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ABSTRACT

Locust’s biocontrol requires identification of effent bacterial strains able to be used againsetihavagers. In
this study, we analyzed the impact of an algeriairs of B. thuringiensis called TIM14 on the gut oAnacridium
aegyptium. We observed thak.aegyptium infestation with TIM14 induced a lytic activity dhetegument and the cuticle
followed by insect’s demise. In conclusion, ourutessuggest that the locBlthuringiensis strain TIM14 would be active

through different enzymatic activities involvingetbhitinase that induces death of this orthoptera.
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Biopesticides
INTRODUCTION

With the reduction of farmland in the world, insee@re an important source in the competition fanpfood
resources [Kumar, 1991]. In particular, locusts gnalsshoppers are a threat to human agricultutalitaes because of
their ability to ingest the value of their own weiglaily. Locusts and grasshoppers can make inggedense migratory
swarms containing 40 to 80 million locuts [Steedrt888]. In Algeria, many locusts and grasshoppens cause
important damages that affect crops [Doumandji @irbandji-Mitiche, 1994]. The current approach tfhfiagainst these
pests, based in particular on using chemical indgdes. However, this approach seems to be badlyaged because of
their non-use streamlined and systematic and reptes serious danger to the environment as wétirabe user and the
consumer [Launois-Luong et al, 1988]. In the conhtek alternative approaches to pest control, theeigpment of
biopesticides is a research priority. However tieigquires a good command of the pathogenicity opdsticides and
technical applications. Moreover, it is necessarysblate strains capable of overcoming the coimttrapecific climate

regionsconsidered.

Bacillus thuringiensis is a spore-forming bacteriafrthe soil, its main characteristic is synthesizduring the

sporulation a crystalline inclusion composed oftgirts with insecticidal properties. The large dsigr of these toxins,
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their effectiveness and relatively low productiamsicmake the biopesticide Bacillus the most widedgd in the world. In
agriculture, it helps to fight against many pestajnly Lepidoptera larvae and beetles. In humarttegacan effectively
control the population of several dipteran diseasetors [Sanchis et al, 1995]. Many results abaalogical control
against locusts have been published [Bissad eR@l0; Halouane et al, 2001] however the specifitoacof B.

Thuringiensis against locusts remains poorly suifiBufersaoui et al, 2009; Saidi-Touati.et.al,2008

In our study, we were interested in identifyingigehous strains of B. thuringiensis with charaetgainst locust:
Aiolopus strepens, widespread species in Algerid subject of several studies [Hamadi, 1998, Saaliaki,1996] and
Anacridium aegyptium large species preferring ti€@wpard,19943] . In addition to the entomopatmigéoxins present
in B. thuringiensis, recent studies have revediedoresence of chitinase in this bacterium [Bartedzd, 2009; Driss et al,
2005; Ghasemi et al, 2011; Gomaa et al, 2012 Liai,e2002]. The identification of enzyme activitifeating especially
the anterior part of the digestive tract, musctesicle and the intestinal epithelium of locust®)uld reveal the toxicity of

the strain tested.

MATERIAL AND METHODS
Sampling of Locusts

The locusts were collected randomly. The capturnatridium aegyptium was performed using sweep nets. The
sampling has been done in the coastal region okrdgCatches were also made only with hands id e@&ather (below
15 °C).

Isolation of Bacterial Strains

A local strain ofBacillus thuringiensis called TIM14 was isolated in the Laboratory ofIGkelr and Molecular
Biology by the team of Microbiology Faculty of Bagical Sciences (USTHB), from wheat and soils ffedent regions

in Algeria.
Bacterial Infestation of locusts

A group of 27 individuals ofnacridium aegyptium were infested by topical application of a suspem$0.1 ml to
10° cells / ml) ofB. thuringiensis TIM14. Locusts were kept in isolation in a kenwéth food infected with the same
suspension previously applied. The insects weré Weger observation for 24-48h in the laboratoryoaim temperature.

Controls were exposed to a solution of sterile wate
Microscopic Observations

Adult locusts controls ofAnacridium aegyptium and those treated with bacterial strains wereedissl under
binocular. The gut was removed in its entirety éired, dehydrated, cut and stained by the methdd$etdenhain azan
and Mallory [Gabe,1968 Martoja et Martoja- Piers@867]. Transverse sections of the digestive tveete observed
under a light microscope (magnification X40 and BJL0O

RESULTS

The Infestation of A. aegyptium with TIM14 Strain Induces Total Disintegration of the Stomodeum

To check whether local strain & thuringiensis showed toxicity towards the digestive tissuesamfubkts, TIM14 was

tested omnacridium aegyptium; an arboreal species widespread large. We notddimierest that the cross section of the
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stomodeum ofA\. aegyptium witness had a highly developed muscles and tige land complex villi were arranged on a
regular basis. The intestinal lumen containing fied bowl is narrow. The epithelium consists ofegular cell layer
topped by a thick cuticle (Figure 2A). The infestatwith TIM14 induced on the locust a disordeb#&havior a few hours
later which was manifested by excitement, follovsddeath 12h after exposure to TIM14. Dead indigldihad been
disintegrated and had a perforation in the body wfathe abdomen (Figure 1). Histological analysfighe digestive tract
of treated insects showed a stomodeum completsigtdgrated, muscles totally destroyed, an irreduiaen, epithelium
and cuticle also totally destroyed (Figure 2B). Waed with interest a total deterioration of gastaecas. From these

observations, we concluded that the strain TIMIMuged the total disintegration of the stomodeum.
DISCUSSIONS

In our investigation we were interested to studiigenous algerian strains Bécillus thuringiensis on the degradation of
the digestive tract of the locusts. For this puggame specie of locusts was infested with a Ietrain ofB. thuringiensis
isolated from algerian soifnacridium aegyptium treated withTIM14 proved that this strain was exiely deleterious, as
demonstrated by the total destruction of the digedtact and the integument of the abdomen. Thesalts show that the
bacterial strain TIM14 killed the locust 12 hourfea the microbial treatment. The entomopathogépnioif Bacillus
thuringiensis is demonstrated by the fact that this bacteriura igidespread species in the soil but also in tdids of
insects [Kaelin et al1974Bacillus thuringiensis is the most studied bacteria and programs ofresraelections have
identified thousands of species each one limitedatspecific insect order: Lepidoptera, Coleoptddiptera, and
Orthoptera [Sanchis et al, 1995] and [Feitelsor3] 9¢hich confirms the acridicide power of TIM14 aust the orthoptera
Anacridium aegyptium. TIM14 has proved the deleterious power of thedtihal epithelium which is explained in several
studies [Butko, 2003; Gill et al1992; Yu et al, ¥PZonfirming that toxins fromBacillus thuringiensis act as poisons
causing intestinal paralysis of the gut followedtbg death of the insect. Elsewhere in Algeriagsgivspecies dBacillus

were isolated from pupae causing mortality ratesating to differenBacillus species [Saiah et al, 2010].

The action oBacillus thuringiensis is explained by the presence of delta-endotoxan ithreleased following the
dissolution of the crystal in an alkaline pH [Butk003] and then activated receptor recognizes tieetloat is already on
the surface of the epithelium of intestinal memiraalls [Hoffman et al,1988; Van Rie et al,198%cause this toxin pore
formation leading to an imbalance of ion exchangeveen the cell and the intestinal lumen [Gill #t1892; Hbfte et
Whitley, 1989; Knowles,1994 ; Knowles et al,198&$ponsible of cell lysis. This was particularly Madserved in TM14.
Besides it has been shown in previous work thaitlame of myotubes muscles of rats subjecteBadllus thuringiensis
israelensis strain were completely destroyed [Cahan et al,4],98s observed on fly tested with other strainsBof
thuringiensis [Singh et al, 1986]. This explains clearly the olasdamage also found at caecas gastric followed by
epithelial alteration as noticed previously on shkemodeum. TIM14 seems to have a toxin ready tachigated in an acid
locust gut. Moreover TIM14 has also totally affetthe body wall and the cuticle Afaegyptium, this strain possesses, in
addition to destroying toxins muscles and epitmjiia chitinase similar to that found in some ssaof Bacillus
thuringiensis as mentioned in some studies [Barboza et al, 2(D@ss et al, 2005; Ghasemi et al, 2011; Gomaal,et
2012; Liu et al, 2002] . This chitinase has beefaigd from high levels dacillus thuringiensis NM101-19 [Gomaa et al,
2012]. TIM14 strain completely destroyed the lochyt altering its integument, muscles, the cutictel @pithelium

causing its death within hours after the bactéredtment.
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CONCLUSIONS

Our study showed that the TIM14 strain has beesctife on Anacridium aegyptium, indeed the gut vedally
destroyed and the impact was noticed on all pdrthe digestive tract: stomodeum, mesenteron aondtpdeum, The
cuticle has also been perforated, wich would leireesuggestion that this strain contains Kitinaseyme. All this was
followed by the death of the insect within 24 hoafter treatment. Our results would suggest that $krain is very
interesting, more deep studies should be donederaio study the possibility to be used in biolagicontrol against

locusts.
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Figure 1: Perforation of the Abdomen of AnacridiumAegyptium after Treatment with TIM14.

Figure 2: Cross-Section of the stomodeum @&nacridium aegyptium Treated with TIM14. A) Control (Magn.X100).
LI: Intestinal Lumen, Ep: epithelium. CUT: cuticle, V: villi. B.F: Bowl food. B) Cross Section of theStomodeum of
A.aegyptium Treated with TIM 14 (Magn. x40), Disp.Mus. : Disagarance of muscle structure, LI: Intestinal
Lumen. (Azan

Impact Factor (JCC): 2.8872 Index Copernicus Value (ICV): 3.0



