proteins digested
with S. litura gut extract of Cry+ and Cry- strains of B.
thuringiensis subsp. kurstaki KB099. Lane 1: undigested Cry+;
Lane2: digested Cry+; Lane 3: undigested Cry-; Lane2: digested
Cry-.
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Fig. 8. Comparative plasmid DNAs pattern of B. thuringiensis
subsp. kurstaki KB099 as Cry+ and Cry-. Lane 1: Cry+ strain;
Lane 2: Cry- strain; M: Lambda DNA HindIlI plus marker.

Uehlie WEa waas Al 9 =
7] 95} SDS-PAGE £42 dHglout AEa Ty
kDao] EAs}A] ekofthFig. 7, lane 3). T3 74
FeiAA Y $4 2Ede) HRgAA =
60-65 kDa2l %57} A= AL BsSItFig.

0|9} Zro] Cry-w#3:¢l KB0992] plasmid DNA JHEjg zLoJ
o 23} sk vehd Zigo] T 79 Afo|2o] WET &
Aol oAM= gl AL 9l shgir(Fig. 8). o] &+
1] Plasmid DNA7} E4 aa 2L Ao Eol| Tofal=

= o Rk @15
2 2apto E*HHUrHMl £ 942 Uehis 5L o

> o/ 8/

Ho

s

Aronson, A. 1., E.-S. Han, W. McGaughey and D. Johnson
(1991) The solubility of inclusion proteins from Bacillus
thuringiensis is dependent upon protoxin composition and
is a factor in toxicity to insects. Appl. Environ. Microbiol.
57:981~986.

Ben-Dov, E., A. Zaritsky, E. Dahan, Z. Barak, R. Sinai, R.
Manasherob, A. Khamraev, E. Troitskaya, A. Dubitsky, N
Berezina, and Y. Margalith (1997) Extended screening by
PCR for seven cry-group genes from field-collected strains
of Bacillus thuringiensis. Appl. Environ. Microbiol. 63:4883
~4890.

Brian, A., and C. Federici (1998) Transgenic Bt crops and
resistance:Broadscale use of pest-killing plants to be true
test. California Agriculture 52:14~20.

Burton, S. L., D. J. Ellar, J. Li, and D. J. Derbyshire (1999)
N-Acetylgalactosamine on the putative insect receptor amino-
peptidase N is recognized by a site on the domain III lectin-
like fold of a Bacillus thuringiensis insecticidal toxin. J.
Mol. Biol. 287:1011~1022.

Carozzi, N. B., V. C. Kramer, G. W. Warren, S. Evola, and
M.G. Koziel (1991) Prediction of insecticidal activity of
Bacillus thuringiensis strains by polymerase chain reaction
product profiles. Appl. Environ. Microbiol. 57:3057~3061.

Choi, S. Y., M. S. Cho, T. H. Kim, and Y. M. Yu (2008)
Bioactive characterization of Bacillus thuringiensis subsp.
kurstaki CAB133 isolated from domestic soil. Kor. J. Appl.
Entomol. 47:175~813.

Crickmore, N., D. R. Zeigler, J. Feitelson, E. Schnepf, J. van
Rie, D. Lereclus, J. Baum and D. H. Dean (1998) Revision
of the nomenclature for the Bacillus thuringiensis pesticidal
crystal proteins. Microbiol. 62:807~813.

Edyta, K., K. Adam Z. Jadwiga Z. Kazimierz and H. Paetzl
(2007) Analysis of cry gene profiles in Bacillus thuringiensis
strains isolated during epizootics in Cydia pomonella L.
Curr, Microbiol. 55:217~222.

Ferre, J., M. D. Real, J. van Rie, S. Jansens and M. Perferoen
(1991) Resistance to the Bacillus thuringiensis bioinsecticide
in a field population of Plutella xylostella is due to a
change in a midgut membrane receptor. Proc. Natl. Acad.
Sci. U.S.A 88:5119~5123.

Glare, T. R. and M. O'Callaghan (2000) Bacillus thuringiensis:
Biology, ecology and safety. Chichester: Wiley pp. 350

Gonzalez, J. M. and B. C. Carlton (1980) Patterns of plasmid
DNA in crystalliferous and acrystalliferous strains of Bacillus
thuringiensis. Plasmid 3:92~98.

Hofte, H. and H. R. Whiteley (1989) Insecticidal crystal proteins
of Bacillus thuringiensis. Microbiol. Mol. Biol. 53:242~
258.

http://www lifesci.sussex.ac.uk/Home/Neil _Crickmore/Bt/



454 B - Nol%- 29 - 980

Hurley J. M., L. A. Bulla, and R. E. Andrews (1987) Purification
of the mosquitocidal and cytolytic proteins of Bacillus
thuringiensis subsp. israelensis. Appl. Environ. Microbiol.
53:1316~1321.

Jalali, S. K., K. 8. Mohan, 8. P. Singh, T. M. Manjunath and
Y. Lalitha (2004) Bascline-susceptibility of the old-world
bollworm, Helicoverpa armigera (Hilbner) (Lepidoptera:
Noctuidae) populations from India to Bacillus thuringiensis
CrylAc insecticidal protein. Crop Protect. 23:53~59.

Jensen, S., L. Cavarec, M. P. Gassama, and T. Heidmann
(1995) Defective I elements introduced inte Drosophila as
transgenes can regulate reactivity and prevent I-R hybrid
dysgenesis. Europ. Dros. Res. Conf. 14:198.

Karamanlidou, G., A. Lambropoulos, S. Koliais, T. Manousis,
D. Ellar and C. Kastritsis (1991) Toxicity of Bacillus
thuringiensis to laboratory populations of the olive fruit fly
(Dacus oleae). Appl. Envir. Microbiol. 57:2277~2282.

Khan, 8. A. (1997) Rolling-circle replication of bacterial plasmids,
Microbiol. Mol. Biol. Rev. 61:442~455.

Kim, T. H, D. A. Kim, K. S. Kim, M. J. Seo, Y. N. Youn, and Y.
M. Yu (2009) Characterization of Bacillus thuringiensis subsp.
aizawai CAB109 isolate with bioactivities to Spodoptera
litura and Spodoptera exigua (Lepidoptera: Noctuidae).
Korean J. Appl. Entomol. 48(4):509~517.

Kim, D. A, J. 8. Kim, M. R. Kil, Y. N. Youn, D. S. Park, and
Y. M. Yu (2006) Isolation and activity of insect pathogenic
Bacillus thuringiensis strain from soil. Korean J. Appl. Entomol,
453):1~6

Kim, H. S., D. W. Lee, S. D. Woo, Y. M. Yy, and S. K. Kang
(1998) Biological, immunological, and genetic analysis of
Bacillus thuringiensis isolated form granny in Korea. Curr.
Microbiol. 37:52~57.

Kim, D. A, J. S. Kim, M. R. Kil, 8. K. Paek, S. Y. Choi, D.
Y. Jin, Y. N. Youn, L. C. Hwang, and Y. M. Yu (2008)
Characterization of new Bacillus thuringiensis isolated with
bioactivities to tobacco cutworm, Spodoptera litura (Lepidoptera;
Noctuidae), Korean J. Appl. Entomol. 47:87~93.

Krieg, A., A. Huger, G. Langenbruch and W. Schnetter (1983)
Bacillus thuringiensis var. tenebrionis; A new pathotype
effective against larvae of Colepoptera. J. Appl. Entomol.
96:500~508.

Kumar N. S, and G. Venkateswerlu (1998) Endogenous protease-
activated 66-kDa toxin from Bacillus thuringiensis subsp.
kurstaki active against Spodoptera littoralis. FEMS Microbiol
Lett. 159:113~120.

Laemmli, U. K. (1970) Cleavage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
227:680~685.

Lereclus, D., M. M. Lecadet, J. Ribier, and R. Dedonder (1982)
Molecular relationships among plasmids of Baciflus thuringiensis:
Conserved sequences through 11 crystalliferous strains, Mol.
Gen. Genet. 186:391~398.

Luo, K., D. Banks, and M. J. Adang (1999) Toxicity, binding,

and permeability analyses of four Bacillus thuringiensis Cryl
delta -endotoxins using brush border membrane vesicles of
Spodoptera exigua and Spodoptera frugiperda. Appl. Environ.
Microbiol. 65:457~464.

Martin, P. A. W. and R. S. Travers (1989) Worldwide abundance
and distribution of Bacillus thuringiensis isolates. Appl.
Environ. Microbiol. 55:2437~2442.

McDowell, D. G. and N, H. Mann (1991) Characterization and
sequence analysis of a small plasmid from Bacillus thuring-
iensis var. kurstaki HD1-DIPEL, Plasmid 25:113~120.

Minamikawa, H. (1937) Survey on the tobacco cutworm, Spodo-
ptera litura Fabricius Taiwan Central Res. Ins. Agr. Report
70:1~66.

Mochida, O. and T. Okada (1974) A bibliography of Spodoptera
spp. (Lepidoptera: Noctuidae). Misc. Bull. Kyushu Nat. Agr.
Expt. Sta. 49:1~110.

Neema, A., M. Pawan and Raj K. Bhatnagar (2002) Interaction
of gene - cloned and insect cell- expressed aminopeptidase
N of Spodoptera litura with insecticidal crystal protein
Cryl1C. Appl. Environ. Microbiol. 68:4583~4592.

Ohba, M. and K. Aizawa (1978) Physiology of spore forming
bacteria associated with insects minimal nutritional require-
ments for growth sporulation and parasporal crystal formation
in Bacillus thuringiensis. Appl. Environ. Microbiol. 28:124
~128.

Ohgushi, A., H. Satioh, W. Naoya., A. Uemori. and M. Ohba
(2005) Cloning and characterization of two novel genes,
cry24B and slorf2, from a mosquitocidal strain of Bacillus
thuringiensis serovar sotto. Curr. Microbiol. 51:131~136.

Pedro, D., L. Loeza, B. Graciela, C. Jorge, O. Z. Alejandra, M.
Victor, A. Baizabal, J. Juan, A. Valdez and J. E. Lopez-Mezaa
(2005) The plasmid pBMBt1 from Bacillus thuringiensis
subsp. darmstadiensis (INTA Mol4-4) replicates by the
rolling-circle mechanism and encodes a novel insecticidal
crystal protein-like gene. Plasmid. 25:229~240.

Peyronmet, O., V. Vachon, J. L. Schwartz, and R. Laprade (2001)
Ion channels induced in planar lipid bilayers by the Bacillus
thuringiensis toxin CrylAa in the presence of gypsy moth
(Lymaniria dispar) brush border membrane, J. Membr.
Biol. 184:45~54.

Porcar, M., I. Iriarte, V. Cosmao Dumanoir, M. D. Ferrandis, M.
-M. Lecadet, J. Ferré, and P. Caballero (1999) Identification
and characterization of the new Bacillus thuringiensis serovars
pirengica (serotype HS7) and iberica (serotype H59). J.
Appl. Micro. 87:640~648.

Rajagopal, R., S. Sivakumar, A. Neema, M. Pawan, . Raj, and
K. Bhatnagar (2002) Silencing of midgut aminopeptidase N
of Spodoptera litura by double-stranded RNA establishes
its role as Bacillus thuringiensis toxin receptor, J. Biol.
Chem. 277:46849~46851.

Raymond, M. (1985) Presentation d'un programme d'analyse
log-probit pour micro-ordinnateur. Cah. ORSTOM, Ser. Ent.
Med. et Parasitol. 22:117~121.



2y

At

HHAMIO|LE Spodoptera fiturad =2 MEENE UEHUE Bacilus

Sanchis, V., D. Lereclus, G. Menou, J. Chaufaux, S. Guo, and
M. M. Lecadet (1989) Nucleotide sequence and analysis of
the N-terminal coding region of the Spodoptera-active &
-endotoxin gene of Bacillus thuringiensis aizawai. Mol.
Microbiol. 3:229~238.

Schnepf, E., N. Crickmore, J. Van Rie, D. Lereclus, J. R. Baum
and J. Feitelson (1998) Bacillus thuringiensis and its pesticidal
crystal proteins. Microbiol. Mol. Biol. 62.

Schnepf, H. E. (1995) Bacillus thuringiensis toxins; regulation,
activities and structural diversity. Curr. Opin. Biotech. 6:305
~312.

Smith, R. A. and G. A. Couche (1991) The phylloplane as a
source of Bacillus thuringiensis. Appl. Environ. Microbiol.
57:311~315.

Tabshnik, B. E. (1994) Evolution of resistance to Bacillus
thuringiensis. Ann. Rev. Entomol. 39:47~79.

Vadlamudi, R. K., E. Weber, 1. Ji, T. H. Ji and L. A. Bulla Jr

thuringiensis subsp, kurstaki KBO99 59| S A

~5494,

Visser, B., E. Munsterman, A. Stocker and W. G. Dirkse (1990)
A novel Bacillus thuringiensis gene encoding a Spodoptera
exigua- specific crystal protein. J. Bacteriol. 172:6783 ~6788.

Visser, B, T. van der Salm, W. van den Brink and G. Folkers
(1988) Genes from Bacillus thuringiensis entomocidus coding
for insect-specific toxins. Mol. Gen. Genet. 212:219~224.

Zeigler, D. R. (1999) Bacillus genetic stock center catalog of
strains. Part 2:Bacillus thuringiensis and Bacillus cereus,
7th ed. Bacillus Genetic Stock Center, Columbus, Ohio.

Zhong, C., D. J. Ellar, A. Bishop, C. Johnson, S. Lin and E.
R. Hart (2000) Characterization of a Bacillus thuringiensis
S-endotoxin which is toxic to insects in three orders. J.
Invertebr. Pathol. 76:131~139.

Zouari, N. and J. Samir (1997) Purification and immunological
characterization of particular delta-endotoxins from three
strains of Bacillus thuringiensis. Biotechol. Lett. 19(8):825

(1995) Cloning and expression of a receptor for an insec- ~829.
ticidal toxin of Bacillus thuringiensis, J. Biol. Chem. 270:5490
cil HMI0|LIEH Spodoptera litura)ol| B2 MEEME LIEHNE Bacillus thuringiensis subsp.
kurstaki KB099 H#F2| LiE4 THHE EY
MY - Molaf' - 2B - g8

o
b

AFH 2ty

[e)

2 O FR U BHAMIIY dote] 12 5T
#70) WSAHNL SHo] AELYL. of =
A% §3}5jo] 130 kDaih 60 kDa2] T 7ho| SN} ey}
o) ULk KBOSOTTS WELTRYA T4 3
SUQNET FYRL B EQ T AR 2259 )%
Ho] SRE HD-1556 oH6A17) Hhof] -8 WE} Ao

E7 $A 50} 2447

o B4 gk, e S e

[}
#50) WEATHAL £ R

o9 %ﬂ_ﬂ}

o

Y Bacillus thuringiensis subsp. kurstaki KB099
9= SDS-PAGE Z3} HD-1 W54 =

O} KB099#2=o A= £3%]2] 91 130kDa2] #=vt
w A A uupe] R o g 4slElae HofE oF 60 kDa
skl Ao ZpAeE A3t o2 HESAAE of e

Hs 2o

| 73t KB099#3= 12A)17ko|AF 7HA| = EAdul

Aol A7} ARk KBO99ZA7H AAIH: WEATA §744e] Bl 913 PCRAT

oA CrylAa, CrylAb, CrylAc, CrylC, CrylD 231 Cryll 5 67)9) f3A7F EA1eE Slstant

Mol el AA e\, Bacillus thuringiensis, &2A,

PCR, Plasmid DNA




