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INTRODUCTION
 

Since the discoveiy of Bacillus thuringiensis 

var. israelensis (serotype 11-14 or B. t.i.)in 1977, (B.t.i) 

has become one of the most.om szig: potenttial bioinsecticide 

against larvae of mi::,.-q I toes. A nium)er ot field trial* 
stud ie IV t, ill c t., . I i I1I 'i tI),F :.. h i:,2 uLot.fir u for 
biologically coitro .1. of' mosqui to vcutors;. There are three 
properties which are foreseen -S limitation to the
 

effectiveness of B. th,.jrinionsi. var. israelensjs for 
mosquito control. The first is its genetic instability from 
the point of view of toxin production, the second is its 

limited persistence in natural environments and finally its
 
narrow ho:t range Ji which 
 the c -sage required for control
 
malaria- carry ijig mostq itoOS 
 ( Anoho los spp.) i.s rather high.
 
On the ot.her halnd B..-haorjcn., another fnmous 
 biological 

control -icustrates goent,go, , iut.il. jal on 'ocyc] ing and
 

persi3te0 0 .ii111 I et
1 e in 0o1( iL.i - llowever, recycling 

does not always occur, but seems to be favored by organic
 
pollution. 
 In general, Anopholes are more susceptible to B. 

sphaeli-ous than they are to B.t.i. but this varies according
 

to species and even 
strains of the same 
species. Particulate
 

matter, strong ultraviolet rzdiation, and
low temperatures 


alkalinity decrease larvicidal activit-ya-13. It is more
 

interesting to find a good strain or the-se two bacteria that 
can persist bet. ter Ln the onvironmen.t and is more effective 

against Anoiih'1 lI larvae tLhan the tcxis t. i.g strains. Thus, 

improvement in Li-rvi i(J' activi ty ;tnll broadenjiug of Lhe host 
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range is a more appropriate alternative against 

malaria-carrying mosquitoes. 

Gene manipulation techniques have brought a new 

dimernsion to app Iei d gene tio . The in it ial step in 

developing a i pr 0(:0;o.. genera].ly searchb i oechto~ )cal i: a 

for sitali o orn n;. )go;h will bo- ,,xrocted touucht u; 

create 'Ap-,rOduct L.r;uerv'ie that. will 1generate a i'inancial 

return to that industry. Selection of improved organisms is 

tedious and time demanding and most, of the methods available 

to the geneticists up until recently have involved trial and
 

error. However, new genetic technologies, i.e. protoplast 

fusion, .onjugation and the use of recombinant DNA 

(11ow.ng o which 

genetic t rai t's esaii he in sortod Ii rect Iy in to the chosen 

organisms. Thus, t otally now eapabJI iti eS can be engineered 

and microorig:tnI s s ini particular may be made to produce 

substances Ieyond their natural ly endowed genetic 

capabilitios. I 

There are serveral approsches have been used in order
 

to obtain a more effective strain of bacteria than the
 

existing ones. lt may be obtained by selection from natural
 

population or by the new methods or genetic engineering.
 

Over many generations, selection can have R powerful effect, 

and certain organisms have been induced to divert a major 

share of their Iutabo] i. energy into the producti on of 

substances more useful1 to man than to the organism in its 

natural setting. Nevertheles s, the :inescapable limitation of 

selection is that it can at only on organisms that already 

t.ec h) i q u es . ar n.4 pp I' -'.ae he s by use fu 1 

http:genera].ly
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exist, favoring 
 those whose genome, or total complement of
 

genes, specifias 
 the synthes;is of desired materials.
 

Selection can never 
 introduce new information into the 

genome. 

T IIe n1ew h ;u'net.i c e, g i reeirin g g ie. themut Ihotl:i ' 


biologist direct aceo to tlhe g en ome. 
 A gen e can be 

inserted, deleted, anl ered or dntl,].in at~ed. For example, a 

gene from one organ im can be trawisir'rred into the genome of 

another, and such a transfer of genetic information can be 

accomplished even across the evolutionary distance that 

separates a being Anhuman from a bacterium. artificial 

gene, encoding instructions for making a molewule anknown in 

nature, can be assembled by chemical means and introduced 

into a microorga~l)ima. lb has ban shown that activitythe 


of B.t.i. and P . h'.ricus is a rec;ult of the activity of 

toxins produced by the bactorin. 'hese toxins are coded by 

genes found inside the bal;er jl ell. Thus, it is possible 

to improve the toxicity of those Lwo bacteria by using the 

new methods of genetic egineering. 

The objective of this study was to increase the
 

toxicity of bacterial pathogens of malaria-carrying
 

mosquitoes through genetic engineering.
 

http:dntl,].in
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MATERIALS AND METHODS
 

Chemicals
 

All chemicals used throughout this study were 
 of
 

analytical grade 
or 
the purest, grade available.
 

Nic roorg- n i sins 

Ba.ci.ilu: thurinionsis var. i;r'olonis (serotype 1-14) 

was obta ined from [InsI.l tit Panasteur and used us a sou rce of 
delta-endotox in 
 ,neu,. Vehez''hi. veli stra,in Ji 10'/ and B. 

subtii . wc,., u sed us r,, i ,inL.,; in gene cl.oning. B. 

thuringiensis var kurstaki (Ill)-1--) B. sphavricus .!593 werc
and 


used in the protoplast; fus iou exper i menit.
 

Pi]:elmid vectors used 
 for the construction of
 

recombinant 
 DNA p1 asmids were puGC12, pUR290, pUR291, pUR292,
 

pUN121 and pUBI]U.
 

Restrict.ion 
 enz ymes used 
 rp the corstruct lion of
 

recombin:nt 
 DNA p1 smi.,ts, r-es triction en:,yme mapping and DNA 

restrict ion ana lysis were Ace 
I, Acy 1, Bum IT, Be] I, Bst
 

NI, Cal 1, Dde I, EooRi, tae 111., nirid
.2).t .l, j w 1.11, Hpa II, Msp I,] ] "
 

I ,,Pvu I , .tS u 3A] San t;1, Xh: I, and Xho II.
 

B.t.i wild-type strain (D)epartment of' Microbiology,
 

Faculty of 
Science, Mahidol University, Bangkok) was 
used to
 

prepare total RNA. 
 B.t.i strain 4Q272 carrying only the 

110-kb plasmid (Dr. D.H. Dean, Bacillus Genetic Stock Center,
 

Columbus, Ohio) 
was used as the source of the 110-kb plasmid.
 

E. coli JMl077 and pLasnid vector pUC 12C" 
have been previously
 

described.
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Hos__i toes: 

The mosquitoes used in the assay for toxicity 

were Aedes aegypti, ,t: Iox quinqufJ'as.ci, tus., Anopheles minimus 

and An. macu.l atus. All mo.squitoes was:' from stocks reared 

for several gei.eration' S Hi.eth DOPat.'tlm rint Of Microbiology. 

s Ac IuI)iZ ,x . a1 s were 

started froIII field - Il lCct.ed I arva, from oIIitl)1 n, , Bangkok, 

he colon i of . aoegypt. iad ]c/usci 

o 

A. minimi. "and A. mwer: . from Loot: reared from eggs 

obtained 	 from the D-partinenLt of boi.,!.1, y. 1'heC colonies were 

techn iques in amaintained us in a -tandard iosqu it.o rearing 

temperature and humidity-controlled rearing room to assure 

max imum vi gor of the :progeny a:elccted for testing. 

Prepariationof B. thuringionsis 11-14 protein crystals 

B.c ii ins tho ;i , .i 11-- 14 s were grown in aI 10e 

nut r ient broth supp I men ted wi t iiiiora I salts (NBS) at 30oC. 

in a rotary shaker at 2110 rpm ifor 5 days or until. f]u .ly 

sporulnt.ed ec 1 ., were obt-ali ied. The 'u] ly sporulated 

cultures were harv,..sted by centrifugation at 10,000 rpm for 

10 min in sorvall 1I(W--S -,uper spiee( 	 centrifuge.) refr'igerat.ed 

The pei lets which coi ta inted sporos; and crystals were 

resuspended in a solution containing 1 M NaCl and 0.01% 

Trit n X-100, and the suspension wIs dispe:'sed by sonication. 

The sonicates were centri ruged on ,ontinuous renografin 

gradients of 40--75% at 4,80(i rpm for 30 nin using a HB-4 

rotor. The b.and eonta iniog cryLa.1 va; I, ated by sampl.ingw (Jc 

aliquots of 0 .5 ml and examiniiWin of.' each fra(tion with 

phase-contras t illic 'O pe. The fIr:ect. ions.; coit.ain ing erysta Is 

were collected and pooled togethur. TI ie renografin was 

http:refr'igerat.ed
http:sporulnt.ed
http:quinqufJ'as.ci


-6­

eliminated from the purified crystals by diluting the
 

suspension and centrifugation.
 

Identification of del a-ondotoxin gonji 

The purified d clI tn --endovloxin wa s solubilized and 

ana lyzed by SW) po ly acr y lam i do g] 01elootrophoresis to 

determine t.he maj or componeni t that respcnsib1e for the 

larvicidaI activ ty of the del t -eIdr-jt.()xin crystal.t- The 

larvicida] ac1.iv i tv wi:!, dno.! by ing IU hr old Ae. augyf i 

larvae exposed diroot.ly to the sns.p;pension of the solubilized 

component and observed 24 I. 416 hr after exposure. 

Individual p,'.ote i colpoents bLa ined from the 

so lubi 1i i, ion of de l ta --oeidotox :in weir tested against 

purified rabbi t antibod ies whi (h prepared to soluble 

de Ita--e otoxin p:1'ot.eii:; an-d ral)i aiL;in ies whichtJjd prepared 

to t"c protein purificd From G- 100. TheIIit :;ephadex 

mixtures of ind iv i1a.I prote i nomponen L-; Lhat reacted with 

t.h an1t i WOI'(' ia I ys:ed Iby 21)8 PAG' 1I I]owed by Westernd wer'e 

blot transfer, wtLh Lh -nt. i body arnd subsequent 1251­prol)ing Lii 

protein A coupled withh auitoradiography. 

Isol9 t:ion of pal<smid L)NA. The ilU-kb plasmid DNA was 

isolated from B.t.i. strain 4Q272 according to the mcthod of 

Lereclus et al.'.The plasmid vector pUC12 was prepared from 

E. ccli JM107 by a ly--ozyme detergent-lysis method8 . The 

plasmid preparations wiere purified by centrifugation in a 

CsCI-ethidium broinide (Et.Br) gradient. 

Clonin;r o" I)NA. Te 1 .1 k 1 b. t . i . p lasm id DNA and 

pUC I%" vecLor DN A wt,rre-t . i ose tdLa(tel . pa y ir high-salt 

buffer6 with XbaI (B{L). Tho plasmid DNA digests were 

http:diroot.ly
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mixed, heated at 650C for 10 min and precipitated with
 

ethanol. The pellet was dissolved in ligation buffer6
 

containing T4-DNA ligase (BRL) and incubated at 160C for 20
 

h. Portions of the ligation mixture were used to 

transform E. ooli JHl070, and the recomlinants were selected 

on X-gal plates conlain.ilg l00 pg/ml Hmpieil]in. 

Radioactivo RNA p robos. TotOa [HA was:; extracted from
 

B.t.. wild -type 1t.r:Ni Hin rvet:;Lod a L mid Ing phase whero there 

W st 1not det t L[ [t, tniIiu it ol de I La o-ndotoxin and at 

delta-endotoxi.-mRNA-enriched e;aj. 5 h after of( onset 


stationary phase) I tho nethod o' Wong et al.10 RNA was
 

further puri fied by C:CI centrifugaLion. The purified RNA 

was labeled in vitro with [ -a2PIATP (Amersham, 3000 Ci/mmol) 

and T4-Po lynuce Itide kinase (1311h) as described by 

-
r
et al. 

.lony hyblridi::ation. E. ooli clones conta.ining the 

Donis-Keller 


B. t.i. deL ta-ondotLox i n gone were detected by colony 

hybridization'2 .rhe prehybridization step was carried cat 

with an excess of non-labcled H. voli JHl07 RNA plus 500 

pg/ml of non-labeled B.t.i. RNA ,xtracLed at midlog phase. 

The filters were then hybridized with in vitro-labeled 

delta-endotoxin--mRNA-enriched RNA (1x10 7 cpm/nl). 

Radioimmune soreening and estern blot analysis. The
 

61  
method was based on those d,.scribd by Burnette' and 

1 4
 Johnson et a. . The colony iPunuiunssay was accomplished by 

in situ lysis of coluni ie- Lrurorrod1'rc to nitrocellulose 

filters. The r'il rs wore:.onkod in B],)TO sol t.ion (5% kim 

milk, 10 il Nma1HPMO., 4 in NaII2.UM, .120 mH NaC, pH1 7.4) and 

http:NaII2.UM


incubated with rabbit anti--B.t.i. crystal antibody diluted 

100 fold. 1'2l--Protein A (AmerSham, 0.5-1.0xi01 cpm/ml) was 

added after removal of unbouId1 anti body. The colon ies 

containing mat er i a I ea pable o f r,; it i n vi. th the an ti body 

were detec ted by au Lorad i orap hy . Pro t.o in samp ]. wereo F 

solubilj,!ed in sample buflfer (JU ii m Tr] -IIC] pH 8.3, 5% 

glycerol.. ... .I tint2 !,. - ecr, -Lf.ijI ] ) irn i d f )r 5H. I, 

rin, the. el r o phv e d ) In1 1, 1yasry la m ide gel, 

.t
t~r/li0r,,i rSfho1-.jI' ni0 ]y l.,) i.I . i l o.n , rid p rob rd 

with antibody f ol IIotud by d t. t i ..it. I12 1)[ p (,tiri A. 
A'es trio t .onondoll I_n___ ,IIlysis. The recombinant 

-la-nn id INA -t. ug) t(..i:-; rlet dL i t. f'Cfor hh with at 

least 1 ui.i t oF the1o lYO.:ing ezyme: Xrbal (BRL) and EcoRI 

(BRL), in hightit, bufforO3 and I<t: (Bl),tHindlIl (BRL) 

and Pvul]i (Ainersham ) in medinm sal]t buffer. Electrophoresis. 

of DNA ,,as earr.ited out in a horizontlal 0.71% agarose gel in TB 

buffer" for *2--3 Ii at LIJ V. Gels were stained for 30 min in 

Ci. 5 pg/ml EtBr ;olution before being photographed under UV 

light. 

HOlSqn it ­.< vi ' ida .1 as",y. The assiay.- were modified 

from Tyre 11 et al. . 'I Te cells w (re grown for 12 h at 

370C i.n LB-broth supplcmcnted w,Lh 1.00 po/ml ampicillin to 

O.D.eoo of approximately 1.2. Pellets, of 3 ml culture were 

resuspended in 1 m I diJt i .11 ed wat.tr a iadfe( ill triplica,1.te to 

ten 2nd ins ttr moqu to ( Ae. ' e .'yt.i) larvae . Dead larvae 

were scored at. room L;trln 1:' /Jid 211 h jtfter feeding. 

in ill"s 

The E. coli niniel -p-oducing strain P678-54 was transformed 

Protein svn_:hesiz i' eil ond inntilnop'ecipitation. 

http:triplica,1.te
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with purified pMU388 and selected 
on LB plate containing
 

ampicilliniG. Minicells were purified and 
incubated in 500 ,I
 

of M9 
 medium plus amino acid mixture, at 37oC for 5 min.
 

The minicells pelleted and
were resuspended in SDS sample
 

buffer, boiled 
for 5 min and subjected to 10% SDS-polyacrylam­

ide gel. The protein bands were stained with Coomassie 

brilliant blue. For immunopru(: ipi tat.ion of the protein 

product, minicell pret.ein wns; inenbated with the rabbit 

antiserum at, 4"C for I i. ''1To NnLigen-antibody (Ag-Ab) 

complex was incubated with Protein A-Sepharose at 4oC for 1 h
 

and the Ag-Ab-Protoin A-Sepharose complex was 
separated by
 

centrifugation. The pellet 
 was washed twice and finally
 

resuspended in SDS sample Luffer and boiled for 3 min. 
 After
 

centrifugation, the supernatant was loaded onto 10%
 

SDS-polyacrylamide gel.
 

DNA sequenoing. DNA sequence was determined by the
 

chain termination method 
 of Sanger et al. 17, following
 

subcloning of 
the Xbal fragment containing the EcoRI and PstI
 

sites into 
 M13mpl8 and M13mplb vectors, followed by
 

introduction of appropriate deletions, 
 analysis of sequence
 

homology used the DNASIS Program from 
 Hitachi Software
 

Engineering Co. Ltd.
 

Transfer of del ta-endotoxin gene into other Bacillus. 

Attempts to introduce the delta-endotoxin qene 

into Bacillus stt/is were also done by conjugation. The 

130 kDa delta-endotoxin gene was inserted into pUBIIO by
 

joining 
 pUB110 plasmid vector withLthnt recombinant L'. coli 

plasmid containing the 3.8 kb gone encoding 130 kDa
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delta-endotoxin, 
 the joining 
was done at Barn III site. This
 

recombinant 
 plasmid was transferred 
into B. subtilis. The
 

production of delta-endotoxin 
gene was determined using
 

bioassay against Ae. 
 ,egypti larvae and observed for the
 

crystal formation under the phase-contrast microscope.
 

Developmijenj t of the conjugat ion- like proceSs for an _effective
 

genetic transformjation sy.tem. in 
 B. thuringiensis..-14 

The gone mnnipulation technology for the improvement of
 

B. thrijngiJonsji" sero type II-- 14 lh; been n:ng the lack of ani 


effective genetic transformatoi on system. 
 This is based on
 

the diffi 
cu lty in carrying on t. transformation in B. 

thurins,,in ;i II 1 1:- 1,t.I, I :i;t. t.'nn torl it o il or 

competent eel1 transformation. Severl at tempts have been 

conducted in order to overcome this problem and 
 finally a
 

eonjugation-like 
 gone transfer process on millipore filter­

has been developed. This technique has been shown to be an
 

effective gene transfer systemi 
in B. thuringionsis serotype
 

H-14 with the following evidence.
 

B.cterin1 st.aiins. All muLnLit strains of B.t.i. used
 

in this study were derived from the wild 
type, serotype H-14,
 

isolated from 
 a powder preParati ol provided by WHO. 

The B.t.i. s traii A 0U4 waS 'S l01Ld from the wild-type 

strain by plating an overnight culture on nutrient agar 

containing 200 pg/ml streptomycin. B. thuringiensis strain 0 

016 was obtained from curing eaperimient designed to obtain 

strains which do not. harbor any piasmid using the method 
 of 

acriflavin at 1.2b ,ug/ml as curing agent. For treatment with
 

acriflavin, 1% of overnight culture of B.t.i. was 
transferred
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into nutrient broth containing acriflavin and 
the culture was 

incubated with shaking at 30o0C for 4-6 hr. B. cez.eis GP 7 

which harbored pBC IH )]asmiJ d was a gift fro i Dr. W, 

Goebel. B. subtilis .:trains UtVS 62 and tIVS 104 ohich harbored 

pC 194 and pHV 33, respectively, were gifts from Dr. S. D. 

Ehrlich. All stock o cultures were gtrown on nutrient agar 

slants at. 300C for 2 days and subsequently kept at 40 until. 

used. Subcu I tures were nmade snmoon tho 1I( m,.d ia orCe every 

month. 

Un Iess stated otherwise, nutrient broth supplemented 

with mineral sal t.s (NBS ) as decribed by Delafield et 

al.18 was used in this. study. 

Routinely sporulating cultl-nres were prepared by
 

transferring L loopfnl of the bacteria from a stock culture 

into a 5 0 0-ml Erlenineyer flask conta iniag 100 ml. NBS medi um. 
The Culture was then incubated with shaking at 200 rpm for 2-4 

hr at 30CC. It was used to provide 1% inoculum for further
 
cultures in 
 NBS for 3 clays at 31C(' on rotatory shaker at 200 

rpm.
 

Nosquitoes and toxioitv assavs. A strain of Aedes
 

aegypti originally obtained in the 
 form of eggs from the
 

Department of 
 Medical Science, Thailad and 
referred to as
 

the Bangken strain was 
used for all toxicity tests. The
 

toxicity 
 assay was carried out as described by Panbangred et
 

Prepa i'aition ot pa-_smids. Flansid DNA was e+tracted by 

using a rapid alkaline ext.rac L:ion procedure described by 

Birnboim and Doly 2O with the following modification. Before
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treatment with lysozyme, the pellet was washed once with
 

buffer G (50 mM Tris, p1H 8.0, 1 mM EDTA, 10% glycerol). The
 

final concentration of lysozyme was increased to 10 mg/ml in
 

the presence of 1 QnN DTT.
 

;ith 

endonul.ease. )igestion of plasnmid DNA was performed in the 

general buff'r dus;crihod by ttuliatti ., etaa . to 14 1 of 

plasmid DNA, 5 ml of d joni s dist; .lud w tir, h ml of 5X 

buffer and 1-2 unit of r'stru it.it. ion ,nlonuutoanc'. were addeu. 

Incubation was carried ni.t for 2 hr at the tet.perature
 

recommended by the- anufar Lu r and thu reaction was 

terminated by heating at. U50C for 10 min. 

Ch:mr'votec;ri:xa t:ion of P a:w:nmid DNA. Agarose gel 

electrophoresis was used. to eharant ioo plasmid DNA 

fragments. Before loading, 1.5 .p] of plasmid DNA was mixed 

with 5 p B, 11 solution (550% sucrose, 50 mM EDTA , 0.05% 

Bromphenol blue). The mixture was loadd into previously 

prepared .lots: of " horizon tal . - agaros gel. r is-borate 

buffer (89 mH 'Trioa, 8 mM boric acid , 25 ml EDTA, pH 8.3) was 

used throughout. i,-Les were usually un at a constant 80 V at 

room temperature, .tained in ethyd inm brom:ide (1 pl/ml) for 

Rest'e tio, of plasid DNA .... restriction 

30 min and destainod in water for AD-0 min. Fluorescence 

was visualized with a lV light transil].uminator and 

photographed on Kodak fi[n. 

Estimation of mol c..-ular we i hIts of [PNA fragments was 

performed using lindil fragmaints of DNA as the standard. 

The published va]1ucs for theae Fragmernt.s in megadaltons were 

averaged (15, 6.1, ,1.3, 2.8, 1.5, 1.3) and used to determine 
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unknown fiagment size graphically, assuming a logarithmic 

relationship between molecular w. gilt and electrophoretic 

mobility.
 

Protoplast transformation in Q3. thringiensis 0 016. 

The method used for protoplast formation in B. thuringiensis 

0 016 was similar to that described for B . subtilis ML lI by 

Chang and CohenM witlh some mvodi fications. The Penassay 

broth that was used in formation of B. Ws'Ltilis protoplast 

was :eplaced by b-broth mediunm (per liter: 10 g tryptone, 5 g 

yeast extract, b g NaCl, pH 7.4). The protopiast suspension 

was used in trans formation experiments withIi plasmid DNA by 

following the procedure dsec r ibed for protoplast 

transformation in 8- subtilisis with following modification. 

The SHMP used for B. subtilis was substituted by SMML (equal 

volume of 2X SMM and 4X L-broth). The' transformed 

protoplasts were allowed for phenotypic expression %by 

incubation at 300C for 2 hr. Subsequently, the protoplasts 

were plated on modiflied DM--3 medium (per liter: 200 ml 4% 

agar, 250 ml 1 N1sucrose, 100 ml 5% Difco casamino acid, 50 

ml 10% yeast extract, 100 ml 3.5Z K21P04 and 1.5% KH2PO 4 , 

25 ml 20% glucose, 20 ml i I gC 2 , and 5 ml filter-sterile 

bovine serum albumin) containing appropriate concentration of
 

antibiotics for direct 
 selecti6n of transformants.
 

Transformation frequency was scored after incubation of
 

protoplast on regeneration plates at 300C for 2 days.
 

Conjugation-i ike mating. To prepare for mating 

experiments, donor amd recipient cells were separately 

cultured by inoculating a loop of cells from a stock culture 
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into 5 ml L-broth medium subsequently shaken at 200 rpm at 30 

oC. After 12-14 hr, ,50 1i]. from each of these cultures was 

used as Jnoetln m for further subcultures in 5 ml L--broth 

medium shaken iunder the same coii it:icns for another 2.5 hr 

until the absorhnnce at 600 un reached 1.0. For mating, 1 ml 

each of the an recip ient. cultures were mixed in 5 mldonor td 

L-broth which was imniediately f'il]t:,red through a Millipore 

filter K0.45 pm . 'lc, filter 1a; then laced on L-agar 

medium and jInLuhated at. . AtCAte.,r 24 hr the fiiter was 

remnoved andli a 1.1t11atd in 5 ml norm;l] sal. ine solution to 

prepare a suspension tlhat wa.- th .n apPropriately diluted and 

plated on L--agar rontaiijqlu;:tntii c,'e.. Tle p] ..tes were 

incubated at 00,'C for 40 hir and Lhe number of apparent 

transc ipien,ts was scorud . The total number of donors and 

recipients was also determined by p1 ate counts on agar wi th. 

addition of appropriate lbloti es 

s l e otion!.__of- u tan w ith ts.) in J. lt-fndo to.v , 

Attempts have been made to obtain i non-toxic mutants 

of B. thurin!i'oa:is .'ro typo If 1.4 wit:h p.e;pecific selective 

markers. Mn tan t; were se le, teod from s tandard strain of B. 

thuringiensis serotype -1-4 using NTG (N--met:.hyl-N-nitro-N-nit 

rosoguanidine) treatment. After the treatment with NTG, 

mutants were selected from the drug resistant colonies which 

appeared as creamy white, denue, and opaque colony. Tphese 

mutants were purified by restr e-a!king on L-agar medium 

containing a given antibi, Cie... 

Drug resi t.ant mouttants of P. ,phzer.ious s tra i n 1.593 

were also so ic Ld from the .:;tandard strain using the same 



-15­

technique described 
 above.
 

Introduction of the mosquito-toxin gone into B. thuringiensis 

H-14 and/or B. shaeri cus 1593 

Eventhough mutants 
with defect in delta-endotoxin 
 are
 

not available 
 on hand, hut severa] strains of . B. 
thuring'ien Sis .r0t'yt 0 -14 aiid B. 01-rj icuS strain 1593 

which carried spcifli, drug re. istLanc, marker are available. 

Thus, the 0onjuga-f.iun - .ike gee transf er process on 

millipore fi Iters war; done for the introduction of the 

mosquito-toxin gene between the selected mutants of B. 
thuringiensis serotype 11-14 and B. sphao-rious strain 1593. 
The ma t. ing experimelt Was car r i.ed out between B. 

thuring-insis 11-14 mutant which carried a tetracycline 

resistance (Tek) and B. sphaorious 1593 mutant which carried 

a chloramphenicol resistane (CmR ) marker. After mating, 

tentative transcipient cells with both drug resistant genes
 

were selected 
 on platos containing 10 pg/ml tetracycline and
 

6 pg/ml chloramphenicol. 
 Under these conditions, the donor 

and reicipient strain, could not muIt iply highcvon at every 


concentrations 
 of cells. Several clones of transcipient 

cells were obtained by this method. rhe larvicidal activity 

and electrophn-retAc patterns of the clores were analysed. 

Development of spheroplast and .mixod protoplast experiment 

using B. thuring'ionsis 11-14 and B. sphaericus strains 

Spheroplast-
 prodniction and regenujration of spheroplast 

of B. thuri,giensiz serotype H-14 and B. sphaor.icus strain 

1593 were carried out with i consaidera. le good yield. Mixed 
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protoplast experiment using 
 B. thuringiensis H-14 mutant
 

which carried Te R 
marker and B. sphaerious 1593 mutant which
 

carried 
 CitiR marker w s carried out in the presence of PEG. 

After fusion, the tentative fusants with TcRCMR trait were 

selected on plates containing 10 pg,/m. tetracycline and 6 

)g/m ohlornmphoiiol. Undor hhoL,.o 'odtiLiomi:, the parent­

strains oould not mnul tiply even at. every 1,igh concentrations 

of eelI;. Ono ,lone of 'usant wn<; cbLa i ne. After severa 1 

purirficji ; hid oun rurried out. ti,:UP , l lart morpioLogy 

of the Fus:.3 i. was ob served undl(r Lh phnse-con trast 

microscope. After purification, the LentLive fusant was 

confirmed for the presenouwto pI alauid( ') using agarose gel 

electrophores:-is technique. After 
 plnsmid extraction, 

eleetrophoreti,- p 'tter <.-- o tor;he Lran i pienLts were compared 

with those of the parent strans. 

(L in. 1f mosqul to-toxin gene from B. thuringionsis HDO-1 

into E. .olzi
 

Attempts of eloning of mosquito-toxin gene derived from 

B. thuring7ionsiN Ill). u ere :" E.
en rr ieil ,JiLl ri coli strains 

C-600, MM 29l and Ji I'/. The werepla-mids isolat.ed from
 

B. thuring"ijensis 
 strain iD--14 and purified by zonal
 

centrifugation 
 through a C.CI densitty gaadient. Recombinant 

plasmids were constructed by ligating fragments of B. 

thuringiensis HP- plasmids which had been restricted with 

etiher Barn III. Oindl[] or EcoRl into either one of pUN 121 

and pBR 322 vctoLs. The ]iigated product was used to transform 

E. coli CHISO and theLrn:;rtormoiLl; worn tedsen, arid screened
 

for 
 de] ta-erdot ox in production using enzymo-iinked. 

http:isolat.ed
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Immunosorbant 
 Assay (ELISA). The positive clones were 
 also
 

tested for larvicidal activity against Ao. aegypti larvae.
 

RESULTS AND I)ISCUSSION 

Clonin" in K. c oif DI)NA i'rgnot L .:ospo.i.blo. for 
largioidal at 

CsCl-purified 
110 kb piasmid )NA of B. ti. strain 4Q272 

was digested with Xba[ a.,nd clon ed in to pUCI2 vector. Eight 

hundred recombinant e lones, ',or, obtained, 32 of which were 

found to hybridize to delta-endoLoxin-m[RNA-enriched RNA:17 of 
these 32 clones gave positive signils when probed with 

antiserum raised against the del ta-endotoxin; 
 5 of the 
immunoposi tive clones 'pMUlM1, 258, 33, 388 and 679) 

exhibited the s;tr'ong st signal. All the immunopositive 

clones and 3 negative c ies we heated For Ae. aegp i 

larvicidal activity as .hown in Table 1. Only the five 

strongly immunopositive clones showed toxicity to the larvae, 

E. coli clones contain ing other recoinlinant plasmids or pUC12 

alone were not toxic to the larvae, while B.t.i. wild type and 

B t .i.strain 4(272 were highly Lixic. 
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Table 1. 
Larvicidal activity of B.t.i. and recombinant E. coli
 

Sample 
 Dead larvae (dead/total) 

12 h 24 h 

13t.i
 

Wild type 10/10 10/10
 

Q272 
 1/110 1.0/10
 

E. coli
 

pUCI2 
 0/:10 0/10
 

pMUI4 2/M0 10/10 

pMU42 0/10 %0/10 
pMU90 0/10 0/10 

pMU126 0/10 0/10 

PMU 188 
 0/10) 0/10
 

pMU221 0/10 0/10
 

pMU258 3/10 10/10 

pMU303 2/10 10/10
 

pMU319 0/10 0/10 

pMU360 0/10 
 0/10
 
pMU380 0/10 0/10
 

pMU388 
 3/10 10/10 

pMU402 0/10 0/10 
pMU500 0/10 0/10
 

pMU544 0/10 Clio
 

pMU071 0/10 0/10
 

pMU679 1/10 10/10
 

pMU694 0/10 0/10
 

pMUG95 
 0/10 0/10
 

pMU701 0/10 0/10
 

The cell pel lets from 3 l culture were s-uspended in I ml distilled 

water and fed to ten 2nd instar mosqui to (A. ae Adt~.) larvae. The 

results are averages of triplicate assay:; 
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endn ti Itn-,er a 

pH~~ pH~ 14~ MM U"I J)H ~ ~ ~~~i 2i , 1:)M'It 2 2 1(C), A-E.Ili i 1 ) U 0 , H 0 " dl5 r t *;. I i 3 , p Ut.te 
N o A fIr ent 
 o
 

analyz-ed 
 on 0 .7% gelIaita v os.e t- ,ambdaeither HindIII -was DNA digested wittused a:- molecular weight marker
 

Restriet-.on enzyme analys isli con011e s wqhich of the plasraids fromxhibited strong (pMI14, 258, 303, 
E. co­

388 and 

679), weak ( pHUM)t, 126,
immunora-Ftiviici~ 221 ) 1, negativee (pHU380)
in i.l Ihown b paatternstrns
 
from XbaI, EWork, each 
 dg de d ird Pvill digests re,ealed 
that pMU 1, t (a,.identaidl 
to 
 ( p1) 9J0 to pNA r21,and 
pMU258 to pHU3[ 
 and pU388, 
 a 136a was diferen.
 
Construction 
 ot' restriction map,- of 
lheseplasmids (Fig.2)
 

http:Restriet-.on
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revealed that pMU258/303/388 and pMIUJ4/6i79 had identical 

inserts of 3.8 kb but in opposite orientations. Similarly, 

pMU9o/221 and pHU3U[ la: iodenLica] i.nserts of 1.9 kb but in 

oppos i to or i n tat ions. ,The .9--kb insert was one half of the 

3.8 kb insert. I)Ml 12G was the same as pM]90/221 but had an 

extra insert of 2.4 kb. 

H PX P X 

3838pMU 

pMU388 ZpMU253 P 
pMU679 

.65.b pMU3O 
3 

"P
 
' 3381H3X=3 b 645kb 

•/~M 
SPv X 19P9 


it 46kb Pr 

I s V P* 

Fig. 2. Restrict ioii end(onucI ecase. maps' of thoi recomrbinantL 

plasn id1s . i e maps. w,.cc cons F{l:. nt] lc{edU-om known map of pUC 12 

and from thel I':attet.ri ; ini F"ig. ] 'filL thin linc represents 

pU n .h .h ekI uI)lAi I, ~. l t yr-zow represents 

trans r ip tion al d irc'c[]F n of pliC 12 p.o.'no torn , and (lashed 

arrow min tes I vrans rip . i ona 1 di 1-,ct. ion of' insert. Pv, tl,
 

I', .'. F;: Pvu]]1, fllirudi f , Pi; ] , X hal I and bo(oR] , respe ct ively.
 

Westerzn blot. .' ,'a,Ivsy:is o1f the litliInt'r ,,i Li cc. l.)'OJUL )Lo : 

TPhe t'c;c s I t,-Fs hu fa~r s h ow.td( I.hatF, ir respec t ive of' 

orientation, the 3,.8 kb i nser t; produced a strong 

http:I':attet.ri
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innunoreactivity 
 to the delta-endotoxin antibody. Clonei 

pMU90/221 with the 1.9 kb insert oriented in the sami 

direction as that of pMU58/303/308 exhibited immunoreactivi­

ty,whereas pMU360 with the 
insert in the opposite orientatior
 

did 
 not. Protein extracts of these 
 immunoreactive 
 c.one. 

were subjected to SDS-polyacryl aside gel electrophoresis, 

transferred onto nitrocel In lose paper and then probed witY 

the delta-endotoxin an Libody cO!up 1ed wi t,h 1 -pro tein A 
( Fig .3). Clonos cont- in .illngg pOi i ( l. ) Mp1J1'/9 ) ;Inr(i p110388 (or 

pM U2 58,/303 g) severalgave immuori'oa,, i ve bands wit-h that of 

'30 k[Pa pr dc miiati ng. Clonus ha1r41r[ing -1190 slowed a major 
baild of K, kl):. l,, ' t.l ;e hr',11,,1'ii14,I' M ,.mave [(12 


lo , i 1 v 1)1 itt.;, WnTIno;Il'i(inll. i,nI 
 a :;a. iri 

pMlO res I Led inl a large i.ncrt..n3e of* thLe 135 kL)a protein. 

The IP''G induet1ion p, ducecight 

' , J ,r n i rig 

a :; increase 130in kDa 
protein in the clone containing ap1J388 but slight decreas. 

in the clone harboring pHU114. The results indicated that the 

3.8 kb insert encoded 130 kDa prote. n irrespective of 

orientation, and the 1.0 kb half oncoded 65 kDa prot6in if
 
or ien ted in the right direetion. The results from IPTG
 

inouction 
 suggesteu that the transcriptional direction of the 
3.8 kb insert of clones pMU258/3UJ/388 was the same as that 

of ITh Z proilotor , whi . s t fcliones was 

opposite 

that o.' pMU14/679 

to that of the a1o0Z. It. would thus appear' that 

the 3.8 kb inSert conLa Wed a -cessary regulntory region for 
expression 
 of t-he I t It.Aa !-ItdOt.OX ill h e 

endonuelease map 

gele. 'P) restriction 

( F ig .2) wnIId indicate tha t. the regulatory 

region was in the XbaI fragment, hearing the EcoRI site, and 
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that the transcript iona 1. d i root. ion woU Id bo 
 from EcoRI 
towar'ds 
 Xbal , Ptuvi I and Ii nd 1.11 .,i .. Con'. s tent with this 
suggestion were the i ndbi-t tL. L pM UhtJ/221, u not pHU380 
( insert in t-.he opposite or.ientat Jon), produced a 65 kDa 
protein by C-Lp loyiig the i.2 pr'on,,t.-o .' The clone harboring 
pHU126 produced a (35 kDa pror.ein in illan ,:-i muI ar anner to 
pM190/221, jIId ic.-tL ing th1,)t tI th .ing for. e r Ini 1) L1 codon 
del ta-eundotox in syn ties i<s-, re i d c,I in theI XbaI fragment 

eon tI ill ing Pu vi1 and HI nd .11 I L0 :1 ig
 

t 
 * t I
 

Kdal * 41 
130­

45-
 4WD 

T­

4P- * 

25* 

Fig.3. Autoradiogrin of Western I.lot analysis of protein
 
produets. 
 Ext raets from about 1t7 eel]<s of' E. coli haboring 
reioliniiwint p lawniid; (I)MtIIU., pHIJt, p1[1360, pMU300 , pllB3.45, 
pH13 t6) and veetLcr. ( -IJC12, I1,IlR,12 ) were snbjecLed to 10% 
SDS.-PAGE, tnl:1('1rilLi:,) nIi to,ee II1(l 1w poper arid the n 

probed with ant-inLi iserum sediOLI !:; .ll1:. J.i (erystal proteins, a 

12 5I-Protein (") indicaLes JiductlionA. wiLti 1 mMllIP'1'G; (S) is 

solubilizud B. /..i. rys'ta]. p rotet ils. 

http:pllB3.45
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Further analy'es of the pi otein encoded by the 3.8 kbb 

fr9gmen t ,, 

E. col!.P6718514'The plasmid pMU388 was used t o Eransrorm 

from which inicolls were produced; - Proteins synthesized, n 

minicells were analyzed by, SDS-polyacrylaride . ge I.
 

IT electrophoresis as shown in Fig.4, It was evident from the ....
 

Coomassie blue staining patterns that the minicells with 

pMU388 produced 130 kDa protein which was not observed in the 

minicells alone or that containing pUC12. When the min i e,11 

k . ,.. proteins were immunoprqcipitated with the delta-e6ndotoxin; 

~,.1,antibody, a 130 kDa protein wasprecipitated (Fig.4,, lane E)...............................
.... 

" When the minicells (1 7 m)were fed to Ae. aegypti lbrvae, -.. 1 

:only the minicelIs producing 130 kDa protein, killed the
 

]1nrv aa-n w j t h i 24 h. 
.. he..ind~ll .rament containing~ kb of the 3.8 kb, 

i 11s rt t 11rom plnsmid pMlUl'1 (see Fig.2) was' transposed from­
..-pUC12 to pB1R322, n non-expression vctor, at tehe sigle 

lndIII site. Proteins synthesized by the,)?. coil harborin -

the new recombinant (pNJ33.6) plasnid were analyzed by Westernt 

......... ......................................................blot as shown in Fig.3 (track pMB3.,6),,, The resultC1e r1" 

illustrated that 130 Da protein was the major i.imunoreaotiv ' 

product. W~hen fed to 2nd instar 'larv~ae of 4 e gy t els 

hawiirboring the PMB3.,6 were as toxic as, '.those harboring -pKU 14V 

1
or pMlU386e. 

Observation by phase-dontrasL jtici76soope of E. ooi0V'. 

, on1 t 61n ng pMU388 showe&d a mnall brfgd L~t.cl l'ocated ao o ' i ' higlci at0"o 
~-.~one, 'end These -partic6les,obuld. be by'of,the'c el11L 1 .,rate

solubf;:,1'a,ion wnder 'a1kal.ne cndi t;i9"ns4 i hoycat 

A ? b '1'' 1' 

http:a1kal.ne
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dithiothreitol, The SDS-polycrylfamide gel pattern of the 
extract is shown in Fig. 4 t rack F; note the major protein 

band of 130 kDa protein extr-tict. wos high]y toxic, with LCso 

of 200 ng/nil. 

S A 3 C O E F 
F

Kdal 


130­

43-"ft 
" W : 

27­

17­

Fig.4. IyL1t:.he:- i - of 1:0 ki)a protein in minieel Is. Th 

miie, I Is Iharbo i pHlJ3U were p roared ns l-esr i bec 
ill H t l o. r''1I H I -; :1yr" :liui II.'I. t : rll r' O . 11 t1. i (. w a3 

exLracteutnavlLnti led iii 10/, ) I(lya,:rylamide gel, anc 

stained with Coomsi e bri YI ilit. [h Iue. A, B, C, prote ir 
patter s fromi mii n11 e I I"; lone, i i) i (-t! 1.1,- harboring pUC12, and 

minicelIs Iharhor in pi, OHUJiH8, r t's 1;, t i.v .y " I1), E, protein 

patterni f rom ainijcel harbr rig:i pUC12 and pMU?88 after 

immunopree i pita-.i on wit) the d, t ,'a elndotoxin antibody. F, 
Coorassio blue .;t-aililig patter of ;n I:a] ine--LhiogLyeoiate-sol 

ubi I i:zed prociut of .te hr ight. ;art.i.le:-; from E. (.oii cell 

h1rbor ing rrowi Al " i i, i (n I.,- I liu k0hD 1 ro)tein. 

'lice thick hand is I,(.. : Jt. ou if:,id mcoleu.ulir woight, marker. 

http:art.i.le
http:IyL1t:.he
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DNA sequence of the 6'-terfinl,Join qurlftjgq!
 

A part.ial 
 DNA sequence of he 
 3.8 kb insert
 
corresponding to 5"--t.erminal eoding st rand is shown in Fig .5. 
Of the AT] codons yie]lding an open runalding frame, only the 

ATG at base 151 was preceded hy the Si no--On lgarno sequence, 

GGAGG, start. aa Iba.;se 13H. The, implicat, on that this ATG 

was the transisV.tula,,nI start . i (.sitlet M:30' he Oka protein is 

further supported by Lth obsrva .itins that subeloning of the 

HindIII fngmwnLt ,r pHl14 in.;rt, i"lu 
pi 322 vector gave
 

an E. coli c -lnuprvi uin 13U) kl~a larvi cidal protein (Fig.3,
 

track pMB3.:). 'The recombi iant (pMt,2. ,5 
 containing the 
tcol 1tind[.ll-- trtigzoczn. ,.,t""111fL u 1, IpHk L. romthlu. 
 wli ch the 

rirst 150I a 
 had ten.rei.'d , it l ovd -nt Por
odde the 130 

k~a prote in (1'ig.5:, I :'s&' pHiil .45) 

http:1tind[.ll


'l TelAG oil f 11 T ? II A l AIG IATICh C I TCCI ICI T __ ­.. . ...... ... ....--.. . IT.
................. 


TATCA1£~4CCA hL LG fl~L ~CLA I £1 LA?AtVAIT CC1,C 71OJ DVGilI? TC G toI GALATA ICA ?A? CCC MC
"I......... ......................................
 

Ly ProL i it 

I 13 34 z 0,1 P 01O 
LLtiAn StrGl At itp
 

0 0
11O 0T:A tAer,ICA ITG Ali JICICG lC ?It"Al CAI IGGICT G.CA 'G Y!CIAAVT AIC CAI C TATG",CGTI!Wil GCT',-G14! 

zoo too 300 110 310 336 V III0 ISO Ito 
LAT:'ITC ICAGITLCTACCCC?I ALAi T I CGC LCCCTTAlAITTGT SAC CC CCI GCAGCTACTGC 11£ ACC '7 !CI 

Alt i~ e ii; III T; j t Tar ii Tir Vii Le,e ii; Lie LLI, Al. GpiAli11, j,;; j;; A Auj Pr, ro L;ii, j 
310 Ito IN7 400 46 Ito 4i0 4I04l0 

ACC GIG IT CT? ACT CCA CC? AGACTTGGAILT TICA% ACC ALTACACIGALTCITA T CI CCI Ift CCC lA ACT ICG Gil CAT 

4e Lu; Ti; io Tir Oct i;r LeeT;r ii; Lu; .et ie~aVi LetProii; LtuIrpProit Proii Ar4 Vi KrpAct Amp Ph, 

CATCAIA GITA TA I ACA At? AA1IGACCCITGIG TITTl CAT TAT AC ATIIC W CCA GATGCA GCA AU CAT CAA a? 
LipC;t Tir IctTkr Ale Ipr Val ArA lit AspAla Aces ii.LpaIlt.litV.A iAi Li,AtplirLts ALe Clit Tr ,lbr Lye ?Ve 

AACACTC GAG&C CC? C 1' Aill GeCIA AT L ATIA 

Fig.h. DNA iqwno'e and deduced nminoacids sequence of the 

5'-terminal ci.n.i g .rand oL tle 2.8 kb insert. The SD 

sequenoe GGAGG h 1i1--j14 and Pst[is 1. :as . i*>.u l, Puv[I, 

si esI 1e ;lt)\41 [how. rro.w:. ltlic: 1)11(? " i)&l"'ne aJro Een(c1(.TICe.; 

identic 1 to 72--kIo lno:.qtl to,- I g one Thornei.olf -te,-o 


et al.22
 

Y'lanstftr of a T"t:r ,'oyclino tSjS tun o l1'.asVni.id tro'om B. cereus 

into V.t: . 

The di 1t'icu i ty in currying out tranof'ormation 

in B.t.i. using prot;oplast transformation or competent cell 

transformation lead to an investigation of the possibility of 

using a con uga Lion-.like gene tran:lFr process on Hi].lipore 

filters : hods). he(see Hateria]s and Hott 'T mating experiment 

WaS carried OUt . htPtl.Wt' P,. o:rowm (''7 ltorbur'ing pP,C I; which 

arried a tefra,'yclino re.5 LInc'e ('l ) marker and lB.t..i. 

strain A 084t, a sL.reptomyin ro.isL Wt:.(Str') mutant. After 

http:htPtl.Wt
http:l1'.asVni.id


mating, tentative transcipient cells with .pBC16 were 
selected
 

on plates containing 
A jug/ml tetracycline 
and 20 ,pg/ml 
streptomycin. 
 Under these 
 conditions, 
 the donor and
 
recipient strains could 
 not mult p.y even at 
 very high
 

concentrations 
of cells. 
 Data ir Tabe 2 shows that the
 
frequency or transur' r ,pparent B.a Ii;ino t.K by this 

To o(ni 't,1i.t1 -. Iio '14I;T 1. r.n }L i tlhe LenLative 

transcipent.s 
 c:aImie frun lie presrce n' plusmid pBCIG, 4 

elon s (Str R To'") w-re randomly chosen. After p1.asmid 
extraction, uIerctro[phoret~inj patterns of t{re four clones were
 
compared. Plasmi,:1 
 bands whic. cmin.,graLed." with the plasmid
 

pBCI could be detected in the p] nsmid preg rations from all
 
four of 
 the clones. 
 All these trans-ipients 
 were stable
 
after 
 many cycles of subculture ini mcdi a with or without
 

ant ibio ics. 

furt her characterizeTo the plasn, id from a transcipient 
clone, 
 on Str" clone va - ranidom]ly selected, purified and
 

designaL;ed 
 as B.t..i. A 084-116 . P.asmads 
were extracted 
from
 
strain A 04-16 and dli gesated w t:Lh six di f frnt restriotion 
enzymes. 
 Tihe restrijt Iii pal;ternsa of thethe plasmids from 


transcipient 
 clone were compared w.i th 
the patterns obtained
 

from plasmid pBCI.G of B. cereus GP 7 (Fig.6). They 
 had
 
practically 
 identi ical restriction 
 patterns. 
 The pBC16
 

plasmids in 
both hosts had two restriction sites for EcoRI, 
a
 
single restricLion asite 
for bamilI and no restriction site 
for
 
Snialt, Ma . tpnl, and i..II (F:i.g.Lg and data not shown).
 

Clear ly, the p .lasnid p[{C 1.B6 fProm 13. oevers could be 

http:F:i.g.Lg


TABLE 2
Frequency of Plasmid Transfer in Bacillus thuringiensis and Bacillus 
cereus
 

Mating 

.umnber of

nair 
potential .-umber of TransferNo. 
 Donor 
 Recinient 
 recipients i e t stra%,sc ioentse-- rancip requency 

!. 
 B. cereus 

2. thuringiensis
 

7 ( A 084 6.0:: 10 .x10 .0x10 4 

B. thuringiens 
I B thurinqiensiS
016-194 (rC 19-) A 084 1.9 x 108 13 x 103 ­7.0 x 103. 
 B. thurinaiensis 
 E. thuringienLs 
1.
A 084-16 (oBC ­ 084-194 3.6 x 107 10 
 1 x 10-.
 

aThe number of each cel l 
 P---cper milliliter of mating mixtures ;as 
jezermiinelaing 
on media
 
containing appropriate an-ioticcz.
 
bThe numbers of transcipie=os were determined on media contai n-- .... ~t c.ulnn streprcocin andtetracycline formatiLng pair No.1 streptonn-cin and chloramphenicol- ~~ ~~~~~~~~ ~ _m~n pair 2,ads-etmcnfor mazing ar" .t v~~~~~-_-f..tetracycline,cj

and chloramphenicol for mating pair No.3.
 
cRate of transfer is expressed as the 
number of trasc1p1ents er o-ne oteti eipient cell. 



2 3 12 3 1 2 3 2 3 

Mdal 

15 ­

6.1 ­
4.3 ­

2.8 

1.3---
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IF -IF--IF ,- um 

A B C -

Fig.6. Agar'ose electropholesi gels
s of restriction
 

en zyme did p I i n I I)NA. (A) Ulii dige ted p1asmid DNA; (B) 

EcoRI digested pasmid- "; (C) BaHnfl dieosted plasmids; (D) 
Sinai d eigt.(.ed ,i nn i, I a1nnlimteried ] , 13. oereus 

harboring pBC 16; I u numbered 2, . t. i. wild type; lanes 
numbered 3, l~ranEsekpciet B. t.i A 084-16; lane marked 

HindIII digested DNA. 

http:eigt.(.ed


- 30-. 

transferred and maintained in strain A 084-1. Furthermore, 

strain A 084-10 still maintained the other smal1 plasmidE 
commonly found in wildtype B.t.i.. it is of 
interest to note that the pattern of plasmid of the wil6-type 

strain shown here differed considerah Iy from that reported 
by Clark et .al:. which mdio.td the presence of nine 
plasmids. The di'oro paney may N o Lheirn diPfferent methods 

of extractioo or in the alteraLion orl' the bacterial strains. 

Soine Physiologio;l Iroparti os of Ki , strainj A 084-16 

Cultures of th donor (B. 'trotis UP 7), recipient 
(strain A 084) and ltranscipieLt ( stra in 084-16)A were 
compared using phase contrast microscopy. After 48 hr of 
growth, no purasporal bojdies were dotctud in sporulating 

cells from B. cerous GP 7 harboring p16(., whereas they were 

present in all cells of strain A 084t .16 and had sizea and 

shape similar to those found in strain A 084.
 

To further characterize 
 trnn i_,onL. strain A 084-16,
 
it was grown in NBS3 medium 
 for 4 h and tested toxicity to 
second insLar Av. ,v(l,'/.ti 1,laVa. :u, orling theto method
 

described 
 under Httorinl.a ; and HM.mud:;. An showni in Tablo 4, 
the sporulaLi ng culture of the tran s'-i pienL strain sh owed 
high toxici ty to Av. aegypti w i th an LCso of 3.2103 
cells/ml. This 1,C.n is similar to that of strain AOS4, and 
the wild type. Larvac exposed to a oulture of B. careus GP 7 
at a concentral. ion of i'm cells/md were unaffected (Table 4). 

http:v(l,'/.ti
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_ranso r';tiation of' B../.:huvin -­:i . 0 0,1l' Protoplasts with 

Various Plasia.i Us 

When PEG induced protoplast transformation was
 
performed il B. t0hi6n,, i:. 'trnin () (JIB, it. was; f'ound that 
plasmid pC 194 and pl1V33 could be t ransformed into it with 
fre.uenci-s ot' L1, repectively (Tabl.e 3). 

TO Ic, t.a tl0 ;iL I p... HIi t'rodunet i o of both 
pIasmids, I"i V1, l. f, I'1 ~ 1 I s wil.h h(! chl ormriphen icol 
FesistAnti "1ect ((iu 5 ) pttnit y,: WOP( 'ajidcIiijy ,s ted f'rom two 

,
s°-P to I. al:; l'. i LI .IC i' ,.:11t12;, luriiel d -rind analysed
 

for p1 ai--II d pat.,rI I,;II! i 1II.) '/( aIo .tr ,]ertrophc oph reis
 
Al 1 e l I,: ::tLqWL.I tll, e.. 
 w(h.i'li,l1 1:h ils whicn corn igrated 
wi th p 1 sl'i d,j P"IC 191 I plIV33 firm hIe urig.ina]. B. subtilis 

host.. Thlie Cnil phl LI type o, a,1 I Lt tran f'orvman L. was stable 
after many .;I-hctu I hres i 


resu Its 


in med a wi t;hout the drug. Thes6 

showed t;hat p(: 191 and plIV3.'i could be successful-1 p 
introduc.ed and ia i rit.a in il /. tlhiiriijijlefn.sis One0 016. 

transi ormant ha rboring 
 the pC 19: 4 plasmid, B. thuvingiensis 0 
016-194, WIas 1151Ud in furt.hler uxperimeiu t.. 

Tr insi.f Lt .o .i or ,, M i to i p asmid from B. 
t juinsjt. 0 - i .B. strain A 084 

B. t:hsin,,jijnsi. : r- in 0 0:16 -.114 described in the last 
paragraph was used a.-, Lhe donor ilI nlating experiments with a 
streptollyo ll r ; ::t.-L'. : raiijil of ,. 1.i. strain A 084. After 

mating on 11i] Ii pore t'i Iter ( :,w M eaterials and Methods), 

tentative t-ran sc ip ien Es were seo ehted on L--med ium containing 

10 ,pg/nil chlorampheniicol and 30 jg/ml. streptomycin. Under
 

http:introduc.ed


TABLE 3 
Frequency of Protoplast Transformation in B. thuringiensis Strain 
0 6
 

Number of potential 
 Numner cf
Trezitment requency of
recioientsb 
 Zr nsformants 
 transfornction C
 

wnthout plsmid addition 9.5 x 10 

0
Addd194 
 4.3 x 10 
 . i0" 2.6 x 10
 

Ad- de c n7-. 
 8 . ± x 1 
 1. i 0 3
1.3 x 1 0 


The procedure used for this strain was the sa e as tha- f -­ to.-ast transfornation in B. tu e 
sis subsp. israelensis xcenttramton -f Ivsoz,-_e 

that the washing step -..a 2 mc/I wereand the amount of omitted.-T The conce.­f o2c 
 194 and P?h' 33.

D.---3 me '- modified as describedFreauencv was under Materialof transfcrnation _- •is expressed as the num'ber cf -ransfoanzs aer one potential recipient ceil. 
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"~hes~3~conditi'on~s the donor and te~e
/, I , pjenit is Iad 

not ugrow, Data nTable 2 show6 that:,the rate transfe'r~ --­

44 was very low,, o Iy 13 t r nsipntpr4'x18 l 

To conf iin the pr~sence of Plasm id, p0 194 in,"'It e:w 
t ran sc i pie nts plasjnid DNA f rom1 rand~omly. pioked cloile's was,,r",, 
extracted and analyzed, by? 
 agarose, ge Ielec6trophoresid.-_ 
Plasmid Patterns from two of' the tentative'l" trasc:ipi ts44
 

44 -4eshowed clearly that PC 194 had beehtas
 

.B.t.j. A 084., 

Add i tiona11y, the, P'utative PC 9 pla'smi'd 1wtrai 
*084-194 was further c haraticteri d by dieton dt th 
 44 

restriction 
 enzyme JiindI. The rs~ sson~ 
i.~
 4
4 


The two tidal 
plasmid in strain A 084-''94 showed Vil'estein9 

for Hindl]I1 (lano 1, Fig.7), 
 s~ roportd lor pl1a~si-p 9
 
Clearly, plasmid pc 194 fro 
 thurijngjensj 001-14 a
 
transferred anid maintaineod in B t. . A, 06414 

144 
4j -4444.>4 

4 

j4 4'~ 



'vidaI 

DNA.3 

Fig__ A 034-11/ 

INic Ir t oI the r s ip e i AM084-184 to Ac. a~gy 

lava ws fond to wh jm mi at.ht F w dt p .t 
AsrsoniamI e o UI4-Usainpiraii l' aprjI I [jag on]dLures tef 

t-ra eso nis A 4iIin.; A Ii.1 ILa A Jl LIb 2kowr h 

tox ik ily to 
H Jlo:1ar Id'ui . .iI'/:, / i hi rvau w.itiill~ 1. x 

10-9 ce IIS11n I/. Thij:, Wiln idona Lit-a] Lo Lhat of -;rain A 
08-4. Ae. ,,It,Lipti larvao oxpo-sod Lo 43a. h) culture B. 



Toxicity of the Various Strai.s o: =oc. ensic subs. israelensis and ;. cereus GP 7
 

Racteral strairs -'- cells/id) 

.ercus GP 7 (Tc ; 10 

_- tZnuringlensis 0 016-194 (Cm-) 10 

. uringiensis subsp. israeiensis (wi_ type) 1.0 !0 

-. thuringiensis subsp. israelensis A 04 Str") 
 1.0 !03 
5_.tnurnqensis subsc. israelensis A 04-16 (St: TcR ) .2 x10 

(StTc 103 

tnurnglensis subsp. israelen-sis _ 0-94& (S- C-" . 10
 

. znurinqIensis subsP, israeiensis A 054-l94b (sz " - 0L.a
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thuringiensis 0 016-194 (harboring pC 194) at a 

concentration of 107 cells/ml did not show any toxicity 

effects (Table 4). 

Transfer of Plasmids between.Strains of B.t.i.
 

In this experiment, intraspecific trpnsfer of plasmids
 

PC 194 and pBC 16 in B.t.i. was examined by mating strain A
 

084--194 (StrR CmR harboring pC 194), and strain 084-16 (StrR
 

TcR harboring PC 16) by the filter procedure (see 
 Materials
 

and Methods). Transcipients were selected on L-agar
 

containing both Tc and Cm. 
 As shown in Table 2, 7.0 x 103
 

transcipients which possessed the StrRTORCmR phenotype were
 

obtained (frequency 8.1 x 10-5). To confirm the transfer of
 

plasmids, one of the putative transcipients was purified and
 

cultured. Plasmids were extracted and analyzed by agarose
 

gel electrophoresis. The result was shown in 
 Fig.8 where
 

lane 4 indicates the presence of both pC 194 and pBC 16 
 in
 

the transcipient A 084-194-16 which
strain possessed the
 

StrRTcRCmR phenotype. 
The four small plasmid bands commonly
 

Lound in B.t.i. were also still present in this transcipient
 

strain. 
 This evidence verified the transfer of both pBC 16
 

and pC 194 between strains of B.t.i.. 
 the transcipients
 

retained the ability to form parasporal bodies and maintained
 

a high level of toxicity toward Ae. aegypti larvae.
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2 3 4
 

Fig.8. Agarose electrophoresi~s gel of plasmid DNA from
 

various strains of B. sphaericu.5 subsp. israeiensis. Lane 1,
 

B. thuringiensis subsp. israelensis wild type; 
lane 2, B.
 

thuringiensis subsp. isiraeiensis strain A 084-16; 
lane 3, 11.
 

thuringiensis strain 
 A 084-194; lane 4, B. thuringiensis
 

subsp. israelensis strain A 084-194-16.
 

Transfer of Piasmids from B. thuringiensisHD-1 

Fourteen 2E. coi C-600 ELISA 
positive clones were
 

obtained from the) ligated product of BamHI 
 ut mosquito-toxin
 

gene joined with BaHI digested pBR322 plasmid veotor, 1079,7
 

E. o.i C-600 ELISA positive clones were obtained from the
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ligated product 
 of lliidill cut mosquito-toxin gene joined 

with HindIli digested plasmid vector pIJN121, and 205 E. coli 

JM 107 ELISA positive elones we r, ubtanied from the ligated 

product of Xba1 cut mosquito-toxin jg<'ne juined wi'5 XbaI 

digested plasmid vector pIJC 12. Only those ELISA positive 

clones were used in larvicidal activit.y acreening Les[ 

against Ae. ael'.Yypt i [arvae,. (n)(, n . ' 1j A'. VooI i Clones 
obta ined r"mli l]r w n rmL i
Lh") 'l: r 
 . n, hy r,,,,,ml, i n p,,laqmid.
 

demonst, rated n good Iarvid ia l act ivi ly l.,wnrl:; Ae. ngy'pti 

mosqu itoes as well] as. the pa run.:L. ; i n. B. th r.ingionsis 

HD-1. Unfortunately. h in
ILhis re, i nLI plasmid was not stably 

maintained in R<. coii JI'I MY. 

Introduct.ion of t:he do lta_-c:tdot.,)xin .,Inv into 8. subt:ilis 

In an attempt to nrodu,, the (delta-endotoxin gone 

into Bac llus spp., the I:JU kl)a d.elta endotoxin gone was used.
 

to oonstru t I lhe recombt i.anit plasmil andI inLroduced figto Z.
 

Sub tilis. and 
 H'. co/i. Both Wonew '"Whh td toxicity
 

towards Ac. ,, "'tt I rvae,. 
 'Tim)> IroL.,i n 'ryst:la I a; observed 

only in 1'. ool i coLl.s ter uthphase-contrast microscope. 

The bifunc.iona1:l pi lmidt w;.'; 'ounl I.b, sl,a ] y maiiLtaiuied in 

B. subtilis as well as in i'. coli. 

It is 
now believed that. the successful in transferring
 

of mosquito-toxin gene 
fron B. thuringiensis H-14 into other 

-
organisms eara he done and is rnl yiug on the selection of an 

appropriate plasia id e dvot.r tlhat ,.ISII ho ross in theb-

recipient call. 'lu uv lopiiuLi twr ma:Lehod and g.ene transfer 

systems will to
lead successful 
transfer of an individual 
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11026. Unifor tunate ly, the transformation frequencies were, 

extrmelylowwhen compared w tht10se ai ev e using a 

similar technique with B. subtilis. Furthermore, plasinid p0 
194 could not be detected in the transforjnants and the 

authors suggested that it had been integrated into the 

chromosome. One of the reasons, for ineffician't 
transformation with B. thur-ingiensis protoplasts was probably. 

the high resistance of the cell wall of B. thuringiensis to 

lysozynie27 rnfrai
 

In this study, at tempts to establish atasomin,
 
system in B.t.i. by using PEG. induced protoplast
 
transformation were also not successful. 
 Attemts t s h
 

'oompetent celi" transformation techniques also failed. 

In 1904, rihre ].' eo'e h transfebro 

plasmid pC 194 into various subspecies of B., thtin'ingiensis. 

However, iii that report, p0 194 
. could not be transferred into 

SB. t. i. , the strain of mos t interest i our study. Of the two 

mating techniques used in our study the filter technique was
 

*I superior 
 in obtaining higher and motre 'consist'nt, iumbers 

of B.t.i. as the donor, a closely r'elated, bacter ium, B 

caereus which harbored pBC 16 (TcR), 4as chosen. Under,, our 
c~onditions, pBC 16 from this source ,couldi b-6: j'transferred 

to B, t.i1. A 064, a StrLR strain, 'wit h 'relatively Th"gh 

bepBC 16~by electrophoretic mobility cnd erstricticn pter
 

analysis 
 i n compa risronTwith pBO 3.6 1umM- D cereus, -7 
Additionally;' the TcR 0n nd typicaln

~~gparaspora1, bodies and -d' an H6owe d toxicity, 0 g9'Ti equa. ~oW 

t -J r , " 
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that 	 of B.t.I., the wild-type strain. The rate of plasmid
transfer between B. ctvi-us and B.t.j. was comparable to that 
obtained in mating between S. faecn i; and B. t. i. by Lereclus 

et 	al. 2 "
 

After successful 
 transfer of plasmid pBC 16, we further 
attempted to transfer plasmids such 	 as 194pC (CmR) in B. 
.ubtiIi- to B'. 	 t. i. Using 	 the -;ame maiI)it technique, no 
transcipient ceIl Is were observed. A ;imilar result was 
reported by .I. 	 Fisher et a]I". and was 	 not entirely 
unexpected 
 since 	the 
two organisms are not 
closely related.
 
However, 
 the 	 p.asmids pC 1.94 as we].l 	 as pfJV33 could be 
in trodieed in tIo 	 n :,trai11 o 1f B. 	t.i. i usIng conj ugat i.on-l:ike 
proces,s if the p. asmid; were f irst 	 :introduced into 	 another 
:St.rain of I/urm., ,>.i Theh. method for introduction of 
plasmid pC 19.1H into P.t.i1-irJ; began wiLh 	 the introduction 
of' plasmid pC 194 irato a strain of B. t:huringiensis, i . e ., 
st rain () 0 1C by mea.ns of protop .as;t transformation. The 
transformant obtained, P. thuringio:,j;',0 016-194 was 	 mated 
with 	B.t.J. A 084 to obtain StrlCmR transcipients.
 

The B. thzviingieansis 0 
 016 which was employed here as 
an 	 intermediate strain for introduping plasmid pC 194 
into 
 B. t. i. was of special interest. This strain gave
somewhat distinet colony morphoiogly fr-om that of other B 
thuvingiensis and wan; sensitivC to JYS-;ozyM(.. After 	 treatment 
with 	 2 mg/ml lyso-ayme fFor 30 mitn, 100% protoplasts could be 
obtaineI 
 nd n hijph regca titj[ "'Haj 	 truqueney of 2.13% was 
achieved aft,er , ogenerati ol il moil jfi ed .- ,i IrledJi um. The 
transfo 'mation frequency f:or B . t uringjcnsis 0 016 
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protoplasts by pC 194 and pHV33 was relatively high (2 .6x10-2 
and 1.3xlO-s) 
 when compared with similar experiments that
 
have been reported by other investigators24. 26 
Morphological and biochemical examination confirmed that this 
strain was P. thurin'iensij.
 

Into 
 a spe-:,et i pIas mi d tranfer. between strains 
of B. t. i. wore att'em l,t'L to det:erin ine whether 8 transcipient 
harboring both pi,C 1I i Id ,C 1-M 0oicI' bed obt.ained from the 
mating pair whtiind h.. ti.h Lwt) p1 m::min .; ()P dit'f'erent. origin
co1ulId be ma.intaind. inI, Titt.s . of mating between 
st ra in A 08,--16 (T,. . ) and st.r ain A M14-:.194 (Cm") revealed 
that a ii pJg r peque e y of p a;in id t, rrI fi. ,o11. d be achieved 
and t .at the transcipients were stab]e. The existence of 
other p1 aam i ds in the trans-ejipien ts did not interfere with 
the maintenane of the two newly aequired plasmids. 

The stable Ja.intenm!ice of plasmid pC 194, as judged .by
the 1 re.- cIe of' p]1:-,i.ui. wo l as drug resistant marker, 
in B.t.i. suPgesttnl that- the limi. itng factor in earlier
 
Prot.oplast 
 tlan ica, ,r, , i on expol' iit.:m La was the difficulty in 
int.roduejin 1 :isJid I)NA hinto tim' eel] . If a lysozyme

sensitive
tV m1u. ofILt P. t. i. eou I ]h I. obLained, successf l
 
protoplast 
 t rans fo rinati i on InitI possible with high

frequency. 
 This could be of some advantages since 
 the
 
protoplast 
 transfo rnat ioI first reported by Chang and
 
Cohen2a 
 was a very 
 efficient 
 means of plasmid DNA
 
transforina t. i on wi t. ot l a reCu i r(,ment for oligomeric
 
molecules. Furthermore, p in id 11)A was preferred to 
chromosomal 
 DNA, and in 
 contrast 
 to competent 
 Coell
 

http:p]1:-,i.ui
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transformation, restriction and modi Fication of the 

transfo-ming DNA did not occur. Such a protoplast 

transformation 
 system for B. t. i. would constitute a very 

significant achievement 
in its genetic manipulation program.
 

The conjugation-like process used successfully in-this
 

study was first disocovered by GonaIez 
 e t al . 23. By using 

this techin iqu, Klier et al o t ran sferred the plasmid 

carried ry. I g,l Flroi s;trai1 her.] i Il-r 1715 in t.o an 

cry0VY..t ] i',rcu.orinlI./iIrJ B. ij j' :Ii' wl.re it: promotod 

the syi It, IIes it of cryst ] protein. Al so this method, the 

c rys ta 1 gerne of :, t, ra j n her. inor wcia j; in t roduced in to a 

wild --type strai.n of P. t . i . The resul; ing transcipient strain 

produced 
 two typos of de] ta--endotoxir which were active on 

both lepidopteran and dipteran larvae. In addition, Gonzales 

and Carltonal used a conjugation-]ilke process to show that a 

large 75 
 Mdal plasmid was required for crystal 
 toxin
 

production in B. t. 

One of the major factors that has hindered succdssful 

development of a gene transfer system in B. thuringiensis has 

beon the abSe)ce Of.' S,elective urn rkel'., ThiS study shows that 

two plasmids specified Tlc l and Cmin can be introduced and 

stably mai)ntained in I). t. i. This openS the possibility of 

constructing 
 an ideal two--marker, plasmid vector, a high 

frequency protoplast transformation system in B. 

thuringiensis 0 016 and the conj ugat ion- like process 

Detween B. thrlIng'iensis 0 016 and 13. t. i. , new possibilities 

are 
opened for genetic manipulation in B. thuvingiensis. 

Five recombinant E. coli clones3 exhibiting mosquito 
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larvicidal activity contained a 3.8 kb DNA fragment of 1.10 kb 
B. t - . plasm i d. Three clones (pMIJ258/30j3/ 

3 8 8 ) had the 3.8 kb 
insert with the saie trar on iana I direction to the lo Z 
PromotIr of PUC.12 ve ,toy, wherenS two caonees (p11114/679) had 
the 3.8 kb insert in an opposite tran-cript-iona direction
 

All 
 ive clones prcdncem-ed a ma~jar d elldotoxin of 1.30 kDa, 
which 
 was higly toxi c to AIe. a teypl a rva e . This study 
clearly dem(, t-.r :ttd that among the Lir ue major B. t. I. 
delta-endotox in pr to ills, t.llc ]:id I(DaI pi.t.l n alone could 
exhibit mos-nlto larviejcia] activity. The 25-28 kDa protein 
hId LeOn1 t.0 t Lieh t , in re.-,pon.-ible For mosquito 

larvicidal aet ivity' .-' ::. 1J, t'v,: , an Li body rai sod ,ga nst 
t h e ? - a r ~ L~ n I nt ,,: re 1 '30 k Da.-"t t e i i d LiI : ; act(. t he 

prote.t i ' 11In'd 1, 1l1,' h'. I,,/;un,)' ,l ,I i1.w a It ibod.,.,Iy r:ij!Io 
against1,s t h Lvlt khoI prot'teill prhuli.ft y tlhe IItJIfItjH clone 

r*oss--nt. w'ilCth theI:Hz-..w k prtolein. It woul.d thus appear 
that the 130 kDa protein is not. . protoxin form of the 2 5-to 
28-kDa anId that th t.oxici ty exhibited by B. t. i 
de1ta--endot, xiin crystal i s derived from both 130-kDa 
and
 

25--28 kDa proteins.
 

The obsc-rvation 
 that the 3.8 kh insert produced 130 kDa 
protein regardless of the vectors (pBR322, pUC12) or its
 

o,,itn Lat i onl i n the 1 y taor m. ge!,t..t;t(t that the insert 
conitained b1a.h t. r',1,.Cl'101 .ry 
 inii and t., tructuril gone. 
As the cod-ing regitin far .1,t ki)n plrt. in alone requires at 
.least t ,hei.,i I{b DNA en[ li!ihlrl w'tnlId illdicato that the 
3.8 kb insert s a iin iin;A sequence neces-sary for expression 

of the 130 kDa delta-undotoxin gene in E. coll. 

http:prhuli.ft


-45-


DNA sequence of tlh, 5'--torminnt of the coding strand 
revealed that ther6 were about .151 5' -non-translating 
luelo ,otido:; in the [I: I-kd jn:j-rl,, :;u ' H ciM i,!L. to contIa:iri the 
necessa'y regulation ;Cqueno()1t, whioh normal l Iy reqire .some 80 
base puir:. Commpnriing .he s;equence obtaired with those of 
genes en-cod jg loridap tu ra tx i F'om B. thuringiensis 
kur'st.,ikil" , B. t/h/in .is)i linor 1715a , B. 
thuriw'ijon:.is sotto""and the 2d-l)k. 
 B. I . gene37, we did 
not find any i'.icant.iI homology. However, some homologies 
in hnt.h regulatory and coding seun.,ic,; (Fig. 5, underlined 
sequence) were observed w i.h, tie 72--MkabB.t.., gerne22. The 
Shine-Da lga rmno regi on, t AwA AA , ar; identie, I . The 
coding regions 'romn ases 1t8-1"/'/ Nid 1iJ-252 coded for 20 
ide i.,t., nm ac id-s lsutint lat. this prutein region 
Was hiighly cotn;e'rVed, There worn lio signif icant homiologies.1 
in other regions, suggesti ig that the 72 kDa gene was nqt 
part of the 130 kDa gonereported here. 

http:thuriw'ijon:.is
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