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Abstract — Bacillus sphaericus 1593 is a larvicidal toxin-producing mosquitocidal bacterium. The
toxin contains a parasporal crystalline inclusion which is composed of a protein that is activated
under alkaline condition. To enhance alkaline environment around toxin protein, cryptic plasmid
cured, B. sphaericus 1593 was transformed by the Bacillus pasteurii urease gene which generate
ammonia from urea. Transformant produced urease at about 80% more than wild type strain.
B. sphaericus 1593, and the urease gene was stably maintained. It also produced crystalline toxin
protein at the same level as the wild type strain B. sphaericus 1593.
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Fig. 1. Restriction map of plasmid pGU66 containing
urease gene inserted in pGR71.

Solid bar contains structure and accessory genes for
urease production (about 5.0 kb).
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Fig. 2. Agarose gel electrophoresis of the cryptic plas-
mid purified from B. sphaericus 1593 and the cured
strain.

Lane A: Cryptic plasmid of B. sphaericus 1593, B: Cu-
red strain of B. sphaericus 1593 by EtBr, C: ADNA
digested with Hindlll
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Table 1. Minimal inhibitory concentration (MIC) and
resistance of antibiotics against Bacillus sphaericus 1593

MIC (png/mi)
Antiotics -

B. sphaericus Cured

1593 1593

Ampicillin 5 2
Kanamycin 2 2
Streptomycin >400 5
Gentamycin 2 2
Erythromycin 2 2
Chloramphenicol >200 5
Tetracycline 5 5
Lincomycin > 200 200
Penicillin >200 5

MICs of 9 antibiotics were determined by agar diffu-
sion test in nutrient agar. These plates were incubated
at 30C and scored for growth at 48 hr.
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o7t & Fx9 EtBr Exstell 4] plasmid A A7}
7P 2 dohvte Zle = viepytoh & AAE cry-
ptic plasmid A4 K5 7| dF gel Al &
al&l7] $93le] alkali lysis mini-prep ®ol| £]s}o]
ZAF) & AR Fig 2014 et 7zt 3ol &A@
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Fig. 3. Electron microscopy of a thin section showing the inclusion of mosquito larvicidal protein in B. sphaericus
1593.
A: B. sphaericus 1593 before curing, B: B. sphaericus 1593 after curing of cryptic plasmid, C: B. sphaericus 1593
transformant (pGU66).
B. sphaericus 1593 were cultured on the nutrient agar at 30C for 5 days.
Arrow indicates the inclusion of larvicidal crystal protein.
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Table 2. Transformation efficiency of plasmid vectors
on the plasmid cured B. sphaericus 1593

Plasmid Size Plasmid No. of

vectors {Kh) conferred transformants
phenotype  (ug of DNA)

pUB110 4.5 Km' 1.8 X 10°

pGB215- 8.5 Km?®, Amp" 2.1x10°

110AB
pGR71 8.4 Km’, Cm" 1.3 X 10°
pGU66™ 189 Km", Cm", 9.5 X 10?
Ure™

The cells of 85X 10°/m/ were transformed with va-
rious plasmids.

Number of regenerated protoplasts was 5.3X10° per
md.

Protoplast suspension (0.5 m/} were mixed with plas-
mids, and followed by addition of 3 m{ of 40% (W/V)
PEG4,000 in SMM buffer.

Y pGU66 was constructed with B. pasteurii urease gene
in pGR71.
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Fig. 4. Stability of the plasmid carrying B. pasteurii
urease gene in the transformant (pGU66).
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Fig. 5. Analysis of the pGU66 plasmid DNA carring
B. pasreurii urease gene obtained from the transformant
of B. sphaericus 1593 (pGU66) by agarose gel electro-
phoresis.

Lane A: pGU66 plasmid in B. sphaericus 1593 transfor-
mant, B: Purified pGU66, C: Cured B. sphaericus 1593,
D: ADNA digested HindlIl

23} Fig 43} Zbo] A& o g B3] Ahwl sl x
70% ©]#4+2] plasmid”} fA| %] =% urease
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pGU662] 22} 3l g #<]138l7] $38l transfor-
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¥ A3} Fig 52} 7o) pGUB6 7§ band® 9@
T UH
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A AbAdo) 71AF 7323 B, pasteurii 2] urease A=)
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B. sphaericus 1593(pGU66)e| wild type Tl B}
urease AitAde] Hvrht FUlEHAUE AE ZAFEF
E A Table 33 7o)l 80% A} E7)= &2
A g A%tk Ureaseel] 2jaf A5 dvlz] 271
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Table 3. Urease activity of the B, sphaericus 1593 trans-
formant

-
e

Relative

Strains activity

(%) a)

B. sphaericus 1593 100.0
Cured B. sphaericus 1593 95.0
B. sphaericus 1593 transformant 181.9

{(pGUBH)

¥ Urease activity was measured by Nessler’'s method
(13).

vivo AYE 5o WA 45 FUHE HAFo DA
1Y 5 de Ao Az

HAMEHC AEM FAPTHIY Miko| &0l

2 753 vtAld B. sphaericus 1593¢] urease -t
A2} 34 pGU6G6 plasmidel] &3] szl sk 33
A3 A] B sphaericus 1593(pGU66) WeollA AbFAd
A ciul Alo] HEggle) WAt =7 A5F-F Fels]7]
9sle] Aupgt TR FALY AxlnjF o Fal
sted 2 A3} Fig 34 vehd 73 Feo] AgA
AA Ao} wild type T4 B. sphaericus 159334
vlarsled £Akgle] A4S HIE 9 ek =
2ha] A=Al AAC ] 9| $HA S Fle] st A
71ed 94 urease F-AHAE £ 3k BI|WA| e
SHA SEuo] 7| 2E wldE § Qle o
A 2Hd e}

2 24

| TFoj} FHelEe A EAHo T eEe
z}stAabgA o) T & Eol7] sl Bacillus sphaeri-
cus & o} &= AEA siFHAHe] A47F 28
=l Qo) 2o fSabAldFel B sphaericus 15932
Azl a).e. glkali 2AskAM 457 7=
Uread| A4 E-3]2 ammonia®] AWAHS 7438}
okl Feojol pHE Wleldt e AleE
slglom, o]l fl&l MlFA] urease| AALFHAE
B. sphaericus 15930l = A171322}F 3}sict. Urease
S A= Al 5 urease AAYE o] 71 A3 Bacillus
pasteurii ] urease %25 cloning & 2 E ¥ plas-
mid pGU66% A+8-3}ich. B, sphaericus 1593 Wi
ol cryptic plasmid& WA AA3str HHAA ¥
2213} vl © 2 recombinant plasmid pGU66S
Qo2 80% ©1744] urease A F7HE °lE
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U2, 23] % urease’} transformant Wjol] A w9
At HHPE Faldtelar, of&e] urease F3
AR PAAER B sphaericus 1593(pGU66) U of] A]
T BPFF AFfAde] wHilgle]l Yade A=z}
|7 o2 geld 4 9ldc)
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