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ABSTRACT

Four different isolation techniques were employed to
isolate Bacillus thuringiensis from stored product material
samples collected around Taiwan. Four hundred and
eighty isolates were obtained. PCR analysis was applied to
identify isolates harboring different cry type genes. Thirty
eight distinct cry type gene profiles were detected. The cry
genes included crylA(a), A(b), IA(c), IB, IC, ID, IE, IF and
cryll. Agarose gel electrophoresis and SDS-PAGE were
used to characterize plasmid and protein profiles for each
isolate. Results showed significant differences in size
amongisolates. Diet incorporation technique was
undertaken to evaluate the bioactivities of each isolate. Bt
isolates A1-9, G2-1 and G3-3, containing cryIA(b), IB, and
cryll exerted greater insecticidal activity against Plutella
xylostella.

INTRODUCTION
Bacillus thuringiensis is a ubiquitous bacterium and can be
readily 1solated from soil (Chilcott and Wigley, 1993;
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were separated and analyzed on a 2% agarose gel, stained with
ethidium bromide and visualized under UV light.

Bioassay

' To prepare the sporulated culture, bacteria were grown
on nutrient agar, at 27 for 7 days (Ohba and Aizawa, 1986).
The sporulated culture was harvested in distilled water to test
the per os toxicity against diamondback moth, Plutella
xylostella. For primary screening tests, a spore-crystal
suspension (approximately 3.3x107 spores/ml) was mixed with
diet and fed to ten third-instar larvae. The mortality was
recorded daily for 3 days at 25, L:D=12:12. Bioassays were
replicated three times. Samples with 100% mortality, were then
evaluated with a reduced concentration (approximately 3.3
x10° spores/ml).

RESULTS

Isolation of B. thuringiensis

17-45% of B. thuringiensis was found in stored product
material samples from 100 sites by four different methods of
isolation . The B. thuringiensis index ranged from 0.050 to.
0.066 for different methods of isolation (Table 3).

Characterization of the isolates

SDS-PAGE of seven isolates that were active against P.
xylostella were presented in Fig. 1. Crystal proteins that were
active against P. xylostella contained mostly ~135- and 70-kDa
proteins in different amounts. The plasmid content of seven
isolates were examined (Fig. 2). The plasmids range from one
to four per isolate and from 35 to 50 kb in size. Each array was
different but with similarities. Four hundred and eighty isolates
were selected to determine cry-type genes. Thirty eight distinct
cry-type gene profiles (Fig. 3 and 4) were detected using PCR.
However, the study showed that ca. 2.5% of the isolates could
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not be classified in any of the four main groups (cryl, II, III,
IV). Using mixed oligonucleotide primers (Carozzi et al,
1991) for PCR to detect cry III and cryIV-type genes from B.
thuringiensis isolates, we found no cryIll and crylV-type
genes in our B. fnuringiensis isolates. PCR with primer
cryllAl and cryIIA2 and NHS43 and crylIA2 (Kalman et al.,
1995), revealed that 93.13% (447/480) of isolates present cryll
gene. Selected PCR amplification results were shown in Fig. 5
and 6.

Bioassay

Four hundred and eighty B. thuringiensis isolates were
selected for a primary screening test against P. xylostella. Sixty
isolates that showed 100% morality at dosage of 3.3 x 10’
spores/ml, were selected for further toxicity tests. In the
toxicity test at dosage of 3.3 x 10° spores/ml, only seven
isolates exhibited strong toxicity against P. xylostella (Table
4).

DISCUSSION

The results of this survey showed that B. thuringiensis could
be recovered from stored product materials collected in the
warehouses and that isolates has characteristics of the
lepidoptera-specific group were predominant (Fig. 1, 3, 5, and
Table 4). Warehouses were not treated with. B. thuringiensis.
However, samples collected in this environment yielded a
considerable number of B. thuringiensis isolates. In Table 1,
four different methods of isolating B. thuringiensis were
summarized . The heat treatment before plating on nutrient
agar were different. Low heat treatment at 55for 5 min (Chak
and Young, 1990) was more effective to select isolates than
other (Table 3). It is possible that high heat treatment may
eliminate a portion of B. thuringiensis population in the sample
(Tizuka et al., 1995), while, low heat treatment preserve more
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TABLE 2
Characteristics of cryl, cryll, crylll and cryIV primers used.

Primer Sequence Gene Position  Product
recognized size (bp)

Lep+Col (Carozzi et al., 1991)

+Dip

LeplA CCGGTGCTGGATTTGT cryl4  310-330
GTTA (®)

LeplB  AATCCCGTATTGTACC crylA 780-800 490
AGCG (b)

Lep2A CCGAGAAAGTCAAAC cryld  2158-2178
ATGCG (b)

Lep2B  TACATGCCCTTTCACG cryld  3046-3066 | 908, 986
TTCC (b)

CollA  GTCCGCTGTATATTCA erylil4 1801-1821
GGTG

CollB CACTTAATCCTGTGAC crvill4 2430-2450 | 649 or
GCCT No

Col2A AGGTGCCAACTAACC eryllI4  621-641
ATGTT A

Col2B GATCCTATGCTTGGTC cryllI4 1661-1681 | 1060
TAGT

DiplA  CAAGCCGCAAATCTT ervlV 2551-2571
GTGGA

DiplB  ATGGCTTGTTTCGCTA cryllV 3328-3348 | 797
CATC

Dip2A  GGTGCTTCCTATTCTT erylV. 740-760
TGGC

Dip2B  TGACCAGGTCCCTTGA eryll 2010-2030 | 1290 or
TTAC No

cryl mix (Kalman ef al., 1993)

TYIUN ATCACTGAGTCGCTTC eryl  2528-2560

12 GCATGTTTGACTTTCT
C
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TYIUN ATCACTGAGTCGCTTC  cmil  2528-2560

12 GCATGTTTGACTTTCT
C

TYIAC TCACTTCCCATCGACA cryl  1941-1962 487
TCTACC Afe)

TYIUN ATCACTGAGTCGCTTC  oryl 2528-2560

12 GCATGTTTGACTTTCT
C

TYIB  GTCAACCTTATGAGTC  cryl 1292-1318 | 830
ACCTGGGGCTTC B

TYIUN ATCACTGAGTCGCTTC  cryl 2528-2560

12 GCATGTTTGACTTTCT
C

TYIC CAACCTCTATTTGGTG cryl 1820-1842 288
CAGGTTC C

TYIUN ATCACTGAGTCGCTTC  cryl 2528-2560

12 GCATGTTTGACTTTCT
C

TYID GGTACATTTAGATATT  crl 1839-1863 | 414
CACAGCCAC D

TYIUN ATCACTGAGTCGCTTC  cmi  2528-2560

12 GCATGTTTGACTTTCT
C

TYIE  CTTAGGGATAAATGT eyl 1263-1284 | 883
AGTACAG E

TYIUN ATCACTGAGTCGCTTC  cryl 2528-2560

12 GCATGTTTGACTTTCT
C

TYIF  CCGGTGACCCATTAAC  cryl 21262150 | 368
ATTCCAATC F

TY6 ~ GGTCGTGGCTATATCC oyl 3599-3626
TTCGTGTCACAGC

TY14  GAATTGCTTTCATAGG  cryl 3352-3376 | 238
CTCCGTC Ab)
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cryll (Kalman ef al., 1995)
cryllAl  ACTATTTGTGATGCGT cryll

ATAATGTA A
cryllA2  AATTCCCCATTCATCT el
GC A
NHS43  ATTTTGTATTAAACGG  cmll
B
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TABLE 3
Comparison of Methods for Isolation of Bacillus thuringiensis from Stored
Product Material samples

Method No. of % of samples with B. thuringiensis
- samples at least one B. index® (No. of B.
examined thuringiensis thuringiensis
isolates isolates)
“ 114 41 - 0.050 (2124)
b 114 45 0.066 (3082)
¢ 114 17 0.051 (1319)
4 114 35 0.061 (2601)
“ Chilcott and Wigley (1993).
® Chak and Young (1990).

“Travers ef al (1987).

“Modified from Akiba and Katoh (1986).

“Number of B. thuringiensis colonies divided by the number of
bacterial colonies examined.

TABLE 4
Insecticidal activities of B. thuringiensis isolates against P. xylostella ®
Isolate Gene types Larval mortality (%)®
Al-9  crylA(b), cryIB, cryll : 100
A2-1  cryiA(a),crylA(b), crylA 83.3
(c), eryll
A3-4 crylA(a),cryIA(b), erylA 90.0
(c), eryll
A6-6  cryIA(b), cryvIB, cryIF, 933
cryll
F3-1 crylA(a),cryIA(b), crvlA 877
(c), cryll
G2-1  crylA(b),cryIB, cryll 100
G3-1  crylA(b), cryIB, crll 100

“ Spore-crystal suspension (approximately 3.3 x 10° spores/ml ) was
incorporated with artificial diet,
® Average of 3 replicates, 10 larvae/replicates, Mortality was corrected
using Abbotts formula.
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Fig. 1. Cry protein profiles of B. thuringiensis isolates. SDS-
10% PAGE of cell extracts from B. thuringiensis isolates is
shown. Lanes 1 and 9 contain molecular mass markers. Lanes 2
to 8 extracts from isolates A1-9, A2-1, A3-4, A6-6, G2-1, G3-
I, F3-1 and Xentari (commercial product). SDS-PAGE
analysis indicates that they are composed of mostly ~135 and
70 kDa proteins respectively. While A2-1, A3-4, F3-1 and
Xentari have the 3rd protein bands of 58kDa in size.
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Fig. 2. Plasmid profiles of B. thuringiensis isolates. Lane 1
contain molecular markers. Lane 9: molecular markers adopted
from the plasmid profile of YMB96. Lanes 2 to 8 from isolates
Al-9, A2-1, A3-4, A6-6, G2-1, G3-1, F3-1 and Xentari
(commercial product).
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Fig. 3. Distribution of cry-type gene profiles among 480 B.
thuringiensis isolates collected in Taiwan.
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Fig. 4. Complexity of 480 B. thuringiensis isolates in turns
of No. of cry-type genes.
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Fig. 5. PCR amplification profiles of cryl-type genes of B.
thuringiensis isolates of Taiwan. Specific PCR-amplified cryl-
type gene fragements using the mixed cryl-type oligonucleotide
primers are eximined on a 2% agarose gel. Lanes 5 and 9 have
markers of molecular mass. Lanes 1-4 and 6-8 are specific
PCR-amplified cry-type gene fragments from B. thuringiensis
isolates A1-9, A2-1, A3-4, A6-6 and G2-1, G3-1, F3-1. Size of
molecular markers and position of specific amplified cryl-type
gene fragments on the gel are indicated.
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Fig. 6. PCR amplification profiles of cryll-type genes of B.
thuringiensis isolates of Taiwan. Specific PCR-amplified cryll-
type gene fragements using the mixed cryll-type
oligonucleotide primers are eximined on a 2% agarose gel.
Lanes 1 and 9 have markers of molecular mass. Lanes 2-8 are
specific PCR-amplified cry-type gene . fragments from B.
thuringiensis isolates A1-9, A2-1, A3-4, A6-6, G2-1, G3-1 and
F3-1. Size of molecular markers and position ‘of specific
amplified cryll-type gene fragments on the gel are indicated.
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