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Abstract: The aim of this work is to transfer genes responsible for inducing toxin proteins from some local Bt
isolates to the gram-negative E. coli strain using genetic transformation. three local Bt isolates confirmed high
toxicity  against Spodoptera littoralis larvae from a previous study were used as donor to transfer the
insecticidal toxic proteins to E. coli strain. Antimicrobial susceptibility test showed that the three Bt isolates
and E. coli strain  were resistant to ampicillin and each isolate was resistant to two different of the five
antibiotics used. A total of 18 transformant colonies were obtained using one and three supplemented antibiotics
as genetic markers for the transformed colonies. Among them, seven new transformant E. coli strains harboring
the insecticidal toxin proteins from local Bt isolates were obtained using plasmid transformation and genetically
examined via plasmid profile, which revealed one DNA plasmid band with 3000 bp presented in the parental
Bt isolate (Ts-1), as well as in the seven transformed colonies, whereas the parental E. coli strain was plasmid
free. SDS-PAGE analysis of the seven new transformant E. coli colonies resulted from Ts-1 and E. coli strain
showed recombinant protein bands transferred from each parental strain and most of Bt isolate (Ts-1) protein
bands are expressed in the new seven transformant colonies. This finding was confirmed by toxicity assay
against 2nd instar larvae of Spodoptera littoralis, whereas some of the seven transformed colonies were more
toxic than the parental Bt isolate with mortality percentage 100 vs. 75%, respectively after 7 days of feeding
periods.

Key words: Transformation,  Bt  isolates,  E. coli, toxicity against S. littoralis larvae, plasmid profile and
SDS-PAGE.

INTRODUCTION

The gram-positive Bacillus thuringiensis, spore
forming soil bacterium produce delta-endotoxins crystal
proteins (cry), which exhibit highly specific insecticides
against certain species of lepidoptera and diptera[18].
individual B. thuringiensis strains harbor a diverse range
of plasmids  that  vary  in number and in size from 2 to
300 kb[11]. Using plasmid curing, González et al.[7]

demonstrated that the cry genes are present on large
plasmids, which are more than 50 kb long and can be self-
transmissible between strains by a conjugation-like
mechanism. Hence, plasmid behavior is of considerable
significance for insecticidal activity in this bacterium[21].
However, the main problems with B. thuringiensis
products for pest control are their narrow activity
spectrum and high crystal sensitivity to UV
degradation[14].

Transformation techniques are conventionally used
to introduce the Bt genes expressing the toxin proteins
into different microorganisms host under conditions
which allow for stable maintenance and to solve the

environment-imposed limitations of B. thuringiensis. For
examples, a transformed strain of cyanobacterium
Anabaena was obtained to protect expressed delta-
endotoxin proteins of B. thuringiensis subsp. israelensis
from damage inflicted by UV light[10]. A lepidopteran
toxin gene, cryIC from Bacillus thuringiensis subsp.
aizawai was introduced into nitrogen-fixing Azospirillum
lipoferum by transformation. Four transformants were
selected  and  SDS-PAGE  analysis confirmed the
presence  of  a  68  kDa protein in the transformants[8].
The  genes encoding the toxic determinants of Bacillus
sphaericus  have  been  expressed in a nontoxic and a
toxic strain of Bacillus thuringiensis subsp. israelensis
against Aedes aegypti, Anopheles stephensi and Culex
pipiens larvae. In both cases, the B. sphaericus toxin
proteins were produced at a high level during sporulation
of B. thuringiensis and accumulated as crystalline
structures[4]. 

The aim of this work is to express the toxin protein
genes from highly toxic B. thuringiensis isolates in a gram
negative E. coli strain to generate enhanced hybrid strains
against Spodoptera littoralis larvae.
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MATERIALS AND METHODS

Bacteial strains: Three Bt isolates; Sn-4, Ts-1 and Ts-7
were selected and used as donor strains in the study
according to their high mortality percentages that
previously obtained by[3]. Gram negative E. coli (JM109)
strain was used in the transformation experiment as a
recipient strain.

Media and growth conditions: B. thuringiensis were
grown at 30°C overnight with shaking in Lb medium
containing 2% tryptone, 1% yeast extract and 1% sodium
chloride.

Antimicrobial susceptibility: Five different antibiotics
with the following concentrations were used;
chloramephincol (cm) 35µg/ml, kanamycin (km) 40µg/ml,
tetracycline (Tc) 15µg/ml, ampicillin (Amp) 100µg/ml,
streptomycin (Sm) 200µg/ml, rifampicillin (Rif) 100µg/ml
and newmycin (Nm) 100µg/ml. The Kirby-Bauer disc
diffusion method for antimicrobial susceptibility test was
used[12], as well as oxoid antimicrobial susceptibility test
discs. This was done by growing the bacteria in plates
containing the nine different antibiotics.

Plasmid isolation: Plasmids of the three Bt isolates and
E.coli Jm109 strain were isolated using mini preps
method of[15]. The plasmids content and their relative sizes
were determined using 0.7% agarose gel. 

Transformation  of   B.   thuringiensis   plasmids  into
E. coli JM109 strain: Competent cells of E. coli JM109
strain were obtained by grown the bacteria overnight on
shaker to log phase. Cells were collected by centrifugation
for 5 min at 4o C and resuspended for 2 h in 0.1 M ice
cold CaCl2)[17]. Competent cells were incubated on ice for
15 min. The plasmids isolated from the three Bt isolates
were transferred into the Competent Cell tubes and
incubated for 90 sec. at 42oC. LB broth media were added
to each tube and incubated for one hour at 37oC. The
transformant cells were spreaded over LB plates
supplemented with one and three antibiotics[6].

Bioassays of Bt isolates and transformant cells against
Spodoptera littoralis: The three previously selected Bt
isolates; Sn-4, Ts-1 and Ts-7 were evaluated against
newly moulted 2nd instar larvae of cotton leafworm
(Spodoptera littoralis) using natural host (castor oil
leaves). Three different concentrations were prepared,
whereas conc. (A) is the number of cells/ ml in stock
culture of isolate (1.8x 107), (B) is 50% of diluted (A) and
(C) is 50% of diluted (B). Dipping technique was used

according to[16], whereas pieces of host plant leaves were
treated. Dead larvae were counted after 4 and 7 days and
percentages of mortality were calculated and corrected
according to Abbott[1].

The bioassay experiment against 2nd instar larvae of
cotton leafworm was repeated several times and showed
matching results, which confirm the stability of
transformed gene into the E. coli strain.

Preparation and analysis of spore/crystal mixture:
Bacteria were grown in suspension following the method
of[2]. One hundred milliliters of nutrient broth was
inoculated into 500-ml flasks with one loop of bacteria
and shaken for 3 days at 30°C (220 rpm). At the end of
this incubation, the majority of the population was in the
form of free spores and crystals (less than 5% vegetative
cells). The suspension was centrifuged for 10 min at
10,000 rpm at 4°C; the pellet was washed twice in water
and resuspended in 4 ml of water. This suspension was
adjusted with water to give an absorbance of 15 at 600
nm. The supernatants of toxic samples were autoclaved
(121°C for 10 min). Colonies were resuspended into 1 ml
of ice-cold 0.5 M NaCl. The cells were centrifuged at
13,000 rpm for 5 min. The pellet was resuspended in 1%
SDS, 0.01% mercaptoethanol, boiled for 10 min and
recentrifuged at 13,000 rpm for 10 min. The supernatant
was removed and analyzed by 15% SDS-PAGE.

RESULTS AND DISCUSSIONS

Antibiotic resistant patterns of selected B.
thuringiensis isolates: The Three Bt isolates; Sn-4, Ts-1
and Ts-7 that revealed high mortality percentages in a
previous results by[3] were selected and used for
antimicrobial susceptibility test, as well as the E. coli
(JM109) recipient strain (Table 1).

Results of the antibiotic resistant patterns in table (1)
showed that the three Bt isolates and E. coli strain were
resistant to ampicillin (Ampr) and each isolate was
resistant to other two of the five antibiotics used. For
instance, Ts-1 was resistant to kanamycine (Kmr) and
streptomycin (Smr), while Ts-7 was resistant to Nmr and
Smr. E. coli JM109 strain was Ampr resistant only and
was sensitive to all the other four antibiotics used. 

Bioassay of transformed Bt isolates against Spodoptra
littoralis: Transformation experiment was conducted
using the three doner Bt isolates (Sn-4, Ts-1) and Ts-7
and the E. coli recipient strain. Consequently, the parental
strains and transformant cells were screened for their
mortality against the larvae of cotton leaf worm
(Spodoptra littoralis) (Table 2).
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Table 1: Antimicrobial susceptibility test and mortality percentages
of three selected Bt isolates, as well as the E. coli (JM109)
recipient strain.

Antibiotic resistance patterns
Bacterial ----------------------------------------------
strains Amp Km Nm Sm Rif *Mortality %
Ts-1 + + - + - 100
Ts-7 + - + + - 80
Sn-4 + + - - + 60
E. coli JM109 + - - - - +
*Mortality  percentages  were  obtained  from  a   previous   work  of [3]

+: refers to the resistance

Table 2: Toxicity of the original B. thuringiensis isolates and E. coli
strain and after transformation against 2nd instar larvae of
Spodoptera littoralis.

*Concentrations after 
days of feeding
-------------------------------------------
Four days Seven days

Colony ------------------ --------------------
Bacterial strains No. *A *B *C *A *B *C
Paental strains
Donor Bt Ts-1 46.7 33.3 25.0 75.0 65.0 53.3
isolates -----------------------------------------------------------

Ts-7 15.0 10.0 10.0 70.0 60.0 45.0
-----------------------------------------------------------
Sn-4 20.0 20.0 20.0 60.0 40.0 40.0

----------------------------------------------------------------------------------------
recipient E. coli 6.70 6.7.00.00 6.70 6.30 0.00
strain
Transformed colonies with one and three antibiotics
One (Sm) Ts-7 1 13.3 13.3 46.7 26.70 40.0 46.7
antibiotic -----------------------------------------------------

2 6.70 26.7 6.7 6.70 33.3 40.0
-----------------------------------------------------------------------
(Km) Sn-4 1 6.70 46.7 13.3 13.3 46.7 40.0

-------------------------------------------------------------
Ts-1 1 6.70 13.3 46.7 26.7 13.3 46.7
-------------------------------------------------------------

2 0.00 6.70 26.7 20.0 26.7 26.7
-----------------------------------------------------
3 33.3 13.3 13.3 60.0 26.7 26.7
-----------------------------------------------------
4 20.0 20.0 13.3 40.0 53.3 26.7

----------------------------------------------------------------------------------------
Three (Sm+ Sn-4 1 26.7 20.0 13.3 46.7 20.0 20.0
antibiotics Km+Rif) -----------------------------------------------------

2 20.0 0.00 13.3 33.3 20.0 13.3
-------------------------------------------------------------
Ts-1 1 20.0 13.3 13.3 46.7 20.0 20.0

---------------------------------------------------
2 6.70 20.0 20.0 6.70 20.0 33.3
-----------------------------------------------------
3 6.70 13.3 26.7 13.3 20.0 66.7
----------------------------------------------------
4 20.0 13.3 0.00 26.7 40.0 0.00
-----------------------------------------------------
5 73.3 100 33.3 80.0 100 93.3
-----------------------------------------------------
6 66.7 20.0 53.3 86.7 26.7 66.7
-----------------------------------------------------
7 66.7 53.3 66.7 100 66.7 86.7
-----------------------------------------------------
8 6.70 20.0 53.3 33.3 40.0 80.0
-----------------------------------------------------
9 53.3 53.3 53.3 66.6 60.0 93.3

- The underlines denoted the seven selected colonies and the two
parental strains with high mortality percentages, 
*A = the original concentration (1.8 x 107) cells/ml,
*B =  half  of  the  original  conc.  (A/2),
*C = half of B conc. (B/2).  the  mortality  was  7%  at  media treatments
after 7 days feeding. The mortality was 0% at water media.

Mortality  percentages  of  the  parental   isolates
were  fluctuated  and  ranged  from  15  to  46.7%  at
conc.  (A)  after  short  time  feeding period (4 days),
while percentages were increased from 70 to 75% at
concentration   (A)   after   longer  feeding  period (7
days) in Ts-7 and Ts-1, respectively. Sn-4 showed
relatively   low   toxicity   with  mortality  percentage
60%   at   concentration   (A)  after  7  days feeding
period.   However,   the   E.   coli   recipient  strain
showed   no   toxicity   with   mortality  ranged  from 0.0
to 6.7%.

A   total  of  18  transformant  colonies  were
obtained   using   one  and  three  supplemented
antibiotics as selection markers for the transformed
colonies.   The   media   supplemented   with streptomycin
(Sm)  showed  two  transformed  colonies from Ts-7
donor  isolate  and  one transformed colony from Sn-4
with    low    mortality    percentages   ranged   from 6.7
to 46.7% at the two time feeding periods. With
kanamycine (Km) genetic resistant marker, four
transformed  colonies  were  obtained  from the Ts-1
donor isolate. Among the four transformed colonies,
colony No. 3 was the most toxic with mortality
percentage  60%  at  conc.  (A)  after longer feeding
period   (7  days),  while  the  other  colonies  revealed
low  toxicity  against larvae of Spodoptera littoralis.
Using three antibiotic; Sm, Km and Rif as genetic
markers,   two   transformed  colonies  were  resulted
from  the  Sn-4,  which showed low toxicity with
mortality  percentages  ranged  from  0.0 to 46.7% at 4
and 7 days of feeding periods. Moreover, nine
transformed  colonies obtained from the Ts-1 donor
isolate  revealed  different  levels of toxicity. Among
them, six colonies were ranked in descending order
according   to   high  toxicity  level,  whereas  colonies
No. 5 and 7 showed 100% mortality after 7 days of
feeding  period  at  conc.  B  and  A, respectively.
Colonies   9,   6   and   8   showed  high  toxicity  with
less mortality 93.3 at conc.  (C),  86.7  at conc. (A) and
80% at conc. (C) after 7  days  of  feeding period,
respectively,  while,  colony No. 3 revealed 66.7% at
conc. (C). 

Transformed E. coli colonies harboring the Bt
plasmid:   Seven   of   the  18  transformant  colonies
were selected according to their high mortality
percentages against 2nd instar larvae of Spodoptera
littoralis   as   shown  in  Table  (2).  The  isolated
plasmids   of   the   seven   transformed   colonies
revealed one plasmid band with 3000  bp  that  was
presented  in  the  parental  Bt  isolate  (Ts-1),  whereas
the  parental  E.  coli  Jm  109  strain was plasmid free
(Fig. 1).
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Fig. 1: Plasmid profile patterns of the Bt donor isolate (Ts-1) and E. coli strain, as well as the seven transformed
colonies (from 1 to 7). DNA ladder ranged from 3000 to 500 bp.

Fig. 2: SDS-PAGE profile of proteins isolated from the two parental strains and their seven transformed colonies. M=
protein marker with molecular weights (KD), which pointed up in the figure left.

Transformed E. coli colonies expressed the Bt crystal
proteins: The SDS-PAGE profiles of proteins of the two
parental strains and their transformant colonies are shown
in Figure (2). the analysis of total proteins of seven
transformant colonies resulted from E. coli:: Ts-1 is
presented in Table (3). Data revealed that the total band
numbers in the two parental strains, E. coli and Ts-1 were
28 and 32, respectively with different molecular weights
ranged from 240 to 2 kD. The seven transformant
colonies showed variable total bands ranged from 22 in

transformant colony No. 7 to 33 in transformant colonies
(1 and 6). Most of the Ts-1 bands were integrated and
transferred to the new seven transformant colonies, for
instance from a total of 32 displayed bands in Ts-1, 30
bands were expressed in colony 3, 28 in colony 1, 27 in
colony No. 6 (Table 3). The percentages of expressed Ts-
1 bands in the transformants ranged from 94% in
transformant No. 3 to 56% in transformant No. 7. 

Transformation process involved the uptake of
exogenous  DNA  by  the  cell  which  results  in a newly
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Table 3: SDS-PAGE analysis of total proteins of the parental strains;
E. coli and Ts-1 and their transformed colonies.

Transformed E. coli:: Ts-1 colonies
* Band MW Parental strains ---------------------------------------------
No. (kD) Ts-1 E. coli 1 2 3 4 5 6 7
1 240 + + + + + + + + +
2 230 + + + + + + + + +
3 222 + + + + + + + +
4 220 + + + + + + +
5 210 + + + + + + + +
6 116 + + + + + + + + +
7 110 + + + + + + + + +
8 105 +
9 100 + + + + + +
10 99 + + + + + + +
11 97 + + + + + + + + +
12 96 + + + + +
13 95 + + + + +
14 90 + +
15 85 + + + + + +
16 76 + + + + + + + +
17 70 + + + + + + +
18 66 + + + +
19 60 + + + + + +
20 55 + + + + + + + +
21 45 + + + + + + + +
22 42 + + + + + +
23 40 + + + + + + +
24 38 + + + + + + + +
25 36 + + + + + + + +
26 32 + + + + + + + +
27 30 + + + + + + + + +
28 29 + +
29 28 + + + + + + + + +
30 26 + + + + + + +
31 25 + + + +
32 24 + + + + + + + + +
33 22 + + + + + + + + +
34 20 + + + + + + +
35 19 + + + + + +
36 18 + + + + + +
37 17 + + + + + +
38 16 + + + + + + + +
39 14 + + + + + + +
Total bands 32 28 33 32 36 24 27 33 22
No. of Bt bands expressed in 
the transformants 28 26 30 19 22 27 18
Bt bands % expressed in 
the transformants 88 81 94 59 69 84 56%
+: refers to appearance of protein bands

acquired genetic trait that is stable and heritable. Plasmid
transformation into bacterial competent cells is a key
technique in molecular cloning, whereas the bacteria that
are able to take up DNA are so called competent. In the
present study, transformation method of B. thuringiensis
plasmids into E. coli JM109 strain competency was
induced by treatment with calcium chloride in the early
log phase of growth, which was agreed with[22] who
established a similar efficient bacterial transformation
system.

In addition, they described that the bacterial cell
membrane is permeable to chloride ions, but is non-
permeable to calcium ions. As the chloride ions enter the

cell, water molecules accompany the charged particle.
However, alternative convenient and rapid method for the
genetic transformation of E. coli with plasmids has been
proposed. For instant, Chen et al.[5] mixed the recipient
cells and plasmid DNA and spreading them directly on
selective medium plates containing Ca2+. Other methods
used rapid freezing[20] or enhance the effect of calcium
chloride treatment by a heating step[9], but they could
achieve almost the same transformation efficiency as the
classical transformation method with calcium. 

In the present study, the possibility of obtaining
seven new transformant E. coli strains harboring the
insecticidal toxin proteins from local Bt isolates has been
genetically examined via plasmid profile, which revealed
one DNA plasmid band presented in the parental Bt
isolate, as well as in the seven transformed colonies,
whereas the parental E. coli strain was plasmid free.
Moreover, SDS-PAGE analysis of the seven new
transformant  E.  coli  colonies  resulted  from  Ts-1 and
E. coli showed recombinant protein bands transferred
from each parental strain and most of B. thuringiensis
isolate (Ts-1) protein bands are expressed in the new
seven transformant colonies.

This finding was confirming by toxicity assay against
2nd instar larvae of Spodoptera littoralis, whereas some of
the seven transformed colonies were more toxic than the
parental Bt isolate with mortality percentage 100 vs. 75%,
respectively after 7 days of feeding periods.

On the other hand, the transformant strains proves to
be useful in constructing new enhanced gram negative
hybrid strains which have toxin protein genes against
Spodoptera littoralis larvae and other pest insects.
Consequently, the new transformant E. coli strains have
more efficient and potential values for agricultural
application more than the insecticidal Bacillus
thuringiensis strains. This objective was supported by
some reports, for example Shevchenko et al.[19]

transformed the genes for lysine biosynthesis from
Bacillus subtilis into E. coli cells and Omidinia et al.[13]

produced L-phenylalanine dehydrogenase enzyme with a
good yield by transformed the gene from B. sphaericus
and into E. coli.
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