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Characterization of Bacillus thuringiensis Seven Isolates from Soil
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Abstract — Seven strains of Bacillus thuringiensis were isolated from soil in Korea and characteri-
zed. The isolates were named HL-8, 10, 12, 13, 14, 15 and 16 which produced parasporal crystals
and endospores in their cells. The biochemical characteristics of the seven isolates were only
minor different in specific chracteristics to the known serotypes of Bactllus thuringiensis. The
number of the plasmid DNA elements from the isolates were studied. The computerized molecular
weights of the six plasmid elements in the HL-8 and HL-10 strains were from 3.01 to 15.1 Md,
four plasmid elements in the HL-12 were from 54 to 21.9 Md, four plasmid elements in HL-13
were from 5.1 to 20 Md, three plasmid elements in HL-15 were from 3.4 to 11.3Md and three
plasmid elements in the HL-16 were from 2.4 to 20.1 Md. The seven isolates showed resistances
to ampicillin, bacitracin, cephalothin, methicillin and penicillin G. The strains of HL-8 HL-10, HL-
12, HL-14, HL-15 and HL-16 showed lethalities against Culex pipiens 3rd instar larvae. The HL-
8 and 14 strains showed 100% lethality to the larvae within 48 hours. HL-13 strain did not have

toxicity against the larvae.

A rod shaped and spore-forming bacterium, Baci-
llus thuringiensis is uniquely characterized by the
production of one or more proteinaceous parasporal
crystals during its sporulating cycle (1). The crys-
tals kill certain insect larvae (1); therfore, the crys-
tals and the microorganisms are important for the
development of microbial insecticidal pesticides (1).
de Barjac and Bonnefoi (2) showed that strains of
B. thuringiensis can be distinguished by serotypes
based on their flagella (H) antigens. Thereafter
about 35 serotypes of B. thuringiensis were reported
(1, 3-19). Recently we isolated seven strains of B.
thuringiensts from soil in Korea, then we undertook
their characterization.

This report describes the biochemical characteri-
stics, microscopic observations, plasmid patterns,
toxicity to insect larvae and antibiotic resistance
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patterns of the seven isolates of B. thuringiensis.

Materials and Methods

Bacterial strains and media

Bacillus thuringiensis strains were isolated from
soil and cultured at 28C in UG medium (20). LB
and Muller-Hinton media were used for plasmid
isolation and the reading of inhibition zones of anti-
biotics, repectively.

Isolation of B. thuringiensis from soil

Soils were sampled from various fields planted
with several crops in virgin soil, in rocky soil, and
in forest areas. In all cases, to minimize the defects
of surface contamination, soil samples were taken
by first removing the top soil (2 to 3e¢m) from the
sampling areas and then transferred a small portion
of the soil with a clean spoon to a sterile plastic
bag. The plate count method was used for colony
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enumeration. Five pug of polymyxin B sulfate and
4 ug of penicillin G per m/ (Sigma) were added ase-
ptically to the molten agar (45C ) before the plates
were poured. The nutrient agar containing polymy-
xin and penicillin was incubated for 48 hrs at 37C.
All colonies with the morphological characteristics
similar to those of known B. thuringiensis were pic-
ked and examined by phase contrast microscopy
for the presence of spores and crystals. The prese-
nce of crystals in cells was taken as presumptive
evidence that the culture was B. thuringiensis. Iso-
lates were subcultured onto UG agar and tested
for further identification.

Reconfirmation of crystal formation

B. thuringiensis 1solates were precultured in 20
m/ of nutrient broth at 28C by rotary agitation
at 180 rpm overnight, and 1.0 m/ of the preculture
was transferred into 20m{ of UG media. Then it
was cultured until sporulation at 28C by rotary
agitation at 180 rpm for 20 to 30 hrs. The fully ma-
ture-unlysed cells were harvested and washed
twice with sterilized saline by centrifugation at 3000
X g for 20 min. For microscopic observation, the
pellets were suspended 1n saline. Formation of spo-
res and parasporal crystals was observed by using
a phase-contrast microscope.

Biochemical characterization of B. tharingiensis
isolate

Biochemical characteristics of the isolates were
examined by the procedures of Lennette ef al. (21).

Isolation of plasmid DNA

Plasmid DNAs in B. thuringiensis were isolated
by the procedure of Lee ¢f al. (22). The relative
molecular weights of plasmids were computerized.

Antibiotic susceptibility test

Antibiotic sensitivity of B. thuringiensis was de-
termined by a diffusion test of a standardized filter
paper disc on Muller-Hinton agar (21).

Bioassays
One or two loops of pure-cultured isolates were
inoculated in 10 m/ of fresh nutrient broth and then
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cultured at 28C at 180 rpm overnight. 2.5 m/ of the
culture were transferred mnto 50 m/ of UG medium
and cultured again for 48 to 72 h. After pelleting
the culture at 4000 X g for 20 min, the supernatants
were discanted and the pellets were washed twice
with sterillized saline by centrifugation at 4,000 Xg
for 20 min. The pellets were suspended with 5 m/
of saline. Then, 1.0 m/ of the suspended spore-crys-
tal complex (about 107 to 10° spores/m/) were added
to 150 m/ of distilled water in a disposable cup (72
X80 mm) for bioassay of Culex pipiens 3rd instar
larvae and a lump (2 cm?®) of semisolid food in a
petri dish (2X20 cm) containing Bombyx mor: 3rd
instar larvae. The motality was recorded at 28C
for 48 h.

Results and Discussion

Identification of B. thuringiensis isolates

Wide ranges of soil samples were examined, and
then B. thuringiensis strains were isolated. Seven
isolates containing parasporal inclusion bodies {cry-
stal) were found (Fig. 1) and named HL-8 HL-10,
HL-12, HL-13, HL-14, HL-15 and HL-16. There is
no significant difference in the shape and size of
the vegetative cells of B. thuringiensis 1solates to
the known B. fhuringiensts serotypes. The isolates,
HL-8, 10, 12, 13 and 15 were motile rods with di-
mensions of 1.3~14X3.7~4.1 um and gram-posi-
tive, however the HL-14 and 16 were not motile.
As shown 1n Fig. 1, the isolates showed the general
features of B. thuringiensts. The crystal shape in
the 1solates, HL-8, 10 and 12 was spherical by a
phase contrast microscope (Fig. 1.(1)~(3)), but those
of HL-13, 14 and 15 were ovoidal (Fig 1.(4)~(6)).
The crystal shape of HL-16 isolate was rectangular
and cells contained one cyrstal per cell (Fig. 1.(7)).
The shapes of the other known strains are usually
round or bipyramidal (1,23, 24), but our findings
were several different shapes accroding to the st-
rains.

The seven isclates were examined on their bio-
chemical characteristics as shown in Table 1. The
seven isolates showed commonly negative reactions
on the Voges-Proskauer reaction, the production of
H,S, 1indole, lysine decarboxylase, phenylalanine
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Fig. 1. Photograph of B. rhuringiensis HL-8 isolate (1),
B. thuringiensis HL-10 (2), B. thuringiensis H1.-12 (3),
B. thuringiensis HL-13 (4), B. thuringiensis H1-14, (5)
B. thuringiensis HL-15 (6) and B. rhuringiensis HL.-16
(7).
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deaminase, oxidase, ornithine decarboxylase and B-
galactosidase, and utilization of adonitiol, arabinose,
dulcitol, lactose, inositol, mannitol, sorbitol, raffi-
nose, rhamnose, xylose and sucrose. The 1solates
showed commonly positive reactions on nitrate re-
duction and methyl-red reaction, utilization of glu-
cose, maltuse and gelatin, production of catalase,
and preduction of acid and alkali from glucose.

The minor different biochemical reactions appea-
red in the seven strains. The HL-8, 10, 12, 13 and
15 strains were motile, but HL-14 and 16 strains
were not motile. HL-8 and 10 strains showed f3-he-
molysis. HL-8, 10, 12, 13 and 15 strains only produ-
ced arginine decarboxylase. HI.-14 and 15 strains
only produced lecithinase. The HL-8 strain utilized
citrate. HL-8, 10, 14, 15 and 16 strains utilized sali-
cine. These results indicate that the seven isolates
had general biochemical characteristics as the al-
ready known serotypes of B. thuringiensis (4, 25).
The HL-8 and HL-10 are simular in the biochemical
characteristics, which were different in only one
characteristic, but the flagellar antigenicity might
be different.

The seven strains were commonly resistant to
ampicillin, bacitracin, cephalothin, methicillin and
penicillin G, and sensitive to amikacin, clindamycin,
erythromycin, gentamycin, streptomycin, tetracyc-
line and tobramycin (Table 2).

Plasmid DNA elements in the seven strains of
B. thuringiensis were isolated (Fig.2 and 3). The
HL-8 and 10 had commonly 6 different plasmid
DNA elements with ranges from 3.01 to 15.1 mega-
daltons, the HL-12 had 4 with ranges from 54 to
21.9 Md, HL-13 had 4 with ranges from 5.1 to 20
Md, HL-14 strain had 3 with ranges from 24 to
135 Md, HL-15 contained 3 with ranges from 3.4
to 11.3 Md and the HL-16 had 3 with ranges from
24 to 20.1 Md (Table 3). The plasmid patterns of

the new isolates were distinguishable to those of
the known serotypes in sizes and numbers. The

HIL.-8 and HL-10 strains had similar plasmid patte-
rns, but the flagellar antigenicity of the two strains
might be different. Plasmid patterns of B. thuringie-
nsis strains may be different according to the st-
rains and also other reports (26) were similar to
our findings.
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Table 1. Biochemical characteristics of B. thuringiensis isolates

B. thuringiensis isolates

Biochemical

Characteristics HL-8 10 12 13 14 15 16
Gram stain + + + + + -+ +
Motility + + -+ 4 — + —
Kligler's iron agar K/A K/A K/A K/A K/A K/A K/A

Voges-Proskauer reaction — — — — — _ _
Methyl-red reaction
Nitrate reduction
Gelatin hydrolysis
Hemolysis
Productions of
indole - — ~ - - - —
H,S - ~ - — - —
B-galactosidase — — - — — . _
catalase + + -+ + + + +
phenylalanine deaminase — — — — - _ _
lysine decarboxylase . — — - — - —
arginine decarboxylase + + + + — + _

=™ + + +
= + + +
+ + +
+ + +
+ + +
+ + +
+ + +
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ornithine decarboxylase - - — — — — ~
oxidase — — — — - — _

%
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+
+

|

lecithinase
urease
Acid from glucose

+ o+ o+
+ + o+
+
+
+
T
+

Gas from glucose

Utihization of
adonitol — — — — — — —
arabmose - - — — - - -
citrate + — — — — — -
dulcitol — — - ~ — - —
inositol — —~ — — — — —
lactose - — = — — - —
maltose -+ “+ +- + + + +
mannitol — — — — - — —
ratfinose — — — — — — —
rhamnose — — — — — — —
salicine -+ -+ — — + “+ +
sorbitol — — — - — — —
SUCrose — — — ~— — — —
xylose — — — ~- — - —

(+): positive reaction, (—): negative reaction

By the toxicity test against insect larvae the HL- Consequently the seven isolates had minor diffe-
8, 10, 12, 14, 15 and 16 strains were toxic to C rent biochemical characteristics and antibiotic resi-
piprens larvae, however the HL-13 strain showed stances when compared to the known serotypes,
no toxicy against the mosquito larvae (Table 4). so they were classified as B. thuringiensts new st-
The seven strains were not toxic to B. mori larvae. rains. However flagellar antigenicity of the strains
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Table 2. Antibiotic resistances of B. thuringiensis isola-
tes

Antibiotics resistance of isolates

Antibiotics

HL-8 10 12 13 14 15 16
Amikacin (30 ug) S 8§ § S § § §
Ampicillin (10 pg) R R R R R
Bacitracin (10 units) R R R R R R R
Cephalothin (30 ug) R R R R R R R
Clindamycin (2 pg) S § § § § § §
Erythromycin (15 pg) S S I I § S §
Gentamycin (10 ug) S 5 S § § S S8
Kanamycin (30 ug) S S 5 § § S5 S
Methicillin (5 ug) R R R R R R R
Pemcillin & (10units)y R R R R R R R
Streptomycin (10 ug) 5 § § § § § 8§
Tetracycline (30 pg) S § § § § § 8§
Tobramycin (10 pg) s 5§ § 5§ &858 § 8

S: sensitive, R: resistant, I: intermediate reactions.

Table 3. Relative molecular weights of plasmid DNA
elements in new B. thuringiensis isolates

Isolates Relative molecular weights {X10%
of plasmid element DNAs

HL-8 15.1, 104, 6.45, 5.75, 3.98, 3.01

HL-10 15.1, 104, 6.45, 575, 3.98, 3.01

HL-12 21.9, 105, 66, 54

HL-13 20, 105, 6.1, 5.1

HL-14 135, 4.0, 24

HL-15 11.3, 85, 34

HL-16 20.1, 39, 24

Table 4. Toxicity bioassay of B. thuringiensis isolates
against 3rd instar larvae of Culex pipiens

Isolates No. of No. of Ratio of
tested larvae tested the dead for 48h lethality(%)

Control 20 0 0
HL-8 20 20 100
HL-10 20 14 70
HL-12 20 4 20
HL-13 20 0 0
HL-14 20 20 100
HL-15 20 2 10
HL-16 20 6 30
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Fig. 2, Plasmid DNA element patterns of the new B,
thuringiensis isolates on 0.7% agarose gel.

Lanes: 1, standard molecular weight plasmids in E,
coli V317D; 2, plasmid DNA bands of B. thuringiensis
1solate, HL-8; 3, those of the HL-10. The right side
numericals are molecular weights of DNA which are
In megadaltor.

1 2 3 4 5 6

35.8

Fig. 3. Plasmid DNA element patterns of the new B.
thuringiensis isolates on 0.7% agarose gel.

Lanes: 1, standard molecular weight plasmids in E
colt V517D); 2, plasnud DNA bands of B. thuringiensis
isolate, HL-12; 3, those of the HL-13; 4, those of the
HIL-14; 5, those of the HL-15 and 6, those of the HL-
16. The right side numericals are molecular weights
of DNA which are in megadalton.
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should be studied further to classify the straims in
serotypes.

2 o

Bacillus thuringiensis 71075 dh=2] E oo 4
welste] B4 Aok A7)e] 7575 HL-8, 10,
12, 13, 14, 159} 1622 HHgion, o5 #5552
Al Falel] vhekst el 2] parasproal endotoxin crys-
tal¥ WA FEAFS A 71e YA v Hgen
At Felaree] AskEEgl 542 oln] U
FFE Ao, Selgt abelH e TR Sld

zb Hejfe]l 7IR|AL Yl FetAnEE §-2]E)

=13
o ¥apeka} 5 FAMF Ay}, HL-8% HL-102 6§
T

| Foharlng b sidor], $A del
3.01~15.1 Mde|st 7, HL-12495+ 4559 &=k~
vEg 71A glelom, EAtake] el 54~219

Mdelsl, HL-1375% 4F52] Zelre]nd 7}
2152 gl ot F-Apeke- zlel 7t qlodrh HL-143F7=
35579 Helar| g 7ER|an gl ew], FApeke] |
Q)= 24~ 135Md‘3]‘§d,1#, HL-15+F+% 3673* 5

2 E 7R AL SIS Ofﬂ :4%* ] W9l 34~
11.4 Mdelsiz, HL-16% o} Feps L...a 7HA)
Il oglelon] Exjeke] u-r]“E“ 2.4~20.1 Mde|gic}
A7) B-gld+ 28] ampicillin, bacitracin, cephalo-
thin, methicillin®} penicillin Gol| *&4-& fepslich
HL-83} 15+ 48A17h ol Culex pipiens E7] 333
FFol 100%2) AFA-& Jeldy, oE 5 9

olr}, 53] HL-132 A&Alel glsich

Acknowledgements

This work was supported by the Korea Science
and Engineering Foundation (87-0511).

References

1. Burges, H.D. 1981, Microbial Control of Pests and
Plant Diseases, pp. 193-280. Academic Press, Lon-
don.

. de Barjac, H. and A. Bonnefoi. 1962. Essai de
classification biochimique ¢t serologque de 24
souches de Bacillus du type B. thuringiensis. Ento-
mophaga 7. 3-31.

3. de Barjac, H. 1978. Un nouveau candidat a la

lutte biologique contre les moustiques: Bacillus

(S

9.

[0.

1.

[2.

13.

14.

16.

. de Barjac, H. and F. Lemille.

. de Barjac, H. and A. Bonnelfoi.

Kor. ] Appl. Microbiol. Biotechnol,

thuringiensis var. sraelensis. Entomophaga 23: 309-
319.

de Banac, H. 1981, Identification of H-serotypes
of Bacillus thuringiensts, pp. 36-42, In H.D. Burges
(ed.). Microbial Control of Pests and Plant Diseases
1970-1980. Academic Press.

1970. Presence of
flagellar antigenic subfactors 1n serotype 3 of Ba-
cillus thuringiensis. J. Invertebr. Pathol 15; 139-140).
de Barjac. H. and J.V. Thompson. 1970. A new
serotype of Bacillus thuringiensis var. thompsoni
(serotype 11). J Invertebr. Parhol 15. 141-144.

. de Barjac, H. and A. Bonnefoi. 1968. A classitica-

tton of strains of Bacillus thuringiensis Berliner
with a key to their differentiation. J Invertebr. Pa-
thol. 11: 335-347.

1972. Presence
of H antigenic subfactors tn serotype V of Bacillus
thuringiensis with description of new type: Bacillus
thuringiensis var. canadensis. J. Invertebr. Pathol 20:
212-213.

de Barjac, H., V. Cosmao Dumanoir, R. Shaik,
and G. Viviani. 1977, Baciflus thuringiensis var. pa-
kistani: nouvelle sous-espece correspondant au se-
rotype 13, CR Acad. S¢. Paris. 1 284: 2051-2053.
Del.ucca, AJ.. 1 Simonson, and A. Larson. 1979,
Two new serovars of Bacillus thuringiensis: Serovar
dakota and indiana (serovar 15 and 16). J Inver-
tebr. Pathol 34: 343-324

Dulmage, H'T. 1970. Insecidal activity of HI)-1,
a new 1solate of Bacillus thurigiensis var. alesti. J.
Invertebr. Parhol 15: 232-239.

Krieg, A, H. de Barjac. and A. Bonnefoi. 1969.
A new serotype of Bacillus thurigiensis 1solated 1n
Germany: Bacillus thuringiensis var. darmstadiensis,
J Invertebr. Pathol 15: 428-430.

Ohba, M. and K. Aizawa. 1978. Serological iden-
tification of Bacillus thuringiensis and related bac-
teria isolated in Japan. J Invertebr. Pathol 32: 303-
309.

Ohba. M. and K. Aizawa. 1979. A new subspecies
of Bacillus thuringiensis possessing lla:11¢ {lagel-
lar antigenic structure: Bacillus thuringiensis subsp.
kyushuensis. J. Invertebr. Pathol. 33: 387-38X.

. Ohba, M. and K. Aizawa. 1986. Bucillus thuringie-

nsis subsp. japonensis(flagellar scrotype 23): A new
subspecies of Bacillus thuringiensis with novel fla-
gellar antigen. J Invertebr. Pathol 48 129-13(

Ohba. M., K. Ono. K. Aizawa, and S, Iwanami,
1981, Two new subspecies of Bacillus thuringionsis
isolated 1n Japan: Bacillus thuringiensis subsp. ku-
mamotoensis (serotype 18) and Bacillus thuringien-



Vol. 20, No. 4

17.

18.

19.

20.

21.

sis subsp. tochigiensis (serotype 19). J Invertebr. Pa-
thol. 38: 184-190.

Padua, L.E., O. Michio. and K. Aizawa. 1980. The
isolates of Bacillus thuringiensis serotype 10 with
a highly preferential toxicity to mosquito larvae.
J. Invertebr. Pathol. 36. 180-186.

Salama. H.S. and M.S. Foda. 1982. A strain of
Bacillus thuringiensis var. entomocidus with high
potential activity on Spodoptera litoralis. J. Inver-
tebr. Pathol. 39: 110-111.

de Barjac. H. and E. Frachon. 1990, Classification
of Bacillus thuringiensis strains. Entomophage 35:
233-240.

de Barjac, H. and M.M. Lecadet. 1976. Dosage
biochimique de l'exotoxine thermostable de B.
thuringiensis d’'apres l'inhibition d' ARN-polymera-
ses bacteriennes. C.R. Acad. Sci. Pans 282 D 2119-
2122.

Lennette, E.H.. E.H. Spaulding, and J.P. Truant.
1975. Manual of Clinical Microbiology., 2nd ed. p.
418. American Society for Microbiology., Washi-

22,

23.

24,

25,

26.

383

ngton.
Lee, H.H., S.H. Hwang, and Y.S. Park. 1990. Tra-
nsfer of insecticidal toxin gene in plants: Cloning
of insecticidal protein gene in Bacillus thuringien-
sis. Kor. J. Appl Microbiol. Biotech. 18. 647-652.
Hannay, C.K. and P. Fitz-James. 1955 The pro-
tein crystal of Bacillus thuringiensis Berliner. Can.
J Microbiol 1. 694-T7110).
Norris, J.R. and H.I3. Burges. 1965, The identifi-
cation of Bacillus thuringiensis. Entomophaga 10:
41-47.
Lee. HH., MYY. Park, and C.W. Lec. 1986. Bio-
chemical characterization of Bacillus thuringiensis,
23 serovars. Kor. J Appl. Microbiol. Bioeng. 14: 205-
208.
Faust, R.M., J. Spizizen, V. Gage, and RS. Tra-
vers. 1979, Extrachromosomal DNA in Bacilius
thuringiensis var. kurstaki, var. finitimus, var. soio
and 1n Bacillus popilliael. J. [nvertebr. Pathol 33:
233-238.

(Received June 18, 1992)



