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Summary 

Partially digested HincH fragments of DNA from a snosqukucldzsl strain ofBaciltsss thuringicsssis serovar 
bigo were cloned into pBluescrlpt U 11(1.1 and propagated in Escbe,kbia coil. Recombiriam cells were 
screened Immunologically for the production of parasporal inclusion antigens. One E. coil clone harbor-
ing a recombinant plasnsid exhibited larvicidal activity to Culex pislena molessns, but nor to Assopbd.is 
seepbensL Hybridization experiments revealed that the gene of the toxin protein is located on a 110 kb 
plasmid of 9. thuringiensis seruvar bigo. Sequence analysis detected an open reading frame of 2046 nu-
cleotides encoding a polypeptide of 682 amino acid residues with a predicted molecular weight of 
7$,467. The gene encoded five block regions commonly conserved in the insecticidal protein genes of B. 
tburrngiensis. Amino acid sequence of the 7$ kDa protein skated 49% identity and 16% similarity with 
that of the Cry! PA protein from B. clnwingiensis strovar jegathesun. A new doss of 6-eacioroxin protein, 
designated Cry1911. was established on the basis of this protein. 

Key words: Bacillus thuængiensis .- CrylPB protein - mosquitocidal 8-endmnxla - Cu?ex pipiens moleaws 

Introduction 

Among the medical and veterinary insect pests, most 
important are the diptecans because many of them are 
the vectors for a number of virus diseases, malaria, filari-
asis and onchocerciasis. Badil!us sburingicnsis scrovar is-
radensis is a promising biological control agent for 
mosquitoes and blackflies foE BARJM and StFrIIaitL*wu, 
1990). In fact, the products from this bacterium have 
been successfully applied to suppress the populations of 
Jipteran vectors in Tropics. In particular, this agent has 
played a key rule in the Onchocercinsis Control Pro-
palnnse for eradication of blackflies in West Africa 
DnosNIewsKI, 1993. 

To date, no cases have been reported for the develop-
ment of resistance to 8. thuringiensis scrovar israekv,sis in 
field populations ot Diptera. However, recent studies have 
often reported the occurrence of field kpidopreran popula-
cons resistant to B. thuringiensis insecticides (TaaAsHsnK et 
si., 1990; IQ8AI. cral., 1996). This leads us to consider the 
possible occurrence of resistant diprerans in the future 
upon continuous field applications of B. tburngiensis 
sCrovar isradensis. In this respect, the search for novel 
inosquisocidal toxins, with different molecular structures 
and mode of action, would be of great value. This may 
provide the tactics to overcome the resistance problems. 

In an earlier study (Oimt a al., 1995), we have ob-
tained unique isolates belonging to B. thuringionsis 
scruvar Iaio that exhibit mosquito larvicidal activity 
preferential for malaria-transmitting Anobheles sic-
phensi. The objectives of this study were: (1) to isolate 
the moaquitocidal protein gcne(s) of the big* strain and 
(2) to determine the nucleotide sequence cc’ compare it 
with those of the established gene classes. 

Materials and Methods-ethods

BacterialBacterial strains, plasinid, and culture media: The reterence 
strains of B. tls.ri.sgkns1s aerovar bigo (OHM et al.. 1995) and 
B. thur!ng.ensis scrovar israelensis (nc Btttjsc:, 197$) were used 
in this study. kschariebid coil XLI -Blue and plllucscript It SK(+) 
were used as a cioning host and a vecco; respectively. An E. coil 
strain, harboring pfiGH4 (SEn er al, 1958) as the source of the 
erg-IA gene, was supplied by Dr. H. SaxM, Kyoto University. 
8. diuringiensis was routinely grown in 1. broth containing 
0.1% glucose and L coli on LB medium. 

Abbreviations: O.C, open circular form DNA; linear, linear 
a,idckrnmosomai DNA region. 
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Purification and solubilization of Inclusions and antiserum 
preparation: Paraspural inclusions were purified from sporulated 
cultures and solubilized by the method described by laica and 
OsaA (1993). Inclusions were partially purified from recombi-
nant E. coil by the procedures of LUNG and DeAN (1994) and sol-
ubilized with the SDS-urea buffer (1% SOS, 2% -snercnpto-
ethanol, 6 M urea, 100 mM NaH5P0dNa3HP01, pH 7.2). Pro. 
tcin concentration of the purified inclusion was measured by the 
method of Luavct at. (1951) with bovine serum albumin as the 
standard. Antiserum was raised in rabbit against the solubilized 
inclusion proteins as previously described (lINt, and OHa*, 1993). 

DNA preparation and cloning of mosqukoci4al protein 
gene: DNA was extracted from E. coil by the alkaline method 

(BuscroiM 

and Doix, 1979). Extraction of DNA from B. 
thurinensia was done according to HIMENO Ct al. (1985). The 
isolated DNA was purified by Csa-EtBr density gradient cen-
trifugation and analyzed by electrophoresis on 0.7% agarose 
gels. DNA from It. thuringleasis serovar b(go was digested with 
Hi,wiI (I unit per pg DNA) (or 1 h and mixed with HinclI.di-
gested pBluescripr II SK(+) at a 1:10 molar ratio of vector to In-
acts DNA (final DNA cuiwencration: SO pglsnl). After purifica-
tion by phenol extraction and ethanol precipitation, the mixture 
was ligated by using T4 DNA ligate (tbkara. Tokyo) and used 
to transform K cull 3(1.1-Blue to ampiciilin resistant by the 
CaCla method (SAMBRoOK et a).. 1989). White colonies on X. 
Gal plasm containing 100 pg ampicillin/nti and 23.8 pg 
IPTGIm) were collected and stored at -80 C. About 1,000 cells 
were plated on the LB medium containing 100 pg nmpicillinlml 
and cultured for 24 Is at 37 ’C. Colonies were transferred onto 
nisroceflulose filter membranes (So titictres & Sctitu. BA OS) 
and screened immunologically for the production of the inclu. 
non proteins by using the antiserum described above. The 
screening was done by the method of HcLmtaul and Hucuss 
(1987) and SAaiiRoo et *1. (1989) with some modifications. 
linally, hound antibody was detected by using peroxidase.con. 
;ugatcd goat anti-rabbit lgG 1,Dako. Denmark) and was visual. 
zed by using 4-chlriro0 napbthol (Wako, Tokyo) as the color 

substrate. 
SOS-PACE and iinmunobluttingt Solubilized inclusion pro. 

reins wrc separated in 10% separating and 4% stacking gel 
iLnr.%aw.LI, 1970). After transfer to nitrocellulose filter mem-
branes, proteins were probed with appropriately diluted anti-
term’s, (olowcd by goat anti-rabbit tgG-conjugated perosidase 
(Daho, Denmark). Visualization was performed as described 
above. 

Southern blot hybridization: DNA was separated by elec-
trophoresis in horizcnual 0.7% apruac gel and transferred to 
Hybund N- nylon membrane (Amersham, England) by using 
0.23 M N:iOii as a transfer reagent. HinditI-digetted 1.5 kb 
fragment of pHSM02 (Fig. 1) and 1.9 kb EcoP.l fragment of 
pB0I44 (Sra ct al., 1988) were used as probes in hybridization 
experiments. Proliv-s were labeled with peruxidase by using the 

ECL nucleic acid labeling system (Amersham). Hybridization, 
washing, and detection procedures were followed as described 
by the manufacturer. Finally, the signal was visualized by using 
Hyperfitra-ECL (Amersham) exposed to the blot and reacted 
with the GBX developer (Kodak). 

DNA sequencing: The nucleotide sequence was determined 
on an AN sequencer Model 373S using a Dye Terminator Cycle 
Sequencing PS Ready Reaction Kit (Applied Biosysrems). The 
sequences obtained were analyzed by the DNASIS Program 
from Hitachi Software Engineering Co.. Ltd., Japan. 

Toxicity tesu B. thuringiensis serovar kip, 13. thuringiensis 
serovar israelensis. and she recombinant E. roll harboring 
pH3MO2 were examined for quantitative mosquitocidal activi-
ty against two diptasan species. Twofold serial dilutions of puri-
fied inclusions were prepared in distilled water. Twenty larvae 
(4-day-old) of Cuter pip/ens molestus or Anopheles slepberui 
were introduced into wells containing S ml of each dilution. 
Mortality was scored after incubation at 25 C for 24 ii. The 
LC55 values were determined by probit analysis (Ftwctv, 1951). 

Results and Discussion 

Two serologically positive E. coil colonies produced 
inclusions when observed with phase-contrast micro� 
scope and showed larvicidal activity against C. pipiens 
molest us. Unexpectedly however, they were substantially 
not active on the larvae of A. steplaensi. In the restriction 
analysis, these colonies proved to have the same recombi-
nant plasmid (data not shown), pHSM01. which con-
tained partially digested 5.3 kb I-Iincfl insert in the same 
orientation. A newly constructed plasmid, pl-ISM02, 
containing the 3.6 kb Hincli insert (Fig. 1) from 
pHSMOI also produced similar inclusions that exhibit 
the lethal toxicity to larvae of C. pipiens molestus. In 
mosquito larval LC0 values (Table 1), partially purincd 
inclusions of the recombinant K cull harboring 
pHSM02 showed slightly stronger activity than the puri-
fied inclusions of B. :huringknsis serovar big., against 
larvae of C. pipiens molestus. 

The result of SDS-PACE revealed that the recombi-
nant E. coil harboring pFLSM02 produced significant 
amount of 78 kDa protein (data not shown). In im-
inunoblor analysis, this protein reacted with the anti-
serum against the total inclusion proteins of B. 
rburingiensis serovar bigo. 

As shown in Fig. ic (lane 11, R. tburingiensis serovar 
hign had at least five plasmid ON/ui ranging from 1.3 to 

Table 1. Musquirocidal activity of inclusions from a recombinant £acl,g,icbja cull harboring pHSM02 and two L)acilus thz.ringien. 
:is strains. 

Source for inclusions LC (pg/mi)’ against 

Anopheles stepbcnsl Cater pipiens molestns 

E. colilpl-ISMOZ s.400 5.931,5.47-4.63) 
B. tburingicnsis serovar Argo 0.17(0.15-0.19) 7.52 (7.18-8.62) 
B. thuringiensis serovar israeIe,:sls 0.019 (0.019-0.022) 0.026 ((1.024-0.028) 

’1 Mortality was scored after 24 h lot 4-d-old larvae. The confidence 
limits 

are 95% level is given in parentheses. 
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Fig. 2. Againac gel electrophoresis and Southern blotting analysis. DNAs of BacilLus ehuringiensis serovar higo and B. thuringiensis 
scrovar israelensjs were separated on 0.7% sgarosc gel (c). To determine the size of the plasmids the B. thsanngiensis serovar itrae-
Iensis plasmids (GotzAze and CAttI.ToN, 1984) were used as the standard. After transferring in a nylon membrane, each DNA was 
probed with (a) a IS kb Hir.dm fragment of pHSMO2 and (b) a 1.9 kb EeoPJ fragment of cr74A gene (Stir et al., 1988). Lanes: 1, 
total DNA of B. thuringinsis semvar bigo; 2, total DNA of B. shuringiensis serovar israelensis. The position of the large sized plas-
mid that contains the niosquirocidal protein gene was nearly the same in the DNA of the two B. thuringiensis strains. Plasinid DNA 
tizcS of B. tburingit’nis serovar israeknsis are marked on the right margin. 

10 kb. When 1.5 ich Hindlil fragnicut (Fig. 3 of 
pHSM02 was used as a probe D!4A, it hybridized to 
1 JO kb plasmid DNA and linear DNA region of the bigo 
strain, but not to the DNA of B. tburingicnsis serovar is-
raeknsis (Fig. 2a1, When 1.9 kb EcoRl fragment of 
ry4A gene (5Es cc at., 19881 was used as a probe DNA, 

it hybridized to the ’114 kb plasmid DNA and linear 
DNA region of R. durinansi.s serovar israelensi.s. but 
hybridized only very weakly to the DNA of B. 
thitringiensis serovar bigo (Fig. 2b. 

The nucicotidc sequence of the 3.6 kb fragment of 
pHSM02 was determined on both strands (Fig. 1). 
There was one open reading frame encoding a potypep-
ride of 682 amino acid residues with a predicted molecu-
lar weight of 78,467. A puracive ribosome binding site 
CCACGj was found 7 haea upstream from the initia-

tion cudun. In the downstream from the stop cudon, 
there was an inverted repeat sequence that may probably 
act as a transcriptional terminator (position 2772 to 
2803). As shown in Fig. 4, the deduced amino acid . 
quetsee contained live blocks conserved commonly in all 
ypes of the existing insecticidal 6-endotoxia proteins 
(HOne and Wtlntig; 1989; Rosso and DELfwsE, 
19971. We compared the nucleotide and deduced amino 
acid sequence of the 78 kDa protein encoding gene with 
935.532 nucleotide sequences deposited in DDB] and 
136374 amino acid sequences in PIR-Prot Databank, in-

spectivcly. Among them, only the sequence of cry4A gene 
a a)., 1988) of B. Iburingiensis serovar israclensis 

proved to be related to some extent to the sequence of 
the 78 kDa protein encoding gene. However, the homol-
ogy between the two genes was 28% and only present in 
(SO N-terminal bases. This is in accordance with the re-
sults of Southern hybridization. The Hindtll-digested 1.5 
kh Fragment of pHSM02. lacking the N-terminal region, 
showed no homology to the DNA of B. t1uringjc,zsis 
serovar israclensis that contains cry4A gene (Fig. 2A). 
EcoRi-digested 4.9 kb fragment of cry4A gene (Sea cc 
al, 1998), hawing the N-terminal region, showed weak 
signals to the DNA of R. thuringicnsis serovar bigo (Fig. 
28). We also compared the relatedness between the 78 
ttDa bigo protein and the established Cry proteins in an 
updated classification scheme. It appeared from the re-
sult that the I,jgł protein is must related to the 74.7 kDa 
protein of 8. thuringiensis serovar jegathcs.an (Ros.o and 
DE18cLUSE, 1997), now called Cry 19A. The homology in 
amino acid sequence was 49% in identity and 56% in 
similarity between the two proteins. Thus, the 78 kDa 
protein of bigo can be allocated to a new class of the Cry 
protein, designated Cry 198 by the Bacillus thuringiensis 
8-Endotoxin Nomenclature Committee. 

It is clear from our findings that the 78 kDa protein 
obtained in this study is not responsible for the unique 
Larvicidal activity, preferential for Anopheles mosquitoes 
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B. thurinieruis C.ry198 protein 133 

Blocki 
CrylAa 153 1QVP&LSVYVQABLHLSVtP.SVFOQRW 
Cr/3A 197 
Cry4A 202 rIIVt.39Q&91t1.T’41&1QAVRFEAVT 
Cry48 10 

CrylCA 195 YRZPTPAYA*IM4&?r1NIW 

Cryl9k 106 
78 kDa 194 

Biock2 
CrylAn 226 !1AVRWOL ...... VWGPDsRnWVRYOFUZLTVtVL.łXV3IJSNYDsRRYP  ....... ZRIVSQDZXTTaPV 

CrylA 270 tWGL ...... DXLRGSSYE$IMtPUR1111LDL1MPL1CW!tLYP....... 

CrygA 289 TThiva1tG&alL2RTTPD$NtD1flIft4T(I’Tfl?J9It’?AV5WNTDVaXYP ....... X0VQSZQVL21 

Cry48 243 V7AXS1rAki=K ...... 
CrylOk 215 VrLWCZQTWNAGL ...... ThaR?N?ttA9ThT*,?L?Vt.Df.ThXPPNYDPYP ....... IGVKSzLzVrrNVN 
Cryt9A 246 TYCIANXQL ........ NDFftTAGQ9lVNPT95W&TVLDXXStP5ARf.TP....... 
78 lena 251 

yaycvwmsar.......... 

28W.aELTREZTBDVI 

BlocIc3 
.CrytAa 452 ,SWQB4EPIZ?SSQX1QXPL1L4S0?SiaPGP8GG17. 
CXy3A 499 X.TtKBDPFt9tS1DTQLPLVXATi.QSaASVvAOPRFTG9DXX 
Cry4A 520 
Cry4B 462 VAWTMVDPNUQZ 
Cry 10i 492 
Cry19A 494 AP HS8VDP6T1AMXQ’4 ASST.NOSXSZEXOPQPoc9DLV 
78 lefla 499 ,apeIsgVDayN?rvPDxxvQrpAv .T.VNZUCPG5?GOD&Z 

Block4 SlackS 
Cry.Ao 519 SQRYRV22RTAST Cy1.Aa 596 VYDRXPPAE 

Cry3A 566 SQIW*MXHTA5T Cry3A 641 WZDVN 
Cry4A 591 008YYI3IRSN CrYdA 667 Vt.15L.PXT 
Cy4 534 7RSY6RZ*YAaN CrydS 623 
CrylOA 556 3RQYMM=YATV CrylOA 639 IY2KXEPIPIT 
Cry-!9A 559 DIGYRVRXRTKC23 Cry19A 537 Z.XLSufl.rr? 

: 78 ina 550 5XTV=A=YA3W 78 kDa 627 VIZDItXEPXPLO 

. (OHO et al., 1995), of the bip,o strain. Cloning and iden-
.. cification 

o itnopbdes..active protein gene(s) from this 
. strain will be the subject in our future works. Recent 

14j
 

worldwide efforts to screen B. 1buripgiesis effective for 
control of medically important clipreran pests have pro.

i? vided many mc.squitocidal isolates belonging to various 
� I-I serovars (IsBn and Gnu, 1993; R..(M er al., 1996; 
’r5Afron at al., 1996). It would be of interest to know the 

frequency of the present gene among naturally occurring 
mosquito-toxic B. tburingknsis populations. 

Fig. 3. Cori;parisoa of th 
conserved block regions. 
Five hi(;ck regions in the dv-
Jcccd amino acid sequences 
of the 78 kOa protein cn 
coding gene were compared 
with the biuck regions of the 
cstablishui insecticidal .en-
dutoxii;t. Hold kners indi-
cate the tdcr.ncal amino acid 
residues to the deduced 
aituno acid resiucs of 78 
kfla protein encoding gene. 

Acknowkdgcmcnts 
The nucl*iJc sequence of the gene cr.1911 has been de-

posited in die datab.tnks E1%18L CcnPank, and DtThj) under 
the accession number: 1)983111. The authors thank Dr. N. 
Clut:MoaE, the Ancillus thurrngicnsis 8�Endotoxjn Nomencla. 
tore Cuietnirrec, for invaluable advice or. the classificariao and 
numbering of the Cry protein classes. They also thank Di. 1. 
KAWARA8XrA for crirkcl reading of the manuscript. This work 
was supported by the Science and Technology Agency of Japan 
and by the Grant-in-Aid (No. 084563 frouui the Miuuistr of 
Education, Science and Culrare of Japan. 

Material may be protected by copyright law (Title 17, U.S. Code) 



3i 

1114 S.-H.HWANGCtal. 

References 

BIONSOIM, H. C., Dow, Ja A rapid alkaline extraction procc. 
durc for screening r consbinant plasmid DNA. Nod. Acids. 
Res. 7,1513-1523 (1979). 

03 BARJAC, H4 Une nouvelle vartetØ de Bacillus thurmgwnsis 
*sŒ* toxic pour Its moustiques: B. thuriugiersis van lsraeten-
sis sfrotype 14. C. P.. Aced. Sd. Sec. D 286,797-80 (1978). 

DC SARIAC, H., Sinstxi.Ar4o, D. j.: Bacterial Control of 
Mosquitoes and Blackflies. London, Unwin MInoan 1990. 

DRoapnEwr1, P. A.: Onehocerciasis and the oiwha reissis con-
trol programme. Microbial. Ens. 1,24-26(1993). 

FINNEY, D. j.: Probit Analysis. Second Edo. London Cambridge 
University Press 1952. 

Goe.7M.rz, J. X. Ja, CARLTON, B. C. A large transmissible 
plaimid is required for crystal toxin production in Bacillus 
thu,iugknsis variety isradmsis. Plasmid 11,28-38(1984). 

HELIMAN, D. M., HUGHn, S. H.: Use of antibodies to screen 
eDNA cicprcssion libraries prepared in pisantid vectors. 
Methods Eazymol. 152,451-457(1987). 

HIMtNO, M.. lwa, M., SoN, K, KOYAMA, N., Ko’aANO, 7., 
YjucMoTo, H., NsYaiA, I.: Plasmida and Insecticidal ac-
tivity of detta.endotoxin crystals from Bacillus thuringiensls 
van israelensls. Agric. BioiChem. 49,373-580(1985). 

Hono, H., WI4ITEI.EY, H. P..: Insecticidal crystal proteins of 
Bacillus thisringiensis. Microbial. Rev. 53,242-255(1989). 

IQBAI., M.. Vuxeak, R. H. j., FURLONG, M. )., Osu, P. C. RAN. 
MAN. S. A., WRIGIrr, D. J.: Evidence for resistance to Bacillus 
thriogiensLr (Br) subp. L’uneald HD-1, Bi sulmp. aizasuui 
and abamcctin in field populations of Plutella xvlosteila 
from Malaysia. Pesic. Sd. 48,89-97(1996). 

l&.rn, 1., OHM, M.: Diversity of Bacillus thutingiensis environ-
mental isolates showing larvicidal activity specific for 
ntosquitoes.J. Gen. Microbiol. 130,2349-2854(1993). 

LAEMMU, U. K.: Cleavage of srntniroI proteins during the as-
sembly of the head of bactedophage. Nature 227, 680-685 
(1970). 

1jsc, Y., Ds, D. H.: Location of a lepidorcran specificity re. 
i1ion in insecticisial crystal prirein (:ryllA from flecdlus 
thuringie.sis. Melec. Mictnbiol. 33, 569-575 (19941. 

Lo" 0. H., RoseaRoucif, N. J., FxRp, A. L, RANuALI., K. J.: 
Protein measurement with the V,ilizi phenol reagent. J. Ric.I. 
Chem. 193, 26S-27S (19311. 

OHS?, M., S*riOa. H., MivAMarru. K., HItnItHI. K., Mtzt.si, E.: 
Bacillus thuringiensis serovar bigo (flagellar serotype 44), a 
new seroggoup with a larvicidal activity preferential for the 
snophetine mosquito. Lest. AppL Microbiol. 21, 316-318 
(199$). 

RA(.NI, A., THIfmr. I., DPiicuisrf, A.: Characterization of six 
highly mosquitocidal Bacillus thuringiansis strains that do 
not belong to H.14 serotype. Curr. Microbial. 32, 411-54 
(1996). 

Rosso, K.L. DEI.8CLUSE, A.: Contribution of the 0-kilodakon 
protein encoded by the cloned gene cry19A to the mosquito-
cidal activity of Bacillus thurnzgicnsis subsp. jegathcsan. 
Appl. F.nviiun. Microbial. 63,4449-4455(1997). 

SAITOH, K. HLGUCHI, K., Msztau, F.., Oitwi, M.: Larvicidal ac-
tivity of Bacillus thuringiensis natural isolates, indigenous to 
Japan, against two nernatoccran insect pests occurring in 
urban sewage environments. Microbial. Res. 151. 263-271 
1996). 

SAMSROOK,j., Fssnsc, B. P., MANIATIS, T.: Molecular cloning: a 
laboratory manual, second edo. New York, Cold Spring Har-
bor Laboratory 1989. 

SIfN, K., Hosoa, C., KOYAMA, N., Ntswrta. M.. NSzu, A., SAW. 
H., Hnxtso, M.., KoMawo, T4 Cloning and nucleotide se-
quence of the two 130 kOs insecticidal protein genes of 
Bacillus thu,ingiensis van israelsnsis. Agric. Bed. Chem. $2, 
873-1178(1988). 

CADASHNet, 8. L, CUSIIU4C, N. L., Fn-SON, N., JOHNSON, M. W.: 

Field development of resistance to Bacillus thurzugienais in 
diamondback moth (Lepidoptcra: Plusellidac). J. Leon. E416-
mot. 83,1671-1676(1990). 

Corresponding author. 
Iii,tin Miztsi, Section of Applied Microbiology, Biotechnology 
& Pod Research Institute. Fukuoka Industrial Technology 
Centre, Aikaw.......tchi 146.S -S Kurume. I:ukuuk LI’. Japan 
*[;:1.-..R1-942-304644;Fa: +81-942.30.7244; 
e-mail: r4tsi7.uki(Pbfri0Lfitc.prcl.fukunka.jp 

Preaent address: Dr.parunnnr of F.nromology. Univcrsisy of 
California, R.vrs4e, CA 

91521, U.S.A. Intro Thc carbor. ated h microt of thc produt’ 

Straws 
the act;. 

Material may be protected by copyright law (Title 17, U.S. Code) 


