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2. Project Objectives
 

To increase the toxicity of bacterial pathogens of malaria-carrying
 

mosquitoes through genetic engineering.
 

BACILLM'kt ININ" 

3. Scientific Progress 

3.1. 	 Isolation and identification of the delta-endotoxin from
 

Bacillus thuringiensis
 

3.1.A. 	From Bacillus thuringiensis serotype 11-14
 

Recombinant plashiids containing delta-endotoxin gene were 

successfully constructed by ligating Sau 3A1 fragments of B. thuringiensis H-14
 

plasmids into expression vectors, pUR29O, pUR291 and pUR292. The ligated 

product was used to transform E. coli strain J1 107 by the DMISO method 

(Hanahan, D..J. liol. 166:55?, 1983) and the tran-formants were selected
Biol. 


on L-agar containing 50pg/ml ampicillin. Approximately 30,OuO transformants 
4 

were obtained with transformation efficiency of 10 peryg DIA. 
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The colonies of transforlnant were lifted onto nitrocellulose 

filter, induced with IPTG for 3 hr at 370C and lysed with 0.5 M NaOIl. They 

were probed for delta-endotoxin production using the rabbit antibody raised
 

against the delta-endotoxin coupled with 125I-protein A followed the
 

technique described by Kemp et al.(Kemp et al. PNAS, USA 80:3781, 1983).
 

The positive clones were picked and the proteins analysed by
 

SOS-PAGE, transferred onto nitrocelluluse and probed with the antibody and
 

12 51-protein A. From over 30,000 transfornants 21 were found to give positive
 

for expression products with antibody to the delta-endotoxinsignals when probed 

proteins. Among the positive clones, some showed )B-galactosidase fusion 

peptides and few gave small peptides. 

Results indicated that delta-endotoxin gene from B. thuringiensis 

Further works on detailedserotype H-14 was successfully cloned 'n E. coli. 


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

mosquito larvicidal activity are being carried out.
 

3.1.B. 	From Bacillus thuringiensis strain HD-i
 

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 objective was aimed at transftrring mosquito toxin gene
 

of B. thurinniensis strain HD-i into B. subtilis. It was shown that transfor

mation 	 in B. subtilis with plasmid DNA was very inefficient by comparison with 

chromosomal transformation. It was believed that the specific activity if 
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plasmid DNA in transformation of B. subtilis was dependent on the degree of
 

oligomerization of the plasmid genome. Itwas shown later that the efficiency 

of protoplast transformation system could be increased into higher level. However,
 

the protoplast system has disadvantage in terms of difficulty in protoplast
 

formation and regeneration. Thus, we decided to select for mutants of B.
 

thuringiensis strain HO-1 to use as a recipient.
 

In this cloning experiment., the major part of the program will
 

*be concerned with the identification of the transformed recombinant clones.
 

Various methods have been developed to identify clones that carry desired DNA
 

sequences and antibiotic resistance genes isone of them.
 

In order to speed uP the selection of mutants, non-toxic mutants 

were selected from cultures of B. thuringiensis strain HD-I which grown on 

[-agar medium after tile treatment of the bacteria with 1%SDS(sodium dodecyl 

sulfate). The larvicidal activity was done against 2nd instar larvae of Aedes
 

aegypti. The creamy white, dense, opaque colony was obLerved for the selection
 

of a sporogenic acrystaliferous mutant and the potential mutant 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 itwas .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 medium containing specific antibiotics. The mutants 

obtained by this method were suspected to carry drug resistant gene in the 

chromosomal DNA. Several mutants were obtained by this technique as shown in 

Table I.. 
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Table 1. Drug resistant mutants of B. thuringiensis strain HD-I 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 

ND-7 TcR Tetracycline resistance 

HD-7 Kin R 
Kanamycin resistance 

Mutants of B. thuringiensis strain HD-I which carry antibiotic 

resistance genes were also selected using spontaneous mutation technique. The 

mutants were selected from cultures which were grown on the L-agar growth mediul 

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

technique. They were strain HD-1Tc R which was resistant to tetracycline and 
strain HD-i Km R 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 responsible for the production of delta

endotoxin from either strain 1D-I TcR or JnRstrain HD-1 will be transferred 

into B. thuringiensis mutants either strain HD-7 Km RStrR or ND-7 TcR or HD-7 

using conjugation-like process. Attempts of gene transferring are still going on, 
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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 improvement 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 1-14 using protoplast transformation or competent ceil transforma

ton. Several attempts have been conducted in order to overcome this problem 

and finally a conjugation-like gene transfer process on mnillipore 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 transfoned with plasmids pC 194 and 

pHV 33 using tile protoplast transformation technique. 

The plasmid pC 194 from one successful transfonlant, strain 0 016-194, 

was subsequently transferred to B. thuringiensis serotype 1-14 by a conjugation 

like process. The plashiid pBC 16 from B. cereus could also be transferred to B. 

thuringiensis serotype H-14 with high frequency using the conjugation-like 
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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) indelta-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-methyl-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 1593 which carried a chloramphenicol resistance 

(Cm R) 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 available, 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 between 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 
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cells with both drug resistant genes were selected on plates containing 10 )g/ml
 

tetracycline and 6 yg/ml chloramphenicol. 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 method. The
 

larvicidal activity and electrophoretic patterns ofthe clones are inprogress.
 

3.2,1. 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 experiment using B. thuringiensis 11-14 mutant.
 

R R 
which carried TcR marker and B. sphaericus 1593 mutant which carried Cm marker 

was carried out in the presence of PEG. After fusion, the tentative fusants with 

TcRcm1R trait were selected on plates containing Opg/ml tetracycline and 6 )ug/ml 

chloramphenicol. Under these conditions, the parent strains could not multiply 

even at every high concentrations of cells. One clone of fusant was obtained. 

After several purifications had been carried out, the cellular morphol.ogy of the 

fusant was observed under the phase-contrast microscope. Itwas found that the 

cellular morphology of the fusant which carried both of a tetracycline and 

chloramphenicol resistance markers was similar to the cellular morphology of 

B. thuringiensis 1-14 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
 

Figurp 1.It was interesting to observe that soie 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, electrophoretic patterns of the transcipients were compared with 

those of the parent strains. It was found that bands 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 larvicidal activity 

against larvae of Ae. aegypti, Cx. quinquefasciatus and Anopheles maculatus. 

It was found that the fusant clone had a very good activity against all three 

species tested whereas the B. thuringiensis 1-14 parent strain was very active 

against Ae. aegypti larvae and the B. sphaericus 1593 parent strain was very 

active only against larvae of Cx. quinquefasciatus arid An. maculatus . Tile 

identification arid characterization of the fusant clones are under investigation. 
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1. BACKGROUND/INTRODUCTION
 

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

Bacillus thuringiensis H-14 is more effective against Aedes arid 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. In contrast,
 

Most Culex species, includina 7x. uinquefasciatus, are highly suscep

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

In general, Anopheles are more susceptible to B. sphaericus than B.
 

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
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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 human being from a bacterium. An artificial gene, encoding instruc

tions for mkinc mclecule unknown in nature, can be assembled by 

chemical means and introduced into a microoroanism. It has been shown 

tiiat the activity of E. thuringiensis 11-14 and 5. sphaericus is a result 

of the activity of toxins produced by the bacteria. These toxins are 

coded by genes 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 in:reas the toxicity of bacterial pathogens of malariacarry

ing mosquitoes through genetic engineering.
 

\L
 



3. 	 MATERIALS 7A2D METHODS 

Inodrto improv~e th~e toxicityvcf bacterial agentseihrB 

~thuringi nsis H-14~ or B. sphaeric-us 1593, the first requirementi is ,that 

geeh ) ~ta~e'ponsible for the production'of mtoishood~ 

be identified and isolated' Once the'gene is identified, recombinant 

SDl;A will be constructed by inserted into selected vector plasmids that 

can xpress inLEscherichia coli The idea isto transfer an idividual 

geot mosqt ti a host microorganism for charac

terizatio. So far the bacterium Ech.erichia coli has served almost 
ih 	 'S~'xCls ' i 1' iit	 I~i~}fy 

exclusively as-,the host ,because effective vector plasmids,' whose,DNA
 
has been mapped in fine detail, are available for this Workh0:
 

molecular biology.' When the moscuito toxin gene ischaracterizedit 

iwill be possible,to,insert this gene into other vector plasmids that 

can express in Bacillus spp. yhich probably resulting in a new strain 

wgon. of-Bacillus thuriniensi or Bt, sphaericus can widers Bacillus than kill 

h hostrange. TWO bacterial species, B. thuringiensis 'strains H-14 & ND1 

6andB. sphaericus.1593, were used as m~odels in th'e study. The proce- " 

hdureswere done as follows:I 

3 A. FRO14 B. THURINGIE1NSIS H-14 

,
After the 	deltaendotoxin was isolated"from B. thuringiensisN14
 

by centrifugation-through renografin gradi s' lbilid

analyzed bySDS-polyacrylamide gel electrophoresis to determine the
 

" V' ~§'major comnponent that ri'spohsible 'for the' larvicidal' activity of' the 

~dlt-eiot niicrystal. The .larvicidal'activity was done by using~' 

hrsr1 old, Ae. 'aegypti iarvae'exposed directl to the suspensionof 

the solubilizedcoip'onent ind observed 24toexposure 

'
4 

~individual proteincomponents obtained fromn the1 solubilization of delta

endotoxin 	were tested against purified rabbitI antioies whicnpreparead
44 £6££'-! 
4, I' iI' '4 reare4.:
 

4 '-'-' "'41 4. '4414 
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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 1251-protein A coupled with autoradiography.
 

Results indicated that gene (genes) coding for delta-endotoxin crystal
 

resided on plasmids of F. thuringiensis H-14.
 

Plasmids from P. thuringiensis H-14 were isolated by the alkaline

phenol extraction procedure of Kade 
and Liu (1981). Recombinant plasmids 

containing delta-endotoxin gene were constructed by ligating Sau 3AI 

fragments of B. thuringiensis H-14 plasmid- into expression vectors, 

pUR290, pUR291 and pUR292. The ligated product was used to transform
 

E. coli strain J. I C)1by the Dr.:S' method described I .,,. (195?) 

and the tr nsforMnantS were selected on L-agar contj.aiwn 500AI.rl amOi

cillin. The colnies of transfo-ra-nt were lifted cnto niti :ellulose 

filter, induced with I"TG for 3 hr at 37C and lysed with C. 5 M OH...1. 

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

body raised aujinrt the delta-endoto.:ir. coupled with 125I-protein A 

followed the technicue described by Kemp et al. (1953) .Fecm -,Linant 

plasmids were also constructed fro 110 }b rlas7. id of F. tburineni 

H-14 digested with Kba T and I:gated to Xb I digested pUl'I2. The 

reco.mhinnt clone was sul.ected and screered for dolta-en dct:,i. M..,A

enriched ROM The rec cLj ,nt clone wAs further screened by the delta

enlotoxin antibody. The DNA in.erts ,;d of the rrotein products which 

kill Ae. aecypti larvae were analyzed. 

The 3 Kb fragment were further subfragmerted by partial Sou 3AI 

and ligated to Barn HI digested pUCl2, followed by transformation. The
 

\C,
 

http:500AI.rl
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transfoxrmants were screened .for prodiucts using antibody to tie total
4- J", 

cry sta proteins and larvicidal activity The positive cl1on es were 

used for, characterization of "the DNA insert and the protein iproduct 

-inorder to. determinL whether4 this endotoxin gene was eaedt h 

' endor130 'D i gene, Th-nalysis-was-done with-a-series-of-restri 

tion' enzymes, .e. , EcoR 1, Pvu II,$ Pst 1,~ Xba 1, Hind III, ,Hae II 

Eel I, Xho II?"'Acc I,'2Msp I, Hpa II,Acy 1, Saii'961, Dde'I, Cla I,
4 .
 

After successful transfer the mosquito toxin "gene&'into"E. ccoli, A'''P
 

atmttoitouetedel ta-endotoxiri gene into' 6 ther Bacilluis spp.'i,
 

wrdoeby cojgto.The 130 kD delta- endotox ingen ws inserted
 

~I~4inopUB 110 byjiigpUB 110 plasmid "vector with the recombinant E.
 

coliplamidcontaining, the 3.8' Kb ~gene encoding 130 k D delta-endotoxi.:
 '
 

>''"The 'joining was done at BainH s1iite. Then this recombinant plasmid 

4<' 42k 
4
was transfered

4 ' into B. subtil'is "and E. coli. The production' of -delta- 4 

endotoxin gene was determined uasi'ng bioassay against Ae. aegypti larvae'
 

and observed for the crystal fomaio under the phase-contrast micro-2 

s4k4~'44cope. 44/2. 4 

'44~4-~~~3.B. FROM.B.4 HURINGIENSIS, HD-1 -- " A 

'-From~ ou~r previous reports, it~was-'shoWn that the mosquito toxin gene 

of B. thuringiensis HD-1 was 'also coded by plasmid. 
'~Tusmlrproce

wre'sedfor

forB. thuringiensis H-14. Recombinant plasmids cotinn mosquito

durs 4 the
4 construction of recombinant'plasnlid as described
 

444"""4 4tx~gene--were constructed by ligating fragmients f Btuigess 

1ID- 'plasmid been Hind Bam' HI~ior>>4H which, had restricted with eithe III, 

~>'Xba I into expression vectors, pBR 322,4 pU1,1 21'-and'pUC 12.4 The li-"-,47 ' 

* 'gated products deeived from pBR 4-322 -and pul;121 ,wez' -used to transform 

MAW', 4 A 4.444.44. 

http:4.444.44
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E. coli strains C-600, and NhM 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 
f mosquito toxin gene 

by using enzyme-linked im.unosorbant assay (ELISA). Only those trans

formants obtained from recom inant plasmids containing mosquito-toxin 

gene ligated with pUC 12 were selected ty usino ampicillin resistant 

and beta-galactosidaise negative markers. Those clones which yielded 

ELISA I sitive reaction were then screened for larvicida] activity 

towards Ae. aegyjti larvae. 

3.C. IN.OCDUCTI:2; OF THE LELTA-EDOUTOXJN GEE INTO OTHER BACILLUS 

;2=D,/OR B.- SHERICUS 

As reported previously that several transcipient clones were 

obtained from the conjug:.tion experiment in which selected mutants of 

P.. thurin-;iensis H-14 anl F. -:i.er 2593 were1c used. Also, several 

fu.sants were otaineci frco the mixed protcplast experiments. The iden

tif7ication an(] char.:teriztion of the fusant clones are being done. 

The d-:e o-ret of e'r,e a:. I\sis te:hnique using vertical polyacry

!ari:e cel electrophorcsis is alsaceinv dveloped. 

4.FI'.LI 'D r',scU5 S1c!: (71-.,'C ....) 

4.7- P.T.'TT. O T1 ELTA-E!:r1T'XI GENE OFPACILLIJS THURING

. I reious reae,
: in a: .rttempt to cloi.e the delta-endotcxin 

genes ('es mc~n-: f.:r 1k ,c s5:, aod 1I0 [drtei::) we had con

str-ctti FL.g1.5 wl.ase DA i".s;et w:as 5 '.1iandi we.:l~y pr:c-.lucd 25 kE 

protein. E. co2i cont-irin ... 1.5-t tro ucino a weak 25 

protein did not show toxicity towards Ae. aeqy'pti larvae. Further 



subfrag~netng~ of the 5'KX frag-meintsby',partial Sau 3AI 'an~d l'igated to 

Rarn 1 by, transformation, yieled2 immunoreac--HI digested pUC 12, 'f63o we 

tiecloznes when pro ed' for product using antibody to th total crystal 

p~roteins.~ However, these4 tw jclones~did not exhibit any' larvicidal

activity, -By-using-Bal-.3l -to-delete--5-Kb--fragment--followed-by-Pst-1-

4 cut and l3igated to pUC4 12 cut ~with Pst 1 and' Sna 1,2 imrnunoreactive 

cloes(pUA136 an pJ;23)wroband which e-xbited the larv

cidal act.ivityv '4 4 44'' 4 > (.444 

f 4.B.4~ CH ,FACTERI2ATIONS,0F DELTA-ENDOTOXMNGENE AND THE1 130 iXd
44C!13; ,44 O OX N :"4/Al 44~A 
44444TD4 ' 44444rev474444y we reprte the4 cloin 44444444 Kb plsmd of444 t344 r142 

'4'~~ ~~Peiul er o4o12wplasmid i E.,bu-'lia Kb ucee f110 osrcigfiv 

they___hadcliiaa'atep f-.B dtaile restritio>ndcomnDAisr nzyme
4 


,HaI,'AyI
I,- Hin IIReIIB I, Xho4' I'444 ~ 4s 

4444- posiWchratee t deota-oedtoxiit -theusin'gtone agpIlraetsfad 

110 a44 'iswih1344D444uedp h 

Morop,.nent. Thaeu tiorpVcompoentsuccee ny r degadaio
 

showepoeisf90k oA~4eytox oamosqu-A"
q4444 ofl clones ]1, a aowhichstbetxct la 

444444~ ~ ~ t44444 4 4
 
I' 44-4444 4
 

Ilk4444,~4* 
44 44444-44 -6;% 

http:By-using-Bal-.3l
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4.C. INTRGDUCTION OF THE DELTA-ENDOTOXIN GENE INTO OTHER BACILLUS 

AND/OR B. SPHAERICUS 

In addition to nn 3ttempt to introduce the delta-endotoxin gene 

into other Bacillus spp. by conjugation, we introduced the 130 kD 

delta-endotoxin gene into Bacillus subtilis. This was carried Dut 

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

plasmid containing the 3.3 'b goer ono:ding 130 kD lelta-endotoxin 

(pM.U 388) . The joining was successfully done at Barn HI site. The 

bifunctional plasmid repli'tc-ted and coded for endctoxin production in 

both B. subtili s an E. :,i. Both exhibited toxicity towords larvae 

of Ae. :iegypti. coli was 1ilsoproluced protein crystal when observed 

under the h i.So-contr-atoisr.scope :is hcwn in Figure 1. The bif-inc

cional olasmid was st Llv maintained in B. subtilis as well as in E. 

coli.
 

Figure 1. Charcteristics of E. coli clones that contain 

endotoxin protein crystal. 
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4.D. CLONING OF MOSQUITO-TOXIN GENE FROM B. THURINGIENSIS HD-I 

INTO E. COLI
 

Attempts of cloning of mosquito-toxin gene derived from B. thur

ingiensis HD-I were carried out Jr, E. coli strains C-6OO, 
'AM 294 and
 

JM 107. Fourteen E. coli C-600 ELISA oositive clones were 
obtained
 

from the ligated product of Bam HI cut mosquito-toxin gene joined with
 

Bam HI digested pBR 322 plasmid vector, ,07'-7 E. Coli C-600 ELISA 

positive clones were obtained from the ligated product of Hind III 

cut mosquito-tox.in gene joiined with Hind III digested plismid vector 

pUN 121, and 205 E. coli JM 107 ELISA positive clones were obtained 

from the ligated product of Xba I cut mosquito -toxin gene joined with 

Xha I 3igested plasmid vector rUC 12. Only those ELISA positive clones 

were used in Darvicidal activity screening test against Ae. aeqypti
 

lrvae. Sc S-r, ncnlyone cut of 205 E. coli clones obtained from the 

transfcr.-c-ticin h! reocmb1nt p:ismid demonstr.-ted a good larvicidal 

activity towaris Ae. 'ut moscuttoes as well Ias the parent strain, 

B. thuringiensis 1ID-1. Jnfortunately, this recombinant plasmid was 

not stabl' maintained in E. col 3: 107. Further investigation is 

going on. 

4.E. 	TH*E IDENTIFICATICN AND CHARACTERIZATION OF TRANSCI.IENT CLONES
 

. 
....D. :P:Ir,S
AND FUSANT DERIVED 	FP'::, . :j-1 AND B. SPHAERICUS 1593
 

Attempts to i-enti 'ncharicterize those transcipient clones 

and fus .nt T.erived from B. thuringiensis HI-14 and B. shp ericu:s 1593 

are in progress. Since we have to develop the enzyme tnalysis tech

nique using verticai takel rolyacrylamide gel electrophoresis, it will 

scre times to use this technique for the tdentification and characteri

http:mosquito-tox.in
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zation of the trancipient clones and fusants. The development of 

enzyme analysis is in progress. 

5. DISCUSSION/I<RHAPK!; 

The potential dificulty 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 orgauism in volume to yie1d the product. That 

an individual gene shcsLd he stably maintained in a host microorganisms. 

Neither a copy-DNA ltqO iv"-oa art ifncianly 5yiihn:;i ed gete carries 

the appropriate promotor and other coit roi signalas needed for expres

sion in bacteria. it is necessary, therefore, to splice the artifi

cial gene into the vctLr DNA at a point where the bacterial control 

s:ignals on the ver.oi will Ilad lo o:-:ptession of' the ;irt:ificial gene. 

That is not te enl of the tashk. Bacteria oftei ligest foreign protein, 

so that the host- (:(I iii:- have tio he modi.fied to keep it from destroying 

its own novel product, a mu ti host may have to be selected that has 

lost the enzymes fr- lroLin diqeeion. The hrost must: also be selected 

or modified to g(Jiw we I. a. wals as toc) 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 vehi 0l, sice we 1:now thiat a cloning vehicle should 

be as small as Iossible to reduce the poshibility of including unde

sirable genes and prevent sel f-traimr,[ssion by conjugation to another 

cell. The yield and purity of cIried genes and the efficacy of liga

tion and transformatim are alqno greater wit smaller DNA molecules. 

This is probably the reason why we oht:a ined lo%,er yield of possitive 

clones (pMUA 136 anid ;N.A 231) that exhiibit larvicidal. activity whereas 
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several clones did h ve PIA frgment 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 charcacterization 

should be carried out. 

It was also foind tjL: rccombinnt plsmid; il, fromh Xha Itined 

cut mosquito-toxin gene joined with Xlx ] I diested p1 asmid vector pUC 

12 was not stably maintained in Ml. coLi JM 107 after successful trans

formation. Further colat ,uction of recmombinant plasmid is needed from 

these same set of qenes. The chances ire very high because we already 

have experience with these gones and plasm id vector. 

6. WORKPLAN FOR TFIE ht:l' I'l:R[OI 

A successful tr:mnfer of mosquito toxin gene from B. thuringien

sin 1-14 into I. rd i in whirlr 2 alone; (pIMIA 1.16 and ptlIIA 231) exhi

hitaed the d a tLiviLy Loa.,rd:a A.e. ,-eqy.p!t .. Works in progresslarvici,'-I 

are attempting to Ah ir,. Forize the IVIA inert and the protein product 

to find out if thMi.; eL,.oto<xin qene relaLes to the 130 kD) endotoxin gone 

described in 4B. Ant if they are diFF e rnt:l 1one (i.e. gene coding 

for endotoxin UrLP in Mhoh tAnn the 130 kD) a possibility of combining 

the endatoxin gem,; t, i)i1tF a r eaer toxicity will be explored. 

Since all the E. .:,l i clones hiat: siow.ing toxicity to the Ae. 

aegypti larvae proiuced pro"ill witIh 130 kD as tile major component. 

Works in progrnsfe are Fo(i ii(q oni thie D[A sequence of the 130 kD rndo

toxin gene and idont1 if ica K" ,f the alIt:ieo anld toxic 1mietie, of 

tie 130 kD prytein. 

Further atLtelA on thIe introduction of deltai-endotoxin gene into 

other Bacillus aplp. and/or B. spllaericu will he carried out. Since 
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we have constructed a hifunctional plasmid that can replicate and code 

for endotoxin producti on iinboth B. subLilis 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 ie used as a hos;t microorganism: 

Another approach which deill in with trannseiriuq mosquito-toxin 

gene from B. thuring inseis 111-I strain is also going on. We have 

demonstrated that protopliast fusion and conjugation technique becan 

used for transferrinq gene between B. tiiuringiensis and B. sphaericus. 

These two technique wil I he carried out in order to gain more experience 

and by the time when iipir riate recIfain i ltl';m ids are ava ilable 

these two technique wilt be used. 

other technique tiMnt may he use ful in identification and charac

terization of fusant and tran.scipient - clones is enzyme analysis. The 

development of this techn .ique is goinq on. 
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