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ABSTRACT

Damage caused by insects in agriculture has led ®ignificant decrease in crop quality, yield ancbeomic
losses. So this situation has led to the indiscraté use of synthetic chemicals that have sougitigate negative
impacts on the crops, but without considering thiespure and imbalances that are causing on ecasste
Therefore it is necessary to direct research indavrbiotechnological alternatives, focused on theti@d of pests
which lead to the decrease of the acquisition ¢éreval inputs in agroecosystems, framing producggstems in
sustainable agriculture that produces healthy, isigiit food and quality cost-effective, sociallyceptable and
without harming the environment. We evaluated thiéty of metabolites produced by bacterias isothfeom Apis
mellifera as insecticides against Atta mexicanatadlelites extraction was carrying out from the Eotactericiae
isolated, Klebsiella, Pseudomonas, Proteus andiYiarshy using an adsorbent resin and elution v@i#% ethanol.
The insecticidal activity of metabolites was testesitro using experimental units against Atta mera. Yersinia
metabolites showed insecticidal activity over Attaxicana showing an accumulative mortality of 92.5%etein
profile was performed on the metabolites, using edgt sulphate-polyacrylamide gel, where variabilias
observed in weight and number of protein bandsgd@mgnantly 70 kDa. Yersinia showed protein bands®and
70 kDa, the weight could be comparable to Cry eoxios of Bacillus thuringensis. Results suggest tita
mexicana can be considered as a promissory sourceby bacterias with varying activity that coule bised as
alternatives biotechnological protection crops augiAtta mexicana.
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INTRODUCTION

All agriculture before the development of synthetigsticides, can be considered as a biologicatualtwie, but as it
progresses and knowledge systems are modernizedilagial production, ecological principles are igagnored,

causing unstable agricultural systems; this infitabs reflected in the rise of agricultural pesisising significant
yield reductions and economic losses worldwidelii]Mexico are frequent and significant damage caumsepests
in crop plants and stored agricultural productscdRé studies show that losses caused by ants djethes Atta,
better known as leaf cutter ants are considerezhasof the most important agricultural pest in nggital regions

2.

Faced with this problemhas becomeindiscriminate ofusgynthetic pesticides, this being a symptom of
theenvironmentalcrisis affectingagriculture.Howevéte indirect cost ofpesticidesfor harmto the sstwinent
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andpublic health mustbe balanced againstthese itee8ef in recent years the trend towards findingustainable
agriculture and the growing public concern abow tlsks associated with synthetic pesticides, leaslted in
technologies that include the use of natural orifremtiorganisms, their genes, the product theiregd3]as well as
bioactive compounds (secondary metabolites); prodtithese organisms which reduce the undesiraiféeteon

plants or animals, representing, biotechnologyriadiives [4],that may be more effective, biodegkdglaand less
toxic to non-target organisms [5-8].

In this context, it can be considered to Apismelliferaas a potential source of bioactive compounds i ymdy
to hold a high bacterial load capable of produgagondary metabolites with diverse activities [8]response to
the natural competitiveness observed in the diffesmvironments in which the incidence has polondf0], as
well asinteractionswith other populations, the baabeingable to producesuch compoundsnot onlgibrdefense,
but also tothat ofits host[11/j this regard, given the great diversity of baietérom various sources, it is of interest
in the field of sustainable agriculture, identifiom and characterization of these bacteria asdniwol agents, by
producing their bioactive compounds[12].

The ant genus Atta, are commonly known as leakcuathts, ants, forage or cut sheets; they diffanfother kinds
of ants that cut Attini plant material for growirfigngus Leucocoprinusp, which is their main food and which
developed a symbiotic relationshiitta mexicanacausing great losses in the tropics to defoliaame, cotton,
peanuts, coffee tree, onion, chili, citrus (limembn, tangerine), beans, jamaica, corn, papayanbamvheat, vine,
yucca and ornamental plants[13, 14], this specsedistributed from Arizona, Mexico, Guatemala, Beli El
Salvador, Honduras and Nicaragua[l5, 16]. Althotighwork of these insects is ecologically importhatause
they remove soil, promote ventilation, provide arigamatter and improve soil structure, high impast does
trimmers and unwieldy to be considered as an inapogiest in systems agricultural and pasture iersé¢¢ountries
in Latin America[16, 17],however studies show thlihough the losses caused by this pest are ensrndounot
have systematic records by country or region[18Je &im of this study was to evaluate the activitydpiced by
bacteria isolated frorApismelliferaagainstAtta mexicanaecondary metabolites.

MATERIALSAND METHODS

Specimens oApismelliferawere collected from apiaries located in Santa M&uoronango, Puebla-Mexico. This
community is located between parallels 19° 06 ‘488 10' north latitude; meridians 98° 15 'and 98° west
longitude; altitude between 2180 and 2200 m.Thenate is temperate humid with summer rains. It has a
temperature range between 14°C and 18°C and raiafajing between 800-1000 mm.

Sampling was conducted from January 13 to May D242randomly in the apiary consisting of 30 hivieking
10% of all cases present for weekly sampling, utiderfollowing procedure, the hives were locatemiang, with
the help of a smoker box opened and a total of &tslwere taken for each sample.They were madestégthe
forceps and also stored in a sterile bottle lalgelithey were transported as quickly as possibletp the form of
live specimens the laboratory for processing.

The isolation of bacterial colonies was performgdpbocessing seven live specimensfofmelliferg which were
placed for one minute at a temperature of 4°C, ithisrder to decrease their living functions andgass. Then
suspended in 10 ml of nutrient broth and macerafda mortar, made aliquots in separate tubesircubated at
30°C for 24 hours, then tenfold dilutions were méden this sample and replated on nutrient agagiopve 20 ul
of each dilution and incubated at 30°C, 24 hourfsto@l colonies they were isolated a total of 1@rphologically
different strains.

The 17 isolates were identified by the gallery sgsAPI 20EM (20 100/20 160 BIOMERIUX).Every 17 isolates
were inoculated into 5 mL of nutrient broth, aclmgva strain suspension, which was incubated fohd@s at
30°C. After this period took 20 mL of the bactesakpension and inoculated into each of 20 wells.

Secondary metabolites were produced in triplicai@gulating a colony of each bacterial genus isaldh 5 mL of
nutrient broth and incubated at 37°C overnight. méet day 500 pl of this culture was placed in & & flask with
50 mL of nutrient broth.Simultaneously, they ad@echL (4% w/v) adsorptive resin Amberlite XAD16 (8ig), in
aqueous solution. Incubation was performed at rtemperature for 5 days at 180 rpm.Upon completion days
of incubation, the resin was recovered by decamtadind attached to it metabolites were eluted @@hmL of
99.9% ethanol and concentrated with the aid otarycevaporator to obtain a milliliter of extra®the concentrates
were stored at -20°C,two concentrations of eactewetained 15% and 7.5%][19].
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For in vitro evaluation of the activity of the extts againsftta mexicanaarmy ants specimens of which were
obtained from the anthill taken into captivity inet Entomology Laboratory of Agroecology Center, &wrerita
Universidad Autonoma de Puebla.

The insecticidal activity of extracts was evaluatemhsidering the susceptibility of the ant, the taoh with the
extracts. Seven treatments were tested, considésimgextracts at a concentration of 15%, treatmeitlh 70%
ethanol, a positive control usidgpergillussp. and target (untreated).

Four replications were made, and tested under pletety randomized design, so he had a total afg#rimental
units, the experimental unit was a Petri dish WiBhants with food (0.15 g mushrodreucocoprinusp.). 285 ul of
the respective treatment, same as sprayed onmht®aintained in a breeding chamber of insects ¢eatpre of 26
+ 2°C, relative humidity of 70 £ 10% and photoperiaf 12 hours light were applied, to be monitoreel mnortality
of individuals at 24, 48, 72, 96, 120, 144 and h68rs.

Once results were obtained as to the insecticidaity by one of extracts from the geni®rsinia secondary
metabolites, a second experiment, where 5 treatmested were established; extract secondary nigesbof
Yersiniaat two concentrations (15 and 7.5%), treatmenh wid% ethanol, one usingspergillussp control and
target (untreated).

Four replications were conducted and tested undemapletely randomized design with 4 repetitiorshs had a
total of 20 experimental units, where the experitaennit was a micro anthill with 20 ants with fo¢@.15 g
mushroom_eucocoprinusp) and peach tree leaves. 285 ul of the respeictimément, same as sprayed on ants were
applied, and mortality of individuals at 24, 48, 88, 120, 144 and 168 hours was monitored.

The data obtained were evaluated with analysisacbuce (ANOVA) and respective Tukey test, withoaftdence
level of 95%, using the program Statgraphics CéoruxVI.

RESULTSAND DISCUSSION

Apismellifera bee showed microbiota consists of four bacterihega, with predominance dflebsiella and
Pseudomonadollowed by the genergersiniaandProteus(Table 1). These results agrees with those regdiye
Gilliam (1987), Gilliamet al, (1988) and Gilliam and Taber (1991) whose wadsite bacteria to the family
Enterobacteriaceae, are the most numerous, maiesept in the intestinal tract microorganisms (2&8e72].

White (1921), cites the microbiota ofApismellifera which reports the presence dfactobacillus
rigidusapis,Lactobacillus constellatuandBacillus influzoidesapisMartinsonet al (2012) reports that the bacterial
load that has bee mainly housed in your gut andkihéo the sociability of the species and accordinBillon and
Dillon (2004), the distinguishing bacterial flor&d is transmitted may play a role health and wtadif these
organisms [23-25].

Because of the importance Apismelliferaand their relevant contribution to agro-ecosystasa natural pollinator
[26, 27], is that the recent losses of coloniessheaptured the public interest, especially in coestike the US and
Europe, with the places where the highest mortaditgs are reported, with averages ranging 30%J98B,these
reports also suggest that the reasons this diswedagby region or country and cannot be attributedne factor, so
that efforts to reduce losses should be differg@}.[Faced with this problem some authors mentiaih the greatest
loss may be attributable to the introduction of tpeand pathogens, which suggests the need to sindy
characterize bacterial biota of the bee as a glyaiégood management and conservation of the ep¢8i, 32], as
many of the identified bodies are not only relateddigestion and absorption of nutrients, but wtthogenic
effects on their hosts [33].

Microbiota isolated in specimens Af melliferg 4 different extracts, which correspond to secondaetabolites of
PseudomonasProteus Klebsiella and Yersiniawere obtained. Concentrate each sample dilutiose wnade in
distilled water and two final concentrations 15%l &5%were obtained.

The insecticidal activity obtained with the diffateextracts was evaluated from the percentage ofatity, where

the analysis of variance with their respective test (Table 2) allowed seen from 48 hours sigaitt differences
(p value <0.05) the effect of the other treatmemtaups were 3 medium, where the treatment M&siniawhich

cause a higher mortality 21.25% whiRroteustreatment was the treatment cause lower mortélit5%). The
analysis also allowed observing the prevalencéisfttend throughout all measurements, totalegsiniamortality

by 92.5%.
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At 168 hours shown in Table 2, four groups of medibeing based treatmelfiersiniawhich had the highest
mortality, and is statistically different (p value.05) to the effect of other treatments, as carséen white
treatment showed high mortality, this may be beedhe ants can not survive long without the queen.

The results obtained in this research related &itisecticidal activity of secondary metabolitestioé genus
Yersinig can be explained, as there are reports wheredfgensinia entomophagaowing no toxicity to humans,
but for insects [34, 35]. According to Hurst (20¥Brsinia entomophagslH96 bacteria, it has the ability to cause
death through a wide range of insect species, dioduthe order Coleoptera and Lepidoptera [36]efdh-Constant
et al, (2007) mention that the insecticidal activity Y¥érsinisentomophagas determined by the presence of a
complex of toxins according to Blackbuet al. (2011), this complex is found Bacillus thuringiensis known
bacterium used successfully in controlling croptpd487, 38]. However the recent emergence of sishsect
toxins of B. thuringiensiqTabashnikt al, 1993)is one of the main reasons that have ntetivthe search for new
sources of biopesticides, suchYagsinia[39].

The determination of the protein profile was perfed because it was considered that agents caumngxicity
could have protein origin, so for determining alephoresis was used in polyacrylamide gels in tfesgnce of
sodium dodecyl sulfate (SDS-PAGE), since it is abmed as an effective method for the differerdiatiof
microorganisms [40] as well as being a reliabléntégue and commonly used for the separation, itieation and
characterization of proteins [41, 42].

The determination of protein profiles to each oé tbxtracts Klebsiella PseudomonasProteus and Yersinig
isolated fromA. melliferabiota, variability were observed in the numbepodtein bands, but showed similarity in
their size, predominant molecular weight of 70 kiadeich was observed in all profiles. The band oflenolar
weight of 10 kDa coincided witlYersiniaand Pseudomonaswhile molecular weight bands 55, 70 and 130 kDa,
agreed td®seudomonaandProteus the latter extract which had the highest numiidands (Figure 1).

Toxicity of the four extracts obtained from straidentified was evaluated, where only the extracif the genus
Yersinia showed insecticidal activity againétta mexicanawhose protein bands corresponding to a molecular
weight of 10 and 70 kDa. This fact can be attridutethe presence of toxic proteins by moleculaigitecould be
compared to some of the endotoxin®8actillus thuringiensisCry because according to the literature it is knaRat
the insecticidal activity that is attributed to thacteriumBacillus thuringiensiss due to its ability to produce a
parasporal body proteinaceous known as crystahdwsporulation phase. This protein crystal endeotagiknown

as Cry or Cyt proteins, some of which are activairg} insects such as Lepidoptera (butterflies)e@utera
(beetles), Diptera (mosquitoes), mites and hymearaptants), among others.The molecular weight ef @y
proteins between 25 and 140 kDa[43, 44]. CurreB82 endotoxins have been classified into 47 grafp€ry
proteins, 22 proteins Cyt into two groups and sikeo proteins ofBacillus thuringiensisthat have not been
classified in a specific group [45]. Cry toxinsdae toxic fragments weigh between 60 and 70 kDaCfy 2 the
molecular weight is 70 kDaprototoxin, like for C8y however they differ in the type of crystal fotioa being for
Cry 2 cuboidal and diamond for the Cry Cry 3. 4 édndgund that the toxic fragments correspond to moé
weights ranging from 50 to 70 kDa[46]. 70 kDa papfides which correspond with endotoxin Cry type 2
associated with cubic morphology are active botpideptera and Diptera[47, 48] but so far, with éxeept for a
patent application of toxin-specific ant Cry22, @mptein whatsoever has been found to be direoHictto insects
Hymenoptera. According to Soberon and Bravo (200i8)mode of action of Cry toxins are observedysoms
that occur from ingestion of crystals, such asatims of intake, paralysis of the bowel, diarrhiedal paralysis and
ultimately death [49]. Generally Cry toxins areidypores exert their toxic activity to cause osmatibalance in the
epithelial cells which are inserted into the membrd50]. Therefore although this may explain thesgilae
relationship between the proteins found in the agttof Yersiniawith molecular weight of 70 kDa and toxicity
againstAtta mexicanaontact the endotoxins &. thuringiensisCry, and they have now found Cry toxins in other
bacterial specie€lostridium bifermentantan not be assured that it is the same as it hade®n proven the
similarity in their amino acid sequences in thig/wan be explained lack of insecticidal activitytlie other extracts
also showed bands with molecular weights of 70 |34

Table 1: Bacterial generaisolated from Apismellifera

Gender %
Klebsiella | 37.50
Pseudomong 31.25
Yersinia 12.50
Proteus 6.25

The insecticidal activity exhibited by the extratYersiniaon Atta mexicanean respond to the need to implement
new biotechnology alternatives in combating pestsadren with agroecological development, replading
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intensive and uncontrolled use of pesticides, cauie generation of resistance already well-studied damage to
the environment and human health.

Table 2: Mortalityassessments

Mortalities percentage+Error Standart + Significanc
TX 24hours 48hours 72hours 96hours 120hours 144hours 168hours
E: 2.5+1.44 a 7.5%1.44h 8.75+x125b 275+144B75+144b| 43.75+1.25p 65+0/c
E, | 1.25+1.25a 5t0Q 8.75+1.25b 125+144c +2004c 40+2.04 71.25+#1.25]b
Es 25+144a] 21.25+1.25a4 31.25+1.2%a 475+14478.75+1.258 76.25+1.25ja 925+1.44a
E4 1.25+1.25a] 1.25+1.25¢ 1.25+125c 3.75+1.25d25+1.25¢c 30+0¢ 525 +1.44(d
C+ | 1.25#1.25a] 6.25+#1.25b 10+0b  125+144c 7331.25¢c| 31.25+1.25¢ 53.75+1.25d
C- 25+25a| 6.25x1.25h 8.75+1.25b 13.75+1.25c8.72t1.25b| 425+1.44p 63.75+1.25¢c
B 0+0a| 3.75+1.25H4 75+1.44p 15+Qc 325+h44 45+0b 70+0h

Tx: Treatments, £Pseudomonas, Hlebsiellak: Yersinia, &: Proteus, C+:Aspergilus, C-: Ethanol, B: Target.
*Different letters in the same column indicate #iigant difference, Tukey test € 0.05).

— 10

Fig. 1. SDS-PAGE 10% extractsof Proteusculture (lane 2), Yersinia (lane 3), Klebsiella (lane 4), Pseudomonas (lane 5), Lane 1 and 6
molecular weight marker .

CONCLUSION

Were isolated and identified four bacterial typiékebsiella (37.5%),Pseudomona31.2%),Yersinia(12.5%) and
Proteus(6.2%). The secondary metabolites produced&ssiniapresented proteins with molecular weights of 10
kDa and 70 kDa.lt was possible to observe that Yeesinia extract contains biologically active sedary
metabolites againgttta mexicanhy exhibiting a 92.5% cumulative mortality.
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