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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 v.'idespectrum insecticides resulting in in sec-

tic ide and behavioral resistance and environmental contamination. 

The most famous biological control agents fur mosquitoes are 

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

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

than Anopheles larvae, but even .... 'i thin a species diffel-ent 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, including ,-:x. quinquefasciatus, are highly suscep-

'(.j_ble to Bacillus sphaericus, but Aedes larvue are little affected. 

In general, Ano;.>heles are more susceptible to~. sphaericus than B. 

thuringiensis H-14 but this varies according to species and even strains 

of the SiiIlW species (Lacey, 1985 and Singer, 1985). However,~. sphae-

ricus 1593 1-.as the "b.dity '(.0 recycle and appears to persist in the 

envirOnm(;;lt ':letter 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 e:e existing strair.s. 

There are: server-al approaches have been used in order to obtain 

a more effective strLlin 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 ~ave a 

powerful effect, and certain organisms have been induced to divert a 
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major share of their metabolic enGrgy 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 tl1at 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 hum:..n being from a b,~ct(?rium. An Clrtificial gene, encoding instruc-

tiOris for r:-,:'\·.i;lC} :, r.1clecule unkno ... :n in nature, com be assembled by 

cherr.ical me"ns and introduced into a r:-,ic):oorg:lnism. It has been shown 

that the activity 0: ~. tlmringiensis 11-14 and ~:. sphaericus is a result 

of the oc~ivity of to>:il~s produced by the bacteria. These toxins are 

coded bi' genes found ir.side the bccte:rial cell. Thus, it is possible 

to im;-,l'o'J£: t~,,:; t.c,:-:icity of these biG bc,cteri) by using the ne .... · methodE 

of genetic engineering. 

2. OBJECTIVE 

To in:reas= the to:ucity of b"cterial pathogens of malariacarry­

ing mosquitoes through genetic engineering. 
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3 . MATERIALS AND METHODS 

In order to improve the toxicity Uf bacterial agents either !. 

thuringiensis H- 14 or B. sphae~icus 1593, the first requirement is that 

the genets) that responsible for the production of mosquito toxin should 

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

P!,;, will be constructed by inserted into selected vector plasmids that 

can ~xpress in Escherichia coli. The idea is to transfer an individual 

gene coding for the mosquito toxin i~to a host microorganism for charac­

terization. So far the bacterium Escherichia coli has served almost 

exclusively as the host b~c~use efiective vector plasmids, ,.;hose DNA 

has been mapped in fine detail, are available for this workhorse of 

molecular biology. h~en the mosqui to t ox in gene is characterized, it 

... ·ill be possible to insert this gene into other vector plasmids that 

can express in Bacillus spp .... ·hich probably resulting in a ne ... · strain 

of Bacillus thuringiensis or Bacillus sphaericus t han can kill wider 

hostrange. Two bacterial species, B. thuringiensis strains H- 14 & HD-l 

and ~. sphaericus 1593, were used as modelS in the study . The proce­

dures ... ·ere done as fol10"'''5: 

3. A. FROM B. THURINGI ENSIS H-14 

lifter the delta-endotoxin ... ·as isolated from~. thu.ringiensis H-14 

by centrifugation through renografin gradient, it ... ·as solubilized and 

analyzed by 50s - polyacrylamide gel electrophoresis to determine the 

ma jor component that r~sponsible for t he larvicidal activity of the 

delta- endotoxin crystal. The Inrvicidal activity was dOlle by using 

18 hr5 old ~. aegypti larvae exp~sed directly to the suspension of 

the solubilized component and observed 24 to 48 hr after exposure. 

Individual protein components obta ined from the solubilization of delta­

endotoxin were tested against pUrified rabbit antibodies which prepared 

{ I 
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.to soluble del ta-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-

1yzed by SDS-PAGE, followed by ~estern blot transfer, prabing wi~~ the 

. I 125 . antlbody and su,)sequent I-pratel:1 l', coupled ... ·i th uulorudiogrdphy. 

Results indicated th3t gene (genes) cojing for delta-endotoxin crystal 

resided on plasmids of ~. thuringiensis H-14. 

Plasmids from E. t!iur:!r'CJie~,sis E-14 y.·c:re isolated by t.!le alkaline-

lJhenol ex traction procedure of ::,do and Li u (1991). RecomLinCir:t pI asmids 

containing del t:.-e:·,dato:-:in gene ... ·ere constructed by 1 igilting Sau 3A1 

fr~grr.E:nts 0; E:. ~L.lringic:n=is H-l~ pl(~sr.i:-L:; into c:xrr0~sion \·e(.~tors, 

and ligated to BilJr. HI digested pUC12, followed bi' trilns:c::-r.,iltion. The 

~'. ,'-.' . ' 

http:500AI.rl
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transformants were screened for products using antibody to t he tot al 

crystal proteins and larvicidal activity. The posit ive c l ones were 

used for characteri%ation of the DtlA insert and the protein pl.'oduct 

in order to determin~ whether this endotoxin gene was related to the 

130 kD endotoxin gene . The ana l ysis was done with a SQ~ios of rest ric-

tion enzymes, i.e., EcoR I, Pvu II, Pst 1, Xba I, Hind III , lIae II I, 

Bel I , Xho II, Ace I, Msp I, Hpa II, ACY I , Sau 961 , Ode I, CIa I , 

and Sst NI. 

Aftor successful transfer the mosquito tox i n gene into!. coli, 

attempts to introduce th~ delta- endotoxin gene into other Bacillus spp • 

... ·ere dene by conjugation. The 130 kO delta-endotoxin gene ... ·as inserted 

into pUB 110 by joining pUB 110 plasmid vector with the recombinant E. 

coli plasmid containing the 3.8 Kb gene cncoding 130 kD delta- endotoxin. 

The joining \o,'as done at BMI Hi site. Thcn this recombinant plasmid 

~~s transfered into B. subtilis and ~. coli. The production of celta-

endotoxin gene was dctcl~ined using bioassay against Ae . aegypti larva~ 

and observed for the crystal formation under thc phase- contrast micro-

scop<:. 

3.B. FRO:': B. ':!'HURINGIEIlSIS HO- l 

From our prcvicus reports, it \o,'as sho\o,'n that the mosquito t oxin gene 

of B. thuringiensis 1l0-1 \o,'as a lso coded by plasmid . Thus, similar proce-

dures ... ·ere used for t he construct ion of recombinant plasnJ.d liS described 

for E.. ~hurinc;i(msis Il-H. Reco!:lbinant plasmids containing mosquito-

toxi::. gene .... ere constructed by ligating fraqrnents of ~. thuringiensis 

IlD-l plasmid .... hich had b<:cn restricted with ei ~ler !lind Ill, Bam HI or 

Xba I into expression vec t ors , pSR 322, pUN 121 and !JUC 12. The li-

gated products deri'lcd lloe pB2 :'2f 'antl ,ptnl 121 were used to transform 

, 

http:4.444.44
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~. coli strains C-600, a:ld HH 294, ..... here as that derived from pUC 12 

..... as used to transform E. co] i strain J~l 107, and the transformed E. 

coli with ampicillin resistant and tetracycline resistant markers 

were selected and screened for the presence ~. mosquito toxin gene 

by using enzrme-lirt}:ed im:n"..l:-,osorb3:1t il.ssay (ELISA). Only those trans-

formants obtained from H:corrJ)ir.ilnt pl:!smids cO:'ltaining mosquito-toxin 

gene ligated v,'ith pUC 12 v"erc selected ty us.tn~l am~'icillin resistant 

and beta-gcla::tosic'kse negC!\:ive rr,:.:rkers. Those clones \"hich yielued 

ELISA I sitive reacticn were then screened for larvicidal activity 

to'.,:"rds he. <iegypti 1 "rvue. 

3.C. It;:-~OD:JCJIC!: Of THE [I::LTl-.-E!;Cl::lTO~:Ir' GENE n:TO 07rlER BACILLllS 

~;:!OR B. 5?HhERICU5 

As reported pl'£viously th~t sever:!l transcipie:;t clones were 

obtained from the conjugiltic:; experiment in which selected mutants of 

protein did not sho .... · to;.:ici ty to .... ·:.rds I,e. ~,e'J:'T·ti larvae. Further 
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5ubfragmenting of the 5 Kb fragments by partial Sau 3Al and ligated to 

flam HI digested pUC 12, foUo ... ·ed by transformation, yieled 2 illllllUnoreac­

tive clones "'hen probed for product using antibody to the total crystal 

proteins. However, these two clones did not exhibit any larvicidal 

activity. By using Bal 31 to _delete 5 Kb fragment follo .... ed by Pst 1 

cut and ligated to pUC 12 cut with Pst 1 and Sma I, 2 immunoreactive 

clones (pMUh 136 and pHOh 231) were obtained which exibited the larvi­

cidal activity. 

4.S. CH"RACTERIZhTIONS or DELTA-ENDOTOXIN GENE p-.rm THE 130 Xd 

~"'.BI!mlT ENDOTOXIN 

Previously ""C reported the c l oning of 110 Kb plilsmid of !!.. thur­

ingiensis H-14 into~. coli, in an attempt to isolate, identify and 

characterize the delta - endoto~;in gene. By ':I sing »ba 1 fragments of 

110 .':.b plas::.id ligated to pUC 12 .... e succeeded in constructing five E. 

coli clones ... ·hich sho ... ·ed a stable toxicity to I.e . aegypti larvae. 

Ana lysis of the clones by restriction enzymes digestions revealed that 

they had a common 0:;'; insert of 3.B l~. A detailed restriction enz)'mes 

mapping sho'~'ed recCY,ln i tion si tes by ~nzymes, EcoRl, Pvu Il. Pst 1. >:ba 

1. Hind Ill, !lae !II. Be l 1, Xho 11, Acc 1, Msp I, Hpa Il , i.cy 1, Sau 

~61, Dee 1, Cla I, and Est IU. Othe r E. coli clones ... 'hich .... ere irn:nuno­

positive but dici no t sho'~'ed toxicity to the !.'!.. aegypti larvae had 

i ns",rts of either 7.5, 2 .': or 1.9 i:n. F'Uther analysis of the protein 

product bi' I';ester:l Blot itur.:..Inoas s ay sho· .. ·eci t hat all the !:. coli clones 

sho·~·i:u,. to:ddty t o t he larvae pror.uced proteins .... ith 1)0 ):0 as the 

maj or. co:np:>~.'! r. t . The minor cOlllponc;nts apparently .... ere degradation 

products of t:ho:- 13'U' };D. The cl ones giving no t ox icity ... ·"ith the inserts 

of i.,. 2 . ,j urd 1 . ;' !;.b proteins of 90 kn ... ·hieh .... ere: not toxic to rr.osqui­

to lan'ae. 

;y' 

http:By-using-Bal-.3l
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4.C. INTRCDUCTION OF' THE DELTA' ::NDOTO:<IN GENE niTO OTHER BACILLUS 

AND/OR B. SPHA::RIC~S 

In addition to 2n attempt to intr~ducc the lclta-endotoxin gene 

into other Bacillus spp. by conjugJtion, we introduced the 1JO kD 

delta-endotoxin geLe into tL'.cillus 5uLtilis. This · .... JS cJrried Jut 

by joining the Bacillus [JIEmid (1'o3 110) to the rcccr.'.!Jinant 2. coli 

plasmid containing the 3.3 Kb ge~~ enc)1ing 130 kD lelta-endotoxin 

(pHU 338). The joir.ing '';,).3 successfully done at Bam HI site. The 

bifunctional plas~id rep1iclted and coded for endotoxin production in 

both B. subtilis a~j E. :11i. Doth exhibited toxicity towards larvJe 

of ,\e. :te,]¥pti. E. coli ',,':;s _,15:' pr.:).!uced protein cryst.J.l · .... hen observed 

coli . 

F'igure 1. Charlcteristics of E. coli clones that contain 

endotoxin protein crystal. 
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4.0. CLONING OF ~IOSQUITO-TQXIN GENE FHON B. THURINGIENSIS HO-l 

I;:,"O E. COLI 

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

ingiensis HO-l were curried out ir. E. coli s".rains C-600, :A~I 294 ';lnd 

.DI 107. :ourteen E. coli C-600 ELISA p05itivE: clones '"ere obtained 

Erom the ligated product of Bam HI cu': mosquito-toxin gene joined '"ith 

Bilm HI digested pBtl. 322 pL1.3mid vector, 107'-): E. coli C-600 ELISA 

positive clcnes were ob~ained from the ligated product of Hind III 

C'.lt rnosquicc-to:-:in gene joir.ed '..;ith Hind III digested p11smid vector 

p~N 121, und 205 E. coli JM 107 ELISA positive clones were obtuined 

from the lig .lted rroduct of :,ba I cut mosquite-toxin gene joined with 

X~a I Jisested plasmid vector pec 12. Cnly those ELI3A positive clones 

',.:>?r:.-:: lJs;::d in lc)rvi!;ii11 t::tivity screeni!1g tC.3t :lgainst .:\e. ~leqypti 

1<l,.r'/1c. So"~ ',r, Jnl'i I:.rlf~ ::'' . .It of 205 C:. col i clones obt,~ined from the 

~. thuriwLi'::r:sis ilO-l. :Jnf·Jrtunl.t.~l·l, this re-:orrbini".nt pLlsmid '..;as 

f1CJto;tdJl'! mLlinL.lined in _. coli J:'I 107. Further in'Jestigation is 

g01,,'1 011. 

<I. E. THE IUE:ITIFIC,v"rCN ,\~:o CHA?,ACTERIZAl'IC'·tl OF TRANSCI;>IENT CLmlES 

Attt::mpts to i.l<:::1t:i::·! 1:,.'1 ch.lrJCtet'lZe t::ose ':r.1:;scipient clones 

.1nd tuslnt,; Jeri'/ed :t',:Cl.§.. thurinqiensis H-14 lnei B. shrlericl.lS 1593 

are in prc,]r,"s3. 3Lr,c:," '".~ :l.1'/C to cie'/e10p t;-,e ~nzylT\e ,:1al'lsis tech­

ni'i'.le using '/erti';'l~ pJli'lcrylJmi:!e '1e1 electrophoresis, it · .... ill take 

sc~e ti~es to use this technique for the ~dentificltion ~nd characteri-

http:mosquito-tox.in
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zution of the trancipient clonc!; und fusunts. The development of 

enzyme anulysis is in pro'1l"ess. 

[<:1' an individu,tl (jene cnrli IlCj (ur the (le~;irecl product into u host micro-

orgunism and grov: tho o)'q,lIli,SIlI ill volullle to yield the procluct. 'l'holt 

un individuul gene !;houLd be !;!:iluly lOitillLlilWd in ,I II')st rnicrourCj,lnisllls. 

Neither a COl'y-1Jt11\ '1"11(> 1101' ,Ill ,ll"tirici;lIly sYllt!t,~!;ized gClle Cill"rie[; 

the appropriute I'rolllot()r (l!Icl otllf)l- C()llt-roi [;i"lIill!, needed [or expres-

sian in bacterid. It is lIC'ce!3Siuy, (he["erol'C', to !;plice the ,lrt:i(i-

c ial 'lene in to tIle Vf'CUq- DIII\ it t. ,1 po ill t where the bacterLll cun trol 

Tlwt is not the ('nrl "r the' td!;I:. Il,lct.el'i.l 0(1..011 <liqest r(lrei.CjIl protein, 

S0 tha t the ho!; L £:c I I I I I': It.-I vr t:o be mud i, r ieel to keep it r rom ell'S troy inC] 

its own novel product, il IlIllt'lllt' IHJ!;t llIay IElve to be selected th;lt h,lS 

lost the enzymes r('l" I'l"ol. pi ll cii'lf.,,';ti'!Il. The hust must: ,llso be sclected 

or modified tu 'jH'1'1 1,,,,1 L .!!; I-ud] ,I!; t:n ;ICCulIlu],lte or !;ccrete large 

qlluntities or il pr{Jtrill r"J' , .. ;hic'h it' hilS 11(1 Ill;f]. Thus, He arc facinq 

a lots of difriculti",!,. illlot:hrr difficulty i!~ tile selcction of i<1e,ll 

plasmid c1onin') vcllic]f', "iIlCC VIC );WM that ,1 c]onin9 vehi.cle should 

[;irub1e genes illlel plcvrmt: :;cl r-triln[;mission !Jy c:on jllCjilt ion to ,lnothcr 

cell. The yielel ilnel [Jllrity or c]nnurl ClCIICS ,mel thc cfric,lcy o( 1i.ga-

tion ,lnd tran!> forillil t ion ,1l"C ill '~() 'jre,l tel' Vii t:h sm,lllcr DNI\ molecules. 

This in p,robubly the reiIS'''1 wily vie o"l:ilined ]m,ol' yiclcl of [Jossitive 

c:lones (pMUJ\ lY, <llId I,nUI\ 7.31) t:hilt exll.ilJit: ],ll-vicid,ll ,1cUvi.Ly whcre,ln 

. ill ' 
'. \ 
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scverul clones did holv(' 11111\ r,'aqlllciit illf;el:t (7.S, 2.11 01: 1.1) Kb) wjt:h 

out larvicidal uctivity. F'ol:tulliltely, \~e still huve 2 ~. £oli clones 

thut express Luvici[lill uctivity. Thus, further dlili"ucterizution 

should be curried out. 

cut mosquito-tnxi:1 iJl'lIO joilled with XlJ:1 I dilj0Stc(1 plilsmid v0ctor pUC 

12 \~as not stilbl'/ III,-tinr.ililled ill ~ . .':'.<:~li ,Jr.! .107 drtcr successful trilns-

formiltion. Flu'ther' cOIl:;tnlctioll or rec:c'lIlbillilnt pJ..'lslIlicl is necded rrom 

these same se t of qell(,~;. The ChilIlC0:; ·1 re Vl't"{ h i.gh bccause \~e al rcady 

G. \'/ORKPLAN rOl{ TilE m:XT 1'I:rU()[) 

1\ successful tl:III:;[or or l1Iosquito toxi.n gene from D. thuringien-

olre attempting to eh Ir,l('t 1'1' i:'.(' th« 11111\ i 1I'''.~''t dllll the protein pl'o,l11Ct 

to find out if lhi:; ell'.l"t·lnill 'J'~I1« reI,lte:; to the l30 kD endotoxin gcne 

descr.il)(~d in ,lB. lilld if lite)' ilre dil'r"I'C'llt ,Wiles (i.e. ge:nl' coding 

fDr elillotoxill l'I"'J:r'ill "th"l Lhelll tit(' LW klJ) :1 I'0!;sibility or combilling 

L1w endctoxin '.1'''1'''' en (,~:hibit:1 (Irr':I~'l'l: toxicity will be explored. 

Since all the I:. I:,] i. ('j[)Il(,:; th,'lt :;h(l,,~jnq t[)xicity to the !).E,. 

acgypti lal:vile l'u)(llIc,',j 1'r<'Lcill l'li.th I J() l;D <1S the m,ljor component. 

\'/ol:ks in progrp!;~: ;11''' f"r:weillq Oil tite' UrJl\ f;r"!lICnce or the 130 I:[l c(Hlo-

toxin gene and i<iPllt ifi,:,JI ilJlI ,.f t.1t(~ i\nt:iqeni.c i\!ld Loxic l1\"ietie~; or 

the 1 30 kD pr()t'~ ill. 

Further uLlc·I!lI)t.~; ()n tllc i.lltrurlll(;tioll of llel til-endotoxin gene into 

t. 
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we have constructed il bi function'-ll p]"smid thilt c"n replicilte ilnu code 

for endotoxin [ll'Olluct]nll ill Loth ~. !;ut~LJ.1J,s "1ll1 I;;,' coli. This simiL'l' 

approach will be l!50(1 in tL'.1nSfcl-rinq deltil-endot-oxin <Jene of D. thur-

inqiensis H-ltl La athoL' selected HilCillus spp.. It i~; l1lore likely 

I\nother ilP[lt'r),lCh \·:hich dedlin'l with tr;ln~;rell'iIlCJ l1losqui,to-toxill 

domonstrated that prlltopl,l!;t fllf;ion ,lnll conjugiltiun technique Ciln be 

These two techn i'llle \.,' i . .1 1 Iw C" IT ierl ou l in onlo1' t:c, IJ" ill more experience 

ilncl by the time \-/!ll'1I ili'I'I"I'I'iill:I' recCllllLdn.llll: plilfanids ilre ilvitiL,ble 

these two techni'llle wi 11 bo used. 

other tochni'lur~ th"t (n"y he w-;,~rul in ic:cntificutioll "nc1 chilrilc-

teriziltion of [lI~"lllt .1l1rl I rilllscipicnt clones is enzyme "nalysis. 'l'he 

development o[ III i.G tf'chnjqllc is qoinq on. 
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