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Summary

! Partially digested Hincll fragments of DNA from a musquitocidal strain of Bacillus thuringiensis serovar
bigo weee cloncd into pBluescripe 1§ SK(+) and propagated in Escherichia coli. Revombinam cells were
screened immunologically for the production of parasparal inclusion antigens, One E. coli clone harbor-
ing a recombinant plasmid exhibited larvicidal accivity to Culex pipiens molestus, bur aot co Arophelus
stephensi. Hybridization experiments revealed that the gene of the toxin protein is located on 2 110 kb
plosmid of B. thuringiensis yeruvur higo, Sequence analysis detected an open ceading frame of 2046 au-
cleotides encading a polypeptide of 682 amine acid cesidues with a predicted molecular weight of
78,467. The gene encoded five block fiﬁio;" commonly conserved in the insecticidal protein genes of B.

(3

thurmgiensis. Amino acid sequence of

8 kDa prarcin shared 49% identity and $6% similaricy with

that of the Cry19A protein from B. thuringisnsis scrovar jegathesan. A new class of B-endotoxin protein,
designaced Cry19B, was established on the hasis of chis pratein.

Key words: Bacillus thuringiensis - Cry198 protein -~ mosquitocidat 8-endotaxin - Culex pipiens molestus

lntroduction

Among che medical and veterinary insect pests, most
important are the diptecans because many of them ace
che vectors for a number of virus diseases, malaria, filari-
asis and onchacerciasis. Bacillus thuringiensis serovar is-
raclensis is a promising hiological control agent for
mosquitoes and blackflies (DE BARJAC and SUTIERLAND,
1990:. In fact, the products from this bacterium have
heen successiully applied to suppress the populations of
dipteran vecears in Tropics. It particular, this agent has
played a key role in the Onchacerciasis Control Pro-
zaamme for eradicacion of blackflies in West Africa
{DROBNIEWSKY, 1993,

To date, no cases have been reported for che develop-
ment of cesistance to B. thuringicnsis scrovar israelensis i
field populations of Diptera. However, recent studies have
often reported the accurrence of field lepidopteran popula-
tions resistant to B. thuringiensis insecticides {TARSHNIK et
zi., 1990; Iquat, er al., 1996). This teads us 1o consider the
possible occurrence of resistant dipterans in the future
upon continuous tield applications of B. thuringiensis
serovar ésraclensis. ln this respect, che scarch for novel
masquitocidal toxins, with different molecular structures
and made of action, would be of zreat value. This may
oravide the tactics to overcome the resistance problems.

In an carlier study (Oba et al., 1995}, we have ob-
rined unique isolates belonging to B. thuringiensis
scrovar bigo that exhibic mosquite larvicidal activity
prefecential for  malcria-transmicting  Anupbeles  ste-
phensi. The objectives of this study were: (1) to isulate
the imosquitacidal protein gene(s) of the bigo steain and
(2) to decermine the nucleotide sequence e compare it
with thosc of the established gene classes.

Matcerials and Methods

Bacterial steains, plasmid, and culture media: The reterence
steains of B. thuringiensis seravar bigo (Orea et al., 1995) and
B. thuringiznsis sceovat israelensis (D€ Banjac, 1975) were used
in this srudy. Escherichin cali XL1-Blue and pBlucscript It SK(+)
weze used as 2 clonirg hast and a veceor, respectively. An E. coli
steain, harboring pBGHS {SEn or al., 1988} as the source of the
cry4A geae, was supplied by Dr. H. Saxat, Kyoto University.
B, thuringiensis was routinely growa in L. hroth containing
0.1% plucose and E. coli on LB medivr,

Abbreviations: O.C., open circular form DNA; lincas, linear
and ckramosomai 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 wmethod desceibed by Istn and
OuBa {1993). bnclusions were ‘p:mially pucified from recombi-
nant E. coli by the pracedures of LIANG and DEAN (1994 and sal-
ubifized with the SDS-urea huffer (1% SOS, 2% f-mercapto~
cthanol, 6 M urea, 100 mM NaH,PO/Na,HPO,, pH 7.2). Pro-
tein concenteation of the purified inclusion was measured by the
method of Loway et al. (1951) with bovine serura albumin as the
standard. Antiserum was raised in rabhit againsc che solubilized
inclusion proteins as previously described (IsHi and OHeaA, 1993),

DNA preparation and cloning of mosquitacidal pratein
geae: DNA was extracted frum E. coli by the afkatine method
(BungoiM and Dory, 1979). Extraction of DNA from .
thuringiensis was dore according to HIMENO ct al. (1985). The
isolated DNA was pucified by CsCI-EtBr density gradient cea-
trifugation and enalyzed by electrophoresis on 0.7% agarose
gels. DNA from B. thuringiensis serovar higo was digested with
Hinell {1 unit pee ug DNA) for 1 h and mixed with Hincll-di-
gested pBluescript U SK(+) at a 1:10 molar catio of vector to in-
scct DNA {final DNA concentration: S0 pg/ml). After purifica-
tion by pheno! extraction and cthanol precipitation, the mixture
was ligated by wsing T4 DNA ligase (‘lakara, Tokys) and used
to transform E. coli XL1-Blue to ampicillin resistant by che
CaCl; method (SAMBROOK et al., 1989). White colonics on X-
Gal plates containing 100 pg ampicilli/mt and 23.8 pg
IPTG/m! were collected and stored at ~80 *C. About 1,000 celis
were plated on the LB medium containing 100 pg ampicillin/m}
and culeured for 24 h ar 37 °C. Colonies were transferred onto
nitrocellulose filter membranes (SCIILEICHER 8¢ SCHELL; BA 85)
and screened immunologically for che production of the inclu-
sion proteins by using the andserum desceibed above. The
screening was done by the method of HELFMAN and HuGHEs
{1987) and SaMBROOK et al. (198%) with sume modifications.
Finally, bound antiboddy was detected by using peroxidase-con-
;ugated goat anti-rabbic IgG {Dako, Denmack) and was visual-
ized by using $-chluro-1-naphthol {Wako, Tokve) as the color
substrate.

SDS-PAGE and immunoblotting: Solubilized snclusion pro-
teins ware separared in 10% separacing and 4% stacking gel
iLaemwit, 1970). Ateer reansfer to nitracellulose filter mem-
branes, proteins weee acabed with appropriutely difuted andi-
secum, folluwed by goae anti-rabbit 1yG-conjugated peroxidise
{Dako, Denmark). Viswalizatiom wasz performed as described
above,

Southern blot hybridizacion: DNA was scparated by elec-
teophoresis in harizonial 0.7%. agarose gel and eransferred o
Hybond N+ aylon merabrane (Amersham, England} by using
(125 M NaOH ay a teansfer ceagent. Hindl{l-digeited 1.5 kb
feagrment of pHSMO2 (Fig. 1) and 1.9 kb EcoRI fragment of
pBGH4 (SN ¢t al., 1988) were used as prabies in hybridization
experiments. Prabes were labeled with peroxidase by using the

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

DNA sequencing: The nucleatide sequence was determined
on an ABI sequencec Model 373$ using a Dye Terminator Cycle
Sequencing FS Ready Reaction Kit (Applicd Biosyscems). The
sequences obtained wete analyzed by the DNASIS Program
from Hirachi Software Engineering Co., Ltd., Japan.

Toxicity tes: B. thuringiensis seravar higa, B. thuringiensis
serovar israelensis, and che recombinant E. coli harboring
pHSMO2 were examined for quantitative mosquitocidal activi-
€y agaiast swo dipteran species. ‘Twofold serial diludons of puri-
fied inclusions werc prepared ia distilled waree. Twenty larvae
(4-day-old) of Culex pipiens malestus or Anopheles stephensi
were introduced into wells containing 5 m! of each dilution.
Mortality was scored after incubation at 25 *°C for 24 . The
LCy; values were determined by probit analysis (Finnsy, 1952;.

Results and Discussion

Two serologically positive E. coli colonies produced
inclusions when abserved with phase-contrast micra-
scope and showed larvicidal activity against C. pipiens
molestus. Unexpectedly, however, they were substantially
not active on the larvae of A, stephensi. In the cestriction
analysis, these colonies praved to have the same recombi-
nant plasmid (data not shown), pHSMO1, which con-
tained partially digested 5.3 kb Hincfl insert in the same
oricntation. A newly constructed plasmid, pHSMO2,
containing the 3.6 kb Hincll insert (Fig. 1) from
pHSMOI also produced similar inclusions thae exhibit
the lethal toxicity to larvae of C. pipicns molestus. In
mosquito iarval LC;, values (Table 1}, partially purificd
inclusions of the recombinant F. coli harboring
pHSMO2 showed slighely stronger activiry than the puri-
ficd inclusions of B. thuringicnsis serovac bhigo against
larvae of C. pipiens molestus.

The cesult of SDS-PAGE cevealed that the recombi-
aant E. coli harboring pHISMO2 produced significant
amount of 78 kDa protein {(Jata not shown). In im-
munoblot analysis, this protcin reacted with the anti-
scrum  against the total inclusion proteins of B.
thuringiensis serovar higo.

As shown in Fig. 2¢ (lane 1), B. thuringiensis serovar
higo had at least five plasmid DNAs canging from 13 to

Table 1. Mousquitucidal activity of inclusions from: a recombinan Escherichia cali hacboring pHSMO2 and two Bacillus thringien:

£ig strains.

Souzce fur inclusions LCn (ug/ml) against
Anopheles stephonsi Culex pipiens molests
E. colital1SMO2 »400 5.9315.47-6.65)
B. thuringiensis secovas ugu 0.17 (0.15-0.19) 7.52 {7.18-8.62)
B. thuringlensis serovae israelensis 0.019 (0.019-0.022) 0.026 (0.024-0.028)

*) Morezlity was scored after 24 h éor 4-d-old larvae. The confidence limits are 95% level is given in parentheses.
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Fig. 2. Agarosc gel electraphoresis and Southern blotting analysis. DNAs of Bacillus thuringiensis serovac higo and B. thuringiensis
serovar israelensis were separated on 0.7% ugarase gel (). ‘To determine the size of the plasmids the B. thuringiensis serovar israc-
lensis piasmids (GON24Liz and CARITON, 1984) werc used as the standard. After transferving to a nylon niembrane, each DNA was
probed with (aj 2 1.5 kb HindfM fragment of pHSMO2 and (bj a 1.9 kb EcoRI fragment of cry¥A gene (SeN et al., 1988). Lanes: 1,
total DNA of B. thuringiensis seravar higo; 2, total DNA of B. thuringiensis serovar israslensis. The position of the large sized plas-
mid that containx the maosquirocidal pratein gene was neasly the same in the DNA of the cwo 8. thuringiensis strains. Plasinid DNA
sizes of B. thuringiensis sevovar israelensis are marked on the righe margin.

110 kb. When (.5 kb Hindlll fragmen: (Fig. 33 of
PHSMO2 was used as a probe DNA, it hybridized to
110 kb plasmid DNA and lincar DNA region of the bigo
strain, bur not to the DNA of B. thuringicnsis serovar is-
raclensis (Fig. 2a), When 1.9 kb EcoRl fragment of
ery4A gene (Sen et al., 1988) was used as a prohe DNA,
it hybridized to the 114 kb plasmid DNA and finear
DNA rcgion of B. churingiensis serovar israelensis, but
hybridized only very weakly to the DNA of 8.
thuringiensis scrovar higo {Fig. 2b;.

The aucleotide scquence of the 3.6 kb fragment of
pHSMO2 was derermined on boch strands {Fig. 1),
There was one cpen reading frame encoding 2 polypep-
tide of 682 amino acid residucs with a predicted molecu-
lar weight of 78,467. A purative ribosome binding site
{GGAGG) was found 7 hases upstreain from the initia-
tion codon. In the dowastream from the stop codon,
there was an inverced repeas sequence chat may probably
ace as a transcriptional terminator (positon 2772
2803). As shown in Fig. 4, the deduced amino acid se-
quence contained five blocks conserved commonly in all
types of the existing insecticidal 8-endotoxin proteins
(HOrte and WreLEY, 1989; ROsso and DELECLUSE,
1997). We cumpared the nucleatide and deduced amino
acid sequence of the 78 kDa protein encading gene with
835552 nucleotide sequences deposited in DDBJ and
136374 amino acid sequences in PIR-Prot Databank, re-

o, 4

spectively. Among them, only the scquence of cry44 gene
(S:N et al., 1988) of B. thuringiensis scrovar israclensis
proved to be related to some extent 0 the sequence of
the 78 kD2 protein encading pene. However, the homot-
ogy between the two genes was 28% and only present in
150 N-terminal bases. This is in accardance with che ce-
sults of Soutkern hybridization. The Hind(ll-digested 1.5
kb fragmen: of pHSMOL. lacking the N-terminat region,
showed no homology to the DNA of B. thuringiensis
serovar israclensis chat contains cry4A gene (Fig. 2A).
EcoRi-digested 1.9 kb fragment of cry4A pene {SEN et
al., 1988), having the N-terminal region, showed weak
signals to the DNA of B. thuringiensis serovar higo (Fig.
2B). We also compared the relatedness between the 78
kDa higo protein and the escablished Cry proreins in an
updated classification scheme. Ie appeared from the re-
salr thac the bigs protein is must rclated to the 74.7 kDa
protein of B. thuringiensis scrovar jegathesan (ROSs0 and
DELECLUSE, 1997), now called Cry19A. The homolagy in
amino acid scquence was 49% in identity and 56% in
similarity between the twao proteins. Thus, the 78 kDa
protein of bigo can be allocazed to a new class of the Cry
protein, designated Cry19B by the Bacillus thuringiensis
8-Endotoxin Nomenclature Commireee.

It is clear from ouc findings that the 78 kDa protein
obtained in this study is not cesponsible for the uniq
larvicidal activity, prefercntial for Anapheles mosyuitoes
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B. thuringiensis Cxy19B prowin 133

Blockl
CrylAa 153 YOVPLLSVYVRAANLHLSVLRADVSVFGORW
Cry3A 197 YEVLFLTTYAQAAMTELPLLEDAQIYOERW
CrydA 202  YNILVLSIYAQAANUHLTVLMOAVKFRAYL
Cryds 170 YRLLLLPIVAQVANPNLLLIRDGLINAGEW
CzylCA 193 YRIPTLPAYAQIATWHINRDLKHAATYYNIW
Ceyl9A 198  YELLLLPVYAQIANLHLLLLRDAQXYGDKW
76 XDa 184 YETVLLPSYASMNLELLILLRDVAIYGKEL
Block2
Ceylaa 226  YIDYAVRWYNTGL. . ... .ERVWGPDSRDWVRYNOFRRBLTLTVLOIVALFSNYDSRRYP. . ... ..IRTVSQLTREIYTNRV
Ceyda 270 YTDHCVKRTHVGL. . . . . .DKLRAGSSYESHVNINRTRREMILTVIOLIALFPLYDVRLYE. . . . . . . KEVRVELTROVLTDRY
Cryda 289  YTNTCVITYRKGLNLIRTTPDSNLOGNTNWNTYNTYRTRMTTAVLOVVALYPRYDVGKY®. . . . . .. RGVQSELTREIVQULN
Cry4B 243 YIARSITWYNRGK...... DVLRIHKSNGOWI TFADYKREMTIQVLDILALFASYDPRRYPADRT DNTKLSRTEF TAEIYTALY
CrylOA 275  YTDYCIQTYNAGL......TMIRTNTNATWMINTYALEXTLTVLOLIAIPPNYDPEKYP. .. . . . . IGVKSELLREVYTNVN
Ceyl9A 246 YTEYCINWXNKGL. . . . . .. . NDFRTAGQWVNFNRYRRENTLTVLDLI SMPPIYDARLYP. . .. . . TEVRTBLIREIYADVE
78 kDa 251  YSKYCVNTYRSGL.........RSKKQICNSDFNRYRREMZTLOVLDIVALFPLYDIGLYPFREDCK . XRVXAELTREIYEDVY
Black3
Crylha 452 PSWQURBAEFNHNIIPSSOITQIPLIKSTNLGSGTSVVRGPGFIGADIL
Cry3A 499  LIWIHRSVDFFIMIDSKKITQLPLVEAYKLQSGASVVAGPRFTGGDIX
CxydA 520 PAVTRSSVDPRMTIYTHLTTQIPAVRANSLGTASKVVQGPGRTGANL L
CryésB 462  FAATRKIVDPNMQIYTDALTQVPAVESNPLNATAKVIRGPGETGGDLY
Ceyl0A 492  PSAPHTSVDPQNTIDLDNITQIHALRALKVSSDSKIVKGPGRTGGDLY
CryidA 494 PAPTHSSVDPIMTIAANKITQIRVVERASS INGST STERGPGPTGODLY
78 kBa 488 PAPTHISVDRYNTIVPDRIVQIPAVK . THL . VGANI ZKCPCHTAGDLL
Fig. 3. Comparisoa of the
conserved  block  regions,
Five bleck regions i che de-
deced antino acid sequences
Block4 BlockSs of the 78 kDa protsin <
Cryida 519  SQRYRVRIRYAST Crylaa 596 VYSORIEFVPAE cading geae were .c-‘-mn;"ea
CrylA  S66  SQKYRARIHYAST SEYIA 641  VYIDKIRPIPVN ;“sg‘b{g;g“:t ::3::?::08::
Cxy4d 583 QCOYFIRIRVASN Crydh 667 VLIBRIEPLPIT dotoxinis. Bold lenees indi-
Czy4a 514 TRSYGLRIRVAAN CrydB 623 VIIORIBIXPIT cate che idensical ansing acd
CryiOA 556 SRQYQURIRYATV CrylOA 633  IYIDRIEPIPIT esidues to the  deduced
Ceyi9h 539 DKKYRVRIRYKCN Cryl%a 6§37 LILDKIEPLPTYN amino acid residues of 7§
786 kDa 550 SNTFRIRIRYASN 78 x9a 627 VIIORIEPIPLO kDa protein encading yene.
(Orwa et al., 1995), of the bigo strain. Cloning and iden-  Acknowledgements

dfication of Anopheles-active protein geae(s) from cthis
steain will be the subject in our future warks. Recent
worldwide effores to screen B. thuringiesis effective for
control of medically important dipteran pesis have pro-
vided many masquitocidal isolates belonging to various
H seravars (IsHR and (OHsa, 1993; Raunt e al,, 1996;
Satvort et al., 1996). It would be of interest to kaow the
trequency of the preseat gene among naturally occurring
raosquitu-taxic B, thuringiensis populations.

The nucleatide szquence of the gene crpl98 has heen do-
pasited in dw databanks (EMBL, GenSank, and DDBY) under
the accession number: DS§381. The authors chank Dr. N,
CricaMORE, the Bacillus thuringiensis 8-Endotoxin Nomencla.
wre Committee, for invaluable advice on the classification and
numbering of the Cry protein classes. They also thank Dr. T,
Kawaraeara for criticzl reading of the manuscripe. This work
was supparicd by the Science and Technology Agency of Japan
and by the Grant-in-Aid (No. 0845632} feom the Ministry of
Educartion, Science and Cultuce of fapan.
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