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A clone pSL 2-1, which is a recombinant plasmid believed to contain the mosquitocidal crystal-
line protein gene of the Bacillus sphaericus 1593, was expressed in Escherichia coli JM83 and the
product of the clone was purified and identified. The unsolubilized mosquitocidal crystal proteins
from the B. sphaericus had formed 43, 58, 64, 100, 113, and 130 Kd bands in the SDS-polya-
crylamide gel, but the NaOH-solublized proteins at pH 12 formed 2 protein bands of 43- and 64 Kd
in the gel because the larger protein (precursor) bands were cleaved. The products of the pSL 2-1
clone was purified by Sephadex G-200 and only the fractions having lethal activity to the 3rd in-
star larvae of mosquito Culex pipiens were analyzed by the gel. The only single protein band of 42
Kd toxic to the larvae was formed. The major toxic protein being produced from the B. sphaericus
1593 and the pSL 2-1 clone was found to be the 42 Kd.

The Bacillus sphaericus 1893 produces a crystal-
line protein that is highly toxic to mosquito larvae
upon ingestion (1-5). Lee et al. (5) previously clon-
ed the moquitocidal protein (MCP) gene in the
chromosome of B.- sphaericus 1593 by a shortgun
digestion method. They cloned the MCP gene on
the EcoRI DNA fragment(2 Kb) in the EcoRlI site
of pUCS8 vector, and named the clone pSL2-i,
which was transformed and expressed in E. coli
JMS83. The E. coli lysate was lethal to the 3rd instar
larvae of Culex pipiens (5).

This time we wanted to find out the molecular
weight and lethality of the mosquitocidal protein
produced from the pSL2-1 clone, so we purified the
mosquitocidal protein by gel filtration and mea-
sured the molecular weight of the toxic protein by
SDS-polyacrylamide gel electrophoresis.

Materials and Methods

Organisms

The Bacillus sphaericus 1593 and Escherichia
coli JM 83 containing pS1.2-1 recombinant plasmid
were used (5). Culex pipiens larvae were a gift from
Mr. Shim, J.C. of the Korea National Institute of
Health.

Preparation of lysates of E. coli clone and B. sphae-
ricus

The E. coli clone and B. sphaericus were cul-
tured in brain heart infusion broth at 30°C for 48
hours with shaking at 180 rpm, pelleted at 4,000 x
g for 20 minutes, washed twice with 0.7% saline
solution, resuspended in 1 M NaCl solution (to be 1
gram of cells per m/). Triton-X-100 was added to
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make a 0.01%. concentration, and then the mixture
was sonicated 50 times at intervals of 30 seconds. §
m/ of the lysate was loaded on a 48%(v/w) NaBr
gradient (6), centrifuged at 17,000 X g for 3 hours,
and then MCP bands or endotoxin crystals were
collected. The MCPs or the crystals were washed
three times with 0.7% saline solution, and resus-
pended in distilled water to be 10 mg per m/.

Solubilization of MCPs and crystals

The resuspended MCPs or the crystal solutions
were adjusted to be pH 12 with 1 N NaOH for solu-
bilization and then incubated at 37°C for § hours
with slight shaking. The NaOH-solubilized proteins
were adjusted to be pH 8 with 1 M Tris-HCI buffer
(pH 7.5) and then centrifuged at 40,000 X g and
4°C for 30 minutes. The pellets were discarded, and
then the supernatants were collected. The proteins
were adjusted to be 500 ug per m/ with the buffer
and stored at -20°C.

Gel filtration of the solubilized MCPs

The MCPs collections were solubilized with a 1
M NaOH solution (pH 12) and then filtrated. The
solubilized MCP solution was fractionated through
a Sephadex G-200 column (2.5 X 100 cm) running
20 mM phosphate buffer (pH 7.5), and then the
fractions were bioassayed against the 3rd instar lar-
vae of Culex pipiensis (5).

SDS-polyacrylamide gel electrophoresis
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Fig. 1. Elution profile of the solubilized mosquitocidal

protein (fractions 100 to 150) chromatographed on.

Sephaedex G-200.

The protein was produced by Escherichia coli pSL 2-1
clone. The black symbals () indicate the eluent having
mosquitocidal activity.
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Table 1. Larvicidal activity of the combined toxic frac-
tions against 3rd instar larvae of Culex pipiens

®No. of C. pipiens larvae killed

%Final .
;x}ag/(r:r(l) ¢ 24 hours 48 hours
5 15 18
4 14 19
3 11 14
2¢ 10 12
1 8 10
0 20 20

4Each final concentration of the mosquitocidal fractions
was triply tested.

bTwenty Culex pipiens larvae were placed in 100 m! of
distilled water containing 5% tryptone and the various
amounts of the mosquitocidal toxin, and then lethality
was observed at 24 and 48 hours.

‘LCsp at 24 hour treatment was 2 ug/mi.

SDS-polyacrylamide gel electrophoresis was car-
ried out through a little modification of the O’Far-
rel method (7). Gel size was 18 x 13 X 1.5 cm.
10% of polyacrylamide for separating gel and 5%
for stacking gel were used, and the gel was run for 8
hours at 25 mA to 30 mA.
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Fig. 2. SDS-polyacrylamide gel electrophoresis of mos-
quitocidal proteins (MCP) produced by E. coli pSL 2-1
clone and B. sphaericus 1593.

Lane a, proteins for standard molecular weights (130
Kd, B-galactosidase; 92.5 Kd, phosphorylase; 68 Kd,
bovine serum albumin; 43 Kd, ovalbumin); lane b,
MCPs produced by B. sphaericus 1593; lane c, the
MCPs solubilized at pH 12; and lane d, MCP produced
by E. coli pSL 2-1 clone which was purified through
Sephadex G-200 column chromatography.
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Protein determination
Protein was determined by the Lowry procedure

®.

Molecular weight determination

Molecular weight was determined by the known
standard proteins (Pharmacia Fine Chemicals Kit)
running together on the gel.

Bioassay
Mosquitocidal proteins were bioassayed against
Culex pipiens larvae (5).

Results and Discussion

Mosquitocidal proteins from E. coli pSL 2-1 clone
and B. sphaericus 1593

B. sphaericus 1593 strain produces a highly mos-
quitocidal toxic crystal (1-5). The toxin crystals are
soluble at pH 12, which were analyzed with SDS-
polyacrylamide gel to find out major proteins hav-
ing the lethality to mosquito larvae (6, 10). Lee et
al. (5) cloned the toxin gene in the vector pUC8 and
then expressed the recombinant plasmid pSL2-1
clone in E. coli JM83 strain. They found the lysate
of the E. coli showed strong lethality to mosquito
Culex pipiens larvae. But the molecular weight and
lethality of the mosquitocidal proteins produced by
the E. coli pSL2-1 clone were not measured in the
previous report (5).

The mosquitocidal protein produced by the E.
coli pSL2-1 clone was fractionated through the
Sephadex G-200 column and the results are il-
lustrated in Fig. 1. The fractions were bioassayed
against the 3rd instar larvae of C. pipiensis, out of
which the fraction number 100 to 150 showed
strong mortality to the larvae, and a LC50 value
was about 2 u«g per m/ at 24 hours treatment (Table
1).

) The unsolubilized crystal complex proteins from
the B. sphaericus 1593 were formed at 43, 58, 64,
100, 113 and 130 kilodalton bands in the SDS-poly-
acrylamide gel (Fig. 2 lane b), but the NaOH-solu-
bilized proteins at pH 12 were formed 2 protein
bands at 43 and 64 Kd in the gel because certain
linkages in the larger molecular proteins might be
cleaved at pH 12 (Fig. 2 lane ¢). These results in-
dicate that the larger proteins may be precursors of
the 43 and 64 Kd peptides. There were similar
reports. Baumann et al. (6) reported that the pro-
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teins in the crystal of B. sphaericus 2362 strain
migrated in positions corresponding to 43, 63, 98,
110, and 125 Kd; solubilization of the crystal at pH
12 with NaOH eliminated all but the bands at
43-and 63 Kd. The only 43 Kd protein was toxic to
mosquito larvae, whereas the 63 Kd protein was
not. The 43 Kd protein also persisted for the dura-
tion of the experiment upto 4 hours (6). Broadwell
and Baumann (10) reported that larger proteins of
the crystals from B. sphaericus 2362 strain were
precursors of 43- and 63 Kd peptides. The proteins
in the fractions having lethal activity of the pSL 2-1
clone (Fig. 1) were formed the only single protein
band of 42 Kd (Fig. 2 lane d). The results strongly
indicate that the major toxic products of the pSL
2-1 clone and B. sphaericus toxin gene would be 42
Kd protein.
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Escherichia coli pSL2-1 clone < Bacillus
sphaericus 15939} 27| 4% FAxE 2243 A=
3 DNAolch, o ZEo] Aalste AFH4 thiA
o] R-=eke SDS-polyacrylamide gels o]-&3to] &
Ay, B, sphaericus 159370 AAibsle 54744
AL Hefsle] Ar|945S & Adde 6719 whyA
¥l © (43, 58, 64, 100, 113, 130Kd) 7} #Adsde
S4A4RAE 4728 pHE Lalsted] A9 5S OP
w2708 whdAl W= (433 64 Kd) kel viERkiT)
a22v} diggt pSL2-1Fe] A4bsle Eaghias
Sephadex G-2002.2 AAlso] m7]§%0] 4ol
g whlAg Av)edFe Aabe 42Kdakel Vel

ok, LCS0& 2 wg/miol vk B. sphaericus 9%
pSL2-1 clone ABAkstE AbZelul Al 42Kd chaga
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