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Bacillus thuringiensigBt) subsp.medellin (Btmed) produces parasporal crystalline inclusions
which are toxic to mosquito larvae. It has been shown that the inclusions of this bacterium contain
mainly proteins of 94, 68 and 28-30 kDEcdRl partially digested total DNA of Btmed was cloned
by using the Lambda Zap Il cloning kit. Recombinant plaques were screened with a mouse policlonal
antibody raised against the 94 kDa crystal protein of Btmed. One of the positive plaques was se-
lected, and byn vivo excision, a recombinant pBluescript SK(-) was obtained. The gene encoding
the 94 kDa toxin of Btmed DNA was cloned in a 4.4 kb DNA fragment. Btmed DNA was then subcloned
as aEcadrI/Ecarl fragment into the shuttle vector pBU4 producing the recombinant plasmid pBTM3
and used to transform by electroporation Bt sulisfaelensigBti) crystal negative strain 4Q2-81.
Toxicity to mosquito larvae was estimated by using first instar laboratory reaeeigs aegypti
and Culex quinquefasciatularvae challenged with whole crystals. Toxicity results indicate that the
purified inclusions from the recombinant Bti strain were toxic to all mosquito species tested, al-
though the toxicity was not as high as the one produced by the crystal of the Btmed wild type strain.
Poliacrylamide gel electrophoresis indicate that the inclusions produced by the recombinant strain
Bti (pbBTM3) were mainly composed of the 94 kDa protein of Btmed, as it was determined by Western
blot.
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During last years mosquito control programs Bti parasporal crystalline inclusions contain
worldwide have been evaluating the feasibility tdour major polypeptides with molecular masses
implement microbiological control strategies byof 135, 125, 68 and 28 kDa, which are referred as
using Bacillus thuringiensis(Bt) subsp. CrylVB, CrylVA, CrylVD, and CytA, respectively,
israelensis(Bti) or B. sphaericugBs). Bt is an according to the classification designed by Hofte
entomopathogenic Gram-positive bacterium thaind Whiteley (1989), and belonging to groups
produces parasporal crystalline inclusions whicry4A, Cry4B, CryllA, and CyT1A of the new
are toxic to susceptible insect larvae when inproposed classification (D Dean, personal com-
gested, and one of the leading candidates to mewunication). Sodium dodecy! sulfate-polyacryla-
place the wide spectrum environmentally unsafmide gel electrophoresis (SDS-PAGE) analysis of
chemical insecticides (Porter et al. 1993). Théhe parasporal crystalline inclusions purified from
most toxic strains of Bt for mosquito control areBtmed strain CIB 163-131 show polypeptides at
those reported by Goldberg and Margalit (1977)pproximately 94 kDa, multiple bands at 80, 75,
Padua et al. (1984), Orduz et al. (1992, 1994Y,0, 67, 65 kDa, and two doublets at 40-41 and 28-
Seleena et al. (1995), and Ragni et al. (1996). 30 kDa, and the matrix of the parasporal crystal-
line inclusions of Btmed determined by electron
microscopy is somehow similar to that observed
in Bti (Orduz et al. 1994).

This research received financial support from Colciencias, The genes encoding the four crystal polypep-
the World Health Organization, the Institut Pasteur, anfldes of Bti have been cloned and the analysis of
S:orporacién para Investigaciones Biol6gicas (CIB).  the cloned gene products has brought light over
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258 94 kDa Mosquitocidal Toxin Gene of B. t. medellin * N Restrepo et al.

1995, Wu et al. 1994). Recently, the gene encodained from the Lambda Zap Il vector byvivo
ing the 80 kDa toxic protein from Bt subsp.excision and was used for the transductiotk of
jegathesar(Btj) has been cloned, and sequencedoli SOLR. Plasmid DNA was isolated from re-
The gene product was found to posses a 58% hoembinantE. coli SOLR and the partial restric-
mology with the Cryl11A and therefore namedion map of the Btmed DNA fragment was deter-
Cry11B, and the toxicity of the recombinant prodimined by using restriction enzymes purchased
uct was higher foAedes aegyplarvae than the from New England Biolabs (Beverly, MA, USA).
wild type strain (Delécluse et al. 1995). The rolé’heEcadRI/Ecarl Btmed DNA fragment from this
in toxicity of the 94 kDa protein of Btmed is notclone was subcloned into the shuttle vector pBU4
clear, although Orduz et al. (1996), after purifica(Bourgouin et al. 1990) to yield the recombinant
tion of the Btmed toxins by size exclusion chroplasmid pBTM3 that was used to transform by
matography have suggested that the 94 kDa prelectroporation the crystal negative strain 4Q2-
tein is probably the most important component o081 as described by Bone and Ellar (1989). This
the parasporal crystalline inclusions in the toxiceloning vector contain a tetracycline resistance
ity to Culex quinquefasciatukarvae. gene, and the concentration used for selection of
In this article we report first, the cloning of arecombinant bacteria was g@/ml.
DNA fragment encoding the 94 kDa crystal pro- Purification and solubilization of crystals
tein of Btmed in a crystal-negative strain of BtiCultures of Btmed CIB 163-131, Bti, and the re-
and its expression, and second, the toxicity of piwombinant Bti strain 4Q2-81 (pBTM3) were
rified inclusions produced by the recombinant Btgrown in tests tubes containing 5 ml of M-one lig-
strain compared to the toxicity produced by puriuid medium (per liter, Proflo 1 g, peptone 5 g,
fied crystals of the wild type strains CIB 163-131glucose 3 g, K5PO, 6 g, chloride salt solution
of Btmed and 1884 of Bti against first instar lar-10 ml containing 0.02 g of each one of the fol-
vae ofA. aegypti and C. quinquefasciatus lowing MgCl,.6H,0, MnCl,.4H,0, FeCL.6H,0,,
ZnCl,, and CaCJ.2H,0, phosphate buffer 200 ml,
M_ATERI'.ALS AND METHODS and FZ)H adjust?d t027.2) supplemented with tetra-
Bacterialstrains- Bti 4Q2-81, a crystal nega- cycline (30pug/ml) for 4Q2-81 (pBTM3). Cul-
tive strain cured of all resident plasmid was usefires were incubated for 8 hr at 30°C and 200 rpm.
as recipient for the transformation experimentgacterial cultures were transferred to flasks con-
and was kindly provided by D Dean (The Ohio Statgsining 50 ml of M-one medium and grown during
University, USA). Bti strain 1884 isolated from 12 hr. Finally, cultures were transferred to flasks
Israel is kept at the International Entomopathacontaining 1 liter of M-one liquid medium and in-
genic Bacillus Centre of the Institut Pasteur Culcybated for 48 hr at 30°C and 200 rpm until sporu-
ture Collection. Btmed strain CIB 163-131 wagation. Once culture purity was confirmed by mi-
isolated from Colombia (Orduz et al. 1992). Thesgroscope observation, spore, crystal, and lysed
spore former bacteria are maintained at thgells were collected by centrifugation at 9,000
Corporacion para Investigaciones Bioldgicas Bagpm, at 4°C for 15 min, resuspended in 1/20th of
teria Culture Collection as spores in sterile filtethe original volume in 1 M NaCl and shaken for
paper packed into sterile sealed vi@lscherichia 30 min, 37°C, and 150 rpm to neutralize protease
coli strains XL1-Blue MRF’, and SOLR used for activity. Then washed twice with sterile destilled
the genetic manipulations were obtained fronyater, and the resulting pellets were resuspended
Stratagene (La Jolla, CA, USA). in 1/20th of the original volume in destilled wa-
Gene cloning- A genomiclibrary of Btmed ter, agitated with glass beads and dispersed by soni-
strain CIB 163-131 was generated using theation three times for 15 sec with a Branson
Lambda Zap IIEcoRI/CIAP cloning kit gonifier.
(Stratagene, La Jolla, CA, USA). Total DNA from  parasporal crystalline inclusions from Btmed,
Btmed was isolated, partially digested viitoRI,  Bti, and the recombinant Bti strain 4Q2-81
and ligated to the vector as recommended by thigBTM3) were purified by the method described
manufacturer. Recombinant Lambda Zap DNA wagy Pendleton and Morrison (1966). This method
packedin vitro and used to infect &. coliXL1-  yse CC}, 1% of NaSO,, and sterile destilled wa-
BLUE host. Library was plated and plaques werger and separate the crystals in a separation fun-
transferred to nitrocellulose membranes to bgel. Purified crystals were washed three times with
probed with a mouse antiserum raised against tkgerile destilled water and concentrated by cen-
94 kDa crystal protein of Btmed (Orduz et altrifugation for 10 min, at 4°C at 10,000 rpm. Fi-
1996). After purification of the positive plagues,nally, the crystals were resuspended in 5 ml of

one of them was selected for further charactekterile water, aliquoted, lyophilized and stored at
ization. Recombinant pBluescript SK(-) were ob4oC until used.
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Fifteen milligrams of crystals from each strainthe 94 kDa protein of Btmed strain CIB 163-131
were resuspended inullof sterile destilled wa- as it was recognized by the corresponding mouse
ter. Five hundredl of this suspension were mixed antiserum. From one of the positive and selected
with 2 ml of a buffer, pH 11.3 and gently shakemplaques (3A6-1A), the recombinant plasmid
during 24 hr at 30°C and 250 rpm, as described tpBluescript was obtained liry vivoexcision. This
Koller et al. (1992). The solubilized proteins wereplasmid contains akcdRl insert of 4.4 kb con-
dialyzed against phosphate-buffer saline (PBS), ptaining the 94 kDa protein gene. Partial restric-
7.2 (containing per liter: N&IPO, 1.44 g, NaCl 8 tion map of the 4.4 kb DNA fragment from Btmed
g, KCI 0.2 gr, KHPQ, 0.24 g). After solubiliza- is shown in Fig. 1. This fragment was then
tion, crystal protein concentration was measuresubcloned into the shuttle vector pBU4, which is
by the BioRad technique (Hercules, CA, USAkble to replicate in Bt, and later introduced by
using the microassay protocol. A standard curvelectroporation into the crystal negative strain
was constructed using bovine gamma globulin. 4Q2-81, yielding strain 4Q2-81 (pBTM3).

Electrophoresis and Western bloffo deter-
mine the expression of the 94 kDa protein of
Btmed in the recombinant Bti strain 4Q2-81
(pBTM3), proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophore s
sis (SDS-PAGE 10%, acrylamide-biN’ T L L |
acrylamide). After separation, proteins were  EC X K 4 C KH E
electro-transferred to nitrocellulose membranes 1kb
and incubated for immunological detection with
the mouse anti 94 kDa Btmed crystal protein arfig. 1: partial restriction map of the recombinant plasmid pBTM3
tiserum (Orduz et al. 1996), followed by in(:uba-c‘f"g;"’“r.‘lilng tt?]e DNA ""’!gmgm enc(?dlil.”glflh‘i ?\45'%"" ‘°Xi”tge”e
tion with protein A conjugated t0 alkaline phos *LB2CI tngensisubsp medelin atched oar vector
phatase. After this incubation, a substrate/colQjingiii; k, Kpni; X, Xbal. Arrow indicate direction of transcrip-
system composed of naphtol phosphate/fast reidn.
was added (Sigma Chemical Co.).

Mosquitoes and toxic assay#. aegyptiand . .
C. quinquefasciatugarvae used in these experi-  EXPression of the 94 kDa protein of Btmed
ments were collected in the vicinity of Medellin.in the crystal negative strain 4Q2-81Micro-

The mosquito species are maintained under lab§SOPIC observations of a 48 hr culture of the re-
ratory conditions at 30+2°C under a 12:12 (lightcomPinant cells containing the DNA fragment
dark) photoperiod. Bioassays were conducted u§ncoding the 94 kDa crystal protein of Btmed re-
ing lyophilized parasporal inclusion preparationé’ee.‘led. the presence of '?‘fge parasporal inclusions,
of each Bt strain. Fifteen milligrams of Iyo-WhICh in general, were bigger than those produced
philized parasporal inclusions were suspended Ry the wild type strains CIB 163-131 of Btmed

1 ml of sterile destilled water and serially dilutec?d 1884 of Bii. Purified and lyophilized inclu-
sions of the Bt strains were subjected to SDS-

in 0.9 ml of sterile destilled water. Different quan- ) - >
! I recw ! qu PAGE and the gel was stained with Coomassie

tities of these dilutions were tested agaiAst ' X . .
aegyptiandC. quinquefasciatuarvae. Five, first brillant blue (Fig. 2A). Native strain CIB 163-131
f Btmed produced four major crystal polypep-

instar larvae were placed in each one of a 24 wel :

plate with 1 ml of deionized water, and parasporaldeS Of 94, 68 and 28-30 kDa (Fig. 2A, lane 1).

inclusion suspensions were given; finally, 5 mg-""iched preparations of parasporal crystalline
nclusions of recombinant strain 4Q2-81

of trout feed were added. Three replicates, co BTM3 ined ; | ide of 94
sisting of three wells per dilution were included\P ) contained a major polypeptide of 9
and assayed in three different days. Twenty-fodfP2 Which has the same electrophoretic mobility
hours later, larval mortality was scored. Half le-2S the largest polypeptide in the crystal of the wild
thal concentration (Lg) was calculated by Probit tYPe strain CIB 163-131 (Fig. 2A, lane 2). In West-
ern blot the recombinant protein synthesized by

anal_y5|s with the help of a computer program fost_he Bti strain 402-81 (pBTM3) co-migrated with
Macintosh designed by E Franhon (Institut Pa . )
; the 94 kDa crystal protein of Btmed in SDS-PAGE
teur, Paris). o X ;
and it is the only polypeptide recognized by the

RESULTS mouse anti-94 kDa antibody (Fig. 2B, lane 2), and

Characterization and analysis of clone 3A6.N0 protein was recognized by the mouse antise-
1A- Screening of the Btmed genomic library perfum in the parasporal crystalline inclusions of Bti
mitted to obtain recombinant plaques expressingid- 2B, lane 3).




260 94 kDa Mosquitocidal Toxin Gene of B. t. medellin * N Restrepo et al.

quinquefasciatukarvae The inclusions produced
by the recombinant Bti strain 4Q2-81 (pBTM3)
that expresses the 94 kDa polypeptide of Btmed,
and the wild type strains CIB 163-131 of Btmed
and 1884 of Bti were toxic to the mosquito spe-
cies tested (TableAlthough a differential sus-
ceptibility by mosquito species to the same 94
kDa toxic protein of Btmed was observed in all
mosquito species, the recombinant inclusions
were not as active as the crystals produced by the
wild type strains of Btmed and Bti, and had ansy.C
of 43 ng/ml, which is approximately 4-times lower
than the toxicity produced by the wild type strain
Fig. 2: protein analysis of inclusions from wild-tyBecillus of Btmed inC._ qum.quefaSCiatumrvae’ and. 69.6
thuringiensissubspmedellin(Btmed) B. thuringiensissubsp. ng/ml, W_h|_Ch 1S 9—t|m§s lower f‘_ﬁ\- aggypular-
israelensigBti) and recombinant strain 4Q2-81 (pBTM3). (A) vae. Toxicity of the wild type Bti strain 1884 was
10 pg of purified inclusions were subjected to electrophoresid 7-times higher than the recombinant strain Bti

on a 10% SDS-polyacrylamide gel. Lane 1, Wild-type Btme _ ; ; -
strain CIB 163-131; lane 2, Bti recombinant strain 4Q2-81d4Qz 81 (pBTMB) INA. aegyptllarvae, and ap

(pBTM3); lane 3, Bti strain 1884. (B) Purified inclusions wereproxlmately 9-times hlgher . quinque-
subjected to electrophoresis as above and transferred to a fasciatuslarvae.

trocellulose membrane. The membrane was probed with anti-

body raised against the Btmed 94 toxic protein. For DISCUSSION

i)’\nmunodedteftion,lamlci‘ne-pthphgtase_ Cg%l%g;eg;f IPTOtEi” To elucidate the role of the 94 kDa crystal
was used. Lane 1, Wild-type Btmed strain - ,lane H H P
Bti recombinant strain 4Qt2y-%1 (pBTMB); lane 3, Bi strain 18842.po.Iypeptlde of B.tmed In t.OXICIty towards mos-
quito larvae, cloning experiments were conducted
as well as bioassays with the purified inclusions
produced by a recombinant Bti strain harboring
the DNA fragment encoding this Btmed protein.
Toxicity of the 94 kDa crystal protetiDNA  Recombinant Bti strain 4Q2-81 (pBTM3) ex-
fragment encoding the 94 kDa crystal protein opressed the 94 kDa toxic gene of Btmed at high
Btmed cloned and expressedEncoliSOLR, pro- levels, and the host cells were able to pack the
duced significant mortality when whole cells wereprotein as parasporal inclusions visible under light
given to third instaiC. quinquefasciatutarvae, microscopy. The size of the parasporal inclusion
with and without 24 hr induction with produced by the recombinant strain Bti 4Q2-81
isopropylthio-3-D-galactoside (data not shown)(pBTM3) were bigger than those produced by the
Purified and lyophilized inclusions from Btmedwild type strains of Btmed and Bti, contrasting the
strain CIB 163-131, Bti strain 1884, Bti strainresults of Delécluse et al. (1993) who observed
4Q2-81 (pBTM3) and final whole culture of Bti that the Bti 4Q2-81 recombinant strain harboring
strain 4Q2-81 were assayed for mosquitocidahecry4B gene produced smaller inclusions, while
activity with first instarA. aegypti,and C. the Bti 4Q2-81 recombinant strain harboring the

TABLE

Toxic activity of purified crystals frorBacillus thuringiensistrains in different first instar larvae of
two mosquito species

Mosquitocidal activity LG, (ng/ml)2

Strain Crystal type Aedes aegypti Culex quinquefasciatus
Btmed Wild type 7.5 (6.3-8.9) 10.9(8.8-13.5)

4Q2-81 (pBTM3) 94 kDa proteth 69.6 (54.6-88.7) 43.0(33.4-54.9)

Bti wild type 4.1(3.5-4.7) 4.9 (4.1-6.0)

4Q2-81 Negative NT NT

a: values represent the average of three assays (see Materials and Methods). Numbers in parentheses are 95%
confidence limits, determined by Probit analysis.

Btmed,Bacillus thuringiensisubspmedellin 4Q2-81, crystal negative strain of Bti harbouring the DNA fragment
encoding the 94 kDa toxin gene; Bacillus thuringiensisubspisraelensis4Q2-81, crystal negative strain of Bti;

NT, not toxic.
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cry4A gene did not produce parasporal inclusionBti and the Cry11B crystal protein Btj has been
when cloned in a low copy number plasmid, buteported as 58% (Delécluse et al. 1995). The se-
they were seen when cloned in a higher copy nunguence similarities between Cry11A and Cry 11B,
ber plasmid, in either case, sporulated cultureend the toxicity similarities between the Cry11A
were toxic to mosquito larvae. The size and antand the 94 kDa crystal protein from Btmed could
genic properties of the protein encoded by thigdicate that these three proteins are in some de-
DNA fragment is apparently not common to othegree related.

Bt mosquito active strains isolated to date. When Further experiments with other Btmedy
tested in bioassays, recombinant strain 4Q2-8fenes encoding the 68 and 30 kDa polypeptides
(pBTM3) was toxic to first instaA. aegyptiand are needed to elucidate the synergism between the
C. quinquefasciatutarvae, confirming the iden- crystal components and the mode of action of
tity of the clone as an insecticidal crystal proteirBtmed toxic proteins. Sequencing in progress of
of Btmed. Preliminary results of the activity ofthe 4.4 kb DNA fragment encoding the 94 kDa
individual proteins purified by size exclusion chro-toxin protein of Btmed will confirm the evolu-
matography suggest that the 94 kDa protein is petionary relationship with the other Bt crystal pro-
haps the most important component of the Btmeigins.

toxins vyith the Iqwest L& pf 82.6 ng of protein/ REFERENCES

ml againstC. quinquefasciatutarvae (Orduz et .

al. 1996), contrary to the observation of Chilcotf\ngsuthanasombat C, Crickmore N, Ellar DJ 1992. Com-
and Ellar (1988) on Bti, where they found that in  Parison ofBacillus thuringiensisubspisraelensis
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- : one EJ, Ellar DJ 1989. Transformation Bdicillus
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