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Multiplex PCR and RFLP

'Gongalves, J.F., °M.L. Laia, 'J.X. Cordeiro, and '"M.V.F.Lemos

'Department of Applied Biology, FCAV/UNESP, Via de Acesso Prof. Paulo Donato Castellane
s/n, 14884-900, Jaboticabal — SP, Brazil.
*Universidade do Estado de Santa Catarina - UDESC, Campus III, Av. Luiz de Camdes, 2090
Bairro Conta Dinheiro, 88520-000, Lages, SC, Brazil.

Abstract: Proteins produced by the bacteria Bacillus thuringiensis are widely used for pest control in
agriculture and reforestation. Those proteins are produced by genes known as cry genes. Some members
of this class of genes present toxicity to only one insect order, whereas others present toxicity to more
than one order. However, there still are a great number of important agricultural pests for which no toxin
produced by B. thuringiensis is known. Moreover, frequent resistance to a given toxin raises the need for
finding new and different cry toxin genes. Within the techniques used in the search for new cry genes,
PCR has been distinguished by its detection level, facility, practicability, and quickness. The use of several
primers in the same reaction increases the power of this technique and permits the identification of several
genes simultaneously, thereby decreasing costs and optimizing time. However, DNA sequences of the same
size may contain different base sequences and therefore belong to different gene families. Analysis based
solely on amplicons can thus distinguish interesting sequences, but some of those identified may be false
positives. Thus, the present work used multiplex PCR with RFLP in 41 B. thuringiensis isolates to analyze
the presence of cry genes differing from those in standard strains. The results verified that 14 of the 41
studied isolates showed the same amplified DNA fragments for the cryl and crylAc genes as those
exhibited by the standard strains. Nevertheless, after cleavage with restriction enzymes, three isolates
showed sequences differing from the respective standard strains. Thus, we describe a valid method for
identifying new cry genes from bacterial collections.
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INTRODUCTION

Population growth (mainly in underdeveloped
areas) and agricultural losses due to biotic and abiotic
factors have spurred great efforts to increase food
production. With regard to biotic factors, insect attacks
are responsible for almost 15% of the world’s
agricultural losses ™!, Once agricultural insect pest
control has been accomplished through the use of
chemical insecticides (which are extremely toxic and
exhibit a large range of action), severe consequences
for men and environment will extend beyond that
percentage. Further, because chemical insecticides are
not selective, they also strike natural enemies of other
pests and contaminate food, soil, and waters. The
continuous use of such chemical products select for
resistant insect populations, forcing agriculture to use
larger doses of the products with every application ',
Thus, any public politics proposing an increase of food
production must consider the use of pesticides less

aggressive toward the ecosystem. Biological control
agents may contribute to both objectives of increasing
food production and maintaining the tenable use of the
planet.

Of the pathogenic insects used for biological
control, the entomopathogenic bacteria Bacillus
thuringiensis (B. thuringiensis) may be distinguished. It
is responsible for almost 95% of the world’s
bioinsecticidal market ") and represents about 2% of
the world’s insecticidal market 7,

Among the insect produced by B.
thuringiensis, the crystal proteins (Cry) are highly
specific to several orders of insects like Lepidoptera,
Coleoptera, and Diptera “”). There are also reports of
toxicity to nematodes , Hemiptera, Hymenoptera,
Isoptera, Neuroptera, Orthoptera, Siphonaptera,
Thysanoptera '**”), Mallophaga, and Protozoa "

The great advantage of using Cry proteins in pest
control is the fact that they are highly specific to
certain species and do not affect other organisms (e.g.

toxins
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natural enemies or humans). However, the appearance
of resistant individuals within their target populations
may occur "*!. Therefore, due to the great potential for
protein resistance and the large number of pests for
which there is no known efficient Cry protein, several
groups around the world are trying to identify new Cry
genes that 1) provide efficient protection against other
pests or 2) replace a Cry protein for which there is
already a resistant population.

The proteins produced by B. thuringiensis may
assume different forms, such as bi-pyramidal, cuboid,
ramboid, ovoid, spherical, or even undefined **. These
toxins are codified by cry genes; their toxicity is linked
to the N-terminal region of the polypeptide chains,
whereas the C-terminal portion is dispensable for
toxicity “?) and may be involved in determining the
structural form of the crystal ®”'. Considering this fact,
it is possible to suppose that small amino acid
modifications on the N-terminal region of those
proteins could change their specificity to a certain pest.
Bravo et al., ™ demonstrated that a mutation in the N-
terminal region of CrylAc protein affected the linkage
and pore formation capacities of that protein in
Manduca membranes and decreased its
insecticidal activity in vivo. Another example involves
the Cry22 protein, which was initially identified as an
active B. thuringiensis isolate against ants
(Hymenoptera) **’. Subsequently, other Cry22 proteins
(Cry22Ab, Cry22Ba, and Cry22A) were characterized
to show activity against certain Coleopterans. These
proteins have the same molecular weight of roughly 75
to 86 kDa. However, Cry22A protein has four
imperfect replicates of approximately 80 amino acids
between the residues 261 and 575, whereas Cry22Ba
essentially lacks the first of those replicates. A small
variation in that region was thus able to alter protein
specificity P

Since the cloning of the first B. thuringiensis gene
coding for a protein toxic to insects in 1981 **! several
other genes have been identified and cloned by
different methods. These methods include the use of
antiserum "**1 use of degenerated oligonucleotides
complementary to the N-terminal region of previously-
known cry genes sequences "), use of complete or
partial cry gene sequences as probes against genomic
DNA of unknown isolates™, use of the polymerase
chain reaction (PCR) technique with specific primers
for a certain cry gene PP?¥44#947263291  yge of multiple
primers in the same PCR reaction "”** *7 and use of
the PCR technique followed by a DNA restriction
fragment analysis (PCR-RFLP) ['!:2%41:4046.23],

Although methodologies based on antiserum have
identified new genes, they have the disadvantage of
requiring previous expression and purification of the
protein. Further, the antibodies produced must be

sexta
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specific for the protein of interest, which is often quite
difficult. The use of degenerated primers requires
previous knowledge of the nucleotide sequences for the
region of all searched genes. The probes also entail
previous knowledge and isolation of a certain DNA
sequence. In addition, all of these methods require
large quantities of pure proteins or DNA and are
extremely laborious; most of them are not suitable for
a large-scale isolate analysis.

Although the PCR technique offers an efficient
alternative in the search for new B. thuringiensis cry
genes, its use on a large scale only became possible
after the standardization of PCR with multiple primers
via the multiplex PCR ™. However, even reactions
with several oligonucleotide primers in the same
reaction do not guarantee accurate identification. Due
to the similarity in their numbers of bases, amplified
DNA segments (“amplicon”) may represent distinctive
(different) locos but occupy the same position on a gel
(same size), *>"*,

Thus, multiplex PCR followed by an enzymatic
cleavage of the “amplicon” (PCR-RFLP) provides a
fast and accurate way to a large number of isolates for
several different cry genes. RFLP permits the
identification of differences of one base in the interior
of the “amplicon”. Because changes of few cry gene
base pairs may alter specificity and/or recognition by
insects, the use of this approach may be extremely
useful for identifying isolates that contain variants of
those genes. and, also, maintain as pests biological
control, the use of new cry proteins.

Thus, this study aimed to determine the
applicability of the use of multiplex PCR followed by
RFLP analysis to identify strains of B. thuringiensis
carrying cry genes variants on a high-throughput way.

MATERIALS AND METHODS

Using specific oligonucleotides, previously
characterized for cry genes, total B. thuringiensis
isolate DNA was amplified by multiplex PCR. The
amplified products, with sizes of approximately 600 bp,
were submitted to cleavage with different restriction
enzymes. The isolates in the PCR product presenting a
different restriction pattern from the standard isolate
were then cloned into a specific vector, transformed in
E. coli DHS50, and sequenced. Nucleotides sequences
were submitted to Blastn and Blastx algorithm analysis
M to determine their possible similarity to proteins
already existing in Genbank.

2.1 - Bacterial Growing Conditions: Forty-one B.
thuringiensis isolates and three standard strains (B.
thuringiensis var. kurstaki HD1, B. thuringiensis var.
israelensis, and B. thuringiensis var. tenebrionis)
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belonging of the Bacterial Genetics and Applied
Biotechnology Laboratory of the Department of
Applied Biology of UNESP, Jaboticabal, SP, were
cultivated in Petri dishes containing Agar Nutrient (3.0
g of meat extract; 5.0 g of peptone; 15.0 g of agar, 1
L of water, pH 6.8) for 12 h at 30°C. The obtained
colonies were inoculated in 50 mL of culture medium
(Brain Heart Infusion — Biobras) and multiplied for 4.5
h at 30°C under constant agitation of 200 rpm.

2.2. Extraction of Total DNA and PCR Reaction
Conditions: The extractions of total DNA followed the
methodology described by marmur®", with slight
modifications. Cell cultures from each isolate were
centrifuged at 8,000g for 15 min at 4°C. The bacterial
pellet, obtained by centrifugation, had an average
weight of 0.5 g and was resuspended in 6 mL of saline
solution [0.5 M NaCl; 0.1 M EDTA, (pH 8.0)] with
vortex agitation. Further, 0.6 mL of lysozyme was
added and the suspension maintained for approximately
1 h in bath water with a temperature of 37°C.
Subsequently, 0.5 mL we added 25% SDS. Sodium
acetate (2.5 M) was added to the mixture until a final
concentration of 1M. Contaminating proteins were
removed by chloroform/isoamly|alcoho| (24:1 v/v)
extraction. The floating liquids were collected by
centrifugation at 10,000g and dissolved in TE [10 mM
Tris HCL (pH 7.4), 1 mM EDTA]. After adding RNase
at a concentration of 50 pg/mL, the samples were
incubated for 30 min at 37°C. The suspension was then
submitted to a chloroform/isoamly alcohol treatment,
followed by the DNA reprecipitation with absolute
ethanol and resuspension in TE. Finally, the solution
was stored at -20°C until the moment of its use.

2.3 — Analyses and PCR Reaction Conditions: With
the objective of obtaining identical results for all
standards in both amplifying situations and
guaranteeing that the use of multiple oligonucleotides
primers in the same reaction would not produce
unspecified amplification of the standards, the PCR
reactions were optimized for the use of only one pair
of oligonucleotide primers (individual PCR) and the use
of multiple oligonucleotide primers in the same reaction
(multiplex PCR). In both situations, template mold
DNA of B. thuringiensis standard strains (Table 1) was
used as a positive control; water was used instead of
the mold template DNA as a negative control.

The DNA samples were submitted to PCR in a
final volume of 25 pL using an automatic thermocycler
PTC 100 (MJ- Research). The sequence of the used
oligonucleotide primers and their respective positive
controls are listed in Table 1.

2.4. Standardization of the Individual Reactions:
Initially, an individual amplifying reaction was
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performed with the DNA samples from each positive
control. The reactions were conducted in final volume
of 25 pL with the following components:
0.2 mM of dNTPs
0.4 pMoles of each primer
1 U of Tag DNA polymerase enzyme
1X of 10X PCR Buffer (Tris-HCL 200 mM pH
8.4 and KCL 500 mM)
2 mM of Mg™" (MgCl, 50 mM)
30 to 500 ng of DNA template
The reactions were submitted to an amplifying
process composed of a DNA denaturation period of 5
min at 94°C followed by 35 amplifying cycles of 30 s
at 94°C, 30 s at 41.8°C, and 1 min at 72°C. At the end
of the amplifying cycles, the samples were submitted
to a final extension step of 7 min at 72°C and
maintained at 4°C until they were removed from the
thermocycler.

After confirmation, the amplified product from
each standard sample was stocked to be used as a
control during further electrophoresis.

2.5 - Standardization of Multiplex PCR Reactions:
After the standardization of the individual PCRs,
multiplex PCR was standardized with all B.
thuringiensis isolates and standard strains studied in the
present work. In this phase, each reaction was
comprised of 2.5 pL of 10X PCF Buffer, 4 mM Mg,
0.4 mM of each ANTP, 2 U Taq DNA polymerase
enzyme, 10 pMoles of each of the ten primers, and
approximately 100 ng of total DNA from the standard
strain or isolate to be analyzed.

The reactions were submitted to an amplifying
process composed of an initial denaturation cycle of 5
min at 94°C and 35 amplification cycles of 30 s at
94°C, 30 s at 49.1°C, and 1 min at 72°C. After the 35
amplifying cycles, the samples were submitted to a
final extension step of 7 min at 72°C and maintained
at 4°C until they were removed from the thermocycler.

2.6 - PCR-RFLP Analyses: The products of the
multiplex PCR were submitted separately to cleavage
with the following restriction enzymes: Eco RI, Hind
III, Hpa 11, and Taq 1. These enzymes were randomly
chosen from those in the laboratory with consideration
of frequent recognition enzymes and low cost enzymes.
The cleavage reactions were composed of 5 pL PCR
product, 1 U of restriction enzyme, 2 pL of 10X PCF
Buffer, and the volume completed to 20 pL with
autoclaved bi-distillated water. The time and
temperature conditions were those recommended by the
restriction enzyme manufacturer (Invitrogen).

Sequentially, the reaction was analyzed with a 1%
agarose gel, TAE buffer (Tri-Base 2 M, acetate 1 M,
EDTA 0.1 M), and visualized by UV light. The image
of gel was then saved in a computer.
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Table 1: List of primers used in this present work

Genes Primers “Amplicon” Standard strains
§

Gral-cryl 5’CTGGATTTACAGGTGGGGATAT3’

5’TGAGTCGCTTCGCATATTTGACT3’ 560 bp B. thuringiensis var. kurstaki HD1
cryl Ac 5’ ATCGCTCGTCTATCGGCATTG3’

5’AGCCAGCCCTCACGTTCTTC3’ 400 bp B. thuringiensis var. kurstaki HD1
ery 3 5’CGTCCATCTCGTAAAGTCAAAG3’

5’ATGACAAGAAAGGGAGGAAG3” 200 bp B. thuringiensis var. tenebrionis
eryll 5’GGATGGATAGGAAACGGAAG3’

5’ATACTGCCGTCTGTTGCTTG3’ 593 bp B. thuringiensis var. israelensis
eyt 2 5’CAAATGGTCTTCCTAATGCAG3’

S’TATGATTTGGACGATGTAAGC3’ 498 bp B. thuringiensis var. israelensis

bp — base pairs

“amplicon” — expected size of the amplified DNA fragment
§ - [7]

- [21]

2.7 — Cloning and Polymorphic DNA Fragment
Sequencing: After the separation of the fragments, the
DNA of interest was purified from the gel using a Pure
Link Quick Gel Extraction (Invitrogen) following the
manufacturer’s recommendations. The purified DNA
sequences were individually cloned in the vector
pGEM-T Easy (Promega) according to the
manufacturer’s indications, and the recombinant
plasmids were transformed in E. coli DH5 a competent
cells according to Sambrook™’. For each
transformation, 20 recombinant clones were selected.
Each one of those clones was multiplied in medium
with ampicillin, and plasmid DNA was extracted by the
alkaline lysis method ©*\. To confirm the expected size
of the DNA fragments from cloning, a sample of each
mixture was cleaved with the restriction enzyme Eco
RI and submitted to electrophoresis with a standard
fragment size (1Kb DNA Ladder -Invitrogen).

Among the clones with the expected DNA
fragment sizes, four of each were selected and their
plasmid DNA submitted to sequencing by an automatic
sequencer ABI PRISM 3700 DNA Analyzer (Applied
Biosystems) using Big Dye Terminator v3.1 kit
(Applied Biosystems) according to the manufacture’s
suggestions. One universal oligonucleotide primer (T7
or SP6) was used.

To identify possible homologies with cry genes
previously sequenced, the obtained chromatograms were
analyzed with the Phred/phrap/consed programs '* 2]
and the contig assembles were analyzed by the Blastx
program ',

RESULTS AND DISCUSSION
3 — Results: The use of multiplex PCR followed by

RFLP for the identification of B. thuringiensis isolates
cry gene variants on a large-scale offered a very
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powerful technique. It permitted the identification of
differences between sequences with the same base pair
size and allowed us to analyze a large number of
samples in a short time.

3.1 — Standardization of PCR Reactions: Initial tests
to determine the optimal individual and multiplex PCR
conditions were performed.

For the individual reactions, a sash of annealing
temperatures between primer and template DNA was
initially tested wusing a gradient thermocycler
(TGradient, Biometra). The results indicated a
temperature of 41.8°C as the optimal temperature.
Maintaining constant all parameters in the reaction,
except the DNA concentration, we showed that the
ideal quantity of DNA in the reaction was of 100 ng.

Once the standardization of the reaction was
complete, the DNA standard strain samples were
amplified to obtain perfect amplifications. The lone
exception to this was the cry3 gene (Figure 1), which
resulted in a smaller amplified DNA quantity that was
nonetheless sufficient for analyses and visualization.

To standardize the multiplex PCR, the reaction
components varied. this the
concentrations of reaction components like dNTPs,
Mg, 10X PCR Buffer, and DNA polymerase enzyme
were varied (Table 2).

The tests permitted us to conclude that mixture
T16 (Table 2) in multiplex PCR was satisfactory for
DNA standard strain amplification. For those
conditions, there 1is a greater requirement for
magnesium, nucleotides, and DNA polymerase enzyme.
After determining the ideal constitution of the reagents
for the amplification reactions, we conducted a test to
verify the optimal annealing temperature between the
oligonucleotide primers and template DNA. In each

were In manner,
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Table 2: Amount in microliters (pL) of each PCR component used in each test. T, to T = test zero to test eighteen. Test T, was considered
the standard for comparison. Blank cells indicate maintenance of the same value used in the standard reaction. The stock concentration
of each reagent is described in the material and methods section.

T, T, T, T, T, T, T, T, Ty T, Ty T, T, Ty Ty Tis Ty T Ty
H,0 68 43 64 58 33 59 44 39 25 53 4.8 1.8 455 41 3.7 53 5.1 49 47
buffer 10x 2.5 2.5 2.5 25 25 25 25 25 25 25 2.5 40 125 25 25 25 25 25 25
Mg” Lo 30 10 1.0 30 1.0 30 30 3.0 1.0 1.5 3.0 3.0 3.0 3.0 20 2.0 20 2.0
dNTPs 05 1.0 05 05 10 1.0 05 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Primers
Gral-cryl 1+1
crylAc 1+1
cry3 1+1
cryll 1+1
cyt2 1+1
Tagq 02 02 06 12 12 06 06 0.6 20 1.2 1.2 12 1.2 04. 0.8 02 04 06 0.8
DNA 4.0
N 3.2 - Identification of Cry Genes by Multiplex PCR
- <8 o £ and RFLP: Analyses of 41 isolates via multiplex PCR
;:; g % E E using the previously-described standard conditions
permitted us to identify 14 positive results for general
gral-cryl primers (subgroups crylAc genes) (Figure 3,
— Table 3). The cry 1 gene was the most abundant.
_— The product of the multiplex PCR of 13 isolates
and five standard strains was submitted to cleavage
p— 600 pb with four restriction enzymes: Eco RI, Hind 111, Hpa
I, and Taq 1. Additionally, amplified DNA from the
-- - |_500 pb isolates S,y,, S,5, and S,,,, were also included in the
. 1 | cleavage due to the fact that they presented non-
sl 400 ph . .
specific bands common to other isolates.
After those analyses, we verified that the isolates
o 300 ph Bry,, Br,, and Bry presented polymorphisms with
respect to the standard strain B. thuringiensis var.
kurstaki HD1. The isolate Br,, showed two distinctive
bands, whereas the other two isolates showed only one
polymorphic band (Figure 4).
Fig. 1: Electrophoretic analysis of the PCR. The 3.3 — Cloning and Sequencing of DNA Polymorphic

picture shows the results of amplification using
100 ng of template DNA and an annealing
temperature of 41.8°C. Genomic DNA of B.
thuringiensis var. kurstaki HD1 (general gral
cryl primer e crylAc genes), B. thuringiensis
var. tenebrionis (cry3), and B. thuringiensis var.
israelensis (cryll e cyt2) was used.

reaction, there were five PCR primers pairs. The
gradient thermocycler tests revealed an ideal annealing
temperature of 49.1°C. This one is choosed because
cry3 oligonucleotides did not amplify at
temperatures (Figure 2).

higher
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Fragments: After the cleavage of the multiplex PCR
product with the Taqg I enzyme and the separation of
fragments in an agarose gel, the polymorphic bands at
approximately 600 bp shown by the Br(,, Br,, and Bry,
isolates (Figure 4 D) were individually removed from
the gel. Those purified DNA sequences were cloned
into the pGEM-T Easy vector and transformed into E.
coli. Cleavage of the recombinant plasmids with the
restriction enzyme Eco RI and subsequent
electrophoresis confirmed the cloning of a fragment of
the expected size.

The sequencing resulted in two contigs: one was
composed of the amplified DNA sequences from the
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Table 3: Isolates analyzed by the multiplex PCR technique and the respective genes identified. The “+” symbol indicates the presence and the
“-” symbol indicates the absence of the gene in the isolate.

Isolates cryl crylAc cry3 cryll cyt2

1. Br,, - - - - -

2. Bry, - - - - -

3. Bry, - - - - -

4. Bry, - - - - -

5. Br;, - - - - -

6. Bry, - - - - -

8. Bry, - + - - -

10.Br,, - - - - -

11.Br,, + + - - -

12.Br,, + + - - -

13.Brgs + + - - -

14.Br,, y B B B )

15.Br,, - B B ) B

16.Br,, - - - - -

17.Br,, - B B ) B

18.8, - - - - -

19.S s - - - - -

20.8 5 - - - - -

21.S,,, - - B - )

228, - - - - -

23.8,4 - - - - -

24.8,,; - - - - -

25.8 7 - - - - -

26.S,, - - - - -

27.8,;, - - B - )

28.8,, - - - - -

29-Slox3 - - - - -

30.8 35 - - - - -

31-81349 - - - - -

32.MT, + + - - -

33.MT; + + - - -
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Table 3: Continue

34.PA, + ¥ B B B
35.8P, + + - B} B
36.SP, + + ) B B
37.SP, - + ) ) B
38.SP, + + B B B
39.SP, - . N - B}
40.SP,, + + - - -
41.SP, + + - - -

500 ph
400 ph

600 pb
500 ph

300 phy =
200 pb =

Gral Gry?
GQyTAc

aytt
cyi2

Fig. 2: Electrophoretic analysis of multiplex PCR in a temperature gradient varying from 40 to 50°C (indicated

on the upper part of the figure). “A” - B. thuringiensis var. kurstaki HD1 genomic DNA; “B” -

B.

thuringiensis var. israelensis genomic DNA; “C” - B. thuringiensis var. tenebrionis genomic DNA.

Br,, and Br,, isolates (Figure 5), and the other was
formed by only the DNA sequences from the Br,,
isolate (Figure 6). After using the phred/phrap/consed
programs to analyze the results, we observed that the
contig Br,/Bry, contained 529 nucleotides and the
contig Br,, contained 478 bases.

Comparison with other sequences, previously
deposited in the National Center for Biotechnology
Information (NCBI), GenBank, using the BLASTX
program'’ allowed us to verify that the sequences of
the Br,, and Br,, isolates were similar to that of the
CrylEa protein (gb|ABX11258.1|;e-value=2e-92) on the
first “hit”. Although most proteins homologous to that
sequence are active against insects of the Lepidoptera
order, however, the second ‘“hit” obtained from the
BLASTX analysis showed similarity with the Cry 032
protein (gbJAALS50331]; e-value = 2e-92) active against
nematodes. Multiple alignment with the predicted
proteic sequence of those genes (Cry 032 and CrylEa)
illustrated a difference of one amino acid between them
and the contigs Br,,/Br,, (Figure 7). This finding likely

332

indicates that the gene present in the Br,, and Bry,
isolates is different from both used in the comparison.
On the other hand, the contig referent to the
isolate Br,, was not similar to any other sequence
currently registered in the GenBank.
4 — Discussion: Biological methods are still not
frequently used for agricultural pest control, and they
represent only 1% of the total of this activity. B.
thuringiensis bacteria is responsible for 98% of the
biological products used for pest control, and studies
that increase this percentage are thus of extreme
importance. Likewise, the results obtained in the
present work may be useful to increase the
participation of biological control in agriculture. Thus,
the results achieved in this study may be useful to
increase the participation of biological control in
agriculture. We showed that multiplex PCR followed
by RFLP is an extremely powerful method for the
identification of cry gene variants in a rapid and
efficient manner.
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Fig. 3: Amplified profiles presented by B. thuringiensis isolates and standard strains. The isolates were submitted
to multiplex PCR. The comparison patterns amplified by simple PCR are indicated by the letters “A” - B.
thuringiensis var. kurstaki HD1 (Gral cryl), “B” - B. thuringiensis var. kurstaki HD1 (crylAc), “C” - B
thuringiensis var. tenebrionis (cry3), “D” - B. thuringiensis var. israelensis (cryll), and “E”
B.thuringiensis var. israelensis (cyt2). The letters “F” to “H” show the patterns obtained by multiplex PCR
for B. thuringiensis var. kurstaki HD1, B. thuringiensis var. tenebrionis, and B. thuringiensis var.
israelensis, strains respectively. 1 kb = molecular marker size of le DNA Ladder (Invitrogen).

-ABCDEFGHgg;gﬁﬁﬁ Egﬂ

Fig. 4: DNA fragment restriction patterns presented by B. thuringiensis isolates after multiplex PCR products
cleavage with the restriction enzymes Eco RI (gel A), Hind III (gel B), Hpa II (gel C), and Taqg I (gel D).
From “A” to “E” are presented the individual PCR products with the oligonucleotides Gral cryl, crylAc,
cry3, cryll, and cyt2, respectively. Panels “F” to “H” show the multiplex PCR products from all five
primers pairs Gral cryl, cryldc, cry3, cryll, and cyt2, for B. thuringiensis var. kurstaki HD1 B.
thuringiensis var. tenebrionis, and B. thuringiensis var. israelensis, respectively. 1Kb = molecular marker
size 1kb DNA Ladder (Invitrogen). The arrows indicate the polymorphism sites.
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Fig. 5: DNA nucleotide fragment sequence of 529 bp amplified from BR,, and BR,, isolates via multiplex PCR.

Fig. 6: DNA nucleotide fragment sequence of 478 bp amplified from the BR,, isolate via multiplex PCR.

CrylEa
Cry032
ERE4_BRB4

CrylEa
CryD3Z
ERE4_BRE4
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GARATACCATTGGTGAGTTTGTGTCTTTACAAGTCAATATTAACTCACCA
ATTACCCAARGATACCGTTTRAAGATTTCGTTATGCTTCCAGTAGGGATGC
ACGAATTACTGTAGCGATACGCGAGGACAAATTAGACGTAGATATGACCCTTG
ARRAARCCATGGAARTTGGGGAGAGCTTAACATCTAGAACATTTAGCTAT
ACCAATTTTAGTAATCCTTTTTCATTTAGGGCTAATCCAGATATAATTAG
ARTAGCTGAAGAACTTCCTATTCGTCGGTGCTGAGCTTTATATAGATARRR
TTGAACTTATTCTAGCAGATGCAACATTTGAAGRAAGARATATGATTTGGAA
AGAGCACAGRAGGCGGTGAATGCCCTGTTTACTTCTACAAATCARACTAGS
GCTAAARACAGATGTGACGGATTATCATATTGATCAAGTTT CCAATTTAG
TTGAGTGTTTATCGCGATGAATTTTCGTCTGCGATGAAAACACGAGAATTATCC
GAGAAAGTCAAATATGCGARAGCGACTCAR

TAGCCAGCCCTCACGTTCTTCCTCCCTTTCTTGTCATAGCCAGCCCTCAC
GTTCTTCCTCCCTTTCTTGTCATAGCCAGCCCTCACGTTCTTCAATGCCG
ATAGACGAGCGATAGCCAGCCCTCACGTTCTTCAATGCCGATAGACGAGT
GATAGCCAGCCCTCACGTTCTTCCTGAGCCCTACAATGCCGATAGACGAG
CGATAGCCAGCCCTCACGTTCTTCAATGCCGATAGACGAGCGATAGCCAG
CCCTCACGTTCTTCAATGCCGATAGACGAGCGATAGCCAGCCCTCACGTT
CTTCCAATGCCGATAGACGAGCGATAGCCAGCCCTCACGTTCTTCCAATG
CCGATAGACGAGCGATAGCCAGCCCTCACGTTCTTCCCAATGCCGATAGA
CGAGCGATAGCCAGCCCTCACGTTCTTCCTGAGCCCTACRATGCCGATAG
ACGAGCGATAGCCAGCCCTCACGTTCTA
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DDVFEENYVTLPGTFD 720

Fig. 7: Multiple alignment between the predicted amino acid sequences for the contig Br,/Br,, Cry 032, and

CrylEa genes.

If we had used just individual PCR, it would have
been necessary to perform 42 reactions for each pair of
oligonucleotides - a total of 210 reactions for the five
oligonucleotides used in this study. With the use of
multiplex PCR, however, only 49 reactions were
necessary (less than 25% of that needed for individual
PCRs) for the same quantity of isolates and primers.
Furthermore, this reduction also decreased the number
of enzymatic cleavage reactions (RFLPs). If the RFLP
technique had not been used, none of the isolates
would have shown polymorphisms relative to the
standard since the amplifications resulted in sequences
of similar sizes. The isolates showed more than one cry
gene, because they also showed the same cleavage
pattern of the standard strain in addition to the
polymorphism after the enzymatic cleavage. Also, note
that the isolates had more than one gene cry because,
after the cleavage by the standard strain This fact also
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suggests the possibility that the polymorphic sequence
is part of a different cry gene.

In all of the isolates studied, the cryl gene was the
most abundant. These results are compatible with
previously published data ©*7*'° Previous authors
demonstrated that the genes coding Lepidoptera toxic
proteins are normally the most plentiful in the
collections of this type of bacteria. On the other hand,
no genes coding for Coleoptera or Diptera Cry proteins
(e.g. cry3, cryll, or cyt2) were found, suggesting that
these proteins are not abundant in the group samples
studied. These results also agree with those from
published literature. Ben-dov et al., ' also failed to
find cryll and cry3 genes in a collection of B.
thuringiensis strains collected in Israel, Kazakhstan, and
Uzbekistan soils.

Because that small mutations in the toxin’s
recognition regions may drastically alter its specificity
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for insect targets %, these isolates reveal new

candidate genes different from the standards strain.
These genes that may be efficient for use against other
pests or substitute for a gene that is no longer effective
due to resistance of its insect target population.

Due to its extreme importance to both the
environment and men, the search for new B.
thuringiensis cry genes is an enviable fact. The search
for new cry genes in B. thuringiensis is highly coveted
because of its importance to the environment and
humans. Therefore, the present results show that the
use of multiplex PCR along with PCR-RFLP facilitates
analyses of several B. thuringiensis isolates in a rapid
and accurate manner.

ACKNOWLEDGMENTS

This work has been supported by Fundacao de
Amparo a pequisea do Estado de Sao Paulo, FAPESP,
(JFG PhD fellowship-Process number 06/50507-0) and
by Conselho Nacional de Desenvolvimento cientifico e
Tecnologico, CNPq, (JFG undergradute fellowship).
The author thank Dra Eliana G.M. Lemos for allowing
DNA sequencing experiments to take place in her
laboratory. This work is part of the PhD thesis of JFG.

REFERENCES

1. Altschul, S.F., T.L. Madden, A.A. Schaffer, J.H.
Zhang, Z. Zhang and W Miller, 1997. Gapped
BLAST and PSI-BLAST: a new generation of
protein database search programs. Nucleic Acids
Research, 25: 3389-3402.

2. Beard, C.E., C. Ranasinghe and R.J. Akhurst,
2001. Screening for novel cry genes by
hybridization. Letters in Applied Microbiology, 33:
241-245.

3. Ben-Dov, E., Q. Wang, R. Manasherob, Z. Barak,
B. Schneider, A. Khameraev, M. Baizhanov, V.
Glupov and Y. Margalith, 1999. Multiplex PCR
screening to detect c¢ry9 in Bacillus thuringiensis
strains. Appl Environ Microbiol., 65: 3714 - 3716.

4. 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.

5. Berén, C.M. and G.L. Salerno, 2007. Cloning and
Characterization of a Novel Crystal Protein from
a Native Bacillus thuringiensis Isolate Highly
Active Against Aedes aegypti. Current
Microbiology, 54: 271-276.

6. Bravo, A., 1997. Phylogenetic relationships of
Bacillus thuringiensis delta-endotoxin family
proteins and their functional domains. J. Bacteriol.,
179: 2793-2801.

335

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bravo, A., S. Sarabia and L. Lopez, 1998.
Characterization of cry genes in a Mexican
Bacillus thuringiensis strain collection. Appl.

Environ. Microbiol., 64: 4965-4972.

Bravo, A. , J. Sanchez, T. Kouskoura, and N.
Crickmore, 2002. N-terminal activation is an
essential early step in the mechanism of action of
the Bacillus thuringiensis CrylAc insecticidal
toxin. The Journal of Biological Chemistry, 277:
23985 — 23987.

Carozzi, N.B., V.C. Kraemer, G.W. Warren, S.
Evola and M.G. Koziel, 1991. Prediction of
insecticidal activity of Bacillus thuringiensis strains
by polimerase chain reaction product perfilis. Appl.
Environ. Microbiol., 57: 3057 - 3061.

Chak, K.F., D.C. Chao, M.Y. Tseng, S.S. Kao,
S.J. Tuan and T. Feng, 1994. Determination and
distribution of cry-type genes of Bacillus
thuringiensis isolates from Taiwan. Appl. Environ.
Microbiol., 60: 2415-2420.

Choi, J.Y., S.L. Ming, J.S. Hee, Y.R. Jong, W.
Soo-Dong, R.J. Byung, S.B. Kyung and H.J. Yeon,
2007. Isolation and Characterization of Strain of
Bacillus thuringiensis subsp. kenyae Containing
Two Novel cryl-Type Toxin Genes. J. Microbiol.
Biotechnol., 17(9): 1498-1503.

Crickmore, N., 2005. Using worms to better
understand how Bacillus thuringiensis kills insects.
Trends Microbiol., 13: 347-350.

Donovan, W.P., C.C. Dankocsik, M.P. Gilbert,
M.C. Gawron-Burke, R.G. Groat and B.C. Carlton,
1988. Amino acid sequence and entomocidal
activity of the P2 crystal protein. Journal of
Biological Chemistry, 263: 561 - 567.

Ewing, B. and P. Green, 1998. Base-calling of
automated sequencer traces using Phred II. Error
probabilities. Genome Research, 8: 186-194.
Ewing, B., L. Hillier, M.C. Wendl and P. Green,
1998. Base-calling of automated sequencer traces
using Phred I. Accuracy assessment. Genome
Research, 8: 175-185.

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

Felske, A.D.M., J. Heyrman, A. Balcaen and P. de
Vos, 2003. Multiplex PCR screening of soil
isolates for novel Bacillus-related lineages. Journal
of Microbiological Methods, 55: 447-458.
Ferreira, M.E.and D. Grattapaglia, 1998. Introdugéo
ao uso de marcadores moleculares em analise
genética. Embrapa-Cenargen: Brasilia, pp: 220.
Gleave, A.P., R.J. Hedges and A.H. Broadwell,
1992. Identification of an insecticidal crystal
protein from Bacillus thuringiensis DSIR517 with
significant sequence differences from previously
described toxins. Journal of General Microbiology,
138: 55-62.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Res. J. Agric. & Biol. Sci., 5(4): 326-337, 2009

Gordon, D., C. Abajian and P. Green, 1998.
Consed: A graphical tool for sequence finishing.
Genome Research, 8: 195-202.

Guidelli, A.M., 2003. Analise da expressdo génica
em Bacillus thuringiensis Kurstaki HD-1 utilizando
DNA macroarray. M. S. thesis, UNESP.
Guimarides, C.T. and M.A. Moreira, 1999. Genética
molecular aplicada ao melhoramento de plantas. In
Melhoramento de espécies cultivadas. Eds., Borém,
A. Editora UFV: Vigosa, pp: 715-740.

Habib, M.E.M. and C.F.S. Andrade, 1998.
Bactérias Entomopatogénicas. In Controle
Microbiano de Insetos. Eds., Alves, S.B. FEALQ.
Piracicaba.

Haider, M.Z.and D.J. Ellar, 1989. Functional
mapping of an entomocidal delta-endotoxin. Single
amino acid changes produced by site-directed
mutagenesis influence toxicity and specificity of
the protein. J Mol Biol., 208: 183 - 194.

Kuo, W.S. and K.F. Chak, 1996. Identification of
novel cry-type genes from Bacillus thuringiensis
strains on basis of restriction fragment length
polymorphism of the PCR-Amplifield DNA.
Applied Environmental Microbiology, 62: 1369-
1377.

Kurt, A., M. Zkan, K. Sezen, Z. Demirbag and G.

Zcengiz, 2005. Cry3Aall: a new Cry3Aa d-
endotoxin from a local isolate of Bacillus
thuringiensis. Biotechnology Letters, 27:
1117-1121.

Li, J., J. Carrel and D.J. Ellar, 1991. Crystal

structure of insecticide delta - endotoxina from
Bacillus thuringiensis at 2,5 A resolution. Nature,
353: 815 - 821.

Li, M. S., Y. C. Jae, Y. R. Jong, J. S. Hee, N. K.
Joong, S. K. Yang, W.Yong, N. Y. Zi, R. J.
Byung and H. J.Yeon, 2007. Identification and
Molecular Characterization of .

Novel cryl-Type Toxin Genes from Bacillus
thuringiensis K1 Isolated in Korea. J. Microbiol.
Biotechnol., 17(1): 15-20.

Maagd, R.A.D., A. Bravo, C. Berry, N. Crickmore
and H.E. Schnepf, 2003. Structure, Diversity, and
evolution of protein toxins from spore-forming
entomopathogenic bacteria. Annu. Rev. Genet., 37:
409-433.

Marmur, J.A., 1961. Procedure for the Isolation of

Deoxyribonucleic Acid from Microorganisms.
Journal Molecular Biology, 3: 208 - 218.
Martinez, C., M. Porcar, A. Loépez, LR.D.

Escudero, F.J. Pérez-Llarena and P. Caballero,
2004. Characterization of a Bacillus thuringiensis
strain with a broad spectrum of activity against
lepidopteran insects. Entomologia Experimentalis et
Applicata, 111: 71-77.

336

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Nariman, A.H.A., 2007. PCR Detection of cry
Genes in Local Bacillus thuringiensis Isolates.
Australian Journal of Basic and Applied Sciences,
1(4): 461-466.

Narva, K.E., G.E. Schwab, T. Galasan and A.J.
Sick, 1991. Eur. Patent Appl EP0462721.
0OO0I, P.A.C., 1986. Diamondback Moth
Malaysia. In Proceedings of the First International
Workshop. Eds., Talekar, N.S. and T.D. Griggs.
pp: 495.Taiwan.

Payne, J., M. Kennedy, J. Randall, H. Meier and
H. Uick, 1997. U.S. Patent No. 5596071.
Polanczyk, R., S.B. Alves, 2003.
thuringiensis: Uma breve revisdo. Agrociencia, 7:
1 -10.

Porcar, M. and V. Juarez-Perez, 2003. PCR-based
identification of Bacillus thuringiensis pesticidal
crystal genes. Fems Microbiology Reviews, 26:
419-432.

Sambrook, J. and D.W. Russell, 2001. Molecular
Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory Press: N.Y.

Sauka, D.H., J.G. Cozzi and G.B. Benintende,
2006. Detection and Identification of cryll Genes
in Bacillus thuringiensis Using Polymerase Chain
Reaction and Restriction Fragment Length
Polymorphism Analysis. Current Microbiology, 52:
60-63.

Sauka, H.D., G.J. Cozzi and B.G. Benintende,
2005. Screening of cry2 genes
thuringiensis isolates from Argentina. Antonie van
Leeuwenhoek, 88: 163-165.

Schnepf, E., N. Crickmore, J. Van Rie, D.
Lereclus, J. Baum, J. Feitelson, D.R. Zeigler and
D.H. Dean, 1998. Bacillus thuringiensis and its
pesticidal crystal proteins. Microbiol. Mol. Biol.
Rev., 62: 775-806.

Schnepf, E.H. and R.H. Whiteley, 1981. Cloning
and expression of the Bacillus thuringiensis crystal
protein gene in Escherichia coli. Proc. Nati. Acad.
Sci. USA, 78: 2893 - 2897.

Shi, Y., W. Ma, M. Yuan, F. Sun and Y. Pang,
2007. Cloning of vipl/vip2 genes and expression
of ViplCa/Vip2Ac proteins
thuringiensis. World J Microbiol Biotechnol., 23:
501-507.

Silva-Filho, M.C. and M.C. Falco, 2000. Interagdo
planta-inseto: adaptagdo dos insetos aos inibidores
de proteinase produzidos pelas plantas.
Biotecnologia. Ciéncia & Desenvolvimento, 2: 38-
42.

Song, F.P., J. Zhang, et al. 2003. Identification of
cryll-type genes from Bacillus thuringiensis strains
and characterization of a novel cryll-type gene.
Applied and Environmental Microbiology, 69:
5207-5211.

in

Bacillus

in  Bacillus

in Bacillus



47.

48.

Res. J. Agric. & Biol. Sci., 5(4): 326-337, 2009

Valadares-Inglis, M.C., W. Shiler and M.T. De-
1998. de
Microrganismos Agentes de Controle Bioldgico. In
Controle Biologico. Eds., Melo, I.S. and J.L.
Azevedo. Embrapa Meio Ambiente: Jaguariuna,
pp: 201 - 230.

Wilton, S. and D. Cousins, 1992. Detection and
identification of multiple mycobacterial pathogens
by DNA amplification in a single tube. PCR
Methods Appl, 1: 269-273.

Souza, Engenharia Genética

337

49.

50.

Zhang L.L., J. Lin, et al. 2007. A novel Bacillus
thuringiensis strain LLB6, isolated from
bryophytes, and its new cry2Ac-type gene. Letters
in Applied Microbiology, 44: 301-307.

Zheng, D., N.A.V. Cruz, G. Armengol, C. Sevrez,
JM.M. Olaya, Z. Yuan, S. Orduz and N.
Crickmore, 2007. Co-Expression of the
Mosquitocidal Toxins CytlAa and CryllAa from
Bacillus  thuringiensis Subsp. israelensis in
Asticcacaulis excentricus. Current Microbiology,
54: 58-62.



