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2. Project Objectives

To increase the toxicity of bacterial pathogens of malaria-carrying

mosquitoes through genetic engineering.

3. Scientific Progress

3.1. Isolation and identification of the delta-endotoxin from

Bacillus thuringiensis

3.1.A. From Bacillus thuringiensis serotype H-14

Recombinant plasmids containing delta-endotoxin gene were
successfully constructed by ligating Sau 3Al fragments of B. thuringiensis H-14
plasmids into expression vectors, pUR290, pUR291 and pUR292. The ligated

product was used to transform E. coli strain Ji4 107 by the DHSO method

(Hanahan, D..J. Mol. Biol. 166:557, 1983) and the tran-formants were selected
on L-agar containing SO}Jg/ml ampicillin. Approximately 30,0u0 transformants
4

were obtained with transformation efficiency of 10 per)Jg DHA.



The colonies of transforpmant were lifted onto nitrocellulose
filter, induced with IPTG for 3 hr at 37°C and lysed with 0.5 M NadH. They
were probed for delta-endotoxin production using the rabbit antibody raised
against the de]té-endotoxin coupled with 125I-protein A followed the
technique described by Kemp et al.{(Kemp et al. PNAS, USA 80:3781, 1983).

The positive c]ones.were picked and the proteins analysed by
SDS-PAGE, transferred onto nitrocellulose and probed with the antibody and
125I-protein A. From over 30,000 transformants 21 were found to give positive
signals when probed for expression products with antibody to th? delta-endotoxin
proteins. Nﬁong the positiQe c]oqes, some showed p—ga]actosiﬁase fusion

peptides and few gave small peptides.

Results indicated that delta-endotoxin gene from B. thuringiensis

serotype H-14 was successfully cloned in E. coli. Further works on detailed

analysis of each clones, DNA sequencing of the delta-endotoxin géne, and

mosquito larvicidal activity are being carried out.

3.1.B. From Bacillus thuringiensis strain HE-1

The preliminary experiment of conjugation resulted in the
successful cloning of mosquito toxin gene from B. thuringiensis strain HD-1

into E. coli strain C-600 suggests the possibility of using this same technique

for the introductior of the delta-endotoxin gene into other Bacillus.

Our former'objéctive was aimed at transferring mosquito toxin gene
of B. thuringiensis strain HD-1 into B. subtilis. It was shown that transfor-
mation in B. subtilis with plasmid DHA was very inefficient by comparison with

chromosomal transformation. It was believed that the specific activity of



plasmid DNA in transformation of B. subtilis was dependent on the degfee of
oligomerization of the p]asmid‘genom?. [t was shown later that the efficiency
of protoplast transformation sysfem could be increaﬁed into higher level. However;
the protoplast system has disadvantage in terms of difficu]ty in protoplast
formation and regeneration. Thus, we decided to select for mutants of B.
thuringiensis strain HD-1 to use as a recipient.
In this c]oning'experimentw, the major part of the program will
"be concerned with the identification of the transformad recombinant clones.
Various methods have been developed to identify clones that carry desi;ed DNA
sequences and antibiotic resistance genes is one of them.
In order to speed up the selection of mutants, non-toxic mutants
were selected from cultures of B. thuringiensis strain HD-1 whicﬁ grown on
l-agar medium after tihe treatment of the bacteria with 1% SDS(sodium dodecy]
sulfate). The larvicidal activity was done against 2nd instar larvae of Aedes
aegypti. The creamy white, dense, opaque colony was observed for the selection
of a sporogenic acrystaliferous mutant and the potential nutant was picked and
| restreaked for the purification on L-agar medium. Only non-toxic mutants of a
sporogenic acrystaliferous mutants were selected for the analysis of DNA plasmid.
As a result, one strain was obtained and it was .named strain HD-7 and this strain
did not have any DNA plasmid.
The selection for selective markers or mutants of strain HD-7
which carry antibiotic resistance genes was carried out using spontaneous
mutation technique. The mutants were selected from cultures which were grown
on the L-agar growth wedium containing specific antibiotics. The mutants
obtained by this method were suspected to carry drug resistant gene in the
chromosomal OWA. Several mutants were obtained by this technique as shown in

Table 1.



Table 1., Drug resistant mutants 6f,§. thuringiensis strain HD-1 obtained by
Spontaneous mutation which were selected by growing the bacteria(strain HD-7)

en L-agar growth medium containing specific antibiotics.

'

Mutant No. Characteristics
HD-7 StrR Streptomycin resistance
HD-7 TcR fetracyc]ine resistance
HD-7 mnR ‘ Kanamycin resistance

Mutants of B. thuringiensis strain HD-1 which carry antibiotic
resistance genes were also se]ected‘using spontaneous mutation technique. The
mutants were selected from cultures which were grown on the L-agar growth mediu

containing specific antibiotics. So far, two mutants were obtained by this

technique, They were strain HD-1TcR which was Eesistant to tetracycline and
strain HD-1 KmR which was resistant to kanamycin. These two strains were still
carrying gene(s) which were responsible for the production of delta-endotoxin.
The gene(s) which are resnonsible for the production of delta-
endotoxin from either strain HD-1 TcR or strain HD-1 KmR will be transferred
into B. thuringiensis mutants either strain HD-7 strf or Hp-7 TR or HD-7 K"

using conjugation-like process. Attempts of gene transferring are still going on.



3.2, Introduction of the delta-endotoxin gene into other B. thuringiensis

strains and/or B. sphaericus strains

3.2.A.1 Development of the conjugation-like process for an effective

genetic transformation system in B. thuringiensis H-14

The gene manipulation technology for.the improvenent of B. thuringiensis
serotype H-14 has been facing the lack of an effective genetic transformation
system. This is based on the difficulty in carrying out transformation in B.
thuringiensis H-14 using protoplast transformation or competent ceil transforma-
tion. Several attempts have been conducted in order to overcome this prob]em
and finally a conjugation-like gene transfer process on millipore filter has
been developed. This technique has been shown to be an effective gene transfer

system in B. thuringiensis serotype H-14 with the following evidence.

A lysozyme sensitive strain of B. thuringiensis (strain 0 016) was
isolated and shown to be effectively transformed with plasmids pC 194 and

pHV 33 using the protoplast transformation technique.

The plasmid pC 194 from one successful transformant, strain 0 016-194, -
was subsequently transferred to B. thuringiensis serotype H-14 by a conjugatien
like process. The plaswid pBC 16 from B. cereus could also be transferred to B,

thuringiensis serotype H-14 with hign frequency using the conjugation-like



process. Further, both plasmids, pC 194 and pBC 16, were transferred between
strains of B. thuringiensis serotype H-14 to yield transcipient strains that

harbored and expressed properties of both plasmids.

3.2.A.2. Selection of mutant with defect(s) in delta-endotoxin

Attempts have been made to obtain non-toxic mutants of B. thuringiensis
serotype H-14 with specific selective markers. Mutants were selected from
standard strain of B. thuringiensis serotype H-14 using NTG(N—methy]-N:nitro-
N-notrosoguanidine) treatment. After the treatment with NTG, mutants were
selected from the drug resistant colonies which appeared as creamy white, dense,
and opaque coiony. These mutants were purified by restreaking on L-agar medium
containing a given antibiotics. The selection of mutant is still going on.

Drug resistant mutants of B. sphaericus strain 1593 were also selected
from the standard strain using the same technique described above. So far, one
mutant of B. sphaericus strain 1533 which carried a chloramphenicol resistance

(CmR) was obtained.

3.2.A.3. Introduction of the mosquito-toxin gene into B. thuringiensis H-14

and/or B. sphaericus 1593

Eventhough mutants with defect in delta-endotoxin are not availablc: on
hand, but several strains of B. thuringiensis serotype H-14 and B. sphaericus
strain 1593 which carried specific drug resistance marker are available. Thus,.
the conjugation-like gene transfer process on millipore filters was done for
the introduction of the mosquito-toxin gene between the selected mutants of B.
thuringiensis serotype H-14 and B. sphaericus strain 1593. The mating
experiment was carried out betweeﬁ B. thuringiensis H-14 mutant which carried a
tetracycline resistance (TcR) and B. sphaericus 1593 mutant which carried a

chloramphenicol resistance (CmR) marker. After mating, tentative transcipient



cells with both drug resistant genes were selected on plates containing- 10 pg/ml
tetracycline and 6 )Jg/m] chlorampheqicol. Under these conditions, the donor

and recipient strains could not multiply even at every high concentrations of
cells, Several clones of transcipient cells were obtained by this methbdf The

larvicidal activity and electrophoretic patterns ofthe clones are in progress.

3.2.B. Development of spheroplast and mixed protoplast experiment using

_ B. thuringiensis H-14 and B. sphaericus strains

Spheroplast production and regeneration of spheroplast of B. thuringiensis

serotype H-14 and B. sphaericus strain 1593 were carried out with a considerable

good yield., Mixed protoplast experimeht using B. thuringiensis H-14 mutant.
which carried Tc® marker and g. sphaericus 1593 mutant which carried CmR marker
was carried out jn the presence of PEG. After fusion, the tentati;e fusants with
TcRCmR trait were selected on plates containingiU)Jg/ml tetracycline and 6 }Jg/ml
chloramphenicol. Under these conditions, the parent strains could not ﬁultiply
even at every high concentrations of cells. One clone 6f fusant was obtained.
After several purifications had been carried out, the cellular morphology of the
fusant was observed under the phase-contrast microscope. It was found that the
cellular morphology of the fusant which carried both of a tetracyc]ine'and
chloramphenicol resistance markers was similar to the cellular morphology of

B. thuringiensis H-14 except that some cells developed slightly oval shape spore
which was similar to spore of B. thuringiensis and some cells developed spore
with round shape wnich was similar to spore of B. sphaericus as shown in

Figure 1, It was interesting to observe fhat sone cells developed one

parasporal protein crystal and some cells developed three parasporal crystals.
After purification, the tentative fusant was confirmed for the presence to

plasmid(s) using agarose gel electrophoresis technique. After plasmid



Figure 1. Cellular morphology of tentative fusant which obtained
from the fusion between B. thuringiensis H-14 and B. sphaericus
1593 mutants. | '

extraction, elactrophoretic patterns of the transcipients were compared with
those of the parent strains. It was found that baﬁds which comigrated with

the B. thuringiensis H-14 plasmid could be detected in the plasmid preparations
from the fusant clone. This fusant clone was tested for ]arvicidal activity

against larvae of Ae. aeqypti, Cx. gquinquefasciatus and Angpheles maculatus.

It was found that the fusant clone had a very good activity against all three
species tested whereas the B. thuringiensis H-14 parent strain was very active
against Ae. aeqypti larvae and the B. sphaericus 1593 parent strain was very

active only against larvae of Cx. quinquefasciatus and An. maculatus . The

identification and characterization of the fusant clones are under investigation.
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1. BACKGROUND/INTPODUCTION

Recently, the development of microbial agents for using as bio-
logical control agents against mosquitoes has been studied intensively
by many groups of scientists. This effort is related to the use of
long residual action and widespectrum insecticides resulting in insec-
ticide and behavioral resistance and environmental contamination.

The most famous biological control agents for mosquitoes are

Bacillus thuringiensig var. israelensis (H-14) and B. sphaericus 1593.

Bacillus thuringiensis H-14 is more effective against hedes and Culex

than Anopheles larvae, but even within a species different strains
show variation in their susceptibilities. It does not persist in the
environment and consequently has to be repeatedly applied. 1In contrast,

Most Culex species, including Ox. quinquefasciatus, are highly suscep-

tible to Bacillus sphaericus, but Aedes larvae are little affected.

in general, Anopheles are mnore susceptible to B. sphaericus than E.
thuringiensis H-14 but this varies according to species and even strains
of the same species (Lacey , 1985 and Singer, 1985). However, B. sphae-
ricus 1593 has the ability to recycle and appears to persist in the
environment better than B. thuringiensis H-14. Thus, it is more
interesting to find a good strain of these two bacteria that can
persist better in the environment and is more effective against Ano-
pheles larvae than the existing strains.

There arc serveral approaches have been used in order to obtain
a more effective strain of bacteria than the existing ones. It may
be obtained by selection from natural population of by the new methods
of genetic engineering. Over many generations, selection can have a

powerful effect, and certain organisms have been induced to divert a

7/
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major share of their metabolic energy into the production of substances
more useful to man than to the organism in its natural setting. Never-
theless, the inescapable limitation of selection is that it can act
only on organisms that already exist, favoring those whose genome, or
total complement of genes, specifies the synthesis of desired materials.
Selection can never introduce new information into the genome.

The new methods of genetic engineering give the biologist direct
access to the genome. A gene can be inserted, deleted, altered or
duplicated. For example, a gene from one organism can be transferred
into the genome of another, and such a transfer of genetic information
can be accomplished even across the evolutionary distance that separates
a humzn being from a bacterium. An artificial gene, encoding instruc-
tions for making z mclecule unknown in nature, can be assembled by
chericel means ard introduced into a microorganism. It has been shown
that the activity of E. thuringiencis H-14 and %. sphaericus is a result
of the activity of toxins produced by the bacteria. These toxins are

coded by cenes found inside the bacterial cell. Thus, it is possible

%

to improve the toxicity of these two bacteria by using the new methods

of genetic engineering.
2. OBJECTIVE

To increas: the toxicity of bacterial pathogens of malariacarry-

ing mosquitoes through genetic engineering.

\l






to soluble delta-endotoxin proteins and rabbit antibodies which prepared
to the 25 kD protein purified from Sephadex G-100. After the individual
protein components reacted with the antibodies, the mixtures were ana-
lyzed by SDS-PAGE, followed by Western blot transfer, probing with the
antibody and subsequent lzsl-protcin 5 coupled with autoradiography.
Results indicated that gene (genes) coding for delta-endotoxin crystal
resided on plasmids of E. thuringiensis H-14.

Plasmids from B. thuringiensis E-14 were isclated by the alkaline-
phenol extraction procedure of Xado and Liu {1981). Recombinant plasmids
containing deltz-endotoxin gene were constructed by ligating Sau 3al
fragrents of E. thuringiensis H-14 plasrmids into expression vectors,
PURZ20, pUR291 and pUR292. The ligated product was used to transform

E. coli strain JM 107 by the IMSO method described by Honahian (1982)

and the transformants were sclected on L-agar conteining 50 43/m) ampi-
cillin. The cclonies of transformant were 1ifted onte nitroocllulose

filter, induced with IPTG for 3 hr at 37°C and lysed with G.5 K NzOH.

They were probed for delta-endotoxin production using the ratlit anti-

-

- : . . . 125 .
body ralised wgiinst the delta-endotoxin coupled with I-protein A

followed the technique described by Femp et al. (1983). FRecombin

y

plasmids were aclso construsted from 110 ¥ plasmid of E.

H-14 digected with ¥ha T and ligated to Xha T digested pUlil.  The
.

recombinant clone was scelected and screered for delta-endotsvin kb

-

enriched RiA. The recordinant clone was further screened by the delta-
erdotoxin antibody. The DNA inserts and of the protein products which
kill ke. acuypti larvae were analyzed.

The 3> ¥b fragments were further subfragmented by partizl Sau 3al

and ligated to Bam HI digested pUCl2, followed by transfcrmation. The

a2
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E. coli strains C-600, and MM 294, where as that derived from puc 12
was used to transform E. coli strain JM 107, and the transformed E.
coli with ampicillin resistant and tetracycline resistant markers
were selected and screened for the presence of mosquito toxin gene

by using enzyme-linked immunoscrbant assay (ELISA). Only those trans-
formants cobtained from recombirant placmids containing mosquito-toxin
gene ligated with pUC 12 were selected ty using ampicillin resistant
and beta-galactosidase negative markers. Those clones which yielded
ELISA 1. sitive reacticn were then screencd for larvicidal activity
towards Ae. azegypti larvae.

3.C. INTEODUCTICH OF THE DELTA-ENDOTOMIN GENE INTO OTHER BACILLUS

ANZ/OR B, SPHAERICUS

As reported previously that several transcipient clones were
obtzined from the conjugztion experimert in which selected mutants of

B.. thuringiensis H-14 and E.

:iEEiEEE 1593 were used. Also, several
fusants were cltained from £he mivxed protcoplast experiments. The iden-
tification and charazterization of the fusant clonec are being done.
The developmert of enzyme annlysis technicue using vertical pelyacry-

lzride gel electrophorcsis ic also being doveloped.

S ORND

-ESE)

40h. IDENTIVICRTION OF THI DELTA-EUDSTONIN CGENE OF BACILLUS THURING-

, €5 %D, and 130 %7 protein) we had con-

protein. E. coli containing pull 1.5 althoush producing a weak 25 kD

rretein did not show toxicity towards Ae. wesypti larvae., Further

/np





http:By-using-Bal-.3l

4.C. INTRCDUCTION OF THE DELTA-ENDOTOXIN GENE INTO OTHER BACILLUS

AND/OR B, SPHAZRICUS

In addition to an attempt to intraduce the lelta-endotoxin gene
into other Bacillus spp. by conjugition, we introduced the 130 kD

delta-endotoxin gere into Bacillus subtilis. This was carried aut

by joining the Bacillus plasmid (pUB 110) to the recombinant F. coli

plasmid containing the 3.3 ¥b gen2 enciding 130 kD delta-endotoxin
(pMU 338). The joining was successfully done at Bam HI site. The
bifunctional plasmid replicited and coded for endotoxin production in

both B. subtilis and 2. :5li. Both exhibited toxicity towords larvae

of Ae. aeqypti. E. coli wis :1s5 produced protein crystal when observed

under the phize-contrist micrsscope as shown in Figure 1. The bifunc-
tional plasmid was s<ibly maintained in B. subtilis as well as in E.

coli.

Figure 1. Characteristics »f

. coli clones that contain

s

endotoxin protein crystal.

2 ’
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4.D. CLONING OF MOSQUITO-TOXIN GENE FROM B, THURINGIENSIS HD-1

INTO E. COLI

Attempts of cloning of mosquito-toxin gene derived from B. thur-
ingiensis HD-1 were carried out in E. coli s*rains C-€00, MM 294 and
JM 107. Fourteen E. coli C-600 ELISA positive clones were obtained
from the ligated product of Bam HI cut mosquito-toxin gene joined with
Bam HI digested pBR 322 plasmid vactor, 10737 E. coli C-500 ELISA
positive clcnes were obktained from the ligated preduct of Hind ITI
cut mosquitc-toxin gene joined with Hind III digested plasmid vector
pUN 121, and 205 E. coli JM 107 ELISA positive clones were obtained
from the ligated product of Xba I cut mosquitc-toxin gene joined with
Xza I digested plasmid vactor pUC 12. Only those ELISA positive clones
wer2 used in larvicidal activity screening test against Ae. ;eqypti

larvae, 3

3> Tur, only one sut of 205 E. coli clones obtained from the

transformition by reconbinant plasmid demonstrated a good larvicidal

activity towards Ae.

L mosguitses as well as the parent strain,

B. thuringionsis HD-1. dYnforctunately, this recombinant plasmid was
not stably maintained in E. coli J¥ 107. Further investigation is

going on.

4.E. THE IDENTIFICATICN AND CHARACTERIZATION OF TRANSCIPIENT CLONMES

AND FUSANT DERIVED FPRIM 3. THUPINGIENSIS 'i-14 AND B. SPHAZRICUS 1593

Attempts to lLdentifv and characterize those -“ranscipient clones

and fusants Jderived frem 8. thuringiensi

w

ti-l4 and B. shpaericus 1593

are in pregress.  3ince we have to develop the enzyme inalysis tech-
- 1

nique using vertical golyacrylamide gel =2lectrophoresis, it will take

scre times to use this technique for the ‘dentification and characteri-
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zation of the trancipient clones and fusants. The development of

enzyme analysis is in progress.

5. DISCUSSION/RE.

The potential difficulty of gene transfer system is how to trans-
fer an individual gene coding for the desired product into a host micro-
organism and grow the organism in volume to yield the product. That
an individual gene should be stably maintained in a host microorganisms.
Neither a copy-IMA gene nor an artificially synthesized gene carries
the appropriate promotor and other control signals needed for expres-
sion in bacteria. Tt is necessary, therefore, to splice the artifi-
cial gene into the vector DHA at a point where the bacterial control
signals on the vector will lead to expression of the artificial gene.
That is not the ond of the task. Bacteria often digest foreign protein,
su that the host cell nyy have to be modified to keep it from destroying
its own novel product, a mutant host may have to be sclected that has
lost the enzymes [or protein digestion.  The host must also be seclected
or modified to grow woll as well as to accumulate or secrete large
quantities of a protein for which it has no use. ‘Thus, we are facing
a lots of difficulties. Another difficulty is the selection of ideal
plasmid cloning vchicle, since we know that a cloning vehicle should
be as small as possible to reduce the possibility of including unde-
sirable genes and prevent self-transmission by conjugation to another
cell. The yield and purity of cloned genes and the efficacy of liga-
tion and transformation are also greater with smaller DNA molecules.
This is probably the reason why we ebtiained lower yield of possitive

clones (pMUA 1346 and pMUA 231) that exhibit larvicidal activity whereas

-
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several clones did have DHA Tragment insert (7.5, 2.4 or 1.9 Kb) with
out larvicidal activity. Fortunately, we still have 2 E. coli clones
that express larvicidal activity. Thus, further chavacterization
should be carried out.

It was also found that recombinant plasmids obtained from Xba T
cut mosquito-toxin gene joined with Xba I digested plasmid vector puc
12 was not stably maintained in K. coli JH 107 after successful trans-
formation. Further construction of recombinant plasmid is needed from
these same set of genes. The chances are very high because we already

have experience with these genes and plasmid vector,

G. WORKPLAN FOR 'MIE HENT I'ERICD

A successful transfer of moscquito toxin gene from E. Ehpringien—
sis H-14 into E. coli in which 2 clones (pMUA 136 and pHMUA 231) exhi-
bited the larvicidal activity towards Ae. neqypti. Works in proqgress
are attempting to characterize the DHA insert and the protein product
to find out if this endotoxin gone relates to the 130 kD endotoxin gene
described in 4B. And it they are different genes (i.e. gene coding
for endotoxin protein other than the 130 kD) a possibility of combining
the endctoxin genes Lo axhibit a greater toxicity will be explored.

Since all the k. coli clones that showing toxicity to the Ae.
gggypti larvac produced protein with 130 kD as the major component.
Works in progress are focusing on the DHA sequence of the 130 kD endo-
toxin gene and identification of the antigenic and toxic moieties of
the 130 kD protein.

Further attempls on the introduction of delta~endotoxin gene into

other Bacillus spp. and/or B. sphaericus will be carried out. Since
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we have constructed a bifunctional plasmid that can replicate and code
for endotoxin production in koth B. subtilis and E. coli. This similar
approach will be used in transferring delta-endotoxin gene of B. thur-
ingiensis H-14 to other selected Bacillus spp.. It is more likely
that B. sphaericus will be uscd as a host microorganism:

Another approach which dealing with transferring mosquito-toxin
gcne from B. thuringicnsis Hb-1 strain is also going on. We have
domonstrated that protoplast [usion and conjugation techuique can be
used for transferring gene between B. thuringiensis and B. sphacricus.
These two technique will be carried out in order to gain more experience
and by the time whon appropriate recowbinant plasmids are available
these two technique will be used.

Other technique that may be uscful in identification and charac-
terization of fusant and Lranscipient clones is enzyme analysis. The

develepment of this technique is going on.
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