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RESUMO

Jaburetox (JBTX) € um peptideo derivado de uma isoforma da urease de Canavalia ensiformis
que apresenta potente atividade inseticida e, portanto, tem sido considerado como um candidato
promissor para o desenvolvimento de culturas geneticamente modificadas (GM). Entretanto,
para garantir a seguranca de uso de culturas transgénicas expressando novos peptideos e
proteinas exdgenos, testes de biosseguranca alimentar devem ser realizados para identificar
riscos associados a essas moléculas bioativas. Dentre as abordagens mais utilizadas para
avaliacdo de risco de proteinas recombinantes, tem sido amplamente aceito o0 método de duas
etapas baseado em pesos de evidéncia, proposto pelo Instituto Internacional de Ciéncias da Vida
(ILSI). Essa abordagem destaca-se das demais por levar em conta a analise dos dados obtidos
de maneira holistica. A etapa | consiste em: 1. Pesquisa do historico de uso seguro; 2. Analises
de bioinformatica; 3. Modo de ac¢do e especificidade da proteina; 4. Analises de digestibilidade
in vitro e testes de estabilidade a temperatura; e, 5. Estimativa segura dos niveis de expressao e
de ingestdo dietética dos graos transformados. Ja na etapa Il é recomendado um estudo caso-a-
caso para cada proteina. Aliada a essa abordagem, 0 nosso grupo também tem proposto que a
avaliacdo de seguranca de novas proteinas seja realizada precocemente dentro da cadeia
produtiva de transgénicos. Assim, a avaliacdo de seguranca deixa de ser realizada apds o
desenvolvimento do transgénico para ser executada ainda nas etapas de prospeccdo e
caracterizacdo da nova proteina, o que efetivamente pode detectar propriedades
antinutricionais, toxicas e/ou alergénicas e, portanto, conduzir a decisdes como a exclusdo da
proteina de uma potencial aplicacdo biotecnoldgica ou promover modificacdes estruturais.
Neste contexto, este estudo objetivou realizar a avaliacdo de risco precoce do peptideo
inseticida JBTX, de sua proteina parental, a urease de C. ensiformis (JBU), e da isoforma
JBURE II. Para tanto, foi empregada a abordagem do ILSI, com algumas modificacfes. A partir
desta pequisa, a C. ensiformis, JBU e suas proteinas derivadas mostraram ter um histérico de
uso seguro; o peptideo JBTX ndo mostrou similaridade significativa de sua sequéncia de
aminoacidos primaria com proteinas alergénicas, toxicas e/ou antinutricionais; esse peptideo
mostrou possuir modo de agdo pouco compreendido, entretanto, apresentou elevada
especificidade contra insetos; JBTX e JBU foram altamente susceptiveis a digestdo em fluido
gastrico simulado. Tendo como base esses resultados, foi possivel concluir que néo é esperado

risco associado ao consumo desse peptideo.

Palavras-chave: feijdo-de-porco; peptideo inseticida; biosseguranca alimentar; culturas
transgénicas.



ABSTRACT

Jaburetox (JBTX) is a peptide derived from a Canavalia ensiformis urease isoform which
exhibits potent insecticidal activity, and therefore it has been considered a promising candidate
for development of genetically modified (GM) crops. However, to ensure the safe use of
transgenic cultures expressing new exogenous peptides and proteins, food safety tests have to
be performed to identify risks associated to these bioactive molecules. Among the most used
approaches to evaluate the risk of recombinant proteins, the two-tiered weight-of- evidence
method proposed by the International Life Sciences Institute (ILSI) has been widely accepted.
This approach stands out from the others by taking into account the analysis of the data obtained
in a holistic way. The stage | consists of: 1. History of safe use research; 2. Bioinformatics
analysis; 3. Mode of action and protein specificity; 4. In vitro digestibility analysis and
temperature stability tests; and, 5. Safe estimation of the levels of expression and dietary intake
of the processed grains. In the stage 11, a case-by-case study is recommended for each protein.
In addition to this approach, our group has also proposed that the safety assessment of new
proteins be performed precociously inside of the transgenic production chain. Thus, the safety
evaluation is no longer carried out after the development of the transgenic but in the stages of
prospecting and characterization of the new protein, which effectively can detect antinutritional,
toxic and/or allergenic properties and, therefore, lead to decisions such as the exclusion of the
protein from a potential biotechnological application or to promote structural modifications. In
this context, this study aimed to perform the early risk assessment of the insecticidal peptide
JBTX, its parental protein, the urease of C. ensiformis (JBU), and the JBURE |1 urease isoform.
For that, the ILSI approach was used, with some modifications. From this research, C.
ensiformis species, JBU and its derivative proteins have shown a history of safe use; the JBTX
peptide did not show significant similarity of its primary amino acid sequence with allergenic,
toxic and/or antinutritional proteins; this peptide showed to have mode of action little
understood, however, it presented high specificity against insects. Based on these results, it was

possible to conclude that no risk associated with the consumption of this peptide is expected.

Keywords: Jackbean; insecticidal peptide; food safety; transgenic crops.



LISTA DE FIGURAS

Figura 1 - Modelo tridimensional (A) e sequéncia primaria de aminoacidos (B) do
peptideo JADUIEtOX (JBTX) ..oiiiiiiieiiieie ettt 17
Figura 2 - Efeito dos mutantes do JBTX sobre lipossomas unilamelares e atividade

(11 Y (1o o - TR 18



Aa
BLASTP

BLOSUM

ConA
CNTX
CTNBIo

FAO

GM
HOSU
ILSI
JBU
JBURE Il
JBTX
MEME
MAST

NCBI

OMS

PubMed
SDAP

LISTA DE ABREVIATURAS E SIGLAS

Aminoéacidos

“Basic Local Alignment Search Tool protein” (Ferramenta Bésica de Alinhamento
Local)

“Blocks of Amino Acid Substitution Matrix” (Matriz de Substitui¢do em Blocosde
Aminoacidos)

Concanavalina A

Canatoxina

Brazilian National Technical Commission on Biosafety (Comissdo Técnica
Nacional de Biosseguranca)

“Food and Agriculture Organization of the United Nations” (Organizacdo de
Alimentos e Agricultura das Nac¢des Unidas)

Geneticamente Modificado

“History of safe use” (Historico de uso seguro)

“International Life Sciences Institute” (Instituto Internacional de Ciéncias da Vida)
“Jack bean urease”

“Jack bean urease” isoforma II

Jaburetox

“Multiple Em for Motif Elicitation” (Multiplos Em para Elicitagdo de Motivo)
“Motif Alignment and Search Tool” (Ferramenta de Alinhamento e Pesquisa de
Motivos)

“National Center for Biotechnology Information” (Centro Nacional para
Informacéo sobre Biotecnologia)

“World Health Organization” (Organiza¢do Mundial da Saude)

“Public/Publisher MEDLINE”

“Structural Database of Allergenic Proteins” (Banco de Dados Estrutural de

Proteinas Alergénicas)



SUMARIO

O LN 2105 100X @ LR TRN 12
2  REFERENCIAL TEORICO ..o eeeses s enisss s, 14
0 A =T ToT 1 7= [ T £ TSP P R 14
2.2 Jaburetox: peptideo rocombinante obtido a partir da urease de C. ensiformis....... 16
2.3 Avaliacao de seguranca de proteinas biotecnolOgicas...........ccccevveveiieenecie e, 18
3 ARTIGO ..ottt sttt e e re e 22
4 CONSIDERAQ()ES FINAIS ... 57

REFERENCIAS ..o et e e e e et e s e s et ee e e e es e e e et e e ereees e, 58



12

1 INTRODUCAO

O desenvolvimento de culturas transgénicas é um acontecimento recente, assim
como o0 consumo por humanos e animais de seus derivados. Ao passo da explosdo de
crescimento mundial, hd uma predisposicdo em substituir as proteinas de origem animal nos
alimentos e ragdes por proteinas de origem vegetal, que apresentam melhor eficiéncia de custo,
chegando a corresponder a 40% do peso seco da semente (YAVARI et al., 2016).

Um evento de fundamental importancia nesta area foi a insercdo de genes que
expressam as proteinas entomotoxicas de Bacillus thuringiensis que conferem resisténcia ao
ataque de lepiddpteros para a planta de Nicotiana tabacum (VAECK et al., 1987). Contudo, ha
dificuldades de aceitacdo desta nova tecnologia pelos consumidores e surgem, com isso,
inquietacOes acerca da sua biosseguranca em humanos e animais (CRAIG et al., 2008; ROCCA
& ANDERSEN, 2017; HARTLEYet al., 2016). Desde esse acontecimento, diferentes genes de
proteinas que atribuem propriedades de resisténcia ao ataque de patdgenos estdo sendo
introduzidos em diversas colheitas (CARLINI; GROSSI DE SA, 2002; DELANEY et al., 2008;
FARIAS et al., 2015).

Nesse contexto, Jaburetox (JBTX) mostrou-se ser toxico para diferentes insetos
pragas tais como Rhodnius prolixus e Oncopeltus fasciatus (MARTINELLI et al, 2014) e tem
sido visto como uma alternativa para criacao de plantas geneticamente modificadas.

Porém, para que novos genes sejam introduzidos em culturas, ha a necessidade de
realizacdo de avaliacdo de risco com o objetivo de assegurar seu uso seguro (FARIAS, 2013;
FARIAS, et al., 2015; PINTO, et al., 2015). Para tanto, nosso grupo tem proposto uma
metodologia de avaliacdo chamada de ‘“‘avaliacdo de risco precoce” que tem se mostrado
bastante eficaz na identificacdo de riscos indesejaveis (p. ex. potencial alergénico) dessas
moléculas. A avaliacdo de risco precoce deve acontecer ainda nas etapas de prospeccdo e
caracterizacdo da proteina candidata (PINTO, et al., 2015).

As metodologias de avaliacdo de risco de proteinas que sdo candidatas ao
desenvolvimento de plantas transgénicas sdo realizadas de acordo com as recomendacdes da
FAQO -“Food and Agriculture Organization of the United Nations” (Organiza¢ao de Alimentos
e Agricultura das Nagdes Unidas) e OMS - “World Health Organization” (Organizagcdo Mundial
da Saude) que estdo sumarizados no documento “Codex Alimentarius Foods Derived from
Modern Biotechnology” (Codex, 2009). Uma abordagem para avaliagédo de risco que tem sido
bastante reconhecida foi proposta pelo Instituto Internacional de Ciéncias da Vida (ILSI). A

etapa | compreende em: 1. Pesquisa do historico de uso seguro; 2. Analises de bioinformatica;


http://www.sciencedirect.com/science/article/pii/S0278691515001775#bib11
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3. Modo de agdo e especificidade da proteina; 4. Analises de digestibilidade in vitro e testes de
estabilidade a temperatura; e, 5. Estimativa segura dos niveis de expressdo e de ingestdo
dietética dos graos transformados. Ja na etapa Il é recomendado um estudo caso- a-caso para
cada proteina. Entretanto, é recomendado que seja realizado um teste de toxicidade aguda em
uma espécie de roedor quando se tratar de proteinas inseticidas (DELANEY et al., 2008).
Nesta conjuntura, este estudo teve como objetivo realizar a avaliagdo de risco
precoce do peptideo inseticida JBTX, de sua proteina parental, a urease de C. ensiformis e de
uma de suas isoformas a JBURE I1. Os testes aqui empregados foram baseados no ILSI, com
algumas modificacbes. Ademais, este projeto contribuiu para o conhecimento sobre a
biosseguranca alimentar dessas importantes ferramentas biotecnoldgicas, garantindo a
seguranca de sua expressdao em plantas e assim, minimizando os riscos para oambiente e

sociedade.


http://www.sciencedirect.com/science/article/pii/S0278691515001775#bib14
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2 REFERENCIAL TEORICO

2.1 Proteinas bioinseticidas

Proteinas ditas bioinseticidas sdo aquelas produzidas por organismos Vivos tais
como animais, plantas e microorganismos. Sao utilizados, principalmente, no combate de
insetos-praga e possuem as caracteristicas de serem especificos aos alvos e ditos in6cuos aos
insetos ndo-alvo. Quando se fala em seguranca ambiental, os bioinseticidas se destacam por
apresentarem capacidade de atuacdo eficaz em pouca quantidade e ndo possibilitarem o
desenvolvimento de resisténcia quando comparado aos inseticidas quimicos (SENTHIL-
NATHAN, 2015).

Existem diferentes tipos de bioseticidas, derivados de diferentes organismos
como bioinseticidas derivados da bactéria Bacillus thuringiensis (Bt), que apresentam como
caracteristica a producdo de cristais entomotoxicos que sao utilizados na agricultura em
diferentes culturas tais como milho, algod&o e soja. O modo de acdo especifico e a seguranca
dos produtos a base de Bt (FARIAS, 2015) estdo relacionados pelo menos, em parte, com a
producdo de uma inclusdo cristalina parasporal na célula bacteriana durante a esporulacdo ou
na fase estacionaria (VILAS-BOAS et al. 2007; VILAS-BOAS, 2012). A producdo destes
cristais protéicos representa uma caracteristica tipica dessa bactéria e confere atividade
entomopatogénica a diferentes espécies pertencentes a muitas ordens de insetos, destacando-se
Lepidoptera, Diptera e Coleoptera. Os cristais de Bt sdo formados principalmente por proteinas
denominadas Cry (Crystal), anteriormente chamadas 8-endotoxinas, liberadas prioritariamente
ao final da esporulacdo (BRAVO et al. 2007, ANGELO et al., 2010; VILAS-BOAS, 2012). A
toxicidade de Bt é comumente atribuida & inclusdo parasporal (3-endotoxinas), essas toxinas,
guando ingeridas pelas larvas, podem danificar o tecido intestinal, levando ao ndo mais
funcionamento do intestino. Depois disso, a larva morre em decorréncia do efeito de fome e
comprometimento do epitelio intestinal (BETZ et al.,, 2000; DARBOUX et al, 2001;
SENTHIL-NATHAN, 2015).

Dentro desta classe também se destacam as lectinas, que sdo proteinas ou
glicoproteinas que tem capacidade de se ligarem reversivelmente a mono/oligossacarideos
através de ligacdes de hidrogénio e interacdes de Van der Waals (LANNOO & VAN DAMME,
2010). A expressao de lectinas em plantas se da devido a acdo de injdrias ou fitopatdgenos.
Essas lectinas, presentes no citosol, atuam diretamente na defesa da planta (PROCOPIO et al,

2017). Lectinas também desempenham a funcdo de aglutinar eritrocitos e também podem
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apresentar papel antimicrobiano indireto, por meio da interferéncia no processo de aderéncia e
invasdo na célula hospedeira, impedido que o patdgeno se estabeleca e se reproduza, tornando-
0 alvo para as defesas presentes na corrente sanguinea (PROCOPIO, 2017). Em insetos, as
lectinas apresetam atividade inseticida por meio da inibicdo do crescimento através de
interagcfes com a regido epitelial do intestino do inseto, dificultando o transito intestinal
(SILVA, 2017).

Outro exemplo séo as proteinas inativadoras de ribossomos de plantas (RIPs)
que exibem atividade de N- glicosidase de RNA ribossdmico (RNAr) altamente especifica e
sdo capazes de inativar cataliticamente ribossomos de células eucarioticas. Essa inativacdo
ocorre pela clivagem de um residuo especifico de adenina do RNAr (SCHROT; WENG;
MELZIG, 2015; SHANG, et al, 2015). Existem basicamente dois tipos diferentes de RIPs: tipo
1 (RIP 1) e tipo 2 (RIP 2). As RIPs de tipo 1 séo proteases de cadeia Unica, enquanto as RIPs
de tipo 2 consistem em duas cadeias polipepticas (cadeias A e B) que s&o ligadas por uma ponte
dissulfureto. A cadeia A contém a funcdo enzimaética e a cadeia B apresenta propriedades de
lectina, permitindo que essas proteinas se liguem a residuos de galactose na superficie celular
(SCHROT; WENG; MELZIG, 2015).

Outra classe de grande diversidade compreende o grupo dos inibidores de
proteases. Proteases sdo enzimas que hidrolizam irreversivelmente uma ligacéo peptidica por
meio de um ataque nucleofilico e posterior hidrolise. Elas séo classificadas de acordo com o
grupo presente no sitio catalitico: serina (Ser), treonina (Thr), cisteina (Cys), aspartato (Asp),
glutamato (Glu) ou zinco, nas chamadas metaloproteases. As enzimas também podem ser
classificadas em endo- e exopeptidases de acordo com a posi¢do de clivagem da ligacdo
peptidica (SIKLOS; BENAISSA; THATCHER, 2015). Os inibidores de proteases agem por
meio da inibicdo das enzimas digestivas de insetos, trazendo prejuizos dentre os quais, a
deficiéncia de aminoacidos e consequente atraso no desenvolvimento, seguido de morte.
Também sdo evidenciados hiperproducdo de proteases por meio do inseto a fim de suprir a
caréncia deixada pelo inibidor, levando a deplecdo de aminoécidos essenciais (ZHU-
SALZMAN; ZENG, 2015)

Proteinas que também apresentam efeito inseticida tém sido estudadas ao longo dos
anos, sao as ureases. A urease de Canavalia ensifomis foi a primeira enzima a ser cristalizada,
feito conseguido por James Sumner (1887-1955) em 1946. Esse marco rendeu a Sumner o
prémio Nobel de Quimica devido a grande contribuicdo para a enzimologia moderna, ao
mostrar a natureza proteica das enzimas (FOLLMER, 2008). A urease (EC 3.5.1.5; ureia

amidohidrolase) é uma enzima dependente de niquel que cataliza a hidrolise da ureia em duas
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moléculas de aménia e uma de dioxido de carbono (SUMNER, 1926). As ureases estdo
presentes em todos 0s organismos vivos, mas sdo predominantemente encontradas em espécies
vegetais das familias Cucurbitaceae e Leguminosae (Fabaceae) (LOPEZ, 2012).

A urease de C. ensifomis é a enzima melhor e mais caracterizada dentre as ureases.
Ela apresenta trés isoformas bem descritas: 1) A “Jack bean urease” do tipo I (JBURE-I ou
JBU) que é a principal enzima e se apresenta formando hexdmeros de subunidades idénticas de
90 kDa e dois atomos de niquel em cada subunidade (FOLLMER, 2008); 2) A Canatoxina
(CNTX), uma isoforma neurotoxica, € uma proteina dimérica com subunidades idénticas de 95
kDa capaz de promover convulsées e morte em animais quando injetada intraperitonealmente
(CARLINI; GUIMARAES, 1981) e também causa mortalidade em insetos com digest&o
baseada em proteases do tipo catepsina (CARLINI, et al., 1997); 3) A “jack bean urease” do
tipo 11 (JBURE-II) que € uma isoforma menor que as demais, apresentando 78 kDa ( PIRES-
ALVES, 2003; MULINARI, 2011).

2.2 Jaburetox: peptideo rocombinante obtido a partir da urease de C. ensiformis

Anos apds a sua descoberta, foi demonstrado que o efeito inseticida da CNTX é
dependente da liberacdo de um peptideo toxico a partir da hidrélise de ligagdes peptidicas
especificas pela acdo de proteases do tipo catepsina (proteases cisteinicas), que sao
caracteristicas do trato digestivo de algumas espécies de insetos. Esse peptideo de 10 kDa foi
isolado e, entdo, denominado de Pepcanatox (FERREIRA-DASILVA et al., 2000). Desde
entdo, ficou estabelecido que o Pepcanatox é o responsavel pela letalidade da urease em insetos
que possuem enzimas digestivas do tipo catepsina (CARLINI, et al., 1997).

O efeito entomotoxico da CNTX, dependente da liberacdo do Pepcanatox por
enzimas do tipo catepsinas dos insetos, foi demonstrado para os insetos praga Callosobruchus
maculatus, Dysdercus peruvianus e Oncopeltus fasciatus (Ferreira Dasilva et al., 2000,
Staniscuaski et al. al., 2005; Defferrari et al., 2011). A partir da sequéncia N-terminal do
Pepcanatox e utilizando o cDNA da isoforma Il de JBU (JBURE-IIb) como molde, o peptideo
recombinante denominado Jaburetox-2Ec foi obtido por expressdo heter6loga em Escherichia
coli contendo o epitopo viral V5 e uma cauda contendo 6 histidinas. Este peptideo apresentou
um amplo espectro de atividade inseticida, incluindo insetos ndo suscetiveis a CNTX, como
Spodoptera frugiperda (Mulinari et al., 2007). Posteriormente, uma variante do peptideo
Jaburetox-2Ec foi clonada e expressa em E. coli sem o epitopo viral V5. Esse peptideo,

chamado de Jaburetox (JBTX) apresenta em sua sequéncia completa 93 aminoacidos
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(POSTAL, et al, 2012). Na Figura 2 (A), encontramos uma representacdo da estrutura deste
peptideo e na Figura 2 (B), a sequéncia de aminoécidos

Figura 1 — Modelo tridimensional (A) e sequéncia primaria de aminoacidos (B) do peptideo
Jaburetox (JBTX);

Fonte: Disponivel em: https://www.rcsh.org/3d-view/2MM8/1
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Fonte: HELEN, et al, 2000. Disponivel em:
https://www.rcsb.org/pdb/explore/remediatedSequence.do?structureld=2MM8

Estudos que buscam maior entendimento sobre 0 modo de acao desse peptideo vém
sendo desenvolvidos com a finalidade de identificar qual regido do peptideo esta diretamente
relacionada aos efeitos toxicos. Para tanto, foram desenvolvidas trés formas variantes
denominadas JbtxAp, Jbtx N-ter e Jotx C-ter. Sendo, o JbtxAP uma variagdo do peptideo sem a
por¢do B-grampo (aminoacidos 61-74), o Jbtx N-ter apenas a por¢do N- terminal do peptideo

(aminoécidos 1-44) e o Jbtx C-terminal contendo apenas a porcdo C-terminal da sequéncia


http://www.rcsb.org/3d-view/2MM8/1
http://www.rcsb.org/3d-view/2MM8/1
http://www.rcsb.org/pdb/explore/remediatedSequence.do?structureId=2MM8
http://www.rcsb.org/pdb/explore/remediatedSequence.do?structureId=2MM8
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(aminoéacidos 45-93). A partir deste estudo pbde-se inferir que a porcdo N-terminal é a
responsavel pela atividade entomotdxica, entretanto, a porcéo referente a regido do C- terminal
favorece, de maneira significativa, a interacdo com membranas celulares. (MARTINELLI, et
al., 2014) (Figura 3). Corroborando com os dados de interacdo do peptideo Jaburetox com
membranas, outros resultados mostraram que tanto o peptideo selvagem, quanto as formas
variantes sdo capazes de adentrar em bicamadas lipidicas e formar canais idnicos cation
seletivos (PIOVESAN, et al., 2014). A toxicidade do Jaburetox € restrita a insetos e nao
desempenha nenhum tipo de reacdo adversa sobre camundongos ou ratos quando administrado
por via oral (STANISCUASKI, et al., 2005).

Figura 2 — Representagdo esquematica da abordagem experimental realizada para avaliar 0s
efeitos de mutantes do peptideo JBTX sobre lipossomas unilamelares e mortalidade dos insetos.
AP - forma mutante com delegdo do grampo B; N-ter — forma mutante correspondente a porgédo
N-terminal do peptideo; C-ter — forma mutante do peptideo correspondente a por¢do C-terminal
e que contém o grampop.
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Fonte: MARTINELLI et al., 2014.

insecticidal activity

Por apresentar essa caracteristica, JBTX tém sido visto como uma proteina
candidata para o desenvolvimento de plantas Geneticamente Modificadas (GM) a fim de
conferir resisténcia a insetos praga. Entretanto, para utilizacdo de novas proteinas com potencial
biotecnologico, devem ser realizados testes de avaliacao de risco a fim de garantir 0 seu uso
seguro (FARIAS, 2013).

2.3 Avaliacao de seguranca de proteinas biotecnologicas

Para se atender a necessidade de alimentos da populacdo mundial ha urgéncia em

se desenvolver culturas que apresentem propriedades de protecdo contra pragas agricolas, tais
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como insetos e fungos fitopatogénicos, para que cada vez menos seja necessaria a aplicagdo
produtos quimicos e, assim, diminuir os impactos sobre a salde dos consumidores e do
ambiente (CARLINI; GROSSI DE SA, 2002; YOUNG, et al., 2012). Para tanto, a utilizagio
do proprio mecanismo de defesa das plantas tem sido levado em consideracdo. A partir disso,
varios genes exogenos que codificam para diferentes proteinas que conferem caracteristicas de
protecdo a predadores e patdgenos tém sido inseridos no genoma de diversas colheitas.
Entretanto, antes que essas culturas transgénicas sejam liberadas para comercializacdo é
necessario gque as proteinas exogenas sejam rigorosamente avaliadas quanto a sua seguranca de
consumo para humanos e animais, o que é chamado de avaliacdo de biosseguranca alimentar
ou apenas de avaliacdo de risco (CARLINI; GROSSI DE SA, 2002; DELANEY et al., 2008;
FARIAS et al., 2015).

O termo “biosseguranga alimentar”, trata de todas as questdes referentes
a seguranca do consumo de alimentos GMs e seus derivados por animais e humanos, sendo,
seu consumo, tdo seguro quanto sua contraparte convencional (FARIAS, et al., 2013).

O conjunto de parametros utilizados para identificar se ha um perigo associado ao
consumo, preocupacdo nutricional ou de seguranca relativo a um OGM (organismo
geneticamente modificado) é chamado de Equilavéncia Substancial. Evidéncias obtidas de
diferentes tipos de informacdes de seguranca coletadas sobre o novo alimento sdo utilizadas na
abordagem desta avaliacdo, visto que ndo ha um critério fixo estabelecido. A principio séo
considerados conhecimentos acerca de potenciais reacdes alérgicas associadas a espécie fonte
do gene exdgeno utilizado. Posteriormente, sdo realizadas comparacdes de homologia de
sequéncias com alérgenos conhecidos. As proteinas recombinantes também sdo analisadas
quanto a sua estabilidade quando submetidas a ensaios de digestibilidade in vitro,
preferivelmente com pepsina, no intuito de simular o trato gastrico humano, tendo como
conclusdo a probabilidade de a proteina ser ou ndo um alérgeno alimentar (FAO/WHO, 2001)
A Organizacdo de Alimentos e Agricultura das NagOes Unidas e a Organizagdo Mundial da
Saude (FAO/WHO) determinaram metodologias para avaliacdo de seguranga de culturas
geneticamente modificadas dentro da analise de risco geral, compreendendo aspectos como 0
risco associado a salde humana, social e ambiental a serem implantados pelos 6rgdos
regulamentadores de cada pais (FAO/WHO, 2001), tal como a Comissao Técnica Nacional de
Biosseguranga (CTNBIo0) no Brasil. Esta Comisséo foi criada através da Lei i n° 11.105, de 24
de marco de 2005, a fim de prestar assisténcia, consultoria técnica e assessoramento ao Governo
Federal em todos os aspectos relativos a Politica Nacional de Biosseguranga no que se refere a

OGMs. A CTNBIo é responsavel pela elaboracdo de normas técnicas de seguranca e pareceres



20

técnicos referentes a protecdo da salde humana, dos organismos vivos e do ambiente, bem
como diretrizes para construgdo, experimentacdo, cultivo, manipulagdo, transporte,
comercializacdo, consumo, armazenamento, liberacdo e descarte de OGM e derivados
(CTNBIo, 2018).

Os parametros de seguranga empregados para avaliagcdes de seguranca de OGMs
visam minimizar ou até mesmo extinguir a chance do consumo de um produto que ofereca
riscos ao ambiente e a comunidade. Para tanto, muitas pesquisas vém sendo desenvolvidas e
praticadas para avaliacdo de seguranca de produtos de origem transgénica por organizacoes
internacionais tais como, “Food and Agriculture Organization of the United Nations (FAO)”,
“World Health Organization (WHO)” e “International Life Sciences Institute (ILSI)”
(OLIVEIRA; WATANABE, 2004).

Um consércio da FAO/WHO elaborou um documento, o Codex Alimentarius, que
visa proteger a saude dos consumidores e garantir praticas igualitdrias no comércio
internacional de alimentos. A Comissdo do Codex Alimentarius estabeleceu a Forga Tarefa
Intergovernamental sobre  Alimentos Derivados de Biotecnologia (“TFFBT -
Intergovernmental Task Force on Food Derived from Biotechnology™) a fim de produzir
referéncias, regras ou recomendacOes para alimentos derivados da biotecnologia moderna ou
caracteristicas inseridas em alimentos por meio dessa tecnologia, com base em evidéncias
cientificas e anélise de risco (CODEX ALIMENTARIUS, 2009). O Codex Alimentarius é
adotado em muitos paises membros da Organizacdo Mundial do Comércio (OMC) para
regulamentacdo da seguranca de consumo de transgénicos (HAMMOND et al., 2013; FARIAS,
2013).

Diante do exposto, a inser¢do de proteinas exdgenas merece destaque, visto que,
proteinas que sao inseridas em culturas por meio da tecnologia do DNA recombinante ndo
fazem parte, tradicionalmente, da alimentacdo de humanos e/ou animais e podem produzir
compostos distintos da sua contraparte convencional. Formacdo de padrdes de metabdlitos
novos ou modificados, silenciamento, ativacdo ou dasativacdo de genes, sdo exemplos de
efeitos ndo intecionais que podem ser provocados pela modificacdo genética (AALBERSE,
2000). Dessa maneira, ¢ de fundamental importancia que seja realizada avaliagdo de risco
dessas proteinas com o intuito de prevenir a insercdo de proteinas alergénicas, toxicas,
antinutricionais ou com outros efeitos adversos ja descritos.

Para tanto, o Instituto Internacional de Ciéncias da Vida (ILSI) propds uma
abordagem alternativa que tem sido bastante aceita. Essa abordagem destaca-se das demais por

levar em conta a analise dos dados obtidos de maneira holistica. Compreende duas etapas, que
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abragem andlises distintas e recomenda que o valor preditivo de cada evidéncia deva ser bem
compreendido a fim de conferir a certos dados, maior relevancia que a outros no decorrer da
avaliacdo, adicionando significancia maior para a avaliacdo total (DELANEY et al., 2008).

A etapa | compreende a identificagdo do perigo potencial: 1. Pesquisa do historico
de uso seguro (“HOSU - History of Safe Use”) (CONSTABLE et al., 2007); 2. Analises de
bioinformatica; 3. Modo de acdo e especificidade da proteina; 4. Anélises de digestibilidade in
vitro e testes de estabilidade a temperatura; e, 5. Estimativa segura dos niveis de expressdo e de
ingestdo dietética dos grdos transformados. Os resultados obtidos a partir da primeira etapa
podem revelar dados suficientes sobre a seguranca da proteina a ser inserida para expressao, e
assim assegurar sua utilizagao para alimentagdo humana e/ou animal.

Ja naetapa Il é recomendado um estudo caso-a-caso. Todavia, no caso de proteinas
inseticidas, € recomendado que seja realizado um teste de toxicidade aguda (dose Unica e/ou
doses repetidas), em uma espécie de roedor, realizados por administracdo oral, por se tratar da
via de exposicdo mais provavel de interagdo com a proteina transgéncia (DELANEY et al.,
2008; CODEX ALIMENTARIUS, 2009).

A metodologia sugerida pelo ILSI contempla a todas as exigéncias propostas pelo
Codex Alimentarius no que diz respeito a avaliacdo de biosseguranca alimentar de novas
proteinas. Além disto, 0 6rgdo responsavel por conduzir e assentir a liberacdo de OGMs, a
CTNBIo, também emprega esta abordagem para a avaliacdo de risco de novas proteinas.

Uma variacdo desse método tem sido proposta pelo nosso grupo, denominada de
“avaliacdo de risco precoce”, que ocorre ainda nas etapas de descrigdo da proteina “candidata”,
auxiliando no reconhecimento de potenciais riscos (p. ex. potencial alergénico) antes de sua
utilizag&o no desenvolvimento de culturas transgénicas. Este modelo tem se mostrado bastante
eficaz (FARIAS et al., 2015; PINTO, et al., 2015).

Assim, esse método foi escolhido para a avaliagdo de biosseguranca da proteina

candidata a transgenia, JBTX, objeto de estudo deste trabalho.


http://www.sciencedirect.com/science/article/pii/S0278691515001775#bib14
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Highlights

¢ Jaburetox is an antifungal and insecticidal peptide derived from jack bean urease.
e An early risk assessment of the peptide Jaburetox was performed.
e Jaburetox showed no significant similarity to any allergenic protein.

e Jaburetox was rapidly degraded by pepsin.

« No significant risk may be associated with the consumption of Jaburetox.
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ABSTRACT

Jaburetox (JBTX) is an insecticidal and antifungal peptide derived from jack bean (Canavalia
ensiformis) urease that has been considered a promising candidate for developing genetically
modified crops. Thus, an early risk assessment on the food safety of JBTX could provide
important information to support its use for biotech purposes. This study aimed to perform the
risk assessment of the peptide JBTX following the general recommendations of the two-tiered
weight-of-evidence approach proposed by International Life Sciences Institute. The urease of
C. ensiformis (JBU) and its isoform JBURE I1b (the JBTX parental protein) were also assessed.
The history of safe use revealed no hazard reports for the studied proteins. With respect to the
mode of action/specificity, the available information shows that JBTX possesses selective
activity against insects and fungi. JBTX and JBU primary amino acids sequences showed no
relevant similarity to any known toxic, antinutritional or allergenic proteins, while the JBURE
I1b sequence matched (> 35% identity) with allergens from Hevea brasiliensis and Oryza sativa
by using the search parameter of 80 amino acids sliding window. Additionally, JBTX and JBU
were susceptible to in vitro digestibility. Taken these results together, no relevant risk is

expected to be associated with the consumption of the JBTX peptide.

Keywords: allergen prediction; candidate protein; food safety assessment; Genetically
Modified crops; in vitro digestibility.
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1. INTRODUCTION

Jack bean (Canavalia ensiformis) has historically been a source of interesting
proteins (Carlini; Ligabue-Braun, 2016). The jack bean urease (JBU) which was the first
enzyme to be crystallized (Sumner, 1926) and the widely studied lectin Concanavalin A
(Sridhar; Seena, 2006) are notable examples of the importance of this plant species for the
biochemical knowledge. Joining this group, in the early 80’s, a toxic protein called Canatoxin
(CNTX) was isolated from C. ensiformis seeds which is lethal to mice when injected
intraperitonially (LDso =2 mg/kg) as well as to insects (Carlini; Guimaraes, 1981; Carlini et al.,
1997; Follmer et al., 2001). The insecticidal activity of CNTX, selective to insects with
cathepsin-based digestion (Carlini, et al 1997), has elicited discussions about its role in plant
defense (Staniscuaski; Carlini, 2012). Years after its isolation, it was discovered that CNTX is
actually one of the isoforms of urease found in C. ensiformis (Follmer et al, 2001). JBURE-II,
later renamed as JBURE-IIb, was identified as a third isoform of C. ensiformis urease (Pires-
Alves et al., 2003; Mulinari et al., 2011).

The entomotoxic effect of CNTX is partly dependent on the release by insect
cathepsins of a 10 kDa internal peptide, called Pepcanatox, as demonstrated for the pest insects
Callosobruchus maculatus, Dysdercus peruvianus and Oncopeltus fasciatus (Ferreira Dasilva,
et al., 2000, Staniscuaski et al., 2005; Defferrari et al., 2011). From the N-terminal sequence of
Pepcanatox and using the cDNA of the JBU isoform Il (JBURE-lIb) as template, the
recombinant peptide called Jaburetox-2Ec was obtained by heterologous expression in
Escherichia coli containing in its sequence a V5 viral epitope and 6 His-tag. This peptide
presented a broad spectrum of insecticidal activity including to insects not susceptible to CNTX
such as Spodoptera frugiperda (Mulinari et al., 2007). Thereafter, a variant of the Jaburetox-
2Ec polypeptide was cloned and expressed in E. coli without the V5 viral epitope. This peptide
with 93 amino acids residues was named Jaburetox (JBTX) (Postal et al., 2012).

JBTX revealed similar insecticidal activity as its V5-containing version and the list
of insects affected by the recombinant peptide is continuously increasing, to include other
hemipterans such as O. fasciatus (Defferrari et al., 2011; Martinelli et al, 2014) and also
cockroaches, such as Blatella germanica, Phoetalia pallidum and Nauphoeta cinerea
(Martinelli et al., 2014; unpublished results). JBTX shows also remarkable deterrent effects
against yeasts and filamentous fungi (Postal et al., 2012; Carlini; Ligabue-Braun, 2016).
Because of these features, JBTX has been seen as an alternative for the biological control of

agricultural pests through the development of genetically modified (GM) crops.
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The development of a transgenic plant follows a sequence of stages ranging from
the selection of the biocidal genes to be used in the plant transformation to the risk assessment
of the new cultivar for human and environmental health. Often, the safety assessment of the
exogenous proteins and the whole plant has been performed only in the later stages. Certainly,
this is not an effective approach, because it can lead to the production of plants containing
proteins that may potentially present risks to non-target organisms (Farias et al., 2015a). In
recent years, our group has proposed that the safety evaluation of recombinant proteins could
be done even before obtaining the first transgenic plants in greenhouse, through a process we
named early risk assessment of candidate proteins. This approach has been shown to be quite
effective in identifying undesirable risks (e.g. allergenic potential) of these molecules prior to
their use for the development of biotech products (Farias et al., 2015b; Pinto et al., 2015).
Besides, the early risk assessment approach can prevent time and effort consuming activities,
as it can help to envisage changes to the protein structure in order to reduce its potential risks
(Pinto et al., 2015).

The current strategies for assessing the risk of consumption of recombinant proteins
are essentially carried out based on FAO (Food and Agriculture Organization) and WHO
(World Health Organization) guidelines presented in the 2nd edition of Codex Alimentarius -
Foods Derived from Modern Biotechnology (Codex, 2009). Alternatively, the International
Life Sciences Institute (ILSI) proposed a two-tiered (Tier | and Il) approach based on weights
of evidence that is well accepted (Delaney et al., 2008). This approach stands out from the
others by taking into account all data obtained in a holistic way. The first step (Tier I) includes
the history of safe use (HOSU) of the protein and the gene-donor species, comparisons of amino
acids sequence in protein databases, descriptions of the mode of action and specificity, in vitro
digestibility and temperature stability tests, as well as the expression level and dietary intake of
the recombinant proteins. When the data from Tier I are not conclusive, it is recommended to
perform the Tier Il that comprises acute and repeated dose toxicological studies and/or
hypothesis-based testing (Delaney et al., 2008).

The ILSI two-tiered approach has been initially proposed for recombinant proteins
in the later stages of developing transgenic crops. However, this approach has proved to be
suitable for early risk assessment of candidate proteins and help to support the safe use of these
molecules for developing biotech products. In this context, this study aimed to perform an early
risk assessment of JBTX insecticidal peptide and of C. ensiformis ureases, JBU and JBURE-
I1b (from which JBTX derived), following the general recommendations of ILSI. Adjustments

of this approach were proposed, which comprised the exclusion of temperature stability test and
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measurements of the expression levels of the recombinant protein in the transgenic plant. On
the other hand, the inclusion of additional bioinformatics tools was favored.

2. MATERIAL AND METHODS

2.1. IBTX and JBU samples

The recombinant peptide Jaburetox (JBTX) containing the 6 His-tag and molecular
mass of 11.03 kDa was produced following the protocol described by Broll et al., 2017, with
some modifications. Escherichia coli BL21(DE3)-RIL cells containing pET23a-Jaburetox
plasmid were cultured in 15 mL LB (Luria Bertani) broth, 100 pg.mL"* ampicillin e 40 pg.mL
1 chloramphenicol for 16 h, 37 °C and 200 rpm. All the content was inoculated in 1 L of
autoinduction medium (tryptone 10 g.L?, yeast extract 5 g.L2, glycerol 5 g.L ™, (NH4)2SO04 3,3
g.L1, KH2PO4 6,8 g.L 2, NapHPO4 7,1 g.L %, glucose 0,5 g.L, lactose 2 g.L ™t and MgSO4 0.12
g.L), with 100 pg.mL* ampicillin and 40 pg.mL chloramphenicol and cultured at 37 °C, 200
rpm, until Asoonm reaches 0.7. The induction conditions were 16 h, 20 °C and 200 rpm. After,
the culture was centrifuged at 8,000 x g for 10 min at 4 °C and the pellet was ressuspended in
100 mL of buffer A (tris-HCI 50mM, NaCl 500 mM and imidazole 20 mM, pH 7.5) and the
cell suspension was sonicated (20 cycles of 1 min, 20 kHz frequency). The supernatant was
separated by centrifugation at 15,000 x g for 40 min at 4 °C and purified in a Ni**loaded
Chelating Sepharose (GE Healthcare) previously equilibrated with buffer A. Unbound proteins
were washed with buffer A. We performed a second washing with buffer B (tris-HCI 50 mM,
NaCl 500 mM and imidazole 70 mM, pH 7.5) and Jaburetox elution with buffer C (tris-HCI 50
mM, NaCl 500 mM and imidazole 500 mM, pH 7.5). The eluted fraction was loaded in a Hiload
Superdex 200 26/60 prep grade, equilibrated with buffer D (sodium phosphate 50 mM, EDTA
1 mM and tris(2-carboxyethyl)phosphine) — TCEP 1 mM, pH 7.5) mounted in an Akta Purifier
system (GE Life Technologies). Urease type C-111 from Jack bean (JBU) (hexameric form of
Mr 540 kDa) was commercially acquired from Sigma Aldrich Co. (St. Louis, USA). The quality
of both samples was assessed by SDS-PAGE (Laemmli, 1970). The protein samples presented
purity > 90%.

2.2. History of safe use of C. ensiformis and derived proteins

A literature review on the history of safe use (HOSU) of C. ensiformis species, its
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ureases and JBTX peptide was performed as described by Constable et al. (2007). For the
search, the PubMed database (http://www.ncbi.nlm.nih.gov/pubmed/) was accessed from
February 21 to May 20, 2018 using the following keywords and their combinations: (a)
“Jaburetox”; (b) “Jack bean urease”; (c¢) “Canavalia ensiformis” and “food use”; (d) Canavalia
ensiformis and “antinutrient”; (e¢) “Canavalia ensiformis” and “allergenicity”; (f) “Canavalia

ensiformis” and “toxicity”; (g) “Canavalia ensiformis” and “review”.

2.3. Bioinformatics analysis

2.3.1. Amino acid sequences of JBTX and C. ensiformis ureases

The amino acids sequences of JBTX and C. ensiformis ureases, JBU and JBURE
I1b, are deposited at GenBank (http://www.ncbi.nlm.nih.gov/genbank/) and presented in Figure
1, with accession numbers of 2MM8A, AAA83831.1 and ACL14297.1, respectively. The
sequences were analyzed in FASTA format, and for sequence 2MMB8A the histidine tag was

removed.

2.3.2. Similarity searches in NCBI non-redundant database

The NCBI non-redundant (NR) general protein database
(http://www.ncbi.nim.nih.gov/BLAST/) was used to search similarities of the full-length amino
acid sequences of JBTX and C. ensiformis ureases (JBU and JBURE Ilb) with those of proteins
described as allergenic, toxic and antinutritional. The algorithm used was BLASTP 2.2.31 +
and the scoring matrix was BLOSUMG62. Specific details of the alignments were carefully
checked [E-value <0.01, shared identity > 50%, alignment size and gap frequency < 6] to
indicate the relevance of any similarity found, since there is no defined method for the
investigation of toxic substances and antinutritional proteins (Herouet-Guicheney et al., 2009).
The protein identifiers (ID) of relevant matches were then submitted to the UniProt database
(https://www.uniprot.org/) in order to find the protein name. Then, the protein was screened in
NCBI for reports of adverse effects that could be associated with the consumption of this
protein. The NR database was also assessed for comparisons of JBTX, JBU and JBURE Ilb
sequences by using the limiting keywords "allergen”, "antinutrient” and "toxin" for each
sequence tested. These data are shown in Table 2. All comparisons were run in the period from

March 10 to 18, 2019.
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2.3.3. Similarity searches in allergen databases

The full-length amino acid sequences of JBTX, JBU and JBURE Ilb were analyzed
for checking similiarities with known allergenic proteins using the criteria established by
FAO/WHO (2001). The sequences were compared to those of allergens deposited in the
databases Structural Database of Allergenic Proteins (SDAP) (http://fermi.utmb.edu/SDAP/),
updated on February 25, 2013; and AllergenOnline, version 19 database
(http://www.allergenonline.com/), updated on February 10, 2019.

The parameters analyzed were: (1) Full FASTA comparisons using as filter E-value
cut-off of 0.01 for detection of identity > 50% (Aalberse, 2000); (2) Comparisons using an 80
aa window for detection of identity > 35%; and (3) Search of short sequences of eight, seven or
six contiguous amino acids identical to those of allergenic proteins (Codex, 2009). Additionally,
the database of the Subcommittee on Allergen Nomenclature of the WHO and International
Union of Societies of Immunology (www.allergen.org) was used in order to verify the presence

of allergens related to C. ensiformis species. All research was carried out on March 10, 20109.

2.3.4. Searches of N-glycosylation sites

The full-length amino acid sequences of the JBTX, JBU and JBURE Ilb were
analyzed for the presence of N-glycosylation sites by acessing the NetNGlyc 1.0 Serverprogram
(http://www.cbs.dtu.dk/services/NetNGlyc/) as described by Xu et al. (2009). The search was
run on March 10, 2019.

2.3.5. Searches of allergen motifs

The sequences in FASTA format were also submitted to the AlgPred server,
(http://www.imtech.res.in/raghava/algpred/) (Saha; Raghava, 2006). This server allows the
prediction of allergens based on five approaches. Here, the MEME/MAST approach was
employed for JBTX, JBU and JBURE Il analysis, where MEME identifies the motifs in a
sequence using a position-dependent probability matrix while MAST uses as input a file which
shows the descriptions of one or more motifs, in the output format of MEME, and searchs in a
database of sequences for those that correspond to the allergenic motifs. The search was run on
March 10, 2019.
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2.4. Mode of action and specificity

A literature review was carried out to gather informations on the mode of action
and specificity of JBTX and C. ensiformis ureases against insects. For this purpose, the Pubmed
database (http://www.ncbi.nlm.nih.gov/pubmed/) was consulted in July 17, 2018 using selected
keywords and their combinations, as follows: (1) “Jaburetox”; (2) “mode of action” and
“Jaburetox”; (3) “mode of action” and “Jaburetox” and “specificity”; (4) “mode of action” and
“Jack bean urease”; (5) “mode of action” and “Jack bean urease” and “specificity”; (6) “mode
of action” and “Jack bean urease isoform II’; (7) “mode of action” and “Jack bean urease

isoform II”” and “specificity”.

2.5. Susceptibility to in vitro digestion

The susceptibility to in vitro digestion of JBTX and JBU was tested as described
by Farias et al. (2015b), with minor modifications. The samples were individually incubated in
simulated gastric fluid (SGF) and simulated intestinal fluid (SIF) at a concentration of 1 mg/mL
in a sequential manner. Briefly, JBTX and JBU were incubated in SGF [34 mM NacCl, 0.07%
HCI, pH 2.0 and 1 mg/mL of pepsin (Sigma P7012)] at 37 °C under stirring. Aliquots of 100
pL were collected at different incubation times and mixed with the stopping buffer (2% SDS,
10% Glycerol, 6% B-mercaptoethanol, 0.01% bromophenol blue, 200 mM DTT and 500 mM
Tris-HCI pH 2.0) in ratio of 1:1 (v/v). Then, the remaining solution was adjusted to pH 8.0 with
1 M Tris-HCl and SIF (50 mM potassium phosphate, pH 8.0 and 1 mg/mL pancreatin - Sigma
P7545) was added. The mixture was incubated again at 37 °C under stirring, and aliquots of
100 pL were collected and mixed with the stopping buffer (3% SDS, 17% glycerol, 8.5% -
mercaptoethanol, 0.01% bromophenol blue, 170 mM DTT, 6 mM PMSF, 200 mM Tris-HCI
pH 7.2). For JBTX digestion, the aliquots were collected at 2, 10, 15, 30 min, 1 and 2 h for both
fluids. For JBU digestion the aliquots were collected at 30 min, 1 and 2 h incubation in SGF
and SIF. The digestibility of JBU and JBTX was monitored by SDS-PAGE (15%) (Laemmli,
1970) and by Tricine-SDS-PAGE (15%) (Schagger; Von Jagow, 1987), respectively.

3. RESULTS AND DISCUSSION

3.1. History of safe use
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Table 1 shows the main results found in the scientific literature for the construction
of the history of safe use for C. ensiformis species as well as the urease-related proteins (JBU,
JBURE-IIb and CNTX) and the derived peptide JBTX. Concerning C. ensiformis, the main
adverse effects reported were related to the ingestion of Concanavalin A (Con A), a lectin
detected in feeding trials with mammals (Kaefer et al., 2013). Indeed, lectins are
hemagglutinins, known to be classical antinutrional and toxic proteins, that when ingested cause
harmful local and systemic reactions in the consumers (Vasconcelos; Oliveira, 2004). Despite
the common origin, C. ensiformis ureases and JBTX are distinct proteins/peptide from Con A,
and they do not present lectin activity. Several studies with the ureases and the peptide were
also gathered. CNTX is lethal to mice but only if administered by intraperitonial route (Carlini;
Guimardes, 1981; Carlini et al., 1984). JBU and CNTX are toxic to insects due in part to the
release of a 10 kDa peptide from the native proteins by cathepsin-like enzymes present in the
insect midgut (Piovesan et al, 2008; Defferrari et al, 2011; Staniscuaski et al, 2010;
Staniscuaski; Carlini, 2012), which potentially contribute to increase the specificity of their
entomotoxic activity. It is important to mention that the JBTX peptide did not cause acute
toxicity in rodents, either when administered intraperitoneally in mice or orally in neonatal rats
(Mulinari et al., 2007). Thus, the HOSU of C. ensiformis ureases and JBTX do not show greater
risks associated to these molecules.

3.2. Bioinformatics results

In silico analysis of the amino acid sequences of JBTX peptide and the JBU and
JBURE llb proteins carried out in the NCBI nr database did not identify relevant match to any
known allergenic, toxic and/or antinutritional proteins (Table 2). In detail, JBTX, JBU and
JBURE I1b showed similarity to several hypothetical proteins with > 50% identity, but these
proteins are mostly ureases and no adverse effects were found related to them. Likewise, when
the limiting keyword "toxin" was used many results were found with > 50% identity with alpha-
, beta- and/or gamma subunits of ureases from different bacteria species and strains
(Supplementary Table 1). When the keywords "Allergen™ and "Antinutrient” were used, no
significant results were obtained.

The prediciton of allergenicity performed in allergen protein databases
(AllergenOnline and SDAP) showed no identity > 50% for JBTX peptide, JBU and JBURE I1b
proteins to any allergenic protein by using the Full-FASTA search parameter (Table 3).
According to Aalberse (2000) it is likely that a protein will cross-react or share the same
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epitopes only if they have between 50-70% similarity throughout their amino acid sequence.
Using the FAO/WHO identity criterion > 35% in a 80 aa sliding window, the peptide and the
JBU did not show identity with any known allergenic proteins (Table 1), differently from the
JBURE IIb isoform which showed similarity with a protein in the SDAP database, where 6
alignments corresponded to the Ory s 33 KD allergen of the Oryza sativa species, and in
AllergenOnline, where an alignment corresponded to the allergen Enolase 2, allergen of the
Hevea brasiliensis.

The similarity with allergenic proteins was also analyzed using as a parameter
searches of six, seven and eight identical contiguous amino acids (Table 3). The six and seven
searches were carried out only in SDAP. Using as a parameter the identity of six contiguous
amino acids, JBU revealed similarity to seven known allergens being: Per a 3.0201 (Periplaneta
americana partial allergen), Har a 2.0101 (Harmonia axyridis allergen), Gly m 6.05101
(allergen subunit of glycinin A3B4 from Glycine max), Pas n 10101 (allergen precursor of
Paspalum notato), Zea m 1 (Zea mays pollen allergen), Ory s 1 (Oryza sativa beta-expansin
allergen). The JBURE Ilb isoform showed similarity with nine allergens, including: Pen ch
35.0101 (Penicillium chrysogenum allergen), Tri a 25.0101 (Triticum aestivum allergen), Per a
3.0201 (Periplaneta americana allergen), Har a 2.0101, Gly m 6.0501, Gly m 6.0401 (Glycine
A5A4B3 allergen from G. max), Blo t 2.0104 (Blomia tropicalis allergen), Ole and 1.0101
(Olea europaeus allergen), Tri r 4.0101 (Trichophyton rubrum allergen) (Table 1). Using as a
parameter the identity of seven contiguous amino acids, only JBU and JBURE Ilb showed
similarity with the allergen Har to 2.0101 from the lady beetle H. axyridis.

Using the search criterium of eight contiguous amino acids, for JBTX, JBU and
JBURE IlIb no match in the searched databases was found (Table 4). Likewise, when the
database of the Subcommittee on Allergens Nomenclature of the WHO and International Union
of Societies of Immunology was accessed, no allergen report was found concerning C.
ensiformis species.

In the search of allergen linear motifs, the MEME/MAST analysis tool of Algpred
was accessed, and no match to allergen was identified. For Rathinam et al. (2017) linear motifs
are characteristic features of allergenic proteins that are difficult to find in non-allergenic
proteins.

For Garrido-Arandia (2014), proteins, carbohydrates and lipids constitute a
complex group that aid in the recognition of allergens by the human immune system. The
physical, biochemical and immunological attributes of plant allergens have been increasingly

studied; however, no definitive conclusion has been generated about what makes a protein an
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allergen. In this perspective, the N-glycosylation pattern is a unique attribute of plant allergens
that are not found in mammals and may be related to allergenic sensitization (Garrido-Arandia,
2014). The search for N-glycosylation sites using the NetNGlyc 1.0 Server program showed the
presence of potential N-glycosylation sites for the JBU isoform at positions 31, 233, 572 and
735 and for the JBURE Ilb isoform at position 31, 89, 524, 572, 735 and 801. However, no
potential N-glycosylation sites for the JBTX peptide were found.

3.3. Entomotoxic mode of action and specificity

For a better understanding of the mode of action of Jaburetox, molecular modeling
studies have been performed and they suggested the presence of a f-hairpin motif in peptide’s
the C-terminal portion, subsequently observed in the JBU’s crystallographic structure,
suggesting that this motif could be implicated in the JBTX’s insecticidal and membrane
disrupting activities (Mulinari et al., 2007; Barros et al., 2009). However site-directed
mutagenesis performed on JBTX for deletion of this B-hairpin motif indicated that it is not
necessary for the entomotoxic activity of the peptide (Martinelli et al., 2014). Furthermore
NMR studies revealed that this B-hairpin motif disassembles when JBTX is in aqueous medium,
where it behaves as an intrinsically disordered molecule (Lopes et al., 2015). Concerning the
entomotoxic mode of action of JBTX, Galvani et al (2015) were the first to describe the neurotoxicity
of the peptide in the kissing bug Triatoma infestans. After feeding on a JBTX-containing diet, the
peptide was immunolocalized in the insect’s brain, where it caused a pronounced inhibition of NOS
(nitric oxide synthase) activity. Furthermore, using immunoprecipitation followed by proteomic
analysis, JBTX was found to bind to UAP (UDP-N-acetylglucosamine pyrophosphorylase) in the
insect’s brain. Later Fruttero et al. (2017) demonstrated that JBTX also targeted the central nervous
system of R. prolixus, both in vivo or in vitro, inducing changes of the enzymatic activities of
NOS and of UAP, and promoting changes in the levels of UAP and chitin synthase genes
expression. The peptide also affected R. prolixus’ immune system causing hemocyte
aggregation and prophenoloxidase activation in a prostaglandin-mediated fashion, thereby
rendering the insect more susceptible to bacterial infection (Fruttero et al., 2016; Moyetta et al.,
2017).

In the case of C. ensiformis ureases, besides canatoxin, JBU was also found to be
toxic to insects (Follmer et al., 2004). Several studies were conducted to characterize the
insect’s proteinase(s) involved in the proteolytic activation of the ureases that lead to the release

of entomotoxic peptides in different insects (Carlini et al., 1997; Ferreira-daSilva et al., 2000,
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Staniscuaski et al., 2005; Piovesan et al., 2008; Defferrari et al., 2011; Real-Guerra et al., 2013).
Using R. prolixus as model, the ureases were shown to disrupt water transport leading to
inhibition of diuresis (Stanisguaski et al., 2009), to alter the muscle contractility of the crop
(Staniscuaski et al., 2010), to induce hemocyte aggregation (Defferrari et al., 2014a) and to
cause the death of the insect through a phospholipase A2-mediated mode of action (Defferrari
et al., 2014b). The alterations promoted by JBU in cockroaches (Nauphoeta cinerea) lowered
the heart rate and caused behavioral changes, probably by interfering with cholinergic,
octopaminergic and GABAergic neurotransmission at the insect’s central nervous system
(Carrazoni et al., 2016). Finally JBU was shown to modulate neurotransmitter release at insect
neuromuscular junctions, probably by disrupting on the Ca** machinery at the pre-synaptic

region of the neurons (Carrazoni et al., 2018).

3.4. In vitro digestibility

Figure 2 shows the high susceptibility of the JBTX peptide to in vitro digestion,
with extensive degradation in the first 2 min of SGF incubation, and no longer perceived at the
end of SGF digestion. As was shown in Figure 3, JBU was also susceptible to in vitro digestion
but was more resistant to pepsin degradation than JBTX, still being visible in the SDS-PAGE
after 2 h of SGF incubation. JBU had its digestion completed in the sequential incubation with
pancreatin already in the first 30 min.

Collectively, digestibility studies do not comprise a direct correlation between
allergenicity and resistance to digestion (Bggh; Madsen, 2016). However, when this test is
associated with other characteristics of the protein, such as amino acid sequence similarities, it
has been pointed out as suitable for assessing the allergenicity potential of a new protein
(Codex, 2009). One particularity shared by many food allergens is the ability to resist to gastric
and intestinal digestion. Proteins that are resistant to this process have a high probability of
reaching the intestinal mucosa where the absorption occurs. Thus, the ability to remain intact
in the gastrointestinal tract of monogastric animals is considered a condition for allergenicity
(Do et al., 2016).

Most proteins, including the toxic ones, are sensitive to degradation by digestive
enzymes and end up losing their activity. The toxic proteins are relatively large which prevents
them from being absorbed intact. When they are degraded by digestive enzymes, amino acids
are used for nutritional purposes, similarly to dietary proteins (Delaney, 2017).

With the exception of the evaluation of thermal stability and acute toxicity in
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rodents, the other tests suggested by the ILSI approach were performed. The thermal stability
test has been discouraged because resistance to heat treatment does not correlate with
allergenicity and, therefore, it does not provide reliable evidences to the allergenecity of
candidate proteins (PRIVALLE et al., 2011). Although there is a recommendation from some
regulatory agencies for performing oral acute toxicity test in rodents with insecticidal proteins,
we did not perform it because there are already published data reporting that JBTX and JBU
are not toxic to mammals when administered by this route (Mulinari et al, 2017). This was
reinforced by the data obtained in the present work which showed that these proteins are
digested by gastrointestinal proteases. It is important to highlight that the set of tests performed,
mostly in silico, was enough to reach a robust conclusion about the safety of JBTX.

4. CONCLUSIONS

The data gathered from the risk assessment of the insecticidal peptide Jaburetox
supported its safe use in the context of agricultural biotechnology, considering its great potential
for the development of transgenic plants resistant to insect and fungal attack. The history of
safe use revealed no hazard reports for the peptide and proteins studied. C. ensiformis ureases
and JBTX possess selective activity against insects and fungi, and JBTX primary amino acid
sequence showed no relevant similarity to any known toxic, antinutritional or allergenic
proteins. Additionally, JBTX were quite susceptible to degradation in simulated gastric fluid.
Therefore, no relevant expected risk is associated with the consumption of JBTX peptide.
However, it is noteworthy that the results herein do not exempt JBTX from additional functional
characterizations within the scope of the commercial release activities of transgenic plants

expressing this peptide.
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Figure captions

Figure 1. Amino acids sequences of the (A) Jaburetox peptide, (B) Jack bean (Canavalia
ensiformis) urease and (C) Jack bean (C. ensiformis) urease isoform Ilb.

Figure 2. Tricine-SDS-PAGE (15%) of Jaburetox (JBTX) peptide at an initial concentration of
1 mg/mL after crescent periods of incubation in simulated gastric fluid (gastric phase of
digestion) followed by simulated intestinal fluid (intestinal phase of digestion). M: molecular
mass markers (phosphorylase B—97.0 kDa; bovine serum albumin—66.0 kDa; ovalbumin—45.0
kDa; carbonic anhydrase—30.0 kDa; soybean trypsin inhibitor-20.1 kDa and lactalbumin —14.4
kDa). Continuous arrow indicates pepsin and dashed arrow indicates pepsin + pancreatin.

Figure 3. SDS-PAGE (15%) of Jack bean (Canavalia ensifromis) urease (JBU) at an initial
concentration of 1 mg/mL after crescent periods of incubation in simulated gastric fluid (gastric
phase of digestion) followed by simulated intestinal fluid (intestinal phase of digestion). M:
molecular mass markers (phosphorylase B — 97.0 kDa; bovine serum albumin — 66.0 kDa;
ovalbumin — 45.0 kDa; carbonic anhydrase — 30.0 kDa; soybean trypsin inhibitor — 20.1 kDa
and lactalbumin —14.4 kDa). Continuos arrow indicates pepsin and dashed arrow indicates
pepsin + pancreatin.



Table 1. Literature review on the history of safe use of Jack bean (Canavalia ensiformis), its urease and derived proteins

Species or Protocol of Concentration/ Exposure Organism
protein/peptide . . administration . Observed effects Reference
studied administration route time tested
Cornish rock
Seed flour added 30% of seed 42 davs No significative  chicken, Gallus Sasipriya;
to soy-based diet flour/oral diet y effects gallus Siddhuraju, 2013.
domesticus
Source of starch;
P, Ca, Mg, Zn, Cu,
NE; S_ource .Of « Akpapunam; Sefa-
essential amino - - - - Dedeh. 1997
acids, except ’
metionin and
cysteine
Increase of the pre-
. productive period,
Car_lavallg mortality and
ensiformis average time of The wheat
Synthetic liquid 50, 500, 1,000 and development of ¢ \r/]\{dea K |
diet containin 1,500 pg/mL/oral 15 days eneration (T) and aphid, Sprawka etal,
'ng ng s g Rhopalosiphum 2014
palosiphu
Concanavalin A diet decrease of the adi L
fecundity and the P '
intrinsic rate of
natural increase
(rm).
Reduction of sperm
Concanavalin A 5,10 and 15 pg/ in 0,05,1 mot||_|ty, Bull nelore
o . ’ . . production of ' Kaefer et al., 2013
purified lectin vitro and 2 h Bos taurus

reactive oxygen
species (ROS)
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Canatoxin
(CNTX)

Seed crude extract

Artificial diet
containing CNTX

Artificial diet
containing CNTX

Artificial diet
containing CNTX

Purified CNTX

100-200mg/kg/
Intraperitoneal
injection

0,25% (w/w)
CNTX/oral diet

2,5ug/mg/body
weigth/oral diet

0.01%/oral diet

Single dose of
CNTX (3 mg/kg)/
orally

0.5and
24h

72h

48h

10 days

5 days

dyspnea,
hypothermia, coma
and death

Weight loss in 3rd
instar nymphs and
mortality of 80-
100%

100% mortality in
3rd instar nymphs

Reduction of
weight gain and
delay in the
development of 3rd
instar nymphs and
mortality of 90-
100%

Adults and
newborns showed
no signs of toxicity
5 days after
ingestion

Rat, Rattus
norvergicus

Kissing bug,
Rhodnius
prolixus

Rhodnius
prolixus

Cotton stainer
bug, Dysdercus
peruvianus

Adult and
newborn Wistar
rats, Rattus
norvergicus

Carlini;
Guimaraes, 1981

Carlini et al., 1997

Ferreira-dasilva et
al., 2000

Staniscuaski et
al., 2005

Mulinari, et al,
2007
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6 ug/injection into

Urease (Sigma) the hemocele

Cotton seed meal-

based diet
containing urease  0.01-0.04% (w/w)
(Sigma) of urease/oral diet

Jack bean urease

(JBU) Urease (Sigma)

0.36 uM/in vitro

Cotton seed meal-

. 0.01% and 0.2%
based diet
- (w/w) of urease/oral
containing urease :
. diet
(Sigma)

5 x 107 'M /in vitro
dissected whole
tubules

Urease (Sigma)

6h

11 days

24 h

14 days

20 min

Defferrari et al,

Rhodnius 20143

prolixus

Aggregation of
hemocytes

100% mortality of

3rd instar nymphs Piovesan et al,

2008

Disdercus
peruvianus

Inhibition of
proliferation,
morphological
changes with
formation of
pseudohyphas,
changes in the
transport of H(+),
carbohydrate
metabolism and
permeabilization of

Filamentous

. Postal et al., 2012
fungi and yeasts

membranes
Large milkweed .

Mortality of bug, Deffegr(ill etal.,

nymphs > 80% Oncopeltus
fasciatus
No changes in the

tﬁgﬁf{;’f 2?;?:9 Rhodnius Staniscuaski et al.,
y prolixus 2009

Malpighi tubules
5th instar nymphs
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0.25 pug/mg body
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Staniscuaski et al.,

Urease (Sigma) weight/injection 24 h 96% mortality Rhod_nlus 2010
. prolixus
into the hemocele
100% mortality of :
0,
Cotton seed meal- 0.01% (wiw) _Of 3rd instar nymphs; Dlsdgrcus.
. Jaburetox-2Ec; 20 . peruvianus;
based diet . _ reduction of 30%
. uL of a solution 15 days; 8 . . Spodptera
containing . i in the weight of 3rd . . .
. containing 16,3 pg days;5 . ) frugiperda; Mulinari et al.,
Jaburetox-2Ec Jaburetox-2Ec; - instar larvae; adults
. of Jaburetox-2Ec; days adult and 2007
solution . and newborns !
. single dose of ) newborn Wistar
containing showed no signs of
Jaburetox-2Ec (10 S rats, Rattus
Jaburetox-2Ec mg/kg)/orall toxicity 5 days norveaicus
9’kq y after ingestion 9
Increase in gene
expression of
JBTX injected in UDP-N-
B the proportion of acetylglucosamine Rhodnis Moyetta et al.,
Purified JBTX ) L 18 h pyrophosphorylase X 2017
2 ngfinset/ injection . prolixus
. (UAP), chitin
into the hemocele -
synthase and nitric
oxide synthase
Jaburetox (NOS)
(JBTX)
Jbtx-FITC interacts Saccharomyees
with the membrane . y.
. debris obtained Cerevisiag,
Purified JBTX 23uM/in vitro 1h after cell lysis of S. lobster Broll et al., 2017.
.. cockroach,
cerevisiae and
. Nauphoeta
tissue homogenates .
cinerea

of nerve cord of N.
cinerea



Escherichia coli
cells expressing
JBTX

Purified JBTX

Fish diet soaked
with a suspension of
lyophilized E. coli
cells containing
100pg JBTX /oral
diet

0.05 pg/mg b.w./
injection into the
hemocele; 0.1
ng/mg b.w./oral
diet; 1 x 10 M/in
vitro; 0.015 ug/mg
b.w./injection into
the hemocele; 32
ug/g b.w./ in vivo
nerve—muscle
preparation

97.5% mortality of Yellow fever
6 days I mosquito,
arvae .
Aedes aegypti
> 90% (injection)
and > 40% (oral
diet) mortality of
fifth instar of R.
_ prolixus; inhibition Rhodnius
96 h; . L N
. of fluid secretion in prolixus;
24 h; 1 L
. Malpighian tubules Oncopeltus
mim; 96 . ot e ;
h: 120 of R. prollxps, >  fasciatus; pallid
}nin 60% mortality of cockroach, P.
fifth instar of O. pallida
fasciatus;
neuromuscular
paralysis in

Phoetalia pallida

Becker-Ritt;
Portugal; Carlini,
2017.

Martinelli et al.,
2014

“(-): information not available.
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Table 2. Protein macthes for the full-lenght amino acids sequences of Jaburetox (JBTX) peptide, jack bean urease (JBU) and JBU isoform Ilb
(JBURE I1b) in the NCBI non-redundant (nr) protein sequences database”

Adverse
Protein/peptide Protein matched; ID; [Species] Protein name* effects
reported*
Hypothetical protein CR513_30655; ID: RDX87828.1; [Mucuna pruriens] ;Jrrcl)tigiz:]racterlzed ]
Hypothetical protein TSU_325140; ID: GAU41300. 1; [Trifolium subterraneum] NAY NPS
Hypothetical protein GLYMA 11G248700; ID: KHR31453.1; [Glycine max] NA NP
R
Hypothetical protein TanjilG_25242; 1D: OIW01134.1; [Lupinus angustifolius] Urease
Hypothetical protein Ahy A10g050566 isoform B; ID: RYR35419.1; [Arachis NA NP
hypogea]
JBTX Hypothetical protein Ahy A10g050566 isoform A; ID: RYR35418.1; [Arachis NA NP
hypogea]
Hypothetical protein LR48 Vigan03g314300; ID: KOM39761.1; [Vigna Urease i
angularis]
Hypothetical protein PHAVU_001G260000g; ID: XP_007163737. 1;
. Urease -
[Phaseolus vulgaris]
Hypothetical protein CR513 22907, partial; ID: RDX94687.1; [Mucuna Uncharacterized i
pruriens] protein
Hypothetical protein Ahy_B10g101599 isoform A; ID:RYQ82990.1; [Arachis NA NP

hypogea]



Hypothetical protein Ahy_B10g101599 isoform B; ID:RYQ82988.1; [Arachis
hypogea]

Hypothetical protein Ahy_B10g101599 isoform C; ID:RYQ82989.1; [Arachis
hypogea]

Hypothetical protein DVH24 _041023; ID: RXH79876.1; [Malus domestica]

Hypothetical protein PHAVU_001G260000g; ID: XP_007163737.1; [Phaseolus

vulgaris]

BnaA02g13220D; ID: CDY12654. 1; [Brassica napus]
Unamed protein product; ID: VDD22196.1; [Brassica oleracea]
BnaC02g45820D; ID: CDY51608.1; [Brassica napus]

Unamed protein product; ID: VDC87778.1; [Brassica rapa]

Hypothetical protein BRARA_BO017; ID: RID74641.1; [Brassica rapa]
Hypothetical protein C5167_033175; ID: RZC70029.1; [Papaver somniferum]

Hypothetical protein POPTR_0086177900; ID: PNT25284.2; [Populus
tricocarpa]

Hypothetical protein GLYMA_08G103000; ID: KRH42647.1; [Glycine max]

Hypothetical protein AALP_AA2G093800; ID: KFK41162.1; [Arabis alpina]

Hypothetical protein AQUCO _01200284v1; ID: PIA50886.1; [Aquilegia
coerulea]

NA

NA
NA
Urease

Urease

Uncharacterized
protein

Urease

Uncharacterized
protein

Urease

NA
NA

Uncharacterized
protein

Urease
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NP

NP

NP

NP

NP



Urease

Hypothetical protein EUGRSUZ_B03469; ID: KCW86884.1; [Eucalyptus Uncharacterized i
grandis] protein
Hypothetical protein AQUCO _01200284v1; ID: PIA50887.1; [Aquilegia Urease i
coerulea]
Hypothetical protein LR48 Vigan03g314300; ID: KOM39761.1; [Vigna Urease i
angularis]
JBU Hypothetical protein PHAVU_001G260000g; ID: XP_007163737.1; [Phaseolus Urease i

vulgaris]
Hypothetical protein CRG98_001272; ID: PKI178329.1; [Punica granatum] Urease -
Hypothetical protein LR48 Vigan03g314300; ID: KOM39761.1; [Vigna Urease i
angularis]

JBURE Ilb Hypothetical protein PHAVU_001G260000g; ID: XP_007163737.1; [Phaseolus Urease i
vulgaris]
Hypothetical protein CRG98_001272; ID: PKI178329.1; [Punica granatum] Urease -

“NCBI nr protein database (https://www.ncbi.nlm.nih.gov/) results that met the search criteria: E-value <0.01, shared identity> 50%, alignment
size and gap frequency < 6. No limiting keywords were used in the search.

¥Accessed at UniProt database (https://www.uniprot.org/) using the ID number.

*Searched through the combination of the species name source of the protein and the protein name in PubMed
(https://www.ncbi.nlm.nih.gov/pubmed/).

"Not Available.

$Not Performed.

"Not found.
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Table 3. Bioinformatics analysis for the prediction of potential allergenicity of the jack bean (Canavalia ensiformis) urease (JBU), JBU isoform
I1b (JBURE-IIb) and its derived peptide Jaburetox (JBTX)

Full length FASTA

search”
Identity %
Allergen name

80mer sliding window
search¥
Identity %
Allergen name

Short contiguous amino acids sequences search*
Allergen name

i Allerge
(Acession number) (Acession number) (Acession _number) g Nj )
: : Species n lycosilatio
Protein/ Species Species motifs  © );] sitest
Peptide Allergen search$ Number
osition in
Allergen SDAP: Allergen SDAP OnlineY SDAP (P the aa
Onlinef Online
sequence)
8 aa 6 aa 7 aa 8aa
No No
JBTX No matches No matches No matches No matches  No matches No matches No matches matches  matches No matches
Per a 3.0201
(AAB09632)
Periplaneta
americana Har a
Har a 2.0101
No (17291858) 2.0101 No No
JBU No matches No matches No matches No matches . (17291858) matche
matches Harmonia . matches
. Harmonia
axyridis e
Gly 6.0501 axyridis
(Q76CT77)
Glycine max
Gly m 6.0401 4
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(Q9SB11) (31, 233,
Glycine max 572 and
Pasn 1.0101 735)
(ACA2387)
Paspalum
notatum
Zeaml
(P58738)
Zea mays
Orysl
(AAF7.2990)
Oryza sativa
36.25% Pen ¢35.0101
Ory s 33 Kd (ADK47483)
(BAB71741) Penicillium
Oryza sativa chrysogenum
36.25% Tria 25.0101
Ory s 33 Kd (GOLDX4)
(BAB71741) Triticum
0 Oryza sativa aestivum
En?;?égg go (- 37.50% Per a 3.0201 Har a
JBILIJI;?E No matches  No matches phosparlcéiglycer (?3%’\ é 7313755) No matches (QQE?::;? ’ 722%11%%3 Y No "
(14423687) Oryza sativa americana Harmonia matches matches
Hevea 37.50% Har a 2.0101 axyridis
brasiliensis Ory s 33 Kd (17291858)
(BAB71741) Harmonia
Oryza sativa axyridis
36.25% Gly m 6.0501
Ory s 33 Kd (Q7GCT7)
(BAB71741) Glycine max 6 (31, 89,
Oryza sativa Gly m 6.0401

524, 572,
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36.25% (Q9SB11) 735 and
Ory s 33 Kd Glycine max 801)
(BAB71741) Blot t 2.0104

Oryza sativa (A6XEP6)
Blomia

tropicalis
Olee 1.0101

(S75766)
Oleo europea

Tri 4.0101
(AAD52012)
Trichophyton

rubrum

“Full FASTA comparisons using as filter E-value < 0.01 for detection of identity > 50% (AALBERSE, 2000).



Figure 1

>pdb2PMMBJA Chain A Stactoral And Biochemical Characterization Of Jaburetox
MGPVNEANCEAAMEIVCRREFGHEEEEDASEGVTTGDPDCPFTEAIPREEYA
NEKYGPTIGDKIRLGDTDLIAEIEKDFALY GDESVFGGGEKVIHHHHHH

=AAARIRI] 1 arease [Canavalia ensiformis]
MELSPREVEELGLHNAGYLAQEKRLARGVRLNYTEAVALIASQIMEYARDGE
EKTVAQLMCLGOHLLGRROVLPAVPHLINAVOQVEATFPDGTELVIVHIPISRE
NGELQEALFGSLLPVPSLDEFAETKEDNRIPGEILCEDECLTLNIGREAVILEVT
SKGDRPIOVGSHYHFIEVNPYLTFDRREAYGMRINIAAGTAVRFEPGDCESVT
LVSIEGNEVIRGGNAIADGPVNETNLEAAMHAVRSE GFGHEEEEDASEGFTE
EDPNCPFNTFIHREE YANKY GPTITGDEKIRLGDTNLLAFIEEDYALYGDECVEG
GGEVIRDGMGOSCGHPPAISIL I TVITNAVIID Y TGITE AINGIK DG TASIGEKAG
NPDIMNGVFSNMIIGANTEVIAGEGLIVTAGAINDCHVH YICPOLVYEAISSGITT
LVGGGTGPAAGTRATTCTPSPTOMRLMLOSTD Y LPLNEGFTGKGSSSKPDELH
ENEAGAMGLELHEDWGSTPAAIDNCLITAEHHINOINIHTDTLNEAGFVEHSI
AAFKGRITHTYHSEGAGGGHAPIMIK VOGIENVLPSSTNPTRPLTSNTIDEHLDY
MLMVCHHLDREIPEDLAFAHSRIRE KTTAAEDVLNINGAISIISSDEQAMGRVG
EVISETWOTADPMEAQTGPLECDSSDNDNFRIREYTAK Y TINPALANGESQYV
GSVEVGELAIN VMWEKPSFFGTEPEMVIKGGMVAWAINGDPNASIPTPEFVEM
REPMYGTLGEAGGALSIAFVEEAALDOBEVNVLY GLNEREVEAVENVEELTELD
MELNDALPEITVDPESYTVEADGELLCVSEATTVPLSENYFLF

=ACL14297 1 urease JBURE-IIB [Canavalia ensiformis]
MELSPREVEKISLHNAGFLAQKRLARGVRELNYSESVALIASOIT EHARDGEETV
AQLMSIGEHLLGERRO)VLPAVPHLLNIIOVEATLPNGTELVTVHDPIANENGDLE
EALY GSFLPVPSLDEFAESKEEHKIPGEIICADGRLTT NPGREAVFLEYVVNHGDE.
PIOVGSHYHFIEVNPYLTFDRREKAYGMRINIAAGDS VRFEPGDHETVNLVSIGG
NEINRGGNATADGPVNEANCE AAMEIVCR REFGHEEEEDASEGVTTGDPIDXCPE
TEAIPREEYANKYGPTIGDEKIRLGDTDLIAEIEEDFAL Y GDESVEGGGEVIRDG
MGOSSGHPPAMSLDTVITSAVIIDY TGIIEKAMNGIK DGLIASIGE AGNPDIMNGVE
PNMIIGVNTEVICGEGLIVIAGGIDCHVHY ICPOSLDEAISSGITTVVGGGTGPT
DGERATTCTPAPTOMEL MLOSTDDIPLNEGFTGKGEGEHPDELHENTKAGA MGT.
ELHEDWGCTPAAIDNCLAVAEQHIQVNIHTD TVNESGFVEHTTAAFNGEITHT
YHSEGAGGGHAPHIKVCSMENVLPSSTNTIRPLTSNTVDEHLDMLMVCHKL
NREIPEDLAFASSEVREQTIAAEDIL HMGGIENSSDAQAVGRIGEVISCTWOTAD
EMKAERGPLOPDGESDNDNFRIKRYTAKY TINPAIVNGISO Y VGSVEVGELADLY
IWKPSFFGAKPIIVIE GGSIAWADMGDPNGSIPTPEFVLMEPMY GTLGEAGSAL
SIAFVSEAALDLGVEVLYGLNKRVEAVSESNVRELTELDLEKINNSLPEITVCPETF
TVIVDGQALSSEAVTILPLSONYFIF
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4 CONSIDERACOES FINAIS

O peptideo inseticida JBTX, derivado da urease de C. ensiformis, apresentou
caracteristicas promissoras no que diz respeito a seguranca de consumo para o
desenvolvimento de culturas geneticamente modificadas. Neste sentido, as analises
realizadas neste trabalho, que seguiram as recomendacOes para avaliagdo de seguranca
alimentar em duas etapas, baseada em pesos de evidéncia, proposta pelo ILSI, nédo
evidenciaram nenhum risco potencial associado ao consumo de JBTX por humanos.

Esta afirmacdo € suportada, dentre 0s aspectos, pelo fato de que aespécie C. ensiformis
ter mostrado um longo histdrico de uso seguro. Além disso, as analises in silicodo peptideo
JBTX néo revelaram qualquer similaridade significante com proteinas alergénicas, toxicas
e/ou antinutricionais conhecidas. Apenas para a urease (JBU) e sua isoforma Il (JBURE II)
é que foram encontradas identidades revelantes com proteinas alergéncias na pesquisa na
janela de 80 aa para JBURE Il e na busca de 6 e 7 aa contiguos para a JBU e JBURE II.

Também ndo foram encontrados motivos lineares de alérgenos, nem a presenca de
sitios potenciais de N-glicosilacdo para o JBTX. Do mesmo modo em que JBTX se mostrou
bastante susceptivel a degradacdo em fluido géastrico simulado, ndo sendo mais percebido
apds 2 minutos de incubacéo.

A partir dos dados reunidos por este estudo de avaliacdo da biosseguranca
alimentar do peptideo Jaburetox, é possivel garantir 0 seu uso seguro no contexto da
biotecnologia agricola devido ao seu alto potencial para conferir resisténcia ao ataque de
insetos. Entretanto, vale ressaltar que os resultados aqui ndo isentam esta proteina de uma
caracterizacgéo funcional adicional no &mbito das atividades para a liberagdo comercial de uma

planta transgénica que expressando essa proteina.
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