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Resumo

Os objetivos deste frabalho foram purificar e caracterizar bioguimicamente
uma lectina e determinar a estrutura primaria de um inibidor de serinoproteinases
tipo Kunitz de sementes da espécie D. regia (Leguminosae-Caesaipinioideas) e
também verificar o efeifo in vilro do inibidor sobre a alividade das enzimas
digestivas dos insetos lepidopteros A. kuehnielia e C. cephalonica.

Para a purificacdo da lectina e do inibidor de serinoproleinases, as
sementes foram trituradas e a farinha foi submetida a uma exira¢do salina 10%.
Apds centrifugacio, o sobrenadante {(exiraio total) foi dialisado, liofilizado e
aplicado em colunas de exclusio molecuiar, troca ibnica e coluna de fase reversa
18 em sistema de HPLC. As fracbes eluidas foram monitoradas a 280 nm de
absorbancia. A lectina e o inibidor purificados foram designados como DRL
{Delonix regia lecting e DTl {Delonix regia trypsin inhibitor), respectivaments.

Apds a ideniificacdo e purificacéo, a lectina foi analisada em SDS-PAGE
12,5%, revelando que esta proieina tem massa molecular aparente de 12 kDa sob
condictes redutoras (DTT 0,1M) e ndo redutoras. O gel nativo revelou que DRL &
uma profeina constituida por apenas uma cadeia polipeptidica.

Os testes de inibicdo da atividade hemaglutinante foram realizados com
eritrocitos de ratos, utilizando-se os seguintes agucares: D-glicose, D-glicosamina,
D-frutose, D-manose, D-sacarose, D-galactose, D-galactosamina, D-rafinose, D-
lactose e D-maltose e verificamos que a atividade hemaglutinante de DRL foi
inibida mais especificamente por glicose a uma conceniracdo de 0,048 mM,
indicando gue esta lectina pertence ao grupo glicose-manose.

A composicao de aminoacidos da lectina mostrou alic conteGdo de acido
aspartico, acido glutdmico e glicina, mas nenhum residuo de cisicina foi
observado. A determinacgao da regiac N-terminal da lectina revelou alta homologia
com outras lectinas de leguminosas tais como, con A, lentitha e ervitha.

A faixa de pH para a atividade da lectina foi de 8-9 com perda total da sua
atividade em faixa de pH acido (2-4). Aiém disso, a lectina manteve sua atividade
apbs tratamento térmico a 70°C, durante 30 minutos, com perda de 50% de sua
atividade a 100°C.
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Resumo

DRL nao necessitou de calcio para sua atividade, mas & dependente de
manganés, sugerindo que DRL & uma metaloproteina.

O tratamento de DRL com uréia resultou em perda fotal da AHE, enguanto
que na presenca do DTT, a lectina manteve sua atividade normal provavelmente
devido a auséncia de pontes dissulfeto na molécuia.

A determinago da estrutura primaria do DrTl, comprovou que este inibidor
pertence a familia Kunitz de inibidores de proteinases. A regido do sitio reativo
possul um residuo de acido glutamico ao invés de arginina ou lisina, mas a
molécula apresentou dois “loops” compostos por quatro residuos de cisteina com
alta similaridade com outros inibidores tipo Kunitz,

Os estudos de inibicdo in vifro mostraram que, numa concentracio de
apenas Sug, o DrTl inibiu cerca de 92% da atividade das proteases dos insetos A.
kuehniella e C. cephalonica, indicando alta afinidade do inibidor por estas
enzimas.

A digestibilidade in vitro do DrTl pelas proteases dos insetos foi analisada
em SDS-PAGE 12,5% e revelou que o inibidor foi resistente a protedlise apos 72h.
Entretanto, a incubagéo do DrTl com a tripsina bovina resultou em clivagem nos
primeiros 30 minutos de reacdo. A atividade residual maxima do inibidor, apds
estes ensaios de digestibilidade pelas proteases de A. kuehniella, C. cephalonica
e tripsina bovina foi de 69,5%, 64,9% e 34,57%, respectivamente.

Silvana Cristing Pando




Abstract

The aims of this work were to purify and to characterize biochemically a
lectin and to determine the primary structure of a Kunitz-type serineproteinase
inhibitor from seeds of Delonix regia specie (Leguminosae-Caesalpinicideae) and
also to verify the in vifro effect of the inhibitor towards to digestive enzymes
activities of the iepidoptera insects A. kuehnielia and C. cephalonica.

For lectin and serine proteinase inhibitor purification, the seeds were tritured
and the flour was submitied to saline extraction 10%. After centrifugation | the
supernatant (iolal exiract) was dialised, lyophylized and applied in molecular
exclusion, ion exchange and reverse phase C18 HPLC columns. The eluted
fractions were monitored by absorbance at 280 nm. The lectin and the inhibitor
purified were designated DRL (Delonix regia lectin) and DrTl {Delonix regia trypsin
inhibitor}, respectively.

After identification and purification, the lectin was analyzed in SDS-PAGE
12.5%, showing that this protein has an apparent molecular mass of 12 kDa under
reduced (DTT 0.1M) and non reduced conditions. Analysis of native gel revealed
that DRL is a protein constituted by only one polypeptide chain.

The inhibition tests of hemagglutinating activity were realized with rat
erytrocytes, using the following sugars: D-glucose, D-glucosamine, D-fructose, D-
mannose, D-sucrose, D-galactose, D-galactosamine, D-raffinose, D-lactose and D-
maltose and we verified that hemagglutinating activity of DRL was more specifically
inhibited by glucose at 0.048 mM concentration, indicating this lectin belongs to the
glucose-mannose group.

The lectin amincacid composition showed high content of aspartic acid,
glutamic acid and glycine, but cysteine residue was not detected. The
determination of the N-ierminal region of the lectin revealed high homology with
other leguminous lectins such as, con A, lentil and pea.

The pH range for the lectin activity was 8-9 and DRL lost activity totally in
range of acid pH (2-4). Furthermore, the lectin maintained activity after thermal
treatment fo 70°C, during 30 minutes, with lost of 50% in activity at 100°C.

DRL does not require calcium for the activity but is manganese dependent,
suggesting that DRL is a metalloprotein.

(]
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Abstract

The treatment of DRL with urea resulied in total lost of hemagglutinating
activity, while in the presence of DTT, the lectin maintained normal activity
probably due absence disuifide bridges in the molecule.

The primary structure determination of DrTl, proved that this inhibitor
belongs to the Kunitz family of proteinase inhibitors. The region of reactive site
presented a glutamic acid residue instead of an arginine or lysine, but the
molecule presented two "loops”, composed by four cysteine residues, with high
similarity with other Kunitz type inhibitors.

The in vitro inhibition studies with insect proteases from A. kuehnielia and C.
cephalonica showed at concentration of only Sug, DrT! inhibited about of 92% of
the proteases these insects, indicating high affinity of the inhibitor by these
BNZYMes.

In vitro digestibility of DrTi by insect proteases was analyzed in SDS-PAGE
12.5% and revealed that the inhibitor was resistant to the proteolysis after 72h.
However, the incubation of DrT1 with bovine trypsin resulted in cleavage in the first
30 minutes of reaction. The maximal residual activity of the inhibitor, after these
digestibility assays by proteases from A. kuehniella, C. cephalonica and bovine
trypsin was 69.5%, 64.9% and 34.57%, respectively.

Silvana Cristing Pando




Abreviaturas

ABA - acido abscisico

AHE — atividade hemaglutinante

ANOVA — andlise de variancia

BAPNA - benzoil-arginina-p-nitroanilida

ConA — concanavalina A

Def 1 - gene que regula a conversdo de HPOTIE em 12-oxo-PDA
DIECA - acido dietilditiocarbamico

BTY - ditiotreitol

EDTA - etileno diamino tetracético acido

GERBRP - proteina ligante de B-glucano elicitor

GNA ~ Galanthus nivalis aglutinina

HOTrE - 13-acido hidroxiiinolénico

HPLC - cromalografia liquida de alta pressdo (high pressure liguid
chromatography)

HPOTTrE - 13-S-acido hidroperoxilinolénico

IM — intestino médio

JA — acido jasmbnico (jasmonic acid)

NBD - norbomardiene

PCMBS - p-cloromercirio benzeno sulfénico acido
PDA - 12-oxo-acido fitodiendico

pp34 - fosfoproteina de 34 kilo Dalton

RNA - acido ribonucléico

SBPS50 - proteina ligante de sistemina de 50 kilo Dalion
SHAM - acido salicithidroxamico
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Introducio

ASPECTOS GERAIS DAS LECTINAS VEGETAIS

Em 1888, Hermann Stilimark descreveu, pela primeira vez, a acdo de
proteinas com alividade hemaglutinante em extratos vegetais e, a partir desta
época, varias dessas proteinas foram iscladas e caracterizadas com relacéo &
sua estrulura molecular, especificidade por carboidratos e propriedades
bioguimicas.

Landsteiner & Raubitschek (1908) discutiram pela primeira vez a
especificidade das lectinas e observaram que varios extratos de sementes de
leguminosas apresentavam diferentes propriedades de hemaglutinacio quando
analisados com eritrécitos de diferentes espécies animais, provavelmente porque
as leclinas de diferentes espécies vegetais, freqlientemente diferem na sua
estrutura molecuiar e na sua especificidade.

As lectinas s&o proteinas ou glicoproteinas capazes de interagir
especificamente com carboidratos, aglutinar células animais efou vegetais e
precipitar polissacarideos, glicoproteinas ou giicolipideos (Goldstein & Poretz,
1986; Jacobson & Doyle, 1996).

De acordo com Peumans & Van Damme (1995), esta definicao implica que
diferentes glicoconjugados, idénticos ou estruturalmente similares, podem agir
como receptores para a mesma lectina e que a presenga de no minimo um
dominio nao catalitico, o qual liga-se reversivelmente a um carboidrato especifico,
€ o Unico pré-requisito para uma proteina ser considerada lectina. A figura 1,
ilustra 0 mecanismo de interagaoc das lectinas com seus carbeidratos especificos:

Silvana Cristina Pando




Introducdo

-—{__ Lectina Carboidrato ligante 4 lectina

Carboldratos e outros ligantes néo lectinas

Figura 1. Representagao esquematica do processo de agiutinacdo causado por
lectinas (Kennedy af a/., 1985).

Segundo Kennedy ef al. (1995) os sitios de ligacdo a carboidratos,
presentes na molecula de lectina, interagem com o carboidrato especifico através
do mecanismo do tipo chave-fachadura, envolvendo pontes de hidrogénio, figacao
metalica (devido a presenga de ions metalicos na melécula), interacdes de van der
Waals 2 interagles hidrofdbicas.

De acordo com Sharon & Lis (1995), a especificidade das lectinas &
determinada pela conformacgéc exata dos sitios de ligacdo e da natureza dos
residuos de amincacidos para 0s quais o carboidraio € ligado. Dessa forma,
pequenas alteragbes na estrutura dos sitios de ligacdo, como por exemplo, a
substituicio de apenas um ou dois residucs de aminoacidos, pode resuliar em
alteragfes significativas na especificidade da lectina sem, no entanto, afetar a
estrutura tridimensional da proteina.

Silvana Cristing Pando



Introducdo

As leclinas s8c amplamente distribuidas na natureza e pogem ser
enconiradas em animais, plantas, insetos e microorganismos {Kennedy ef ai,
1995). Nas planias, as lectinas podem ser encontradas em diferentes familias &
diferentes tecidos da mesma planta, sendo gue, a meioria das lectinas
investigadas, compreende aquelas da familia Leguminosae, que forma um grupo
grande de proteinas estruturaimente semelhantes com especificidades para
diferentes carboidratos (Chrispeels & Raikhel, 1991).

As lectinas de legume s80 as proteinas vegetais mais esiudadas, pois
correspondem de 2 a 10% das proteinas soliveis de sementes maduras =
centenas destas proteinas ja foram isoladas e caracterizadas de acordo com suas
propriedades guimicas, fisico-quimicas, estruturais e bioldgicas {Gatehouse ef af.,
1985, Van Damme ef a/, 1288).

Peumans el al (2001), descreveram as estruturas das lectinas como
protomeros, sendo que um protdmere é definido como uma subunidade madura
ou @ soma de subunidades maduras derivadas de produtos primarios de traducgéo
do RNA mensageirc que codifica as lectinas. Dependendc do numerc de
protdmeros, uma lectina & chamada de mondmero, dimero, trimero, tetramero e
assim sucessivamente. Quando um protdmero consiste de dois polipeptideos,
uma lectina monomérica contém duas subunidades diferentes.

A massa molecular das subunidades da lectina de legume esta em torno de
30 ka, com a lectina completamente ativa, formando dimaros ou tetrameros com
multiplos sitios de ligacdo para carboidrato. A associagio das subunidades da
iectina pode ser estabelecida através de pontes de hidrogénio, interagtes
hidrofobicas e pontes dissulfeto (Rudiger, 1998).

Geralmente as lectinas sdoc degradadas durante o orocessamento do
alimento, devido a perda de sua estrutura quaternaria e terciaria, resultando na
produgéc de dimeros ou mondmeros que podem possuir sitic de ligacao para
carboidrato, mas s&o incapazes de aglutinar membranas celulares {Loris &t al.,
1998, Maenz ef a/., 1999).

Apesar da diversidade observada em diferentes familias de lectinas

vegetais e, independente de sua organizacdo tridimensional, a estrutura de folhas

8
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Introdugtio

B ocorre predominaniemente em todas as proteinas caracterizadas como lectinas,
sendo necessaria para a atividade ligante de aglcar destas proteinas {(Barre ef al.,
2001}

E importante ressaltar que, apesar da grande similaridade enire as lectinas
com relacio & seqiéncia de aminoacidos e estruturas tercidrias, ha uma grande
variaco em suas estruturas quaternarias. No entanto, a base molecular de
variacdo na eslrutura quaternaria ainda ndo estd bem esclarecida {Loris ef al,
1898;.

As espécies de plantas leguminosas contdm proteinas que sao,
evolutivamente, relacionadas as lectinas, mas que sao destituidas de um sitio
ligante de carboidraio, sendo as arcelinas e um inibidor de «-amilase de
Phaseolus vulgars, exemplos bem conhecidos deste grupo de proteinas (Mirkov
el al, 1994; Peumans ef al,, 2001).

CLASSIFICACAC DAS LECTINAS VEGETAIS

As lectinas podem ser classificadas em quatro tipos principais, de acordo
com aspectos estruturais e a habilidade para reconhecer e ligar carboidratos
{Peumans et al., 2001):
¢ Merolectinas: sdo proteinas que consistem exclusivamenie de um Gnico

dominio ligante de carboidrato e, por serem monovalentes, s3o incapazes de
precipitar glicoconjugados ou agiutinar células. Exemplo: pequenas proteinas
ligantes de quitina compostas por apenas um dominic heveina. A heveina é
uma proteina com cerca de 43 residuos de aminoacidos isolada de Hevea
brasiliensis.

MEROLECTINAS ‘ B

Silvana Cristing Pando



Introducdo

¢+ Hololectinas: so proteinas formadas por dois ou mais dominios ligantes de
carboidratos idénticos ou similares. Estas proteinas sao di ou muitivalentes,
sendo capazes de aglutinar células e/ou precipitar glicoconjugados. Exemplo: 2
maioria das leclinas vegetais pertence a esta classe.

+ Superiectinas: é uma classe especial de hololectinas que possui, no minimo,

HOLOLECTINAS

dois dominios que se ligam a carboidratos. Fstes dominios nao sao idénticos
ou similares e reconhecem aglcares estruturaimente diferentes. Exemplo: a
lectina isolada de buibo de tulipa apresenta dois dominios diferentes que séo
especificos para os aglicares manose e N-acetilgalactosamina.

L

Py B i
LA e e

SUPERLECTINAS “ P o
@
® e

L.
3
3
L
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¢ Quimerolectinas: s&c proteinas que possuem um dominic de ligagio para
carboidratos, associade a outro dominio com atividade catalitica ou outra
atividade biologica bem definida, que atua independentemenie do dominio
ligante de agticares. Dependendo do nimero de sitios ligantes de acticares, as
quimerolectinas comportam-se como merclectinas ou hololectinas. Exemplos :
a lectina ricina, uma proteina citotéxica inativadora de ribossomo tipo 2 e as
16

Silvana Cristina Pando



Introducdo

lectinas isoladas de Vigna radiata e Vicia faba que possuem, aiém de um
dominio catalitico com atividade de glicosidase capaz de clivar glicosideos, um
dominio ligante de galactose e glicose-manose, respectivamente (Pusztai,
1981).

QUIMEROLECTINAS

A maioria das lectinas vegelais ainda pode ser classificada em sete
familias, considerando as afinidades estruturais e evolutivas: a familia amarantina,
lectinas ligantes de quilina compostas por dominios heveina, lectinas isoladas de
floemas de curcubitaceas, lectinas relacionadas 3 jacalina, lectinas de legume,
lectinas de monocotileddneas ligantes de manose e proteinas inativadoras de
ribossomos tipo 2.

A familia de lectinas vegetais é muiioc heterogénea com relacio 2
especificidade de ligacdo a carboidratos e, de acordo com o tipo de carboidrato
ligante, estas proteinas podem ser classificadas em oito grupos: manose/glicose;
galactose/N-acetilgalactosamina; N-acetilglicosamina; fucose; acido sidlico,
complexo oligossacaridico, lectinas ligantes de manose e galactose relacionadas a
jacalina e lectinas da superfamilia de monocotiledéneas ligantes de manose
{Rudiger, 1997, Peumans ef al., 2000; Wright ef al., 2000).

De acordo com Peumans ef al (2001), somenie lectinas ligantes de
manose & especificas para manose/maltose ainda noc foram identificadas na
familia de plantas legumincsas. Por outro ladc, até o momento, lectinas
especificas para fucose e manose/glicose s6 tém sido encontradas
exclusivamente na familia das lectinas de legume. Convém ressaltar que a maioria
das lectinas que sdo especificas para carboidratos complexos pertence a familia
das lectinas de legume.
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As lectinas de gramineas mosiram ampla especificidade para actcares e
glicoconjugados. Por exempic, WGA e a lectina de centeio (Secale cereale)
reconhecem e interagem, preferencialmente, com N-acetilgiicosamina (GlcNAc) e
glicoconjugados contendo acido sidlico (NeuSAc) (Kubanek ef al., 1982). O arroz
{Oryza saliva) apresenta lectinas especificas para GicNAc e residuos de manose,
enguanto as lectinas do género Amaranthus s&o especificas para N-
acetiigalactosamina (GalNAc) e glicanos ¢-glicosilados. Em coledptile de mitho
{Zea mays), foi isolada uma lectina especifica para galactose (Martinez-Cruz ef a/.,
2001).

ATIVIDADE BIOLOGICA E APLICACOES DAS LECTINAS VEGETAIS

A ampla ocorréncia das lectinas vegetais e a variedade de especificidade
por carboidratos despertou o interesse para investigagbes das funcbes destas
proteinas (Cavada ef al., 1993).

- Funcdes gerais:

As lectinas podem exercer suas fungdes endogenamente ou externamente
na planta.
- fungbes enddgenas das lectinas: podem atuar como proteinas de reserva
(Peumans & van Damme, 1993); participar da regulagdo hormonal (Rudiger,
1997); ativar fosfatase enddgena, atuandoc como moléculas moduladoras da
atividade enzimatica (Aoyama ef al, 2001), na germinacdo e maturacio da
semente; na manutengdo da dorméncia da semente; como mitégenos de células
embrionarias vegetais e como receptores gue desencadeiam o actimulo de
fitoalexina (Etzler, 1985). As lectinas que sdo produzidas nas raizes, podem
contribuir para a simbiose entre as plantas leguminosas e as bactérias do género
Rhizobium, que fixam o nitrogénio atmosférico essencial para o metabolismo da
plania (Peumans & Van Damme, 1995).
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- functes exdgenas das lectinas: efeito antifingico para as lectinas ligantes de
guitina, urm polimero de N-acetilgiicosamina, constituinte da parede celular dos
fungos (Chrispeels & Raikhel, 1891, Freire ef al., 2002); lectinas marcadas com
digoxigenina podem ser usadas para estudos estruturais de carboidratos bem
como para a distribuicdo de carboidratos em fungos patogénicos (Kennedy ef al.,
1895). podem atuar como mitdgenos de linfécitos; no isclamento e analise de
carboidratos complexos; no estudo da arguitetura celular e na protecio contra
bactérias, uma vez que as lectinas podem se fixar & parede celular da bactéria,
estabelecendo relacbes simbidticas, saprofiticas ou patogénicas (Etzier, 1985).

As lectinas podem ser usadas também na tipagem de células sanguineas e
como matrizes de afinidade para purificar glicoproteinas e na fransducac de sinais
através da membrana celular (Mody ef g/, 1885; Kim ef al,, 2000).

- interesse de lectinas na medicina

A maioria das superficies celulares dos veriebrados é envolvida por um
glicocalix, glicoproteinas, glicolipideos e glicosaminoglicanos que, conjuntamente,
sdo referidos como glicoconjugados (Schauer ef al., 1988). Devido a sua
complexidade estrutural e variabilidade, os carboidratos de superficie celular
servem como sinais de reconhecimento (Sharon & Lis, 1993). Esta diversidade
estrutural fransmite sinais que podem ser reconhecidos por lectinas e
glicoproteinas, podendo atuar como “pontes™ pela ligagdc a carboidratos enire
células vizinhas e da matriz extracelular. Uma vez que a maioria das lectinas
reage especificamente com aclcares néo reduzidos de glicoproteinas e
glicclipideos da membrana celular, elas podem ser usadas para caracterizar esies
glicoconjugados de superficie com base nos monossacarideos que inibem a
ligacéo (Mody ef al., 1995). As lectinas podem ser usadas ainda como sondas em
técnicas bioguimicas, citoguimicas e histoquimicas para ¢ estudo de minimas
diferengas em glicoconjugados de superficie de células normais e células
cancerosas que, por outro lado, ndo séo detectaveis com anticorpos moncclonais.
As lectinas podem afuar como: marcadores associados a ftumores, agenies

adesivos, carreadores, imunomoduladores e agentes antitumorais. Mais de 100
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lectinas vegetais diferentes foram usadas no estudo de tumores humanos e
animais em varios ¢rgéos e a habilidade que as lectinas possuem de ligar-se a
carboidratos & o principio para ¢ reconhecimento e ades&o celular (Damjanov,
1987; Walker, 1989; Moreira ef al, 1891). Varios estudos demonstraram que, em
células cancerosas, ha modificagbes dos carboidratos da superficie celular bem
como alterac@o na expressdo de proteinas enddgenas, incluindo as lectinas (Rak
et al, 1992; Lu af al,, 1994; Mody ef al, 1995).

As lectinas de Abrus precatorius, Ricinus communis e Viscum album, s3o0
capazes de inibir, eficientemente, a siniese protéica atuando, portanto, como
potentes citotoxinas (Mody ef al., 1995). O exempio mais bem estudado & a ricina,
lectina de Ricinus communis, que possui atividade N-glicosidase e & capaz de
bioquear a sintese protéica devido a remocg&o de um residuc de adenina de uma
adenosina da subunidade 288 do RNA ribossémico, alterando a conformacao do
ribossomo e impedindo a ligagdo do aminoacil t-RNA (Endo, 1989). Varias outras
lectinas vegetais tais como, isolectinas do género Phasecius (PHA), con A,
aglutinina de Maciura pumifera e Pisum safivum, s&c potentes mitégenos para
linfocitos humanos (Serke, ef al., 1989). Este efeito estimulante causado pelas
lectinas pode ser melhor entendido, tendo em vista que alguns dos fatores de
crescimento/interleucinas reconhecem seus receptores via interacao “lectina-like”
(Yamaoka ef al., 1991). Além disso, algumas lectinas vegetais como a aglutinina
de V. album, 1ém a capacidade de aumentar, inespecificamente, os mecanismos
imunes de células hospedeiras e esta lectina também pode induzir apoptose em
celulas leucémicas humanas (Joshi ef al., 1994). A aglutinina de Urlica dioica
também possui efeito imunomodulatorio devido & sua atividade mitogénica em
linfocitos T e por induzir a produgéo de interleucina-2 (Lerner & Raikhel, 1992).

As lectinas de superficies microbianas servem como moléculas de adesao
as celulas hospedeiras de virus, bactérias e protozoarios, um pré-requisito para o
inicio da infecgao. Entdo, quando ha um bioqueio da adesdo pela adicdo de
carboidratos para os quais a lectina se liga, isto pode resultar em prevencio da
infecc@o por estes microrganismos. As lectinas podem participar também no

processo de inflamacdo, pois as interages mediadas por lectina-carboidratos
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entre leucdcitos e células endoteliais s80 o primeirc passo na recirculagio de
linfécitos e na migracao de neutrdfilos para os sitios de inflamacgdo, sendo gue tais
interacbes podem resultar na formacdo de metdstases. A elucidacdo destes
processos podem ajudar no desenveoivimento de drogas anti-adeséo, baseada em
carboidratos especifices, para o tratamento de doencas inflamatérias bem como o
cancer {Sharon & Lis, 1995).

Golard {1995), demonstrou que as lectinas vegetais, tais como, ConAe a
lectina de Lens cufinaris, podem modular os canais de caicio e potassio em
sistema nervoso de pintos envolvendo ou nao a participacao da proteina G e,
conseqientemente, modulam a transmissdo sinaptica. Além disso, pelo fato de
estes canais serem glicosilados, algumas leclinas tém sido usadas para purifics-
ios.

- Lectinas como mecanismo de protegfo das plantas conitra o atague de
insetos

A maioria das lectinas vegetais € capaz de ligar-se a glicoconjugados da
parede intestinal, ocasionando rompimento das microvilosidades (invasdo de
bactérias), redugio na viabilidade das células epiteliais, aumento na produgao de
muco, desequilibrio hormonal, hiperplasia e aumento ne peso do tecido. Dessa
forma atuam no mecanismo de defesa das plantas contra ¢ ataque de patégenos
(Liener, 1994; Peumans & Van Damme, 1985},

As lectinas com a mesma especificidade para aglcares podem apresentar
diferentes toxicidades e, se uma lectina for téxica para uma espécie de inseto néc
implica que ela sera t0xica para outra. Por exemplo, as lectinas isoladas de
Galanthus nivalis (GNA) e Canavalia ensiformis (Con A), séo lectinas inibidas
pelos aglcares manose e glicose-manose, respectivamente, porém enguanto
GNA apresenia efeifo toxico para o inseto Nilaparvata fugens, a Con A néo tem
nenhum efeito 1Oxico sobre este inseto (Powell ef al., 1993). Esta diferenca no

grau de toxicidade € afribuida a fraca conservacio dos residuos de aminoacidos

13

Sitvana Crigting Pando



Introducdo

nos sitios ligantes a carboidratos nas proteinas de diferentes espécies (Gatehouse
ef al., 1995; Murdock ef ai., 1890).

Além disso, j& fol demonstrado que as lectinas especificas para manose
possuem uma fungdo de reconhecimento de glicanos, fipo manose, de
microrganismos estranhos e predadores vegetais. E 0 caso da GNA, que é téxica
para insefos da ordem Lepidoptera e afidios. A alta toxicidade desta lectina &
atribuida 2 sua especificidade por manose, uma vez que este carboidrato ests
presente em baixas concentracbes nos tecidos da planta e nfo interfere na
atividade da leclina contra os insetos (Gatehouse ef al., 1995; Barre, et al., 2001).

Segundo Czapla & Lang (1990), as lectinas especificas para N-
acetilglicosamina, galactose e N-acefilgalactosamina s3o as proteinas mais
ioxicas para diferentes espécies de insetos. Existem basicamente guatro
mecanismos para explicar o efeito t6xico das lectinas vegetais contra os insstos:
a} alteragio, préximo ac seu sitio ativo, da fungdo de uma enzima glicosilada
necessaria para a digestao, b) pela ligacdo das lectines a glicoconjugados
expostos nas céiulas epiteliais intestinais ao longo do trato digestério, ¢) pela
ligacao das lectinas @ membrana peritrofica do inseto, a qual é rica em quitina, um
polimero de N-acetilglicosamina e d) pela resisténcia da lectina & protedlise no
intestino médio dos insetos (Fitches & Gatehouse, 1998; Macedo ef al., 2002a).

Eisemann et al. (1994), demonstraram que as lectinas de gérmen de frige,
ientitha e concanavaiina A causaram redugéoc no crescimento das larvas do inseto
Lucilia cuprina e até mesmo a morte destas larvas em altas concentracbes destas
lectinas, devido ao blogueio dos poros da membrana peritréfica e ligacdo das
lectinas as células epiteliais do intestino médio. Harper ef al. {(1998) também
comprovaram reducac no peso das larvas do inseto Ostrinia nubilalis pela acdo da
lectina WGA devido as alteracbes na membrana peritrofica e nas células
intestinais, dificultando a digestdo e absorgao de nutrientes.

Os genes de muitas lectinas vegetais que possuem atividade inseticida,
como GNA, s8o utilizados para a producgéo de plantas geneticamente modificadas.
Além disso, muitos trabalhos recentes relatando o efeito inseticida e antifingico de
outras lectinas vegetais, também poderao contribuir para a producéo de plantas
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resistentes ao ataque de patdgenos (de Pater ef al., 1996; Graham ef al., 1995;
Macedo ef al., 2002b; Freire ef al., 2002), denire as quais destacam-se culturas
economicamente importantes como milho, arroz, algodio e batata (Fitches ef af,
20015

- Lectinas em parasitologia

Sharon & Lis (1989), descreveram que baciérias e virus “reconheceny suas
celulas eucaridlicas alvo através de interagbes entre as lectinas e seus
carboidratos especificos.

Segundo Jaccbson & Doyle (1898), as lectinas podem ser usadas, em
cromatografia de afinidade, para a purificacio e caracterizacio de glicoconjugados
de parasitas, alem de serem importantes para a discriminacBo entre parasilas
patogenos € nao-patdgenos, contribuindo ainda para a elucidacdo dos ciclos de
desenvolvimento destes microorganismos. De acordo com estes autores, o uso de
lectinas vegetais € importante na identificacdo de espécies em estudos de
infectividade e na composicao do glicocalix.

ASPECTOS GERAIS DOS INIBIDORES DE PROTEINASES DE ORIGEM
VEGETAL

Os inibidores de proteinases séo polipeptideocs que formam complexos com
proteases na razdc molar de 1:1 ou 1:2, podendo resultar em reducdo da
digestibilidade protéica e induzir a hipertrofia pancrestica (Udedibie & Carlini,
1998; Datta ef al., 2001).

A ocorréncia de inibidores de fripsina em sementies cruas de Canavalia
ensiformis, foi confirmada, pela primeira vez, por Borches & Ackerson (1947) que
também observaram que os inibidores de fripsina destas sementes sdo compostos
termolabeis.

Os inibidores vegetais sao proteinas regulatérias dos eventos proteoliticos,
sendoc ubiguas em todos os organismos vivos (plantas, animais e
microorganismos). kstes inibidores t8m sido isolados e caracterizados em muitas
7
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especies de plantas, sobretudo em legumincsas (Neurath, 1984; Macedo ef al.,
2000; Pando et a/., 2001).

Esses inibidores sdo deficientes ou destituidos de residuos de metionina,
histidina, triptofanc e possuem alto contéudo de 4cido aspértico, acido glutdmico,
fisina e serina (Kortt & Caldweli, 1990).

A massa molecular desses inibidores vegetais varia de 8 a 25 kDa, sendo
moléculas extremamente estaveis, resistentes ao calor, a variacbes de pH e 3
protedlise por proleinases diferentes daguelas ndo inibidas. Esta estabilidade tem
sido atribuida em parte as pontes dissulfeto e oufras interages ndo covalentes
gue tambeém contribuem significativamente para a estabilidade dos inibidores
(Belitz & Weder, 1980).

Apesar de haver diferencas na estrutura primaria dos inibidores de
proteinases, 0 mecanismo de catélise & a estrutura do sitio de reagdo destas
moléculas s&o bastante conservados (Urwin ef al., 1995).

CLASSIFICACAO DOS INIBIDORES DE SERINOPROTEINASES

As plantas contém varios tipos de inibidores de serinoproteinases os quais
estdo divididos em 16 classes, sendo que os inibidores methor estudados e
caracterizados s&o aqueles pertencenies as familias: tipo Kunitz, tipo Bowman-
Birk e os inibidores de batata tipo i e Il (Ryan, 1990; Mello ef af., 2003).

Os inibidores de serinoproteinases, presentes em plantas, sdo classificados
em familias através de caracteristicas de homologia na estrutura primaria, massa
molecular, contetido de cisteina e especificidade inibitéria (Frokiaer ef al., 1994}.

As sementes de leguminosas coniém vérios inibidores de proteinases que
podem ser divididos em duas familias principais segundo Ceciliani ef al. (1997):

- Inibidores tipo Kunitz

A localizagao do sitio reativo, determinade em inibidores do tipo Kunitz
isclados de soja foi na posicac Arg(63)-lie(64) (Koide & lkenaka, 1972; Yamamoto
et al., 1983, Richardson ef al., 1986; Joubert & Dowdle; 1987), enquanto que
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inibidores isolados de Acacia confusa possuem os residuos de Arg(84)-1le(65) no
seu sitic reative (Wu & Lin, 1993). Os inibidores de tripsina tipo Kunitz, isolados de
sementes de Delonix regia e Swartzia pickelli apresentaram uma particularidade
na regido do sitio reativo, uma vez que o0s residuos de acide glutdmico e
asparagina, respectivamente, substituiram os residuos de arginina ¢ lisina comuns
nesta classe de inibidores (Pando ef al, 2001; Cavalcanti ef al., 2002).

Os inibidores tipo Kunitz ocorrem predominantemente nas sementes de
leguminosas, porem ndo estéo restritos a essa fonte, pois ja foram encontrados
também em batatas e cereais (Richardson, 1891).

Entre as fungbes fisioldgicas atribuidas a esse grupo de inibidores, uma
delas seria a de proteina de defesa das sementes, por serem potentes inibidores
de enzimas digestivas, como tripsina e quimotripsina, presentes no trato digestério
de microrganismos, vertebrados e invertebrados (Jordac ef al., 1996). Além disso,
também s&o atribuidas fungdes como proteinas de reserva ou no conirole das
proteases endbgenas das sementes (Hartl of &/, 19886).

- Inibidores tipo Bowman-Birk

Cs inibidores que compdem a famiiia Bowman-Birk foram os primeiros
inibidores de tripsina de sementes a terem sua sequéncia de aminoacidos
determinada. Este tipo de inibidor € amplamente distribuido em sementes de
legumincsas e em cereais, principalmente no milho e acredita-se que
desempenham papel de proteinas de reserva, além de defesa contra ¢ ataque de
pragas {Richardson, 1891).

A presenca de dois sitios reativos nesses inibidores os forna capazes de
inibir simultaneamente duas moléculas de tripsina ou ainda uma molécula de
tripsina e oulra de  guimoiripsina, formando  complexos 1:2
(inibidor:tripsina:tripsina) ou 1:1:1 {inibidor:tripsina:quimotripsina) (Tsunogae ef af.,
1886). Entretanto, estudos recentes demonstraram que, alguns inibidores de
proteinases tipo Bowman-Birk, podem apresentar trés, quatro e oito sitios reativos,
que podem ligar-se as enzimas iripsina ou quimotripsina. A ocorréncia de nameros

variaveis de sitios reativos pode explicar a complexidade da via de sinalizagdio e
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imporiéncia evolutiva dos inibidores de proteinases {Tavlor ef al,, 1993; Miller ef
al., 2000; Chol ef al., 2000).

MECANISMO DE INTERACAO ENTRE OS INIBIDORES E SUAS
ENZIMAS ALVOD

A determinaclio das constantes de inibicBo € uma das formas possiveis

para estudar os meios de interacdo enfre os inibidores e suas enzimas alvo (Bode
& Huber, 1992). Os inibidores ligam-se mais firmemente as suas enzimas-aivo do
que a molécula do substrato especifica para a enzima, uma vez que a constante
de associacic pode atingir o valor de 10 7 M.
A formacdo do complexo enzima-inibidor ocorre rapidamente, mas a sua
dissociacao € ienta e resulta na enzima livre & em um inibidor clivado, o gual sofre
desnaturac@o. Os elementos envolvidos nas inferacdes entre as cadeias do
mibidor e das proteinases s&o: pontes de hidrogénio, forcas de van der Waals e
pontes dissulfeto. O mecanismo de catélise, ilustrade na figura 2, é comum para
as profeinases em geral e a estrutura foi bastante estudada por meio de técnicas
de difracao de raios-X. O modelo ilustra os elementos necessarios para a catalise
enzimatica: a regiao especifica S1 (triade catalitica) e a fenda OxXidnica, que &
constituida por aminoacidos que estabelecem pontes de hidrogénic com o atomo
de oxigénio do carbone carbonil (C1) do inibidor (Bode & Huber, 1992; Valueva &
Mosolov, 19993
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Figura 3. Mecanismo cinético das serinoproteinases {(Radisky & Koshland Jr,
2002).

A protedlise € um processc metabdlico essencial necessario para o
processamento e fumover de proteinas, porém =z regulacdo extracelular e
intracelular da protetlise, por inibidores endbdgenos, é de fundamental importancia
para a planta. Durante a germinacéo, as proteases participam da degradacao de
proteinas de reserva para fornecer niirogénic para as vias de biossintese, sendo
importantes durante o desenvolvimento das piantas, além de atuarem como
componentes na interacéo entre plantas e ouiros organismos (Koiwa ef af., 1997).

As proteases digestivas em animais e humanos sio enzimas gue catalisam
a liberaco de peptidsos e aminoacidos, facilitando a absorcdo. As proteases s3c

denominadas endopeptidases ou proteinases quando hidrolisam ligaches
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peptidicas internas e exopeptidases guando hidrolisam ligagdes N-terminais ou C-
terminais. O sistema de classificagao das proteinases em: proteinases serinicas,
cisteinicas, asparticos e metaloproteinases, baseou-se numa comparacio entre 0s
sitios alivos, mecanismos de acfo e estrutura tridimensional destas enzimas
{Jongsma & Boiter, 1987).

Quando o alimento entra no intestino, a tripsina liga-se & proteina da dieta
e/ou aos inibidores de proteinases, permitindo a interagio com o fator de liberacgo
de colecistocinina (CCK-PF} e também com os receptores no intestino,
desencadeando uma cascata de eventos gue resultam na liberaggo de enzimas
digestivas dentro do intestino {Liddie, 19985).

ATIVIDADE BIOLOGICA E APLICACOES DOS INIBIDORES DE PROTEINASES

rungbes gerais dos inibidores de proteinases

Os inibidores de proteinases podem ser encontrados em oOrgdos
reprodutivos, orgacs de reserva e tecidos vegetativos de muitas familias de
plantas. Esles inibidores de proteinases podem atuar como agentes
anticarcinogénicos, como proteinas de reserva, como moduladores de proteinases
endbgenas, no mecanismo de transdugéc de sinal e no mecanismo de defesa da
planta contra ¢ ataque de insetos e fungos (Giudici ef af., 2000; Freire ef al., 2002).

interesse dos inibidores de proteinases na medicina

Os inibidores de proteinases sdo importantes no tratamento de disturbios
metabolicos associados as enzimas proteoliticas, como por exemplo, pancreatites,
enfizemas, alergias, inflamacgao, hipertensao e certos canceres (Richardson, 1991;
Kennedy, 1998). Alguns estudos epidemiolégicos verificaram que a ocorréncia de
cancer em humanos, especiaimente de colon, mama e préstata, esta ligada &
dieta, sendo menor em populagdes que se alimentam de produtos com alta
concentracdo de inibidores tipo Bowman-Birk, que s80 abundantes em alimentos
como o milho, arroz e feljfo. Estes inibidores s@o capazes de prevenir a
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carcinogénese em diferentes sistemas modelo nas condicdes in vitro e in vivo
{Correa, 1981; Kennedy, 1998).

A fungdo de inibidores de proteases, derivados de plantas, como moléculas
anticarcinogénicas j& foi descrita anteriormente e sugere o envolvimento de
enzimas na induglo ou na expressdo de transformacdes de fendtipos ou no
processamento de proteinas celulares especificas envolvidas na transformacio
cancerigena (Fagan & Waxman, 1991, Fontham & Correa, 1993).

Mecanismos de induglo da sintese de inibidores de proteinases na planta —
protecac contra o ataque de insetos

Em muitas espécies de plantas, os inibidores de proteinases sio
acumulados em sementes e orgaos vegetativos de forma constitutiva ou induzida.
A inducdo pode ocorrer devido a ferimentos causados por atague de insetos,
fungos, bactérias e também por certos horménios vegetais (Koiwa ef al., 1997).

Os hormbdnios vegetais, acido abscisico (ABA) e acido jasménico (JA),
podem desencadear, rapidamente, uma indug&o sistémica e local dos genes de
inibidores de proteinases em plantas de tomate, batata e tabaco. Esta resposta &
semelhante aquela que ocorre com as plantas que sofrem injaria mecanica
(Farmer & Ryan, 1990; Pena-Cortes ef al., 1992).

Os intermediarios da via de biossintese do JA, tais como o acido o-
linclénico, 13-hidroperoxilinclénico e 12-oxo-fitodiendice também sao capazes de
induzir o acimulo de RNA mensageiro de certos inibidores de proteinases em
folhas de tomate, da mesma forma que ocorre quando uma planta sofre alguma
injuria mecéanica (Koiwa ef a/., 1997).

Existem algumas moléculas que sinalizam o ferimento da planta tais como
a sistemina, um peptideo isolado primeiramente de folhas de tomate que sofreram
injiria e que, conseqlientemente, induziram a expresséo de genes de inibidores
de proteinases, ¢ &cido abscisico, sinais hidraulicos, sinais elétricos, acido
oligogalacturdnico, quitosana e polissacarideos (Malone & Alarcon, 1995; Bergey
ef al. 1989).
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Segundo Kolwa ef al. (1887), as etapas de regulacéo da expressdo génica
dos inibidores de proteinases, em resposta ao atague de insetos herbivoros, s&o:
- actmulo dos inibidores e, portanto de proteinas, durante a maturacao de
sementes & tuberculos;
- inducdo da germinacao da semente;
- expressdo dos genes de proleases das sementes e a inibicdo da expressio
génica dos inibidores de proteinases pelas giberilinas;
- inibicdo da germinacdo da semente por acido abscisico (ABA) e indugdo,
concomitante, da expressdoc dos genes dos inibidores de proteinases.
Asg vias de transducido de sinais e a sinfese dos inibidores vegetais estdo
apresentadas com detalhes na figura 4.
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A figura acima ilustra que, alravés de um conjunto de reagbes quimicas (a
via octadecandide), ocorre a quebra do scido linolénico e a formacao de acido
jasmdnico para induzir a expresséoc do gene dos inibidores de proteinases, bem
como 08 mecanismos de controle, que ocorrem no amblente intracelular das
células vegelais, em resposta ao atague de insetos herbivoros.

A via de transduclo de sinal, que regula a sintese dos inibidores de
proteinases, € fundamental para a resposta de defesa da planta induzida pelo
atague de paidgenos herbivoros ou por injiria mecénica. Esta via & iniciada pela
interac@c entre moléculas sinalizadoras locais e sistémicas bem como por
receptores na membrana plasmatica. Mediante uma injiria mecanica, a resposta
de defesa da planta pode ser expressa através da via de sinalizaco, no local do
ferimento ou de maneira sistémica, através de todos os tecidos da planta. Estes
sinais sistémicos podem ser transportados através do sistema vascular da planta
via xilema e fioema. A resposta de defesa pode incluir a expressac de maitiplos
inibidores de proteinases que podem inibir uma ampla faixa das proteases
digestivas dos insetfos herbivoros (Koiwa et al., 1897).

Ja foi demonstrado que larvas de Manduca sexta (Lepidoptera), que ataca
plantas de Nicotiana atfenuata , se movem para longe dos tecidos cuja sintese de
JA esta aumentada (van Dam ef al,, 2000). Eniretanto, nesta espécie de planta, a
conceniracio de inibidores de proteinases pode aumentar em até quatro vezes,
mas somente apds cinco dias, podendo favorecer o ataque de insetos (van Dam ef
al., 2001).

Kim ef al. (2001), estudaram o efeito de varios estimulos na expressdo de
inibidores de proteinases em plantas de pimenta Capsicum annuum (CaPl-2), que
pertence a familia Solanaceae, e verificaram gue estimulos tais como ferimenio,
acido abscisico (ABA), comrente elétrica e tratamenioc salino aumentaram a
concentracio de CaPl-2. Foi sugerido, neste trabalho, gue os sinais de ferimentos
locais e sistémicos sdo transmitidos via acido abscisico e subsegilentemente
acido jasmdnico, resuliande no actimulo de franscritos de CaPl-2.

Os inibidores de proteinases de origem vegetal sdo capazes de inibir, in

vitro, proteinases do intestino médic de insefos herbivoros e, em alguns casos,
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limitam a herbivoria (Broadway, 1996; 1997).

Varios pesquisadores demonstraram que a introducio de genes que
codificam inibidores de proteinases, em uma variedade de plantas agricolas, pode
conferir resisténcia significativa ao atague de insetos. Estas proteinas podem
retadar o desenvolvimento larval do inselo quando incorporados em dielas
artificiais (Johnson ef al., 1989; McManus ef al., 1994; Macedo ef g/, 2002b).

McManus & Burgess (1995}, enconiraram que o inibidor de tripsina exiraido
de soja (SBTI), fol efetive na inibicao in vitro de enzimas tripsina-like, presentes no
intestino das larvas de Spodopfera litura, pois somente cerca de 12% das enzimas
permaneceram ativas. Neste trabalho foi descrito ainda que, duranie os trés
primeiros dias, SBTI causou decréscimo no crescimento & no ganho de peso
destas larvas. Estes resultados sugerem que, larvas neonatas podem ser mais
suscetiveis acs efeitos dos inibidores de proteinases do que as larvas adultas. Em
irabalhos anteriores, Broadway & Duffey (1986) j& tinham comprovado que a
ingestéo de SBT! causava uma hiperproduciic de ftripsina, causando efeiios
deleterios e at¢ mesmo a morte do animal. Gran ef al. (1993), também mostraram
gue a inibicdo do crescimento, em ratos alimentados com dietas contendo
inibidores de proteinases ocorreu em animais jovens.

Ceciliani et al. (1997), verificaram que as enzimas digestivas tripsina-like,
das larvas dos insetos lepidépieros Adoxophyes orana, Hyphaniria cunea, Lobesia
botrana e Osltrinia nubilaiis foram claramente inibidas, in vitro, pelo inibidor de
tripsina tipo Bowman-Birk obtido de sementes de Medicago scutellata (MsTi).
Entretanto, os autores salientaram gue experimentos in vivo e com outras enzimas
diferentes da tripsina precisam ser feitos para comprovar de fato o efeito do
inibidor e o possivel uso deste em plantas fransgénicas.

Urwin et al. (1995), verificaram que plantas transgénicas expressando
inibidores de serino ou cisteinoproteinases, foram mais resistentes aos insetos
predadores, sugerindo que estas proteinas s&o importantes no mecanismo de
defesa da planta.

Jaé foi demonstrado que os inibidores de proteinases sao proteinas efetivas

contra o ataque de insefos., guando s3o geneticamente expressos a uma
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concentracéo de 1% de proteina solivel total (McManus ef al., 1994) ou numa
concentragdo de 50 a 100ug do tecido da folha (Johnson ef al, 1989). Estes e
ouiros estudos sdo rmuito relevantes tendo em vista gue os insetos s3o
responsaveis por enormes perdas da produco agricola mundial (Jouanin of al,
1998},

Varios inibidores de tripsina, com efeitos deletérios para o crescimento de
insetos, t&m sido isolados de plantas (Yeh ef al,, 1997, Lec ef &/, 2001),

O inseto Callosobruchus macuiatus (Coleoptera: Bruchidae) é a principal
praga de sementes do feijdo de corda (Vigna unguiculata L.}, causando perdas
severas e prejudicando a qualidade do produto (Hall ef al, 1997). Macedo et al.
{(2002b) isolaram, de sementes de Dimorphandra moliis, um inibidor de tripsina
que, em baixas concentracdes, causou 50% de morialidade e 50% de decréscimo
no peso das larvas de C. maculatus.

O inibidor de c-amilase de Phaseolus vulgaris inibe a digestido do amido no
intestino dos insetos bruguideos, prejudicando o crescimento do inseto (Yamada
et al., 2001}.

Mecanismos de adaptacdo dos inseios lepidépteros aos inibidores de
proteinases {co-evolugdo inseto-planta)

Algumas espécies de inseios sdo capazes de superar o efeito toxico dos
inibidores de proteinases devido & sintese de enzimas, no caso a tripsina, que
diferem em sua massa molecular & carga e que ndo sio suscetiveis ao efeito dos
inibidores {Broadway, 1996; 1997).

Os insetos lepidpteros Spodoptera frugiperda (broca da cana) e Heliothis
virescens (lagarta da-macga-do-algodoeiro), conseguem ter varias plantas como
hospedeiras porque s&o capazes de alterar a sua producgao de enzimas de acordo
com o alimentc gue ingerem e, além disso, as novas proteases secretadas em
relagdo ao inibidor sdo ainda mais eficientes para degradar os inibidores de
proteinases das plantas (Terra, 2001}

Segundo Broadway (1997), as alteragbes fisiolégicas provocadas pelos
inibidores de proteinases, quando administrados em dietas artificiais, podem ser:
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alteracdo no nimero de moléculas de enzimas e aumento no nivel de atividade de
enzimas proteoliticas que n&@o foram suscetiveis a inibicdo, resultandc em
degradacao do inibidor e aumento no tempo de retencao do alimento no intestine
medic até gue as enzimas digestivas sejam secretadas para digerir as proteinas
da dieta. O grau de aumenio da atividade enzimatica & diretamente influenciado
pela dosagem e pelo tempo de exposicio aos inibidores de proteinases,
entretanto, nem todos os inibidores s@o capazes de induzir um aumento do nivel
de enzimas resistentes, mesmo que ocorra inibico de parte significativa da
enzima.

Jongsma & Bolter (1997), verificaram que a incorporacac de inibidores de
tripsina de soja e de batata na dieta dos insetos Heliothis zea e Spodoptera exigua
(Lepidoptera — Noctuidae), nfio causou alteracfio no crescimento destes insstos.
isto de deve ao fato de gue a atividade da tripsina néo foi reduzida e, além disso,
oS ensaios com o material fecal mostraram que a mesma quantidade de proteina
havia sido digerida pelos intestinos dos insetos alimentados com ou sem o
inibidor.

As plantas de Nicotiana tabacum, expressando genes do inibidor de tripsina
de cevada, também nao interferiram no crescimento das larvas do inseto S
exigua. Houve apenas uma redugio em 25% da atividade das enzimas tripsina-
like, porém esta reducac foi compensada pelo aumento significativo de enzimas
aminopeptidases-like e carboxipeptidase A-like, enquantc que as enzimas
quimotripsina-like, elastase-like e carboxipeptidase B-like naoc foram afetadas
{Lara ef al., 2000).

De Leo & Gallerani (2002), verificaram que o inibidor de tripsina de
mostarda expresso em plantas de tabaco, ndc causou nenhum efeitc no
desenvolvimento das larvas de Spodoptera littoralis e, apos a primeira geracao,
nenhuma diferenca foi observada na atividade das proteases do inseto.

Alarcon ef al (2002), estudaram as proteases digestivas de
Rhynchophorus ferrugineus e sugeriram que a diminuicdo na atividade das
enzimas pode estar relacionada com modificaces anatémica e fisiolégicas no
intesting das larvas.
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Alguns pesquisadores ja@ demonsiraram gque os inselos s@o capazes de
regular o pH do intestino de modo a fornecer condigdes otimas para os processos
digestivos (Biggs & McGregor, 1998; Felion ef af., 1992},

De acordo com Mazumdar-Leighton & Broadway (2001) e Volpicelia ef al.
(2003}, os insetos Helicoverpa spp. sao capazes de se adaptarem faciimente as
dietas contendo inibidores de proteinases. As larvas do inseto Helicoverpa zea
bem como de Agrofis ipsilon podem apresentar firipsinas constitutivas,
representadas por enzimas sensiveis aos inibidores de proteinases, que
correspondem ao pool de RNA-m pré-exisiente e também tripsinas induzidas, que
sdo transcricionalmente reguladas, de acordo com a ingestao de inibidores. Estas
compreendem as enzimas insensiveis aos inibidores de proteinases. De falo, a
ingesto de inibidores de profeinases de soje induziu uma modificagio
transcricional das enzimas digestivas presentes no intestino médio desses insetos,
sendo que estas enzimas, por sua vez, nao foram afetadas pelos inibidores.

O tratamento com intbidores metabdlicos, actinomicina D e ciclohexamidina,
demonstrou que esias enzimas foram primeiramente reguladas a nivel
franscricional enguanto que a traducao parece ter sido um mecanismo secundario
de regulacao. Resultados similares foram obtidos para o mosquito Aedes aegypt,
onde a produgdo da tripsina ocorre em duas fases celulares (Felix ef al., 1991). A
primeira fase envolve a traducdo do RNA-m pré-existente gue codifica a tripsina
{Noriega ef al., 1996). A segunda fase & afetada por actinomicina D e envolve a
“sintese de novo™ do RNA-m gue codifica também a tripsina induzida (Barillas-
Mury & Wells, 1993}

O inibidor de tripsina de soja (8TI) pode bloguear a atividade da tripsina
induzida ao nivel de intestino médio do mosquilo Aedes aegypti, apbs a ingestio
de sangue, devido 4 inibigao da atividade da tripsina constitutiva a gual & parte de
uma importante via de transdugéo de sinal responsavel pela digestao do sangue e,
conseqilentemente, sintese de tripsina induzida (Barillas-Murey ef af., 1995).

Silvana Cristing Pando



Introducdo

ASPECTOS GERAIS DA BIOLOGIA DOS INSETOS Anagasta kuehnieliz e
Corcyra cephalonica - {Lepidoptera — Pyralidae)

A ordem Lepidoptera agrupa as mariposas e borboletas, cujos adulios nao
podem consumir materiais sélidos, sendo os danos causados pelas larvas, que
possuem aparato bucal mastigador. E a segunda maior ordem de insetos e &
composta por espécies primariamente ferrestres (Coulson & Witter, 1984).

As espécies pragas da familia Pyralidae, gue atacam orodutos
armazenados, estdc agrupadas nas subfamilias: Galleriinae, Phycitinae €
Pyralinae. Os membros da familia Pyralidae sdo bastante pequenos, com habitos
noturnos e se comportam de maneira muito diversificada, pois séo capazes de se
adaptarem com facilidade a diferentes ambientes (Borror & Delong, 1988;
Pacheco & De Paula, 1995).

Os insetos lepidopteros possuem serinoproteinases no trato digestorio e o
pH do intestino médio destes insetos varia entre 8 e 11,5 para que estas enzimas
possam ser efetivas (Terra & Ferreira, 1994).

Anagasta kuehnieila {Zeller, 1879)

E uma espécie cosmopolita, predominante em zonas de clima temperado,
sendo nativa da Europa. E também conhecida como Ephestia kuehnieila.

A. kuehniella € um inseto de grande imporiancia econdmica, pois ataca
graos e farinha, sendo de ocorréncia freqiiente em moinhos de farinha. Poucos
produtos vegeiais secos e armazenados estio protegidos desta pequena traca
voraz. Este inseto requer ambientes fechados e de alta temperatura ao longo do
ano para obter plenoc desenvolvimento. Este inseto possui envergadura de asas de
20 a 25 mm. As larvas medem 15-20 mm e sdo brancas, as vezes rosadas coma
parte posterior da cabeca marron, A pupa mede em torno de 9 mm, em forma de
fuso também de cor marrom, alojando-se num casulo. Durante o dia, repousam
nas paredes e tetos e voam antes do escurecer. A fémea deposita cerca de 200 a

300 ovos, mas dependendo da temperatura e umidade, uma fémea pode depositar
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até 562 ovos, A tempersiura favordvel é de 26°C e a temperatura limite para o
desenvolvimento deste inseto & de 35°C. J& a umidade relativa ideal & de 70%. O
ciclo de vida total dura em torno de 3 a 4 meses e, s0b condigdes adequadas de
temperatura e umidade, @m aproximadamente quatre geracfes por ano. Guando
adultos este inselo apresenta um tempo de vida curto, de aproximadamente 14
dias. As larvas movam-se rapidamente, alimentando-se e lancando fios de seds,
formando teias. Crescem e transformam-se em pupa no proprio alimento gue
astio infestando. Os adulios ndo se alimentam e t&m o habito de vdo proximo as
estruturas de cobertura (Gallo ef ai., 1970; Ferguson, 1891).

As larvas vivem na farinha, cersais moidos, fubds, nozes, chocolales,
biscoiios, bolos, geléias, amendoim, doces e ragbes. Em moinhos, a farinha
aglutinada muitas vezes cbstrul o maquinério causando interrupgdo da moagem e
sm armazenagem a granel podem cobrir as paredes com teias que podem servir
de abrigo para outros insetos {Pacheco & De Paula, 1995).

A figura 5 apresenta os aspecios do estigio larval e do inseto adulio.

=)

Figura 5. Aspecto do inselo Anagasila kushniella. (A) estagio larval, (B) inseto
adulic (Pacheco & De Paula, 1985),
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Corcyra cephalonica (Staiton, 1865)

Esta espécie & cosmopolita, comumente encontrada em regides fropicais e
subtropicais, atacando um grande nGmerc de produtos armazenados como
amendoim, sorge, trigo, arroz, café, cacau, farinhas, frutos secos, chocolate e
algoddo. E popularmente conhecida com traca do arroz (Gallo sf al, 1988;
Pacheco & De Paula, 1985}

A lagarta de C. cephaionica mede até 15 mm de comprimento e apresenta-se
nas cores branca ou creme. O corpo € coberto com pélos finos. As lagartas,
normalmente se escondem na propria teia ou entre os grios. A fraca de adulic
cinzenta, freqiientemente com padrfes mais escuros nas asas, A envergadura da
asa & de 20-23 mm. A traga, normalmente, & vista em nlmeros grandes am
paredes, postes ou recipientes onde sio armazenados (Pacheco & De Paula,
1995).

Os fazendeiros, freglientemente, tentam limpar os graos infestados pelo
uso de peneiras, mas guando a infestac8o € muito severa, o gric estragado &
usado para alimento de galinha. O ciclo biolégico de C. cephalonica & muito rapido
em produtos triturados como farinha, mitho, cevada e trigo. Diferentes populagtes
desta espécie pode apresentar habilidades diferentes para desenvolver-se em
diferentes dietas (Cox ef al., 1981; Trematerra 1983).

A atividade sexual pode iniciar-se logo apds a emergéncia do adulto & as
féemeas aparentemente acasalam somenie uma vez durante o periodo de 1 a 2
diag apds a emergencia. Apds um periodo de pré-postura de 2 dias, inicia-se a
oviposicao, que ocorre predominantemente 2 noite. Os ovos sdo pegajosos e
colocados em maior numero no segundo e terceiro dias apds a emergéncia,
podendo a postura continuar apds aste periodo. Os ovos s3o colocados em
pequenos grupos, dispersos sobre o produto ou nas paredes dos depdsitos.
Possuem coloracdo branco-pérola, variando quanto a forma. Logo apds a eclosio,
as lagarias procuram o alimento e abrem uma galeria sedosa nos grios fendidos
ou trincados. Em casos de intensa infestacdo, o produto (Galle ef a/., 1988).
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A ternperatura ideal para o desenvolvimento de C. cephalonica éde 30°C e
umidade relaliva de 60-80% (Shazali & Smith, 1986).
A figura 6 apresenta os aspecios do inselo adulto & a pupa infestandeo gréos

de sorgo.

{A} (B)

Figura 8. Aspecio do inseto Corcyra cephaionica. (A) inseto adulte e (B) pupa em

saemente de sorgo vermaiho (Pacheco & De Paula, 1895).

ASPECTOS DO SISTEMA DIGESTORIO DOS INSETOS

Acredita-se que em inselos ancestrais, as células do intestine médic, sstajam
recobertas por um muco. Este muco gastrointestinal, em animals vertebrados, &
uma substincia semelhante a um gel composto de mucinas. E proposto que
durante a evolugdo, a membrana peritrdfica tenha derivade deste muco
gasirointestinal de animais vertebrados. De acordo com esta hipdtese, as mucinas
deram origem as penirofinas, proteinas da membrana peritrdfica (Forstner &
Forstner, 1980).

Ao longo da evoiugdo, as células do intestino meédio dos insetos passaram a
secrelar quitina {polimero de M-acstilglicosamina), fazendo com gue a membrana
periirtfica (MP) fosse envolvida por uma rede de quitina. Desse modo a MP pode
ser definida como um arranjo de quitina em uma matriz de proteinas (peritrofinas?

com oulros componentes assoclados, como por exemplo, carboidratos. Com
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excecao de algumas espécies de insetos da ordem Hemiptera e Thysanoptera,

gue apresentam uma membrana perimicrovilar envolvendo suas células intestinas

ou alguns insetos adulios que ndo possuem membrana peritréfica, da ordem

Lepidoptera e Hymenoplera, a maioria dos insetos possul membrana peritréfica

{Silva ef af., 1985).

Os insefos gue ndo possuem membrana peritréfica, ingerem alimentos de
baixo peso molecular, cuja digestdo luminal é desnecessaria. A membrana
peritréfica pode ser classificada em dois fipos, de acordo com Peters (1992);

- Membrana peritréfica tipo I: é formada por tode o epitélio do intestino médio
ou parte dele (anterior e posterior). Estd presente em baratas (Dictyoptera),
gafanhotos (Orihoptera}, besouros (Lepidoptera), abelhas, vespas e formigas
{Hymenoptera), em mariposas e borboletas (Lepidoptera) e mosquitos
nematdfagos adultos {Lepidoptera). Esta membrana & sinietizada somente
apds a ingestdo do alimenio sem afetar a sua eficiéncia na digestdo, uma vez
que € formada rapidamente devido 3 incorporago de um grande nimero ds
células, sendo capaz de se expandir para acomodar o alimento.

- Membrana peritrdfica tipo Il: & secretada por poucas colunas de células na
entrada do intestine médio, normalmente enconirado em insetos sem restricio
alimentar. Esie tipo de membrana peritrdfica & incapaz de expandir para
acomodar o alimento ingerido.

De acordo com Terra (2001), as fungbes da membrana perifrofica sdo
compartimentalizacdo dos eventos digestivos, onde a membrana funciona como
uma barreira seleliva para enzimas digestivas & produios da digestdo, separando
o conteddo luminal do intestino médio em dois compartimentos distintos: o espaco
endoperitréfico @ o espaco ectoperitrdfico, que confere protecic mecanica e
barreira contra microrganismos. A formagdo da membrana peritrdfica ac longoe de
todo o epitelio intestinal, & caracteristica de seres ancestrais, enquanto que, a falta
desta membrana e sua substituicdo por gel peritréfico é o resultads do processo
evolutivo, tal como ocorre em besouros, insefos pertencentes 3 ordem Coleoptera.

A presenca de poros na membrana peritréfica confere permeabilidade a esta

estrutura & facilita o fluide e a reciclagem de enzimas digestivas, cada qual

-
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atuando em um compartimento especifico, representadc pelos espacos
endoperitrofico cu ectoperitréfico ou ainda o limen das células epiteliais intestinais
(Terra, 2001). Acredita-se que as enzimas amilase e tripsina sejam, iniciaimente,
proteinas integrais da membrana das células epitelisis intestinals que,
posteriormente, tornam-se solGveis no interior de vesiculas citoplasmaticas. Estas
enzimas, quando sollveis, s8o liberadas dentro do limen do intestino médio
quando as vesiculas se fundem entre si ou com as microvilosidades intestinais.
Uma parte das enzimas permanece ligada a membrana e sdc incorporadas &
membrana peritrofica. A presenca destas enzimas no espaco ectoperitréfico
evidencia gue ha transporte das mesmas através da membrana peritréfica. Ja as
enzimas acetilglicosaminidase, que & secretada no espaco ectoperitrdfico, nao
atravessa a membrana peritrofica das larvas de Spodopiers frugiperda. Por isso,
um estudo comparativo entre os didmetros de amilase, carboxipeptidase e fripsina
com aquele de acetiglicosaminidase, pode ser ulilizado como estimativa do
tamanho dos poros da membrana peritrofica da larva de 8. frugiperda (Ferreira ef
al., 1994},

A permeabilidade da membrana pode ser alterada em funcio do pH, da
concentracido de ions e pela presenca de calcofldor (um inibidor de quitinase).
Este aumento da permeabilidade pode resultar em aumento de infeccio por
baculovirus, comprometendo a reciclagem das enzimas digestivas, o que ja foi
demonstrado com enzimas do intestine médio de larvas de S. frugiperda, (Terra,
2001).

Os insetos utilizam serinoproteinases, cisteinoproteinases e proteinases
asparticas como as principais enzimas proteoliticas digestivas (Koiwa ef al., 1997).

As etapas da digestdo em insetos podem ser classificadas, de acordo com
Terra {(2001), em:

- Digestao inicial: ocorre no interior da membrana peritréfica e as enzimas
presentes séo tripsina e amilase;
- Digestdo intermediaria: ocorre do exiernc da membrana peritréfica e as

enzimas presentes s&c: amilase e aminopeptidase;
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- Digestao final: ocorre na superficie das células do intestino médio (ceco) com
participag¢do das enzimas aminopeptidases e maliase.

As figuras 7A e 7B ilustram, respectivamente, as subdivises do sistema
digestorio dos insetos e o processo de absorgio dos alimentos.

Em insetos mais evoluidos como os lepidépteros, a acio das enzimas limitada
a compartimentos especificos e ¢ contrafluxo de fluidos (figura 7A), ampliam a
eficiéncia digestiva e o aproveitamento dos alimentos (Terra, 2001).

Os produtos da digestdo s8o absorvidos no intestino médio, principaimente na
parte anterior incluinde o ceco. A absorcdo também ocorre no intestino posterior,
especialmente no reto, entretanto ndo ha evidéncia de absorgdo no intestino
anterior. As células relacionadas com a absorg@o sdo, em alguns casos, as
mesmas que produzem enzimas para cads fase diferenie do processo de
digestac. A absorgio pode ser um processo ativo ou passivo. A absorcdo ativa
ocorre se © movimento de uma substadncia for contra um gradiente de
conceniracac ou contra um gradiente de potencial eléfrico. A absorcdo passiva
envolve a difusdo de uma substancia de um local mais concentrado para outro
menos concentrado. A absorgdo de carboidratos e proteinas depende da
concentracao destes compostos no intestinc e na hemolinfa. Entretanto os
produtos derivados da hidrolise de acidos graxos sdo absorvidos na forma
fosforilada seguida de desfosforilacao ao nivel do epitélio (Chapman, 1982).

A &gua, como pode ser observado na figura 7B, é absorvida em varias regides
do intestinc medio e esta absorgic estd relacionada a enirada de ions
inorganicos. O suprimento continuo de ions é importante para manter a pressao
osmotica nos espacos intercelulares. Estes ions podem ser derivados do lGmen
intestinal, da reciciagem dentro do epitélio ou da hemolinfa. A figura 78 mostra um
esquema geral do canal alimentar dos insetos, o qual é dividido em trés regites
distintas: intestino anterior, médio e posterior. Em muitos insetos estas regides sao
subdivididas em varias partes funcionais {Chapman, 1982}:

- intestino anterior: faringe, eséfago, papo e proventriculo:;
- iniestino médio: ceco e ventriculo:
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- intestino posterior: piloro (que origina as tabulos de Malpighi}, ileo (pode
funcionar come camara de fermentacio, para a digesido da celulose e serva
para a comunicacio com o reto), reto {(imporiante para reabsorgdo de agua,

sais & amincacidos provenientes da urina).
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Figura 7. {A): Esquema das subdivisbes do sistema digestorio dos insetos

{(Chapman, 1982;

Terra & Ferreira, 1991). {B): Esquema ilustrando o movimenio

de agua e solutos dentro e fora do intestino, (Chapman, 1982).
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&

A partir de identificacdo prévia da atividade hemaglutinante no extrato
total de sementes de D. regia, surgiu o interesse em purificar e
caracterizar  bioguimicamenie as fracBes de exrato fofal,
correspondentes a esta atividade e fol constatado ser uma lectina. Us
parametros considerados para a caraclerizacdc da leclina foram:
determinacio da massa molecular relativa através de SDS-PAGE, teste
de inibicBo da atividade hemaglutinante por aclicares simples,
determinacéo da composicdc de aminoédcidos e da sequéncia N-
terminal, estabilidade térmica e de variagdo de pH, requerimentos de
ions metalicos, tratamento da lectina com agentes desnaturantes (DTT
e uréia) e tratamento com metaperiodato de sddio;

Descrever a caracierizacio bioquimica completa do inibidor de
serinoproteinases de sementes de D. regia, através da determinacao da
estrutura primaria desta proteina;

Comprovar o efeito inibitério in vifrc de diferentes concentragbes do
inibidor sobre as enzimas digesiivas do intestino médio das duas
espécies de insetos lepidopteros;

Caracterizar a digestibilidade in vitro do inibidor em relacio as enzimas
digestivas (iripsin-like) dos insetos lepidopteros A. kushniella ¢ C.
cephalonica e também contra a tripsina, através de SDS-PAGE, apos
incubacaoc em diferentes intervaios de tempo;

Determinar a estabilidade in vifro do inibidor em relagéo as proteases
digestivas (tripsin-like) dos insetos lepidopteros citados acima, através
da hidrdlise do substrato cromogénico DL-BAPNA, apds incubacdo em

diferentes intervalos de tempo;
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Artigo publicado

‘Primary sequence determination of a Kunitz inhibitor isolated

from Delonix regia seeds”

Pando, 8.C.; Oliva, M.L.V.; Sampaio, C.A M.; Di Cierc, L.; Novello, J.C. and
Marangoni, S. Phytochemistry, v. 57, p. 625-631, 2001.
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Absiract

A serine proteinase inhibitor was purified from Defonix regia seeds a Legumingsas tree of the Caesalpinioideae subfamily. The
inhibitor named D71 inactivated trypsin and human plasma kallikeein with K values 2.19x 1078 M and 5.25 aM, respectively. Its
analysis by SDS-PAGE 10-20% showed that the inhibitor is & protein with 2 single polypeptide chain of M, 22 h Da. The primary
sequence of the inkibitor was determined by Edman degradation, thus indicating that it contamed 185 amino acids and showed that
it belongs to the Kunitz type family: however, its reactive site did not contain Arg or Lys at the putative reactive site {position 63,
SbTI numbering) or it was displaced when compared 1o other Kunitz-type inhibitors. © 2001 Elsevier Science Lid. All rights

reserved.

Keywords: Delonix regio; Leguminosae: Kunitz inhibitor; Serine proteinase: Trypsin; Human plasma kallikrein

1. Intreduction

Serine proteinase inhibitors are found in animal ts-
sues, micro-organisms as well as plant tissues. The inhi-
bitors occur in large quantities in legume seeds and in
smalier amounts in cereals, cucurbits, potatoes and oth-
ers tubers {Richardson. 1991). Two families of plant ser-
ine proteinase inhibitors are well characterized, Kunitz-
type inhibitors with M, of 18,000-22,000 Da, a low
cystine content and one reactive site; Bowman-Birk-type
are proteins with relative motecular mass of 8000-10.000
Ia, high cystine content and two reactive sites {(Birk,
1983),

The presence of proteinase inhibitors in living tissues
seems {0 be essential for natural regulatory processes,
for example, plants protecting themselves against insect
aredation {Garcia-Carrend, 1996). The stability of pro-
teinase inhibitors towards enzymes as well as the large
quantities present in seeds indicates the importance of

* Corresponding author. Tel + 33-11.5576-44-44: fax: +33.11-
5572-30-06.
E-mail address: mavsa.biog@epm.br (M.L.V. Gliva).

protease inhibitors as storage proteins {Ryan, 1973).
Besides their biological function, proteinases inhibitors
are useful tools in biochemical and physiological studies
of proteinases functions (Oliva et al., 199%b); for pur-
ification of proteclytic enzymes by affinity chromato-
graphy (Sampaio et al., 1974) and for understanding the
role of proteolytic enzymes in blood clotting (Hayashi st
al., 1994; Oliva et al.. 2000a). As a consequence, many
aspects of these inhibitors such as occurrence, tissue
localization, inhibition specificity, molecular and struc-
tural properties, possible regulatory and/or protective
function and nutritional significance have been investi-
gated (Bode and Huber, 1992).

Delonix regia {Leguminosae-Caesalpinicideae) is dis-
tributed in the north and western parts of Madagascar
and is widely cultivated in many tropical countries. The
trees of the genus Defonixv are used as ornamental trees
and the seeds of many species are crushed and eaten raw
{Puy et al., 1995). The description of a potent inhibitor
isolated from Delonix regio may contribute to a through
understanding of a plasma kallikrein action and even-
tually to the development of synthetic inhibiters based on
its structural properties. In the present work we describe
the purification, the primary structure and inhibitory

0031-9422/01/3 - see front matter . 2001 Elsevier Science Lid. Al rights reserved. 43
Pt
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characteristics of the serine proteinase inhibitor isolated
from Delonix regia seeds.

2. Resnlis

The inhibitory fraction eluted from a DEAE Sephadex
A-50 column was gel filtered on a Sephadex G-75 column
and 1f emerged in the main peak, indicated by “Pool 27
(Fig. ta). This fraction was further purified on a C-18
uBondapak reversed phase columm and then purified fur-
ther using other reversed phase columns {Fig. 1b). Electro-
phoretic analysis showed that the inhibitor is constituted by
a single polypeptide chain in both ifs native and reduced
conditions and the single protein peak eluted from the col-
uma corresponds o the inhibitor. The A, of mhibitor,
estimated by SDS-PAGEI0-20%, was ca 22 h Da (insei
Fig. lb}). The homogencus form of the inhibitor from
reversed phase chromatography in HPLC was used for
primary structure deterrnination.

The N-terminal region sequence protein, up to residue
30 was established by automated Edman degradation of
the protein. Peptide fragments produced by Lys-C, Glu-
C and Asp-N cleavage of 4-vinyl pyridine reduced pro-
tein, were sequenced following the isolation by reversed
phase chromatography. Encugh overlaps were obtained
to define the primary sequence (Fig. 2). DrTI is related
to the Kunitz inhibitor family, the four cysteines resi-
dues are conserved, however, in the putative reactive
site a glutamic acid was found in the P, position instead
of Arg or Lys as in most Kunitz inhibitors (Fig. 3).

(o 215 T T H ¥ T i i
i)

20+ &

150 .

Abszacs nm

0.0 :

o 20 4 80 80 100 120

Fraction

DT inhibited trypsin (K; 2.19%107% M) following
the slow-tight binding mechanism (Morrison. 19823
Besides trypsin, the inhibitory effect was also assaved on
human plasma kallikrein, chymotrypsin, plasmin. factor
Xa, tissue kallikrein and thrombin. The inhibitor pre-
sented higher affinity toward of human plasma kallik-
rein (& 5.25 o) with 1:1 stoichiometry. The inhibitory
effect of DrTI on trypsin and human plasma kallikrein
can be seen in Fig. 4A and B respectively. DrT1 did not
inhibited factor Xa, plasmin, chymotrypsin, tissue kal-
likrein and thrombin.

3. Discussion

The purification procedure used to obtain the protein.
which show trypsin inhibitor properties, is satistactory
since the products exhibited a single band in SDS-PAGE
under reductive conditions, indicating no dimerization of
the native inhibitor. DrTI showed M. of ca 22 h Da.
similar {o proteinase inhibitors of the Kuniiz-type
{Richardson, 1991) and the primary structure confirmed
this Inhibitor as a member of the Kunitz family. The two
loops composed by the four halficysteine show high
similarity to other Kunitz inhibitors. This result con-
firmed the preliminary crystallographic study of DrTI
(Polikarpov et al., 1999). An interesting peculiarity of
DreTh s that a glutamic acid was found in the expected
position for the reactive site (residue 63, SbTI numbering)
instead of an Arg or Lys, usualily present in other Kunitz
inhibitors. The other possibility would be the interaction

by 2,0 T [ r— rsr-100
-80
1.5+
< 60
E <
g 1,04 @
gt R
< -40
0.5+
~20
0.0+ : -0
¥ T i 7

F T t

O 10 20 30 40 50 60

Time {min)

Fig. 1. {a) Gel filtration chromatography profite on Sephadex G-75 column of the DrT1 eluted from DEAE Sephadex column. Eluting buffer: 0.03
M Tris-HCL pH 80, 0.15 M NaCl Flow rate: 12 mi h™'. "Pool 2 indicates antitrypsin activity fraction. {b) Repurification by reversed phase
HPLC [C-18 nBondapack column 3.9 300 mm]. Sample: 2.5 mg of the inhibitor eluted from C-18 pBendapack column {7.8x 300 mm). using a §—
100% hnear gradient of solvent B. Solvent A1 0.1% TFA (nl/mi}; solvent B: 80% (ml/mi} acetonitrile in solvent A. Flow rater I mi min~!
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Fig. 2. Amino acid sequence of DrTL The peptides obtained after fragmentalion by enzyme digestion with trypsin. endoproteases Lys-C, Glu-C and

Asp-N. are indicated.

of Ser® with the pocket for Arg or Lys found in trypsin
and other related proteases. The inhibitor isolated from
Swarrzia pickellii (SwTI) contain a glutamine in the Pl
position for the reactive site {Cavaleanti et al.. 2001},

Caesalpinia pulchesrima. which also belongs to the
subfamily Caesalpinioideae, as well as the Delonix regia
species, contained only inhibitors of the Kunitz-type. this
species 15 considered to be the most primitive while the
species of the subfamily Papilionoideae had only inhibi-
tors of Bowman—Birk type. These facts suggest that there
is some relationship between the families of the inhibi-
tors found n leguminous seeds and the evolution of
these plants {Norioka and lkenaka, 1983).

The Bowman Birk-type inhibitors from legume seeds
have been found to inhibit both trypsin and chymo-

irypsin at independent reactive sites. On the other hand,
the inhibitory activity characteristics of the Kunitz-type
proteinase inhibitor are varied. A few mhibitors are
reported to be specific for chymotrypsin and do not
inhibit trypsin {Joulbert et al., 1981} Some Kunitz-tvpe
inhibitors are potent inhibitors for trypsin but they also
inhibit chymotrypsin to varying degrees {Odani et al,,
1979). DrTl inhibited trypsin but not chymotrypsin.
There are many physiological inhibitors. such as «-2-
macroglobulinn and the C1 inhibitor, that efficiently act
in controf of the cascade of proteins during blood clot-
ting {Travis and Balvesen, 1983). However there are
vegetable inhibitors that are relatively sasy to obtain
and which are also efficient for the study of many
properties of those proteins {Sampaio et al., 1990},
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528
1
DrTI SDAEKVYDIE GYDPVFL.GSE
SbTI ..  .DFVLDNE GNPLEN.GGT
SWTI EFVLDTD GEPLRN.GGS
LiTI .QLVDLD GDPLYN.GMS
EcTI KELLDSD GDILRN.GGT
BvTI-3¢ ...DTLLDTD GEVVRNSGEGR
51
DrTI QEQSDLQMGL PVRFSSPEES
SbTI QSRNELDKGI GTIISSPYRI
SWTI QARSDLDYGK PVRISSPYQT
LiTI QTRSETSRGL PARLASPYRI
EaTI OARGETKRGR PAIIWTP%%I
BvTI-3c QA.NETSDGL PRLIWITSRI
101
DETI VIVKDSGEAR VAIGGSEDHPD
SbT SVVEDLPEGP AVKIGENKDA
SWTI TVVDEQGL.K SLKITGYNDP
L17I LOWKVEKT . 0 MVKIASSDEE
BaTy LPREEEQH.S EVKLADK.EE
BvTI-3c TKVEGESE.G SVKIGASDSK
151
DrTI . .GSESDIGI WY...EGRRS
SbTT DK§GDIGI SIDHDDGTRR
SwTI 5..GNVAI EVD,DEGYRR
L1TI HHDDERDIGI SID.DQONRIL
EcTI .  ,DSHKDLGI SID.DENNRR
BvTI-3c . .DTEADLGI SID..EGNRR

Y¥YIVSALIGE GGGEVRPERT
YYILSDITAF GG..IRBAPT
YYIVSAIRGA GGGEVKLAKT
YYILPVARGK GGG.LELART
YYILPALRGK CGGG.LELAKT
YYIIPAFRGN GGE . XTLS.T
100
QUEKIYTDTEL FTIEFVEK. .. ESSKW
R.FIARGHPL SLEFDSFAVI GIPTEW
A YIYPDLIL NLAFES...V TEPSEW
- . LIGSNIPL TIEFQPQK.P YSHHGHSSRS
A ILTPAFYL NIEFQTED.L LBREYSR
L.FIPTGFEL I..FFVEA.V DDPENGKPELW
150
QGELVRGFFK IEKLGSLAYX I, PESSS.
MDGWEFRLERV SDDEFN. NYK nggPQQAED
LPGWFRIEKS SLE..S.AYK LMFSPHSGVT
QRLFGPFQIQ PYR. .N.HYX LVYBESESRY
ARRFGXEXLE PYR. .D.DYK IVYREGGSDD
EPFL. .FRIK 8PE..D.TYK OB
200
LVLKSSDDSP FRVVEVEPRS GSETES....
LYVE. . KNKP LVVQFQKLDK ESL
LVVTDDKDRA FHVVFKKADS ..........
LVVEN. .GDP LVVQFAKANR GGDDD. .. ..
LVVED. .GDP LAVRFVKAHR RG....,....
LVVTID. .DNP LTVRFKKADR S.........

Fig. 3. Comparative sequences of related Kunitz inhibitors. 1, DrT] (Delonix regia trypsin inhibitor); 2, SBTI (soybean trypsin inhibitor. Koide and
Tkenaka, 1973): 3, SwT1 (Swarizia pickelti irypsin Inhibitor, Cavalcant ot al., 2001y 4, LIT! {Leucaena feucocephala trypsin Inhibitor. Oliva =t al .
2000b); 3. EcTi (Enterolobium contortisiligum trypsin inhibitor. Batista et al, 1996%, 6, BvTl-3c { Baufiinia varfegarg, var. caneide trypsia inhibitor.

Di Ciero et al, 1998}, Reactive sites are in the box
hierarchical clustering [Corpet 2t al., 1998).

DrTi does not inhibit plasmin, tissue kallikrein. factor
Xa and thrombin but it is an effective inhibitor of
human plasma kallikrein (K; 5.25 nM) and trypsin (K
2,19 107% M), It is of interest that proteases such as
plasmin, tissue kallikrein, factor Xa and thrombin
require special structural features of plant inhibitors to
sult these enzymes. For example, either Kunitz-type or
Bowman-Birk type inhibitors do not inhibit tissue kal-
likrein, factor Xa and thrombin. Plasma kallikrein.
which is not inhibited by Bowman-Birk inhibitors such
as lima bean trypsin inhibitor, is usually inhibited by
Kunitz-type trypsin inhibitors (Oliva et al., 1999a,b} but
not by a Kunitz-type chymotrypsin inhibitor {Souza et
al., 1995).

The selectivity of the inhibitor for different proteases, in
opposition to SwTT (Cavalcanti et al.,, 2001), was chan-
ged by the presence of Glu® at the putative reactive site

The Delonix regia trypsin inhibitor (DrTD) may, there-
fore, be useful as a tool to investigate the catatytic
mechanism of plasma kallikrein. Clinical application of

and the cysteine residues are indicated by the gray color. Multiple sequence alignment with

the plant inhibitors might be feasible in the future {(Haya-
shi et al., 1994). Furthermore, as the role of inhibitors in
plant seeds is not fully undersiood, further knowledge
concerning trypsin inhibitors in plant seeds such as
Delonix regiz may contribute to the understanding of
the interactions between plant protease inhibitors and
endogenous anumal proteases (Xavier-Filho et al.
£989).

4. General experimental procedures
4.1, Enzymes

Human plasma kallikrein (EC 3.4.21.34) was purified
by a previous procedure (Oliva et al., 1982). Tissue kal-
likrein {EC 3.4.21.35) was from Bayer, Bovine trypsin
(EC 3.4.21.4), factor Xa (EC 3.4.21.6), human thrombin
(EC 3.4.31.5) and chymotrypsin (EC 3.4.21.1) were
Sigma products,
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Fig. ¢, Curves of trypsin and human plasma kallikrein inhibition by DrTL (A) trypsin {3 pug) was preincubated (10 min, 37°C. 0.1 M Tris-HCI
buffer, pH 8.0) with increasing concentration of the inhibitor. The residual trypsin activity was assayed on Di- Bz-Arg-pNan (0.1 M} as substrate,
as deseribed in Experimental. (B) HuPK (40 nM) was preincubated (10 min, 37°C. 0.05 M Tris-HC! bufler, pH 8.0} with increasing amounis of
inhibitor. The residual HuPK activity was assaved on Ac-Phe-Arg-pNan (0.8 mM) as substrate. as deseribed in the Experimental.

4.2, Substrates

H-D-Phe-L-Pip-L-Arg-pNan, DL-Bz-Arg-pNan, Bz
Tyr-pMan and Suc-Phe-pNan were from Sigma Chemical
Company; p-nitrophenyl-p’-guanidinobenzoate (NPGB)
was from Merck: H-Pro-Phe-Arg-pNan and Me(-Suc-
Ala-Ala-Pro-Val-pNan were from Calbiochem; Ac-Phe-
Arg-pNan was a gift of Dr Maria Juliane, UNIFESP.
Brazil.

4.3. Inhibiror purification

Mature seeds of Delonix regia (70 g) were milled to a
fine powder and submitted to agitation for 1 h at room
temperature with 0.15 M Na(l (10%, wi/ml}. The sus-
pension was clarified by centrifugation (3000 g. 20 min).
the ppt. was eliminated and the supernatant was used
for ihibitor purification. Proteins were precipitated with
80% {ml/ml} aqueous acetone with stirring at 4°C. The
acetone-dried powder was dissolved in G.05 M Tris—HC|
buffer, pH 8.0 and centrifuged 3000 g, 20 min, The clear
supernatant solution was applied to a DEAFE Sephadex
A-30 column (27x 1.8 cm), equubibrated with 0.05 M
Tris-HCI buffer, pH 8.0, at a flow rate 30 ml h~%. Frac-
tions of 3 mi were collected. The active material from the
previous step was submitted to gel filtration on a
Sephadex G-75 column (102x1.9cm). equilibrated with
0.05 M Tris-HC! buffer, pH 8.0, 0.15 M NaCl at a flow
rate 12 ml h™'. The fractions with inhibitory activity
were combined, dialyzed against distilled water, lyophi-
lized then applied 1o a C-18 uBondapak reversed phase
column (Waters System, 7.8 x 300 mm). A linear gradient
of 0~100% of solvent B {60% acetonitrile in 0.1% tri-
fiuproacetic acid, mi/mi) at a flow rate of 2 m! min™!
was used. The inhibitor was repurified on a C-18 uBon-

dapak reversed phase HPLC column (3.9x 308 mm) ata
flow rate ! m! min~! The absorbance at 280 nm was
used to follow protein elution. Bovine trypsin inhibitory
activity was verified as described in the Experimental,

44, SDS-PAGE

SDS-PAGE was carried out according to {iLaemmii,
[970). using 10-20% polvacrylamide as separation gel
and 3% as stacking gel. Samples containing 10 yg of the
purified inhibitor, under reducing conditions, were dis-
solved 1n 0.08 M Tris—HC! buffer, 2% SDS, 10% gly-
cerol (wt/ml} and 0.02% bromophenol blue, adjusted to
pH 6.8 with HCL Protein bands were stained by Coo-
massie Brilliant Biue. The M, standards (Pharmacia)
used were phosphorylase B {M 94 h Daj, bovine serum
albumin {67 h Da), ovalbumin (43 h Da), carbonic
anhydrase (30 h Da), trypsin inhibitor (20100 Da) and
x-lactalbumin {14.4 h Da).

4.3, Sequence determination

DrTl reduction with S-4-pyridyvlethylation was per-
formed as described by (Friedman et al., 1970).

4.6. Endopeptidase Asp-N, Giu-C and Lys-C cleavage

Samples of S-pyridinethylated-DrTI (20 nmol) were
incubated with endopeptidase Asp-N and with endo-
peptidase Glu-C in 0.05 M ammonium acetate buffer,
pH 6.5 and pH 4.0 respectively, for 14 h at 37°C, using
an enzyme: DrT1 ratio of 1:20. The reaction was termi-
nated by adjusting the pH to pH 2.0 and the produced
peptides were separated as described by (Oliva et al.,
2000a).
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4.7, Sequence analrsis and mass spectrometry

Edman degradation was performed with 2 gas-phase
sequence equipment (Shimadzu and 473 Applied Bio-
system) using the conditions recommended by the man-
ufacturer.

4.8. Sequence comparison

The database from Max Planck Institute for Biochem-
istry at Martinsried, Germany. was searched using the
Lipmann and Pearson fast protein-searching algorithm
FASRP (Liprnann and Pearson, 1983, Alignments were
optimized using a computer program {Corpetetal., 1998).

4.9, Trypsin inhibition

The concentration of the inhibitor was determined by
its absorbance at 280 nm and the extinction coefficient
was determined by experimental determination., The
inhibitory activity of DrT1 on trypsin was determined by
measuring the hydrolysis of DL-Bz-Arg-pNan at pH 8.0,
according to (Erlanger et al, 1961). The inhibitor was
pre-incubated in different concentrations with enzymes {3
ug} prior to substrate addition in 0.1 M Tris—HC! buffer.
pH 8.0, for 10 min at 37°C in Im final volume. The
reaction was interrupted by addition of 500 u! of 30%
acetic acid (ml/mi). The substrate hydrolysis was foliowed
by absorbance of released p-nitroaniline at 405 nm.

4.10. Inhibirory activity on other serine proteinases

The inhibitory activities on human plasma Kallikrein,
tissue kallikrein, chymotrypsin, plasmin and thrombin
were determined by measuring remaining hydrolytic
activity towards synthetic specific substrates after pre-
incubation with DrTL Enzymes or enzvme-inhibitor mix-
tures {20 pi) were added to a solution containing | mM
substrate in 0.05 M Tris-HCI buffer, pH 8.0. 37°C. in 200
ul final volume. The reaction was followed for 15-30 min
and stopped by addition of 50 ul of 30% acetic acid and
the substrate hydrolysis was followed by absorbance at
403 nm in an ELISA reader.

4.11. K; Determination

The dissociation constants of the enzvme-inhibitor
complexes were measured following the procedure descri-
bed by (Morrison. 1982) and the inhibition constants {(Kp
were calculated using a graphite program {Knight, 1986}.

4.12. Active site titration
Both trypsin and kallikrein site concentration was deter-

mined by p-nitrophenyl-p-guanidinobenzoate {(NPGB)
utration, as described previously (Sampaio et al., [984),
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A lectin from Defonix regia (DRL) seeds was purified by gel filtration on Sephadex G-100 followed
by lon-exchange chromatography on diethylaminoethyi-Sepharose and reverse-phase high-
performance liquid chromatography on a C18 column. Hemagglutinating activity was monitored
using rai erythrocytes. DRL showed no specificity for human erythrocytes of ABO bloed groups.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) revealed a single protein
in the presence of 0.1 M of dithiothreitol (DTT) and in nonreducing conditions. Mative-PAGE
showed that DRL is 2 monomer with a molecular mass of about 12 kDa, as determined by dena-
turing gel electrophoresis and gel Gltration chromatography. An amino acid composition revealed
the absence of cysieine residues, the presence of 1 mol methionine/mo! protein and a high propor-
tion of acidic amino acids and glycine. The N-terminal sequence of DRL was determined by Edman
degradation, and up o 16 amino acid residues showed more than 90% homology with other fectins
from the Leguminosae family. The optimal pH range for lectin aclivity was between pH 8.0 and
9.0, and the lectin was active up to 60°C. The lectin required Ma®" for hemagglutinating activity
and remained active after reduction with 0.1 M of DTT, but lost activity in the presence of § M of

urea. Sedium metaperiodate had no effect on the aéziviiy of DRL.

KEY WORDS: Delonix regia; glucose/mannose fectin: Leguminosae seeds; N-terminal sequence.

1. INTRODUCTION

Goldstein and Poretz (1986) defined lectins as proteins or
glycoproteins of nonimmune origin capable of interacting
specifically with carbohydrates to agglutinate vegetabie
and/or animal cells and to precipitate polysaccharides,
glycoproteins, or giycolipids. According 1o Peumans
and Van Dame (1993), this definition implies that
different glycoconjugates with identical or structurally
similar carbohydrates can act as receptors for the same
tectin.

' Departamento de Bioguimica. Instituto de Biologia, Universidade
Estadual de Campinas. 13083-970, Campinas, SP, Brasil.

 Departamento de Cifacias Nawrais, Laboratério de Purificacio de
Proteinas e suas Funcdes Bioldgicas, CEUL, Universidade Federal de
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Lectins are widely distributed in nature and are
ubiguitous in animals, plants, insects, and microorgan-
isms (Rini, 1995). The most investigated lectins are those
from plants, in particular from the family Leguminosae,
which form a large group of structurally similar proteins
with different carbohydrate specificities (Crispezls ef al.,
19915.

Legoeme lectins are the most studied plant proteins.
Hundreds of these proteins have been isolated and their
chemical, physicochemical, structural, and biological
properties characterized (Gatehouse er af., 1995). Several

* Abbreviations: BSA, bovine serum albumin; DEAE, diethy-
laminoethyl; DRL, Delonix regia lectin; DTT, dithiothreitol; EDTA,
ethylene diamine tetracetic acid; EGTA. eihyiene glycol tetracetic
actd; HCL, hydrochloric acid; HPLC, high-performance liquid chro-
matography; kDa. kilo Dalton; PAGE, polyacrylamide gel gleciro-
phoresis; PTC, phenylthiocyanate; PTH, phenyithichydaatoine; SIS,
sodium dodecy! sulfater TFA. triflucroacetic acid, Tris, hydrox-
ymethyl aminomethane; BGL, Vigna mungo lectin.
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legume species contain proteins that are clearly related to
the lectins but are devoid of carbohydrate-binding activity.
Well-known examples of this group of proweins are the
Phasecilus vulgaris arcelins and the o-amylase inhibitor
{(Mitkov er al, 1994). Legume lectins account for from
2% 10 10% of the soluble proteins of mature seeds from
which they are generally isolated (Osborn er al., 19833,

The molecular mass of legume lectin subunits is
around 30 kDa, with the fully active lectin forming either
dimers or tetramers {Riidiger, 1998).

To protect their storage organs against attack by
parasites or predators, plants have developed efficient
defense mechanisms, some of which are based on mor-
phological adaptations, physical barriers, or the accu-
mulation of toxic low molecular weight compounds
{saponins, alkaloids, giycosides, and antibiotics}. Many
of the proteinaceous toxins that protect plant storage or-
gans inciade ribosome-inactivating proteins, antifungal
proteins, proteinase inhibitors, and lectins. Most plant
fectins are designed 1o bind foreign glvcoconjugates and
may thus play a role in plant defense mechanisms {Peu-
mans and Van Damme, 1993),

The specific recognition of carbohydrates by lectins
is critical for cell-cell interactions such as those required
during fertilization, embryogenesis, lymphocyte-homing,
tissue development and host-pathogen interactions (Book-
binder e al., 1995: Sharon and Lis, 1995). Hence, under-
standing lectin-carbohydrate interactions at the molecuiar
level (Rini, 1995; Sharon, 1993) has implications for in-
teractions in several areas of biology and medicine {Beuth
et al., 1995). Furthermore such studies may contribute to-
ward the elucidation of the interaction between proteins
and carbohydrates and may reveal novel approaches for
the purification and characterization of glycoconjugates.

This article describes the purification and biochemi-
cal characterization of a lectin from Delonix regia® seeds,
a specie belonging to the Leguminosae-Caesalpinioideae
family that is distributed in the north and western paris of
Madagascar. Delonix regia is widely cultivated in many
tropical countries; as with many species Delonix, the
seeds may be crushed and eaten raw (Puy et al, 1995).

2, MATERJALS AND METHODS
2.1. Purification of Delonix regia lectin

Whole Delonix regia lectin (DRL)Y* seeds were
finely ground in a blender, and 2 fine powder was ob-
tained. The powder was stirred into a saline solution (0.1
M of NaCl, 10% w/v) for 2 hr at room temperature. The
homogenate was then centrifuged (20 min, 5000 g} The

Pando ¢f al,

resulting clear supernatant was filtered, dialized with dis-
tilled water, and lyophilized. This material {450 mg) was
dissolved in 005 M of hydromethyl aminomethane
(Tris)}-HCL 0.15 M of NaCi buffer, and applied o'z col-
umn of Sephadex G-100 (1.9 % 80 cm), equilibrated with
0.05 M of Tris-HC! buffer, containing 0.15 M of Na(l,
pH 8.0, at a 17-mVhr flow rate. Fractions containing
hemagglutinating activity (65 mg) were further purified
by ion-exchange chromatography on a diethylaminosethyi
{DEAE)-Sepharose column (1.8 x 27 om), equilibrated
with 0.05 M of Tris-HC! buffer, pH 8.0, at a 30-mi/hr
flow rate, resulting in 13.5 mg of lectin. A fraction of this
material was submitted 1o reverse-phase chromatography
on a p-Bondapak C-18 column (2.9 X 200 mmy} coupled
to a high-performance liguid chromatography (HPLC)
system. A linear gradient of 0% to 100% solvent B (66%
acetonitrile in 0.1% mifluoroacetic acid {(TFA), vviata
I-m¥/min flow rate was used. The protein elution profiles
were monitored at 280 nm.

2.2. Preparation of Erythrocytes

Blood was collected from ruts and immediately
mixed with Alsever solution (2.05% ghucose, 0.8%
sodium citrate. 0.42% NaCl). The pH of this solution
was adjusted to 6.1 using citrate. After centrifugation at
1000 ¢ for 10 min, the packed erythrocytes were washed
four times with 0.15 M NaCl. The peliet was finaily re-
suspended in the same solution to give a 2% SUspension.

2.3. Hemagglutination Assay

Hemagglutinating activity was measured in V-bot-
tomed 96-well plates in a final volume of 150 wl con-
taining 50 !t of 2% rat erythrocytes, 50 wl of 0.15 M
NaCl, and 50 pul of purified lectin in serial twofold diju-
tions. Agglutination was visually recorded after 1 hr at
room temperature. Activity was expressed as the titer,
which correspended 1o the reciprocal of the highest dilu-
tion producing hemagglutination. The hemagglutinating
activity was also assayed using human erythrocytes (A,
B, and O), as described above. The protocol of hemag-
glutination assay also was used as a standard procedure
to determine the biochemical characterization of DRL.

2.4. Ishibition of Hemagglutination

A solution of 50 p! of Jectin (45 pg) was preincu-
bated with an equal volume of serial dilutions of 0.1 M
of monosaccharides and disaccharides {50 ul per well)
foliowed by the addition of 50 ul of 0.15 M Nagp The
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mixture was allowed to interact for 20 min at room tem-
perature. Rat erythrocyte suspension (2%) was added to
each well {50 pl). and the plates were again incubated
for 1 hr at room temperature before examination. The
minimurn concentration of carbohydrate showing inhibi-
tion of hemagglutination was recorded.

2.5. Electrophoresis

Sodium deodecy! sulfate-polyacrylamide gel elec-
gophoresis (SDS-PAGE) was carried our according to
Laemnmli (1970), using 12.5% separating and 5% stack-
ing gels, under reducing and nonreducing conditions.
The Native PAGE was done using a similar method but
without SDS. Protein bands were detected by silver
staining. The molecular mass standards (Pharmacia)
used were: phosphorylase B (94 kDa), bovine serum al-
bumin (66 kDa), ovalbumin {43 kDa), carbonic anhy-
drase (30 kDa), trypsin inhibitor (20.1 kDa), and a-lac-
tatbumin {14.4 kDa).

2.6, Amino Acid Analysis

Amino acid analysis was carried out on a Pico-Tag
amino acid analyzer (Waters System) as described by Hen-
rikson and Meredith {1984). One nanomole of DRL was
hydrolyzed in 6 M of HCI 1% phenol at 106°C for 24 hr.
The hydrolyzate reacted with 20 mi of fresh derivatization
solution {methanol:triethylamine:water:phenylisothio-
cyanate, 7:1:1:1, v/v) for § hr at room temperature. After
precoiumn derivatization, phenylthiocyanate (PTC) amino
acids were identified on a reverse-phase HPLC column by
comparing their retention times to those of standard PTC
amino acids {Pierce). Cysteine residues were quantified as
cysteic acid.

2.7, N-terminal Amine Acid Sequence

The N-terminal amino acid sequence of DRL was de-
termined by direct sequencing using automated Edman
degradation in a PROCISE amino acid sequencer (Applied
Biosystems, USA). The PTH amine acids were identified
in a 140C microgradient phenylthiohydantoine (PTH)
amino acid analyzer model, based on their retention times,

2.8. Effect of pH

In order to determine the stability of DRL, buffers
with a pH ranging from 2 to 10 were used as follows:
0.1-M sodium citrate buffer (pH 2.0-5.0), 0.1-M sodium

monobasic phosphate buffer (pH 6.0-8.0), and 0.1-M
sodium bicarbonate buffer (pH 9.0-10.0). A volume of
50-pl lectin solution (45 wg) was incubated with 50 ul
of buffer for 1 hr at 37°C. The samples were adjusted to
a pH of 8.0 and assayed for hemagglutination assay.

2.9, Effect of Temperature

Inactivation of DRI was studied by incubating sam-
ples at various temperatures. A lectin solution {45 pglwas
dissolved in saline solution (0.15 M NaCl) and heated for
30 min at 37°C, 40°C, 50°C, 60°C, 70°C, and 100°C.
Aliquots of 50 wl of heated lectin solution were rapidly
cooled or ice and assayed for hemagelutination assay.

2.10. Treatment with Dithiothreitol and Ures

A solution of dithiothreitol (OTT} (10 mM) and urea
(8 M) was prepared by adding 1 m! of 0.01 M Tris-HCI,
pH 8.0 buffer, with each containing 0.15 M of NaCl. The
purified lectin {45 ug) was then added 1o the solution. and
the mixture was incubated overnight at 25°C with an equal
volume of this solution. The pH was adjusted to 7.0 and
the residual hemagglutinating activity was monitored.

2.11. Treatment with Metaperiodate

Lectin (45 pg) was dissolved in | ml of 0.1 M sodium
acetate buffer, pH 5.5, and incubated with metaperiodate
{10 mM) for 10 min in the dark at room temperature. This
mixiure was dialized against 0.15 M of NaCl for 24 hr.
Afler the dialysis the pH was adjusted to 7.0 with 0.1 N of
NaOH, and hemagglutinating activity was verified.

2.12. Effect of Ethylene Diamine Tetracetic Acid
and Divalent Cations on Hemagglutinating
Activity

Purified lectin (5 mg) was dissolved in and dialyzed
exhaustively {48 hr) against 0.025 M of ethylene diamine
tetracetic acid (EDTA), foliowed by dialysis against
0.15 M of NaCl (24 hr). The hemagglutinating activity
was assayed before and after the addition of 0.01 M of
CaC’l; and MnCl,. The hemagglutinating activity was de-
termined as described in Materials and Methods.

2.13. Protein Quantification

Protein concentration was determined according to
Lowry er al. (1951} using bovine serum albumin (BSA)
as a standard.
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3. RESULTS AND DISCUSSION

The crude extract obtained from Delonix regia
seeds was submitted to gel filtration, ion exchange, and
reverse-phase HPLC chromatography. The hemaggiuti-
nating activity of the eluted fractions, in each step, was
assayed using rat erythrocyies. Following gel filtration
on Sephadex G-100, DRL eluted in pool 3 (Fig. 1). The
main lectin peak in ion exchange chromatography was
eluted with 0.25 M of NaCl (Fig. 2). Reverse-phase
HPLC of this fraction (Fig. 3) resulted in a protein that
eluted as a single peak with a linear gradient of 66% ace-
tonitrile 1n 0.1% TFA.

Electrophoretic analysis showed that DRL is a
monomer with a molecular mass of about 12 kDa, as de-
termined by denaturing gel electrophoresis (SDS-
PAGE} In both reducing (0.1 M of DTT) and nonreduc-
ing conditions, DRL migrated as a single polypeptide
band in SDS-PAGE. In Native PAGE. DRL also showed
a single protein band after silver staining (Fig. 4), con-
firming the homogeneity of the protein. Only 2 limited
number of lectins consist of a dingle polypeptide chain
{Suvachittanout and Peutpaiboon, 1992; Utarabhand and
Akkayanont, 1995: Ray and Chatterjee, 1995).

The presence of lectins can be detected by incuba-
tion with human or animal erythrocytes (Chsawa ef al.,
1990: Ozeki et al, 1991). The sensitivity of cells to
lectin agglutination can be increased by enzymatic

2.5+ Pooi 1 FPool 3

2.0 ‘
] PGUIQ
15-
1.04
0.5
ol t

0 ‘§U 20 3{! 453 SIJ ?G

Fraction

A 280 nm

Fig. 1. Gel filration chromatography of a crude extract of Delonix
reglo seeds on a Sephadex G-100 colurmn (1.9 X 80 cm). Buffer: 0.05 M
of Tris-HCI, 0.15 M of NaCl, pH 8.0, Sample: 300 mg of crude exiract
frem Delonix regia seeds, Pool 3: Hemagglutinating activity of DRL.
Fractions {2.0 mljube) were collected at 2 17-mi/hr flow rate. The
elution profile was monitored at 280 nm,
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Fig. 2. Ton exchange chromatography of Delonix regia lectin (DRL)
on a DEAE-Sepharose column (1.8 cm X 27 cm). Buffer A: 0.05 M of
Tris-HCL pH 8.0, Buffer B: .05 M of Tris-HCL 0.2 M o 1 M of NaCL
pH 8.0. Sample: 63 mg of DRL eluted by gel Alwation chromatography.
Fractions (2.5 miftube} were collected at 2 30-mVhr fiow rate. The
absorbance was monitored at 280 nm.

{trypsin. papain, or neuraminidase) or chemical {glu-

taraldehyde or formaldheyde) treatments {Sharon and

Lis. 1972). Other methods can also be used 10 identify

lectin activity. such as a photometric assay (Teichberg

et al., 1988) and affinity electrophoresis (Goldstein and
Hayes, 1978).

Table [ shows that DRL was inhibited specifically
by 0.048 mM of glucose, indicating that DRL belongs to
the group of mannose/glucose plant lectins. This lectin is
nonspecific toward human blood groups, thus resembling
the lectins from peas and leniils (Baumann er af., 19821
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Fig, 3. Reverse-phase HPLC on a wBondapak C18 column (3.3 X
300 mm). Buffer A: 0.1% TFA. Buffer B: 66% acetonitrile in 0.1%
TFA {v/v). Sample: | mg of the DRL peak sivted from the DEAE-
Sepharose column. Flow rater 1 mi/min. The elution profile of DRL
was monitored at 280 nm.
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kDa 1 2 3
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Fig. 4. Polyacrylamide gel electrophoresis of DRL Lane 1, molecular
weight markers from Pharmacia. Lane 2, 30 pg of DRL in the presence
of 5DS. Lane 3. 30 pg of DRL in native PAGE. The gels were stlver
stained.

Lectins nonspecific for A, B, and O blood types may ex-
hibit monasaccharide and/or oligosaccharide specificity
(Atta er al, 1990). The lectins from peas, lentils, and
broad beans also bind a-glycosides of glucese and man-
nose and resemble the lectin from Vicia cracea with the
same carbohydrate specificity (Riidiger, T998}. Lectins
from the Leguminosae family are the most thoroughiy
investigated group of plant sugar-binding proteing. The
amino acid composition of DRL showed a high content
of aspartic acid, glutamic acid, and glycine but only one
methionine residue, Cysteine residues were not detected,
as follows: Asp 8, Glu 24, Ser 5, Gly 15, His 3, Arg 7,

Table 1. inhibition of the Hemaggivtinating Activity of DRL, Using
Rat Erythrocyte Suspension {29, viv)

Sugar Co(mdy
D - Lactose 30
D - Galactose 30
I - Raffinose 30
D - Maltose 30
D - Sucrose 25
0 - Glucese (3,048
D - Fructose 30
D - Mannose 3G
D - Galacrosamine 30
D - Glucosamine 25

“Concentration required to inhibit the hemagglutinating activity by
50%. The amount of DRL used was 45 we.

Thr 5, Ala9, Pro 5, Tyr2, Val 4, Met 1, Cys 0, lie 2, Leu
2, Phe 1, and Lys 8 (Table IT). Similar results were re-
ported for the amino acid composition of a lectin from
Dioclea lehmanni sesds {Perez, 1998). Despite their rel-
atively conserved primary structares, legume lecting ex-
hibit considerable diversity in their glycan-binding speci-
ficities (Elgavish and Shaanan, 1997), These lecting are
generally rich in glutamic acid, glutamine, and aspartic
acid, but poor in sulfur amino acids {Ridiger, 1997).

Figure 5 shows the N-terminal amino acid sequence
of DRL and indicates that DRL has 2 high identity with
the lecting of the others legumes, such as leatils (Foriers
et al, 1981}, as well as with the jectin pea A (Rini et al,
1093}, concanavalin A (Carrington er al, 1985}, isolectin
Bl (Wright, 1989), flavin {(Hopp et af., 1982), and man-
nose lectin (Van Damme er al., 1993,

The pH dependence of DRL was determined by in-
cubating the protein in different buffers, such as 0. M
of sodium citrate buffer {(pH 2.0-5.0}, 6.1 M of sodium
monobasic phosphate buffer (pH 6.0-8.0), and 0.1 M of
sodium bicarbonate buffer (pH 9.0-10.0), The lectin
was active between 2 pH of 8 and 9. A further increase
in pH of the buffer (beyond pH 10} reduced the hemag-
glutinating activity of DRL by 40% (Fig. 6). Similar re-
suits were reported for the lectin from Parkic Javanica
beans {Utarabhand and Akkayanont, 1995). DRL was
inactivated at pH 2 to 3. However, the optimum pH for
aggiutination by the Vigna mungo lectin (BGL) was be-
tween 4 and 5, with a large foss of activity {about 90%:)
at pH 8. Lectins from species of Amaryllidaceae and Al
liaceae are stable over a pH range of 2 to 13 and are
heat-resistant up to 80°C. DRL retained 70% of its
hemagglutinating activity after 30 min at 100°C (Fig. 7).
whereas BGL lost 30% of its hemagglutinating activity
within 10 min at 45°C (Suseelan er al, 1997}, A general
property of most proteins invoived in plant defense
mechanisms is their marked heat stability (Peumans and
Van Damme, 1993).

pracursor region | 5 0 15 24
BRL ] e ~E KDQONLTGA.
ten L T-ETTS-~-lF g -DOONTIFR G G- Y oK.,

Lok T T-ETTS-~—F g FIDOONLIFRGDG- Y TGX..

Flavin TDEIT S« ~—F & mc@:uwssa&wm

Pea A T-BTTE~—~{F 1 -DOONLIFQGDG-Y2TE,,

Isglecuin B T~EPTSm - RGDG-YTTK.,

Hanoze Lac 8L 5—— RGDG~YTTR.,
NSRS

Cona STHETNALHFMFNQEISK-DO E}ﬂGR-MT‘I’G..,

Fig. 5. Comparison of the N-terminal sequence of DRL with other
legume lectins. Conserved residues are boxed.
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Fig. 6. pH stability of the hemagglutinating actviry of DRL. The bars
represent the mean of four assays.

The treatment with EDTA decreased the activity of
DIRL, but when 0.01 M of Mn®¥ was added to the mix-
ture, about 50% of the hemagglutinating activity was re-
covered. These results suggest that DRL required Mn**
for full hemagglutinating activity but did not require cal-
cium. The lectin isolated from Artacarpus incisa seeds
did not need divalent ions (Ca®" and Mn>") for activity
{Moreira er al., 1998}, However, Cajanus cafan lectin re-
quired one Ca®* and one Ma" ion per mole for full ac-
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Fig. 7. Heat stability of the hemagglutlnating activity of DRL. The
bars represent the mesn of four assayvs.

Pando f «l,

‘Fable 1. Amino Acid Composition of DRL

Armine acid % Amino acid/Mol
Asp g
Gl 24
Ber 5
Gly i3
His 3
Arg ¥
Thr 5
Ala G
Pro 5
Tyr 2
Val 4
et 1
Cys Q
ile 2
feu 2
Fhe {
Lys g

tivity (Ahmad er ¢, 1999%. The £ javanica lectin was
not affected by EDTA or ethylene glycol tetracetic acid
(EGTA) at 0.04 M, since metal ions bind strongly to this
lectin (Utarabhand and Akkayanont, 1995). The carbo-
hydrate binding activity of legume lecting depends on the
simultaneous presence of calcium and a transition metal
ion. These mertal binding sites are extremely well con-
served in all legume lectins (Loris et af., 1998).

The hemagglutination activity of DRL was fully pre-
served after reduction with 0.01 M of DTT, indicating the
absence of cysteine residues in this protein. Urea com-
pletely eliminated DRL activity, suggesiing that hydro-
phobic interactions contribute to the stabilization of the
protein binding site. Urea is commonly used as a denatur-
ing agent for proteins because it can affect both hydrogen
and hydrophobic bonds (Wang ef al,, 2000). Whereas the
treatment with sodium metaperiodate, a selective oxidant
for compeunds with carbohydrates, had no effect on the
hemagglutinating activity of DRL, the chemical oxidation
of the carbohydrates of the glycoproteins from Taenic
solium reduced the antigenicity of the molecules to vari-
able extents (Obregén-Henao ef af., 2001).

in the targeting of cells and soluble components, fertil-
ization, cancer metastasis, and growth and differentia-
tion. Legume lectins are the model system of choice to
study the molecular basis of these recogrition events be-
cause they are easy to purify in large quantities and ex-
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e

hibit a wide variety of carbohydrate specificities, despite
their marked sequence conservation (Riidiger, 1997).

Plant lectins may be used as analytical or prepara-
tive tools in glycoconjugate purification and as bioactive
proteins for the induction of particular processes in cells
or organisms. Plant lectin research that deals with the
structure, specificity, and functional relationships of the
different lectin groups is important for the complete
understanding of these proteins {Peumans and Van
Damme, 1998}
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ABSTRACT

DrTl was assayed in vitro against proteases with trypsin-like activity present
in the digestive tract of A. kuehiniella and C. cephalonica larvae, two important crop
pests belonging to the Lepidoptera order. The enzymes were clearly inhibited by
increasing conceniration of DrTl. At low concentrations, DrTi inhibited trypsin-like
enzymes from the midgut of the two species by about 92% and statistical analysis
showed that there was a significant difference among freatments.

In vitro assays of digestibility carried out by 12.5% SDS-PAGE revealed that
this inhibitor was not digested by proteases but was digested by bovine trypsin,
suggesting a high affinity of DrTl for the digestive enzymes from the two insect
species studied. Furthermore, after trypsin digestion, the inhibitor still inhibited
bovine trypsin by approximately 34.57% over a period of 16 h.

The resistance of DiTl after incubation with digestive enzymes was
monitored by hydrolysis of DL-BAPNA with bovine trypsin at 37°C. This assay
revealed that, after 12h of treatment, DrT} presented a maximal residual inhibitory
activity of 38.8% for A. kuehniella and of 60.8% for C. cephalonica.
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Kev words: Lepidoptera - Pyralidae, seeds, Leguminosae, Kuniiz inhibitor,

serineproteinase, Delonix regia.

Abbreviations: BSA, bovine serum albumin; DrTl, Delonix regia trypsin
inhibitor, kDa, kilo Dalton; PAGE, polyacrylamide gel electrophoresis; SBTH,
soybean Kunitz frypsin inhibitor; SDS, sodium dodecy! sulfate; DL-BAPNA, No-

benzoyl-DL-arginine-p-nitroanilide; Tris, hydroxymethyl aminomethane
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INTRODUCTION

Lepidoptera are insects that often attack a wide range of crops, causing high
economic losses (Christeller, et al, 1992). Nevertheless, transgenic plants
expressing single gene resistance elements, such as protease inhibitors, seem to
be an encouraging model for the reduction of insecticide use, since they control the
viability of some lepidopteran larvae (Johnson et al., 1890; Bernardi et al., 1896).

Seeds, especially of the Leguminosae family, contain large amounts of
inhibitors which beiong to two main inhibitor families: the Kunitz frypsin inhibitor
and the Bowman-Birk proteinase inhibitor (Richardson, 1991). Recently, some
Bowman-Birk fype protease inhibitors have been reported to contain three
(Balandin et al., 1895), four (Miller et al., 2000) and eight (Choi et al,, 2000}
reactive sites, which possess anti-irypsin or chymotrypsin activities in each
repeated domain. The plant inhibitors can act as storage proteins during seed
dormancy, in the control of endogenous proteases and as a part of the plant
defensive mechanism via inhibition of proteolytic enzymes (Ryan, 1990). In many
plant species, protease inhibitors accumulate in seeds and vegetative organs in a
constitutive or induced way. The induction can happen due to wounds inflicted by
insect, fungal or bacterial attack, and alsc by certain plant hormones (Koiwa et al.,
1997). Plant hormones such as abscisic acid (ABA) and jasmonic acid {JA) are
able to trigger a local or systemic induction of protease inhibitor genes in potatoes,
tomatoes and tobacco, similar to that occurring when a plant suffers some
mechanical injury (Pena-Cortes et al, 1992; Farmer et al., 1692). The plant
protease inhibitors can inhibit the proteases of insects’ midgut in vitro, in some
cases limiting the herbivory (Broadway, 1996; 1997). According to Tscharntke et al.
(2001), changes in leaf chemistry after herbivory include increased levels of the
activity of oxidative enzymes and proteinase inhibitors.

When insects attack plants, both trophic levels in the interaction alter their
chemical and physiological phenotypes in ways that influence the cutcome of the
interaction (Karban and Baldwin, 1997). Rapid deployment of defensive secondary
metabolites such as protease inhibitors and alkaloids are known to increase a
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plant's resistance to subsequent attack (van Dam et al, 2000). Furthermore,

ingestion of Kunitz soybean trypsin inhibitor (8Ti) had a profound effect on insect
digestive physiology, resulting in prolonged retention of food in the digestive tract
{Broadway, 1987},

in general, three approaches have been used to evaluate the biclogical
activity of protease inhibifors against insect pests. The most direct approach
measures the ability of proteases inhibitors to inhibit enzyme activity from the gut of
a given species, in vifro {Coppedge et al.,, 1884; Rymerson and Bodnaryk, 1985).
The second approach measures the target organism's response fo protease
inhibitors added to artificial diets (Kuroda et al., 1996; Macedo et al., 2002). A third
approach is to evaluate the response of insects o protease inhibitors in planta
{Cloutier et al., 1889).

At least two models have been proposed o explain the effects of protease
inhibitors on predators growth and development: the first mechanism suggests that
the inhibition of gut proteases reduces the digestion of dietary protein, thereby
reducing the availability of essential amino acids; the second mechanism consist of
growth depression due to a hyperactive pancreas which responds to the inhibition
of proteases by synthesizing large amounts of the sensitive protease in a
compensatory fashion to the detriment of other essential proteins (Jongsma &
Bolter, 1997).

This paper reports the inhibitory activity of DrTl on trypsin-like enzymes from
the midgut of two species of Lepidoptera insects and its resistance to hydrolysis by
these enzymes.
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MATERIALS AND METHODS

1. DrTl purification

OrTl was purified as described by Pando et al. (2001).

2. Maintenance of the insect colony

The larvae were maintained in a rearing room at a temperature of 27
1°C and 65-70% relative humidity. An artificial diet was prepared with a
mixture of integral wheat, wheat germ, wheat bran and yeast (8/2/1.9/0.1).
For each generation, new colonies were infested with eggs of a day of
oviposition.

The insect colony was maintained in the Laboratory of Protein
Purification and Biological Function (DCN/UFMS).

3. Preparation of gut extract homogenates

Midguts of 4th instar larvae were immobilized in ice for some minutes.
Next, with the aid of a stereoscopic microscopic and tweezers, the guts were
dissected in a cooled solution containing 125 mM NaCl. For each sample
ten midguts were homogenized in 1.0 ml of water and then centrifuged at
20,000 x g at 4°C for 30 min, as described by Macedo et al. (2002).

The supernatant containing digestive proteases was used immediately
for the tests or frozen at - 20 °C.

4. Protein determination and hydrolase assays

Protein concentration was determined by the method of Lowry et al.
(1951) using BSA (1 mg/mi) as standard.
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Trypsin activity was determined using a colorimetric assay. in this assay,
0.83 mM DL-BAPNA was used as substrate at 30°C and activity was
measured by monitoring the change at 410 nm (Erlanger et al., 1964).

&, Inhibition studies

The ability of DrT! o inhibit the trypsin-like aclivities from insect larvae
was determined by pre-incubation a mixiure of midgut exiracts with different
concentration of DrTl (12.5 nM) diluted 1:8 in 0.05M Tris/HCI buffer, pH 8.0
The final volume of the assay was 1.5 mi. Incubation was performed in five
replicates and the reaction was stopped by the addition of 30% acetic acid
and the residual enzymatic aclivity and residual inhibitory aclivity were
caiculated.

6. Electrophoretic analysis

SDS-PAGE was performed according to the procedure of Laemmli
(1970}, in a discontinuous system with 12.5% separating gel, pH 8.8, and
5% stacking gel, pH 6.8, with brilliant Coomassie blue R250 staining
(Sigma). Molecular weight standards from Pharmacia were used.

7. Resistance test and in vitro digestibility of DrTi by digestive
enzymes from A. kuehniella and C. cephalonica and by bovine trypsin

DrTi (12.5 nM) was dissolved in 0.05 M Tris/HCI buffer, pH 8.0. The final
volume of pre-incubation was 300 ul for each aliquot, i.e., 3, 6 and 12h, with
50 ul of homogenized midgut, 50 pi DrT! sclution and 200 p! (1 mM)
Tris/HCI, pH 8.0. Pre-incubation was carried out for 15 min at 37°C for both
insect preparations (Materials and Methods, section 3) and after BAPNA
addition, incubation was carried out for 3¢ min for A. kuehniella and for 35
min for C. cephalonica.
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The reactions were stopped by heating for 2 min. After 50 ul of reaction
products, from each aliquot, were submitted to the inhibitory activity
resistance test according to Erlanger ef al. (19684) and analysis by 12.5%
SDS-PAGE, at a protein concentration of 40 ug.

The in vitro digestibility of DrT! also was monitored after incubation with
bovine trypsin. The DrTl fraction was dissolved in 0.05M Tris/HCl, pH 8.0
buffer and added to bovine trypsin solution (0.2 mg/mi}, previously dissolved
in 0.0023M HCL. The final incubation volume was 1.3 mi, containing 1 mM
DL-BAPNA and 15 mM Tris/HCI buffer, pH 8.0. The assay was carried out
over 30 minand 1, 2, 4, 8 and 18 h at 37°C.

The reactions were stopped by heating for 2 min and the reaction
products were analyzed by 12.5% SDS-PAGE at a protein concentration of
40 ug.

8. Statistical analysis

Data sets were analyzed for significant differences using the Winstat
program.
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RESULTS

1. Inhibition studies

Figure 1 shows the effects of five different doses of DrTl on the in vifro
activity levels of digestive proteases from the two insect species studied. Statistical
analysis by ANOVA followed by the Tukey fest indicated a significant difference
among treatments, with a dose-dependent reduction in the enzymes aclivities. The
inhibitory activity of § ug DrTl against midgut proteases of A. kushnisila and C.

cephalonica was 92.6% and 91.7%, raspectively,

2. Resistance tesi and in vifro digestibility of DrT1 by digestive enzymes from
A. kuehniella and C. cephalonica and by bovine trypsin

in vitro DrT1 digestibility with the intestinal exiracis from A. kuheniella and C.
cephaionica as well as with bovine trypsin was monitored by 12.5% SDS-PAGE
and the protein band profile is presented in figures 24, 2B and 2C, respectively. In
contrast to the action of digestive enzymes from A. kushiniella and C. cephalonica,
the action of bovine trypsin was very efficient in the hydrolysis of DrTl during the
first 30 minutes of reaction, as shown by the appearance of a protein band of about
20,000 Da in aill reatments when compared with the DrTi control. However, after
digestion DRTI continued to keep its inhibitory action at 34.57% up io 16 h (daia
not showr).

The digestibility assay showed that DrTl was resistant 1o degradation by the
midgut proteases of the two insects, with the inhibitor remalning undigested even
aver longsr periods of incubation up to 72 h. This result is confirmed by the fact
that DrT1 was able to inhibit bovine trypsin when this aclivily was monitored by
hydrolysis of DL-BAPNA as substrate at 37° C. This inhibition reached maximal
values of 39.8% and 80.8% for A kushniella and C. cephalonica, respectively,

indicating that DTl recovered its activity as soon as the proteases were denaiuraed.
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Figure 1. Effect of different concentration of DrTl in the trypsin-like enzymes activity
from midgut A. kuehniella and C. cephalonica larvae. The residual activity was
determined by DL-BAPNA hydrolysis {1mi), after incubation during 30 minutes. Fach
value indicates the mean of five repetition. Different letters indicate significant difference
(P<0.01) and (P<0.001), for A. kuehniella and C. cephalonica, respeciively, when the
values are compared among them and with control. ns: no significance. (ANOVA,

Tukey's iest).
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Figure 2. Electrophoretic analysis in SDS-PAGE 12.5% of in vifro digestibility of DRTI
by trypsin-like enzymes from midgut larvas {A): A kushnielia; (B): C. cephalonica and
{C): bovine frypsin. Sample: DRTE 40 ug; Trypsin: 17ug.



The results of DrTl resistance for A, kuheniella and C. cephalonica are shown in
figure 3.
Statistical analysis, using nonparametric ANOVA Kruskal-Wallis test, not

showed significant difference among the treatments.
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Figure 3. Resistance test of DrTl afier pre-incubation with trypsin-like enzymes
from midgut A. kushniella and C. cephalonica larvae, in different time intervals. The
assay was monitored by DL-BAPNA hydrolysis, using bovine frypsin. Each value
indicates the mean of four repetition. Mo significant difference was verified among
the treatmenis (P<0.05) when compared among them. (Nonparametric ANOVA,
Kruskal-Wallis test).
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DISCUSSION

The properties of the digestive enzymes of some lepidopteran insects such
as acelylglucosaminidases, aminopeptidases, amylases, carboxypeptidases,
celloblase, maltase, trehalase and trypsin have been studied in detail in some
Lepidoptera species (Santos & Terra, 1988). However, serineproteinases are the
main enzymes present in the midgut of lepidopterans, and are important for their
proteoiytic digestion, and for this reason phytophagous lepidopterans have been
used as model insects (Applebaum, 1985; Cediliani et al. 1997).

Several workers have demonstrated that plant profease inhibitors can
reduce proteolytic enzyme activity in vifro for a number of insect species
(Christeller et al., 1990; Michaud et al., 1993; McManus & Burgess 1995 Macedo
et al., 2002}. Moreover, serine protease inhibitors have been shown to be effective
against some lepidopterans, including Osirinia nubilalis (Larocque & Houseman,
1990), Manduca sexta (Shukie & Murdock, 1983), Heliothis zea and Spodoptera
exigua (Broadway & Duffey, 1988).

Similar effects of different doses of DrT! on the in vifro activity of midgut
proteases were obtained by Jongsma & Boiter (1997) in in vifro assays. Using
protease inhibitors from soybean and potato against digestive enzymes of H. zes e
5. exigua, these investigators detected an 80% reduction in enzyme activity.
Ceciliani et al. {1997} alsc reported that an inhibitor from Medicage scutellata
seeds inhibited proteases from four species of iepidopteran insect pests.

McManus & Burgess (1995) found that exiracts from the digestive fract of
final instar larvae of Spadopfera lifura (lepidoptera) contain trypsin-like activity and
in vitro assays revealed that SBTI was sffective in retarding this activity. This
inhibitor was aiso effective against the midgut proteases of M. sexfa (Miller af al.,
1974).

In vifro digestibility assays of DrTl revealed that this protsin was not
digested by proteases from lepidopteran insecis, in agreement with Harsulkar ef al,
(1989), who demonstrated the potential of the three non-host plant protease

inhibitors in inhibiting the gut proteases and larval growth of Heficoverpa armigera




under in vilro and in vive conditions, suggesting that the inhibitors were not

digested by the gut proteases. In contrast, in i vifro assays, Harsulkar et al. (1998)
demonstrated the presence of six isoproteinases possessing diverse spegcificity in
the gut of H. armigera, which were responsible for the degradation of chickpea
trypsin inhibitor.

Plant protease inhibitors can differ in their inhibitory activity on the digestive
enzymes of some insects, depending on whether the assay is performed in vitro or
in vivo because the insecis possess complex mechanisms of synthesis regulation
of the gut proteases (Wu et al., 1897, Harsulkar et al., 1298).

However, the digestive enzymes of some insect species can be inhibited in
vitro by certain protease inhibitors but ingestion of the protease inhibitors cannot
affect the growth and/or the development of these insects. Litlle is t known about
the physiology of the adaptation to protease inhibitors {Broadway and Villani, 1995;
Jongsma & Bolter, 1887).

Patankar et al. (2001) conducted a comparative siudy of the diversity and
specificity of H. armigera gut proteases of larvae growing on four different host
plants, viz. chickpea, pigeonpea, cotton and okra, using specific substrates and
chemical inhibitors and visualizing the isozymes on electrophoretic gels.

Many authors have described the characteristics of tfrypsin-like enzymes
among partially purified gut proteases from the Lepidopieran order, with specific
reference to their pH-dependent activity (Bernardi et al., 1896).

DrTl hydrolysis by bovine trypsin may be due io the fact that this inhibitor
probably has more affinity for the proteases of the insects iested than for bovine
trypsin. In contrast, the inhibitor isolated from the Dimorphandra mollis species was
not hydrolyzed by bovine trypsin when tested under the same conditions {Macedo
et al., 2002).

Plant protease inhibitors have the poteniial {o protect plants against
herbivorous insects. However, some insect species of are able to overcome the
toxicant effect of the protease inhibitors due to the synthesis of enzymes, for
exampie trypsin, that differ in molecular mass and charge and that are not a target
of the effect of the inhibitors {Broadway, 1896; 1997).



This preliminary study is imporiant because plant protease inhibitors,
including DrTl, can retard insect larval development when incorporated into
artificial diets, acting as insect pest resistance factors. The possibility of future
evaluations of antimetabolites as potential insect defensive compounds depends
on a reliable insect bicassay system and as in other insects pests, artificial diets
provide a powerful tool for testing these compounds. The present results can
contribute to subsequent work to be carried out to increase data concerning the
mechanism of plant defense by inducing the expression of protease inhibitor genes
and the resistance of DrTl and other plant inhibitors to digestion by proteases from
the midgut of insects. In addition, in vitro studies are important for understanding
the resistance of plant protease inhibitors and the nature of gut protease activity,
as well as for the elucidation of the insect defense mechanisms against plant
inhibitors and the determination of the primary effects of ingestion of trypsin
inhibitors in insacts.
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Conclusdes Gerais

Os resuitados obtidos com este trabalho permitiram concluir que:

. As lectinas podem ser identificadas, em extratos totais, através de ensaio
de hemaglulinacBo de ernirdcilos e pela Inibicdo da AHE, sendo que,
algumas vezes, & preciso realizar tratamenios cquimicos ou enzimaticos,
para aumentar a sensibilidade dos eritrécitos (Sharon & Lis, 1972).
Entretanto, neste estudo, ndo fol precisc realizar fais tratamentos, visto que
os eriirocitos de ratos, para os quais DRL apresentou maior especificidade,
podem sofrer hemdlise (de Carvalho ef al. 2002).

. O perfil eletroforético de DRL também se assemelhou com a leclina
Phaeolepiota aurea (Kawagishi ef a/, 1888), ou seja, em condicbes
reduzidas {(DTT) e nao-reduzidas, a lectina migrou como uma banda
polipeptidica Gnica de baixa massa molecular e a analise eletrcforética, em
gel nativo, permitiu concluir ainda gue DRL possui apenas uma subunidade.
Em 1885, Ray & Chatterjee, também purificaram uma lectina de apenas
uma subunidade;

. A composicdo de amincacidos revelou gue DRL, semelhante a outras
lectinas de leguminosas (Ridiger, 1997), € rica em aminoacidos acidos
(acido glutamice, acido aspartico), pobre em aminoacidos contendo enxofre
& sem residuo de cisteina, similar a lectina isolada de sementes de Dioclea
virgata (Cavada ef al, 1996). £ suposto que a manutencio da AHE de
DRL, ap6s reducao com §,01M de DTT, esteja relacionada a auséncia de

residuos de cisteina na molécula.

A lectina de sementes de Delonix regia (DRL), pertence ao grupo ligante
de glicose-manose, sendo inibida mais especificamente por glicose. A
lectina fol mais especifica para hemagiutinar eritr6citos de ratos e néo
apresentou especificidade por eritrécitos humanos (Freire ef al. 2002).
Alguns estudos revelaram que as lectinas que nao s&o especificas para ¢
81
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Conclustes Gerais

sistema ABO, exibem especificidade para mono ou oligossacarideos
{Kennedy ef al., 1895; Freire ef al., 2002).

5. A lectina foi estavel apds tratamenioc com TFA 0,1% e acetonitrila 0,66%,
durante 0s passos de purificacBo em coluna analitica C18 em HPLC,
semelhante 3 lectina Phaeolepiota surea caracterizada por Kawagishi ef af.
{1996;.

6. DRL apresentou alta homologia com outras lectinas de sementes de
leguminosas ja bem caracterizadas e que também s3o ligantes de glicose-
manose, tais como: Con A, pesa, favin e lentilha (Cunningham, ef al. 1978;
Edelman, ef al. 1872; Foriers, ef al. 1981; Higgins, ef al. 1983). Estudos de
comparacéo das estruturas das lectinas vegetais revelaram extensa
homologia entre lectinas da mesma tribo e que, estas lectinas tém sido
conservadas durante o processo evolutivo das plantas leguminosas. Deste
modo, a homologia da regido amino terminal reflete as afinidades
taxondmicas das piantas nesta familia (Foriers ef al., 1977).

7. DRL foi completamente ativa em pH basico (8,0 - 9,0) e inativa em pH
acido (2,0 - 3,0). Com relagdo a temperatura, esta lectina apresentou-se
termoestavel, pois manteve 70% de sua AHE apds 30 minutos de
incubac@o a 80°C. Freire ef al. (2002) purificaram uma lectina de Talisia
esculenta (Sapindaceae) e verificaram que esta proteina permanece ativa
numa ampla faixa de pH (5,0-9,0) e com uma temperatura acima de 70°C,
embora haja um pequeno decréscimo na AHE entre 70°C-90°C;

8. DRL requer a presenga do ion metalico Mn®" para sua atividade biolbgica,
pois o tratamento com EDTA, um agente quelante, reduziu a AHE desta
lectina, mas a adigéio de Mn®* ac meio fez com gque DRL recuperasse cerca
de 50% de sua atividade. J4 o ion Ca** foi indiferente para a atividade da
lectina. Ao contrario, as duas lectinas descritas por Kawagishi ef al. (1998),

&2
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Conclustes Gerais

nao foram afetadas pelo tratamento com o EDTA, ou seja, ndo requerem

ion metalico para sua atividade;

8. O inibidor de tripsina isolado das sementes de D. regia, pertence a familia
de inibidores vegelais do tipo Kuniitz, apreseniando apenas um Unico sitio
reativo o qual reage especificamente com a tripsina e com enzimas fripsina-
like, mas nao inibe a quimelripsina. WDbTI, um inibidor isolado de
Psophocarpus tetragonoiobus, também inibiu somente a tripsina, mas
diferente do Dril, a seqiiéncia N-terminal deste inibidor nao apresentou
homologia com nenhum outro inibidor de protease da mesma familia (Datta
et al., 2001). Drfl apresentou um residuo de acido glutamico na posicio 63,
regigo do sitic reativo, onde para a maioria dos inibidores tipo Kuniiz seria
esperado um residuc de arginina ou lisina. Assim como o DRTI, o inibidor
de Swarizia pickellii (SwTl), também apresentou uma particularidade, pois
um residuo de glutamina foi determinado na regidc do silio reative
(Cavalcanti ef al, 2002). Os dois “lcops” do DrTl, compostos por quatro
residuos de meia cistina, apresentaram alla similaridade com outros
inibidores tipe Kunitz. Este resultade foi confirmado por estudos
cristalograficos preliminares do inibidor (Polikarpov ef al., 1899).

40.0s ensaios in vitro mostraram gque o DTl € uma molécula resistente as
proteases do intestino médic dos lepidopteros A. kuehnieila e C.
cephalonica, sugerindo o possivel efeito protetivo deste inibidor contra os
insefos popularmente conhecidos como a traca da farinha e do arroz,
respectivamente. Resultados similares, com ouiros insetos lepidépteros,
foram encontrados por Marsulkar ef al. (1899).

11. A tripsina bovina clivou o D7l nos primeiros 30 minutos de digestao, pois
fol possivel observar uma banda de proteina de aproximadamente 20 kDa,
comparando-se com o perfil eletroforético do inibidor controle, constituido
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apenas por uma banda de 22 kDa, porém mesmo apés a protediise, o DrTi
manteve sua atividade inibitoria em 34 57%.

12. A analise estalistica mostrou que n&oc houve diferenca esiatisticamente
significativa, na reducao da atividade do DrTl, durante os diferentes fempos
de incubac@o com as enzimas do intestine médio de A. kuehniella e C.
cephalonica.

13. Apbs 3h e 6h de incubacBo com as proteases de A. kuehnielia e C.
cephalonica, a atividade residual do DRTI manteve-se praticamente
constante.

14. A recuperacio da atividade do DrT! teve inicio apés 12h de incubacio com
as enzimas dos dois insetos estudados, sugerindo perda simultanea da
atividade das proteases,

15. A recuperacéo da atividade do inibidor foi maior apés a incubagao com as
enzimas do intestino médio de C. cephalonica comparando-se com os
valores obtidos apés incubagio com as enzimas de A. kuehnielia, porém

estes valores néc apresentaram diferenca estatisticamente significativa.
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Perspectivas

1. Determinar a estrutura primaria completa da lectina de D. regia;
2. Analisar o efeito inseticida in vivo do DnTi, através da incorporac@io de
diferentes concentragbes do inibidor em dietas artificials oferecidas aos

insetos A. kuehniella e C. cephalonica:;

3. Eiucidar os mecanismos de ac@o do inibidor com relacio aos insetos

estudados;

4. Determinar o modelo cristalografico completo do DrTl a partir da segiiéncia
de amincacidos.
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Purification, crystallization and preliminary
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The Kunitz-type trypsin inhibitor from seeds of Fiamboyant { Delonix
regin} has been purified 10 homogeneity and plate-like crystals
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suitable for X-ray analysis have been grown by the hanging-drop
method using PEG 6000 as a precipitant. The crystals belong to space
group P2,2,2) with unit-cell parameters ¢ = 3213, & = £9.39,
¢ =254 A, X-rav diffraction data have been collected 10 2.95 A
resolution. The structure has been solved by moelecular replacement
using the known siructures of trypsin inhibitors from Frythring caffra
seeds (PDB code 1tie} and from sova beans (Glycine max; PDB code

1baT} as search models.

1. Introduction

Plant serine-proteinase inhibitors have been
classified in different families according to the
class of the enzyme inhibited, the seguence
homology and the number of cysteine residues
{for reviews. see Ryan & Walker-Simons, 1981:
Rackis e al.. 1986 Richardson. 1991; Anderson
& Wolf, 1995). Among the most imporiant are
the Kunitz end the Bowman-Birk proteinase-
inhibitor families. which have been studied in
great detail (Ryan & Walker-Simons, 1981;
Odani er al., 1986: Richardson, 1991; Tanaka et
al. 1997). The Bowman-Birk proteinase inhi-
bitors have molecular weights of 3-10 kDa and
2 high cystine content (usually seven disul-
fides). The Kunitz-type proteinase inhibitors
have molecular weights of ~20kDa and
normaliy ondy two disuifide bridges. The Kunitz
soybean trypsin inhibitor (Koide & Ikenaka,
1973), the inhibitors from Erythriric caffra
{Joubert & Dowdle, 1987), winged bean
{Psophocarpus terraganolpbus; Yamamoto et
al, 1983). the seeds of Albizzia jubibrissin
(Odani er al. 1979), Ervihrinag latissima
{Joubert er al., 1981) and Acacia elata (Kortt &
Jermyn, 1981} are members of this family.
The presence of proteinase inhibitors in
living tissues seems 1o be essential for natural
regulatory processes; for example, plants
protecting themselves against insect predation
{Garcia-Carrend, 1996). The stability of
proteinase inhibitors towards enzymes as well
as the large quantities present in seeds indicate
the importance of protease inhibitors as
storage proteins (Ryan, 1973}, The enzyme
inhibitors encountered in seeds can cause
natritional disorders and toxic effects when
ingested by animals and humans as compo-
nents of plant foods. Furthermore, there s an
interest in the possibie pharmacological use of
plant inhibitors in the weatment of 2 wide

range of metabeolic disorders associated with
enhanced proteolytic activity (pancreatitis,
emphyseimna, allergy, inflamimation and certain
cancers; Richardson, 19913,

The Flamboyvant {Delonix regia) tree is
distributed in the northern and western parts
of Madagascar and is widely cultivated in many
tropical countiries. Trees of the order Delonix
{Leguminosae/Caesalpinioideae) are used as
ornamental irees and the seeds of some species
are crushed and eaten raw as a snack in south
Madagascar {Puy er al, 1995}, We have used
the seeds of Flamboyvant as a source of the
trypsin inhibitor DrTi, which was purified and
used for crystallographic studies.

2. Experimental
2.1. Protein purification

70 g of D. egia seeds were milled to a fine
powder, homogenized with 130 mAdd Nall
{10%(w/v)] solution and agitated for 1hat
room temperature. The method for isolation of
DrTi was similar to that described by Tanaka er
al. {1997). Proteins from the crude extract were
precipitated at 277 K by siow addition of
acetone to a final concentration of 80%{v/v)
and the precipitate was collected by centrifu-
gation (350g, 20 min, 277 K). The precipitaie
was digsolved in 50 mM Tris-HCI buffer pH 8.0
(buffer A), loaded on a DEAFE Sephadex A-50
column {1.5 x 30 cm) equilibrated with the
same buffer and eluted with a linear gradient
of Nall (0-0.5 M) in buffer 4. The inhibitor-
containing fractions were pooled, dialysed
against two 21 changes of 3 mM ammonium
bicarbonate and lyophilized. This lyophilized
powder was dissolved in 0.15 M NaCl in buffer
A and applied to a Sephadex G-75 column {1.5
x 100 cm} equilibrated with the same solution.
Fractions which contained inhibitor activity
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were pooled and, finally, DrTi was purified
on & DEAE 3 PW column {43 x 753 mm,
Waters), equilibrated with 20 mM Tris-FHI
buffer in & linear gradient (8.05-0.5 M,
60 min) of NaCl at & flow rate of
1.0mimin™!. The purified inhibitor was
diatvsed against 5 mM ammonivm bicarbo-
nate and lyophilized. Protein elution was
monitored at 280 nm. The biclogical activity
of the inhibitor was detected using bovine
trypsin and N-o-benzovi-pL-arginine
p-nitroanilide {(BAPNA} as described by
Gaertner & Puigserver {1992). The purity of
DrTi was estumated to be 95% by
SDS.PAGE in gradient gel {10-20%). The
identity of the protein has been confirmed
by N-terminal aminoc-acid sequencing.

2.2, Crystallization

DrTi was crystallized by vapour diffusion
in hanging drops at 291 K (McPherson,
1982). The inhibitor was dissolved in 25 mAf
potassium phosphate buffer to a final
concentration of 22 mgmi™L 10 ul of this
solution was mixed with an egual amount of
7.5% PEG 6000 in 1Z mM potassium phos-
phate buffer in the pH range 5.4-6.3. After
centrifugation {4000g. 5 min), 18 ul drops of
the resulting solution were equilibrated
against 1 ml of reservoir solution containing
15% PEG 6000 in 100 mM potassium phos-
phate buffer pH 60, Crystals of DT
appeared after about one month and had
average dimensions of 0.1 x 0.1 x 0.05 mm.

2.3. Data collection and processing

X-ray data from a single native crvstal
were collected at room temperature at the
protein crystallography beambine (Poli-
karpov, Oliva et al., 1998; Polikarpov, Perles
et al, 1998) of the National Synchrotron
Light Laboratory (LNLS, Campinas, Brazil}
asing a 345 mm MAR Research imaging-
plate detector and monochromatic X-ray
radiation of wavelength 1.38 A. 95 oscilla-
tion images were collected, with an angular
step of 17 and an exposure of 30000 dose
units per image. The DrTi crystal, which
initially diffracted beyond 2.5 A resolution.
showed significant radiation decay during
data collection. Data were processed with
DENZQ and SCALEPACK (Otwinowski,
1993) and final processing was limited io
2.95 A resolution.

3. Resulis and discussion

DrTi erystals belong to the orthorhombic
space group F2,2:2,. with unit-cell dimen-
sions @ = 3215, b = 6839, ¢ = 7254 A The
final data se1 is 89.3% complete between 13

and2.95 A resolution, with an overall Rye.q.
of 82% {Rmeree in the last resolution shell
between 2.95 and 3.0 A is 29.8%). Comple-
tengss within the Iast resolution shell is
96.0%. A total of 8199 reflections have been
collected, oui of which 3326 reflections were
Umigue,

Assuming a molecular weight of 21.1 kDa
and a single DrT1i molecule per asvmmetric
unit geil. the Matthews V), value is
192 A*Da~? (Matthews. 1958). Based on
this value. estimates of the solvent content of
the crysial and the crystal density are 36%
and 1.2 g cm ™. respectively (Drenth, 1994},
This information indicated the presence of a
single DrTi molecule in the asvmmetric unit,
which was confirmed . by the molecular
replacement structure solution.

The DrTi structure was solved by the
molecular-replacement method with the
program AMoRe {Navaza, 1994). using
existing orystallographic models of Kunitz-
type trypsin inhibitors from sova beans (STh:
De Meester er al.. 1988) and from Erythring
caffre seeds (ETI: Onesti er al., 1991

The rotation function calculated for the
STI search model (PDB code 1ba7). using
diffraction data in the resolution range
10~2.95 A and a Paterson radius of 20 A.
resulted in a first solution with a correlation
coefficient (CC) of 21.53%. whereas the
second and third solutions had CCs of 14.2
and 14.1%. respeciively. A iranslation
search performed with the same program.
using the Crowther & Blow (1967) transla-
non function, resulied in a clear solution
with a CC of 48.7% and an R factor of
30.6%. The second translation-function
solution had a CC of 39.4% and an R factor
of 33.4%. and the third had a CC of 539.2%
and an R factor of 54.0%. The model was
finally subjected to rigid-body refinement in
the resolution range 10-2.95 A, which
slightly improved both the R factor and the
correlation coefficient. The resulting CC was
48.9% and the R factor was 580.3%.

An equally clear solution was found using
the 2.5 A resotution structure of the trypsin
inhibitor from Ervihring caffra seeds (PDB
code itie). The same resolution range and
Patterson radius were used in the calcula-
tions. The rotation peak corresponding o
the correct sofution was the highest (corre-
lation coefficient of 23.4%). The second and
the third solutions had correlation coeffi-
cients of 12 and 11.7%, respectively. The first
solution of the translation search had a CC
of 43.0% and an R factor of 52.7%. The
second iranslation function soiution had a
CC of 35.3% and an R factor of 33.2%. and
the third had a CC of 35.3% and an K factor
of 33.3%. The mode! was finally subiected 1o

rigid-body refinement in the resolution
range 10-2.95 A, which slightly improved
both the R facter and the correlation coef-
ficient. The resuiting CC was 44.1% and the
R factor was 32.3%. Both search models
resulted in essentially the same structure
solution.

Preliminary refinement of both the ETI
and STI models was undertaken using the
program REFMAC from the CCP4 suite of
programs {(Collaborative Computational
Project. Number 4, 1994}, After 13 cveles of
positional and overall B-factor refinement of
the final molecular-replacement solutions.
slectron-density maps were caloulated and
averaged. with the objective of minimizing
the phase errors associated with model bias
and the incomplete amino-acid sequence.
The model has been rebuilt to match the
averaged electron densitv. The primary
seqguence has been mutated according 1o the
available DrTi partial primary sequence
{Tanaka ef al. 1997}, Further steps of post-
tional and isotropic B-factor refinement
have been undertaken. The current R and
Reee are 293 and 39.4%, respectivelyv. The
complete primary sequence of DrTi s
currently being determined by amino-acid
sequencing. Further work on  model
rebuilding and refinement is under way.

This work was supported by grants from
National Council for Scientific and Techno-
logical Development (CNPg} and from
Research Support Foundation of Sdo Paulc
State (FAPESPE #96/2285-5), Brazil.
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