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ABSTRACT

The aim of this work was to study the productionthef bioinsecticide using the aerobic cultivatidiwo-stage
cultivation process was used: aerobic vegetativemgin and end-phase of sporulation (with aeratiom avithout
aeration). The cuts of working volume evaluated evg0, 40, 60 and 80 %. The highest value of spore
concentration (2.17xfOCFU/mL) and spore productivity (7.2x1@FU/mL.h) were observed using SP60. The
lethal concentration (Clg) obtained through the aeration process and noraten process were 0.21 and 0.05
mg/L, respectively. The specific potential of tiensecticide produced without aeration (0.025 n&g/ACFU) was

two times higher than that obtained with aeratior0 mg/13*CFU).

Key words: semicontinuous fermentation, combined processbiatinsecticide

INTRODUCTION mammals and other vertebrates, and the wide
spectrum of action combined with a high
The preparations of spores and crystalBadillus ~ specificity. According to Polanczyk (2004), the
thuringiensishave been used for about 60 yeargnain limitations of the bioproduct are the
for the control of insects harmful to the cultivdite competition with the chemical products and the
plants and forests and, also, for the control ofack of investment of the public and private sestor
insect vectors of diseases. Until 2002, 14n the development and formulations of the
commercial formulations oB. thuringiensiswere bioproduct.
available in the Brazilian market (Azevedo, BarrosAmong the main insect vectors of human diseases
and Serafini, 2002). The increase of the demand @fe the families of Aedes mosquitoes and
the bioproduct in comparison to chemical productSimuliidae responsible for the transmission of a
is due to many advantages of the bioproduchumber of diseases. Dengue, in its classic form or
Azevedo et al., (2002) mentioned some of theskemorrhagic, is one of the diseases transmitted by
advantages: the production through bioprocesseiéle mosquitoAedes aegyptis an important public
use of the same equipments used for thbealth problem. Presently, the occurrence area as
application of chemical insecticides, innocuity towell as the number of people affected by this
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disease is increasing in parallel with the humastandard for comparison with the SP process
concern about its control (Macoris, 2003). combined.

Other mosquitoes that cause damage to the man in

southern Brazil are the black flies, especially

Simulium  pertinax When not controlled MATERIAL AND METHODS

efficiently, the infestation of these insects can

provoke a quite uncomfortable life for the The strain oBacillus thuringiensivar. israelensis
riverside populations. The increase of the intgnsitiPS 82, serotype H-14, kindly provided by the
of its attacks can lead to local hemorrhagesuniversity of Caxias do Sul, was used for all the
edemas and fever. Furthermore, the presence @kperiments. For the cultivation, the following
those mosquitoes can negatively influence thenedium was employed (in g/L): glucose, 20. 0;
economic development of the region which has arushed soybean flour, 40.0; water maceration of
great potential for the exploration of rural toamis corn, 20.0; KHPQO, 3.0; KHPO, 3.0;
Local and regional governments have developemgSQ,.7H,0, 0.50; CaGl2H,0, 0.40;
programs to combat these insects through periodMnS0,.H,O, 0.03. The sterilization of the medium
applications of commercial products based oRvas conducted at 121°C for 20 minutes.

Bacillus thuringiensisvar. israelensisin order to The cultivation was performed by batch process
maintain the level of infestation of the insects iBP) and semicontinuous combinated process
10 insects/hour/man, in accordance with th¢SP). The inoculum was prepared from microbial
recommendation of the World Health Organizatiorsuspension the bacteriain grown on the solid
(WHO, 1991). The high costs of import andmedium. Inoculum was used as 10% of the
application of those products have hindered th@orking volume.

maintenance of the programs. A bioreactor Biostat B (Sartorius) was used with
The toxicity of Bti to flies is due to the crystal two different configurations. A 2L bioreactor (B1)
delta-endotoxin  protein formed during thewith working volume of 1.5L was used in the
sporulation of the bacterium when cultivated inexperiments BP and SP for bacterial vegetative
controlled processes. These crystals are formed lgyowth until the application of the cut. A 0.25L
protoxins that, after the ingestion through thebioreactor (B2) with a working volume of 0.2L
larvae of the insect, are solubilized by the all@li was used for the studies of the final phase of
pH of its intestine, destroying the walls of thesporulation in SP processes. In all the experiments
intestine and causing death by starvation othe temperature was 30°C and the pH remained
septicemia (Du and Nickerson, 1996). Lacey andonstant at 7.0 by adding KOH (5M). The aeration
Undeen (1986) observed that the lysis of thén B1 was 0.5 vvm and the agitation rate ranged
intestinal cells of the larvae of the mosquito carfrom 450 to 750mifl in order to keep the
lead to death within six minutes, when elevate¢oncentration of dissolved oxygen above 10% of
concentrations of the toxin are employed, oits concentration of saturation. In B2, the agitati
within 24 h, in case of low concentrations.was 600mift with 0.05 vvm in the aerated
Therefore, a reasonable way of elevating th@rocesses. The total time of cultivation for the SP
degree of toxicity of these crystals, increasing thcombined process (B1 + B2) was the same for alll
concentration of the biotoxin in the product, can bthe cuts made. The effect of aeration in the final
by the development of alternative fermentatiorstage of sporulation was also analysed in the SP
processes in comparison to the batch process.  process.

Several papers have been published on batch (BR) the SP, the following cuts of cultivation broth
and fed-batch Bti fermentation but no informationwere evaluated: 80% (SP80), 60% (SP60), 40%
was found about the application of semicontinuougSP40) and 20% (SP20). The cuts are defined as
processes (SP). This is the main objective of thihe volume of medium fermented withdrawn from
work. The production ofBacillus thuringiensis the fermentation bioreactor and replaced by equal
varietyisraelensisvas evaluated in SP process forvolume of fresh medium for new fermentation.
vegetative growth combined with the batchThe cuts were performed when the concentration
sporulation. Special attention was given to thef total reducing sugars (TSR) in the Bl
potential of the bioinsecticide produced during thesultivation medium reached 5g/L. The removed
bacterial sporulation conducted with aeration angolume was then transferred to the bioreactor B2
without aeration. The batch BP was used awhere the influence of aeration on the potential of
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the bioinsecticide was evaluated: sporulation witmemoved were determined. For all the experiments
and without aeration. All the experiments wereghe end of the stage of maturity corresponded to
performed at least in duplicate. The effect othe total consumption of the carbon source
aeration in the stage of maturity on the finalavailable in the cultivation medium. Figure 1
concentration of spores £9 was measured by shows the scheme of experiments for the
comparing the results observed for theproduction of spores d@acillus thuringiensisar.
experiments conducted in bioreactor B2. Tdsraelensisin the semicontinuous cultivation with
achieve that goal, the values ofsXwith and subsequent maturing of spores in a batch process.
without continuous supply of air to the medium

Microiganism vegetative growth

@ “— |bacterial sporulation plase
Biostat B Bioreactor Bl Bioreactor B2
with pH
control

Figure 1- Scheme of the production of spores in the semitootis combined process (SP).

During the cultivation carried out in the bioreacto counted after 12 and 24 h incubation. The values
B1, samples (2 mL) were taken from the cultureof viable spore concentrations were expressed in
medium to determine TSR every two hours. Focolony forming, units per milliliter of sample
the cell determination (spores), samples weréCFU/mL).

taken before each cut. For the determination ofhe larvicidal activity of the products obtained
TSR, the samples were centrifuged at 18000g faturing the cultivation process were done through
10min and the supernatant was analysed by thH®oassays using larvae of 4th initial instar of the
DNS method (Miller, 1959). For the determinationmosquito Aedes albopictys according to the

of the cell concentration (spores), the samplemsethod proposed by Draft (1999).

were firstly treated by a thermal shock (80°C,

10min/-20°C, 10min), in order to guarantee that

only spores were present in the sample. A fractioRESULTS AND DISCUSSION

of this sample was then diluted in a series of

sterilized test tubes of 25mL, containing a 0.9 %rigure 2 shows the results for the production ef th
(m/vol) saline solution. Fractions of 100uL of bioinsecticide Bti in BP.

these dilution series were distributed in PetriThe profile of the curves (Figure 2) was typical fo
dishes with subsequent addition of the cultivationhis type of cultivation and similar to that obssiv
medium of Nutritious Agar (Merck), following the by Passos (2000) who used the same
Pour-plate method. The inoculated Petri dishemicroorganism and a similar cultivation medium.
were incubated at 30°C for 24 h. Colonies werglowever, the final concentration of spores
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observed in the BP process described hemlucose, yeast extract, and inorganic salts had
(5.8+0.3x16 CFU/mL) was two times higher than obtained a final concentration of spores up to 1.2
that obtained by Passos (2.7%xITFU/mL). In a x10° CFU/mL. The value was 48.3 times lower
previous work, Berbert-Molina (1998) employingthan that obtained in the present work.

a synthetic cultivation medium composed of
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Figure 2 - Concentration of TSR (g/L) and logarithm of thencentration of spores (log Xe)
against time in the process of growing batch BP.

The positive effect of the complex medium (usingNo information was found about the application of
bioproducts like soybean) for the cultivation ofsemicontinuous technique for the productiorBof
Bacillus was also observed by other authorghuringiensis,which was the main purpose of the
(Montiel, 2001; Vidyarthi et al 2002). Montiel present work.

(2001) used 15¢g/L of soy bean flour and 5¢g/L ofigure 3 shows the values of the spores
glucose and obtained 5.1¥1@FU/mL while concentration obtained through the four cuts
Vidyarthi et al (2002), using a cultivation mediumperformed in the SP process and in the BP process.
of hydrolyzed sludge from a sewage treatmenficcording to Figure 3, the experiment SP60
plant obtained 1.8 xY@FU/mL. showed the highest final concentration of spores
Besides the effect of the composition of culturgXef = 2.17x18 CFU/mL) and consequently, the
medium on the final concentration of sporeshighest productivity (7.2 xYOCFU/mL.h). The
another strategy would change it to the type ofalue of Xef obtained under this conditions was
process employed. Replacing the BP otherwis86% higher than that obtained for SP40 (1.43x10
driving (fed-batch, or continuous secontinuous)CFU/mL), 34% higher than that of SP20 (1.39%%10
usually has a higher cell concentration with highe€CFU/mL) and 94% higher than that of SP80
productivity. Amin et al. (2008), develop a cost-(1.24x1¢ CFU/mL). The discrepancy observed
effective process for bioinsecticide production bybetween the values of the SP60 and SP80 was
B. thuringiensis The process was designed as &xpected due to the large cutting volume. The
two-stage process; a first stage of active growtlresults of the experiment SP80 was close to those
where glucose and other nutrients were adequate#zhieved in the batch experiment, which also
supplied to the growing cells over 12 h, followedshowed a much lower concentration of spores
by a second stage of 2 h for spore formation ancbmpared to the other experiments. Compared to
toxin release. The authors obtained a high spotbe batch process (BP), SP60 enabled an increase
concentration of 2.31x1® CFU/mI and a lowest of 97% in the final concentration of spores. No
LCs (40.1 and 50.2 mg/L) against Egyptian cottorvalues were found in literature foBacillus
leafworm andSpodoptera littoralisrespectively. thuringiensisin semicontinuous process.
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Figure 3 - Average concentrations of spores Xe (CFU/mL) okebrat the end of the period of
maturation (bioreactor B2) from cuts made in bicteaB1 from 80 to 20% of the
work volume (SP80, SP60, SP40, SP20). The testrBsepts the final concentration
of spores in the batch process. The averages dodiffer significantly among
themselves for the test of Tukey in level of 5 %< (05)

Other types of production processes alternative tBossa (1993), using a fed-batch process, obtained
batch processes were evaluated by Kang et ah, maximum concentration of 5.3 ¥1LCFU/mL
(1992) and by Mignone and Rossa (1993). Kang etnd reported a lower toxicity when this process
al., (1992) employed a fed-batch processvas used in comparison to the batch process.
combined with a batch process during the stage éfowever, toxicity values were not presented.
maturation of the spores with a maximumThe experiment SP60 was selected for further
concentration of the spores (1.1X10FU/mL). studies about the influence of dissolved oxygen on
The authors highlighted the importance of theahe potential of the produced bioinsecticides.
batch process during the final stage for thé-igure 4 shows the productivity observed in the
production and maturation of the spores. But thegultures with and without aeration (bioreactor B2;
did not determine the productivity and not everFigure 1).

the values of toxicity of the products. Mignone and
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Figure 4- Productivity of spores (CFU/mL.h) at the end of #porulation phase in the experiment
SP60, with aeration (A) and without aeration (Byefages of the same letters do not
differ significantly among themselves for the tekTukey at the level of 5 % (p <0.05)
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As shown in Figure 4, air supply was a verywas 0.05 mg/L. These results are important for the
important factor in the production of spores incommercial production where the production of
bioreactor B2, resulting in a 53.6% increase ibiomass is associated with toxicity and costs.
sporulation, when compared to the experimentable 1 shows the L of batch processes (BP),
without aeration. Despite the highest productivitysemicontinuous process (SP60), commercial
under aerated conditions, the toxicity was aboyproduct Vectobac AS and the values found by
four times higher under non-aerated conditions. lother authors: Maldonado-Blanco et al (2003) in
bioassays, the final product obtained undecontinuous culture and Prabakaran et al (2007) in
aeration presented a lethal concentrationsg) 6f  fed-batch culture.

0.21 mg/L, while under non-aerated conditions, it

Table 1 - LCsq values of bioinsecticides obtained in batch pred@&P), semi-continuous liquid culture (SP60),
taking the commercial products Vectobac AS andrsthrks.

BP SP60 Vectobac AS Others works
LCso (Mg/L) 0.83 0.21 0.019 0.2675* 14.02**
* Maldonado-Blanco et al. (2003), ** Prabakaramket2007%

Table 1 showed that the SP60 producfrequency of agitation on the productivity and
concentration necessary to kill 50% of the targetoxicity of Bti. The authors obtained better result
insect larvae within 24 h after its application wasvhen a combination of air flow and high agitation
0.21 mg/L. This value presented greater degree ofas applied because this did not allow the
toxicity against mosquito larvae when compared teoncentration of dissolved oxygen to fall below
the other bioinsecticides, except to Vectobac AR26%, thereby not harming the production.
In accordance with the values of §®btained it Increased productivity and a lethal concentration
was possible to notice that the specific potemtial (LCso) of 0.2675 mg/L were achieved under non-
the bioinsecticide produced without aerationimitating oxygen conditions. According to the
(0.025 mg/1€FCFU) was two times higher than authors high concentrations of cells or spores did
that obtained with aeration (0.05 mgiATFU). not guarantee high concentrations of toxin.
The positive effect of the aeration on the finalTherefore, the determination of the biological
concentration of spores was supposed by Mignorextivity should be the principal parameter to
and Rossa (1993). The authors conducted growtbptimize the production of the bioinsecticide.
sporulation and production of the delta-endotoxirbarrafzadeh and Navarro (2005) observed the
by B. thuringiensis var. israelensis under the highest concentration of spores being 100%
conditions of limitation and non-limitation of mature under anaerobic conditions fBacillus
oxygen and concluded that the aeration wathuringiensis H14. But no larvicidal activity
important to achieve high cell concentrations an@gainstCulex pipiensvas reported. In the aerated
high sporulation rates. The final concentration oprocess less mature spores were produced, but
spores obtained was 9.1X1@FU/mL in the high toxicity was obtained against. pipiens
aerated process and 4.5%1CFU/mL in the which showed that the formation of the spores and
cultures with oxygen limitation. Regarding theproduction of biotoxin occurred under different
production of delta-endotoxin, the authorsconditions.

concluded that under the conditions of oxygerTogether with the supply of oxygen, other factors
limitation, the production was around 50% loweralso influence the production of biotoxin, such as
than the maximum productivity obtained underthe source of carbon and nitrogen, the carbon-
non-limiting conditions. This behavior in the nitrogen ratio, the pH and the temperature. It is
production of the delta-endotoxin did not agreemportant to understand the correlation of gene
with the result obtained in this work. expression of the biotoxin, the physiology of the
Maldonado-Blanco et al. (2003), analys& microorganism and the cultivation parameters to
thuringiensis israelensi®225 with regard to the obtain high concentrations of toxin.

influence of the oxygen flow combined with the
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CONCLUSIONS

The experiments performed in semicontinuous

combined process presented higher production

51

Kang, B.C.; Lee, S.Y. Chang, H.N., (1992). Enhanced

spore production oBacillus thuringiensisby fed-
batch cultureBiot. L., 14 (8), 721-726.

cey, L.A. Undeen, A. H., (1986), Microbial Coritro
of Black Flies and Mosquitoe&nnu. Rev. Entomgl

spores than those carried out in batch Process.q; e ogg

Among those, the experiment conducted Withyacoris, M.L.G., Andrighetti M.T.M., Takaku L.
cutting volume of 60% showed the highest Gjasser c.M., Garbeloto V.C., Bracco J.E. Resigtanc

concentrations for spores (2.17%X0DFU/mL) and
productivity (7.2x10 CFU/mL.h). These values

of Aedes aegypfirom the state of Sdo Paulo, Brazil,
to organophosphates insecticidb®em Inst Oswaldo

were 98% higher than those obtained in the batchCruz 2003;98:703-8. _
process. The oxygen supply showed to be essentlpldonado-Blanco, M.G.; Solis-Romero, G.; Galan-

for growth and sporulation @. thuringiensisvar.
israelensisn submerged cultivation. That was not

observed with regard to the toxicity of the product

The LG, for the experiments conducted with

Wong, L.J., (2003). The effect of oxigen tension on
the production of Bacillus thuringiensis subs.
israelensistoxin active againsfedes aegyptarvae.
World J. Microbiol. Biotechnol19, 671-74.

Miller, G. L. (1959), Use of dinitrosalicylic acigtagent

aeration was 0.21 mg/L, while in the case of the {5 getermination of reducing sug#mal. Chem 31,
non aerated process this value was 0.05 mg/L. Thegog.

specific capability of the bioinsecticide producedmignone, C.F.; Rossa, C.A., (1993). A simple method

without aeration (0.025 mg/® CFU) was two

for designing fed-batch cultures with linear graie

times higher than that achieved with aeration (0.05 feed of nutrients. Process Biochem. Engldgidevier

mg/10? CFU).
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