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Purificacio, caracterizacio e propriedades biologicas de lectinas do equinodermo Holothuria
grisea
Autor: Raniére da Mata Moura

Orientador: Prof. Dr. Benildo Sousa Cavada

RESUMO

Lectinas foram detectadas em fragdes protéicas do pepino do mar Holothuria grisea. As fragdes
obtidas da precipitacdo com acetona 1,0 vol. e sobrenadante 2,0 vol. apresentaram maior atividade
aglutinante/hemolitica para eritrécitos humanos do tipo A papainizados. A primeira lectina,
denominada HGA, foi purificada do precipitado da fragdo 1,0 vol. por meio de cromatografia de
Filtragdo em Gel TSK seguido de troca i6nica em DEAE Sepharose ambas realizadas em sistema
HPLC/FPLC AKTA piirifier. A segunda lectina purificada, denominada HGL, foi isolada do
sobrenadante da Fragdo 2,0 vol por cromatografia de filtragdo em Gel TSK. Estas Lectinas foram
fortemente inibidas pela glicoproteina mucina e ndo se mostraram dependentes de ions metalicos. Suas
M nativas foram estimadas por cromatografia de filtracdo em gel TSK em 16,8 kDa para HGL e 228
kDa para HGA. Quando analisadas por SDS-PAGE, apresentaram Mr de 15,6 kDa (HGL) e 105 kDa
(HGA), ndo sofrendo alteracdes na presenca de P-mercaptoetanol. Em modelos experimentais de
inflamac@o, a lectina HGA foi capaz de inibir a migracdo de neutréfilos para a cavidade peritoneal
induzida por carragenina em 68% na dose de 1mg/kg. No ensaio de peritonite induzida por acido
acético um efeito antinociceptivo significativo foi observado por tratamento com HGA (0,1, 1 e 10
mg/kg), reduzindo as constri¢des em 27%, 90% e 84% respectivamente. No teste de formalina HGA
apresentou efeito antinociceptivo apenas na fase inflamatéria. No teste de chapa quente HGA nfo
mostrou efeito nociceptivo. Nos testes rota-rod e de campo aberto HGA néo alterou o comportamento
do animal. O tratamento com HGA 10 mg / kg i.v. induziu a diminui¢&o na atividade da MPO (81,6%
de inibi¢#o) e elevou os niveis circulantes de NO em 50,4% . HGA tem demonstrado a capacidade de
modular a resposta inflamatéria em modelos de inflamac¢@o in vivo. HGA € a primeira lectina de
invertebrados marinhos que apresentou um efeito antiinflamatério. A lectina HGL foi investigada
quanto sua toxidade sobre artemias em conjunto, de forma comparativa, com extratos aquosos de
varios invertebrados marinhos e uma lectina com ac¢@o antitumoral da esponja marinha C. varians.
Neste ensaio HGL apresentou um elevado efeito téxico com um LC50 de 9,5 pg/ml. Os dados obtidos

até o presente momento indicam que as lectinas purificadas e estudadas neste trabalho possuem um



grande potencial de utilizagio como ferramenta de estudo para melhor compreenséo dos mecanismos
envolvidos nas respostas inflamatérias, nos eventos moleculares da inflamagdo, reconhecimento
especifico e téxico sobre patdgenos. Consequentemente, indicando também a espécie Holothuria

grisea como fonte potencial de outras lectinas e moléculas bioativas de interesse biotecnoldgico.

Palavras — chave: Lectinas, Holothuria grisea, hemolise, antiinflamatorio, citotoxidade



Purification, partial characterization and biological properties of lectins from marine

invertebrate Holothuria grisea
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ABSTRACT

Lectins were detected in protein fractions of sea cucumber Holothuria grisea. Fractions obtained from
precipitation with 1.0 vol acetone and supernatant of 2.0 vol. showed hemagglutinating/hemolytic
activity for human erythrocytes type A. The first lectin, called HGA, was purified by acetone
fractioning followed by TSK gel filtration and ion exchange on DEAE Sepharose chromatographies
both on HPLC/FPLC AKTA piirifier system. The second lectin, called HGL, was isolated from the
supernatant fraction of acetone 2.0 vol followed by TSK gel filtration chromatography. These lectins
were strongly inhibited by mucin and were not ion-dependent. Their native Mr 16.8 kDa and 228 kDa
were estimated for HGL and HGA, respectively. When analyzed by SDS-PAGE showed a Mr of 15.6
kDa (HGL) and 105 kDa (HGA), no changes were observed in the presence of B-Mercaptoethanol.
HGA was tested in classical models of nociception and inflammation. HGA was able to inhibit the
neutrophils migration into the peritoneal cavity induced by carrageenan by 68% at 1mg/kg. In acetic
acid-induced writhing test a significant antinociceptive effect was observed by treatment with HGA
(0.1, 1 and 10mg/kg) reducing constrictions in 27%, 90% and 84% respectively. In formaline test
HGA showed antinociceptive effect only in the inflammatory phase. Nevertheless, in hot-plate test
HGA did not show any nociceptive effect. In rota-rod and open-field tests HGA did not alter animal’s
behavior. The treatment with HGA 10 mg/Kg iv presented diminished MPO activity (81.6%
inhibition) and raised the circulating levels of NO in 50.4% when compared with the group control.
HGA has demonstrated the ability to modulate the inflammatory response in models in vivo. HGA is
the first marine invertebrate lectin that showed an antiinflammatory effect. Lectin HGL was
investigated as its toxicity on artemias together in a comparative way, with aqueous extracts of several
marine invertebrates and a lectin with anti-tumour action of the marine sponge C. varians. HGL
showed a high toxicity with LC50 of 9.5 mg/ml. The data obtained indicate that the lectins purified

and studied in this work possess a potential use as a study tool for better understanding of the



mechanisms involved in the inflammatory responses and molecular events, specific recognition of
pathogens and cytotoxicity. These data had shown the specie Holothuria grisea as a source of lecting

and other bioactive molecules with biotechnological potential.

Key words: Lectins, Holothuria grisea, hemolysis, inflammatory, cytotoxicity
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LISTA DE ABREVIATURAS

ABA: Aglutinina de Agaricus bisporus
AJ:Apostichopus japonicus

Arg: Arginina

Asn: Asparagina

BanLec: Lectina de banana

bsa: albumina submandibular bovina

Ca: Calcio

CD_MPR:Receptor Manose-6-fosfato
dependente de Ca**

c¢DNA: DNA complementar

CEL: lectinas de Cucumaria echinata
CERMAV:Centre de Recherches sur les
Macromolécules Végétales

Cg: carragenana

CH-IIL=Lectina de C. hortensis

CL-43: Colectina-43 bovina

CL-L1: Colectina do figado 1

CL-L2: Colectina do figado 2

CL-P1: Colectina da placenta 1

CNX: Calnexina

Con A: Concanavalina A

ConBr: Lectina de Canavalia brasiliensis
CRA: aglutinina quitinase-relacionados
CRT: Calreticulina

CvL: lectina de Cliona varians

DAT: Teste de aglutina¢o direta

DNA: Acido desoxiribonucléico

DRC: Dominio de reconhecimento de
carboidratos

EDTA: Acido etileno diamino tetra acético
EEA: Aglutinina de Euonymus europaeus
ELISA: Ensaio de ligacdo imuno enzimatica
ERAD: Sistema de degradacdo associado ao
R.E.

ERGIC-53: Transportador intermedidrio dos
compartimentos do reticulo endoplasmatico-
Golgi

FBS: Proteinas F-box ligantes de
carboidratos

FemX: Melandma

Gal: Galactose

GalNac: N-acetil-galactosamina

G-CSF: Fator estimulante de col6nia de
granuldcitos

Glc: Glicose

GlcNac: N-Acetil-glicosamina

Glu: Glutamato

GNA: Aglutinina de Galanthus nivalis
GPI: Glicosil-fosfatidil-inositol

H.U./mg: Atividade especifica

HeLa: Céncer cervical

HGA: aglutinina de Holothuria. Grisea
HGL: lectina hemolitica de Holothuria
grisea

His: Histidina

HPA:Lectina de Helix pomatia

HSL: lectina de Holothuria scabra
HTAB : Brometo de
hexadeciltrimetilaménio

HU: Unidade de hemaglutinagdo

i.p: Intraperitoneal

i.v.: Intravenoso

Ig C2-set: Regido constante do anticorpo
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Ig: Imunoglobulina

IGF-II/MPR: Receptor de manose-6-fosfato
para fator de crescimento tipo-insulina II
IL-6: Interleucina 6

KAYV: Coeficiente de distribui¢do de fase
kDa: QuiloDaltons

LC50: 50% da dose letal

LFA: Limax flavus aglutinina

LPS: Lipopolissacarideos

LysM : Motivo lisina

Man: Manose

MASP: MBL associado a serina protease
MBL: Lectina ligante de manana

Mg: Magnésio

MIC: Concentragdo inibitéria minima
Mn: Manganés

MBP: Proteina ligante de manose
MPO: Mieloperoxidase

Mpr: Massa molecular relativa

NaCl: Cloreto de sodio
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PGE2: Prostaglandina E2
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SDS: Duodecilsulfato de s6dio
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INTRODUCAO

Muitas das interagdes/comunicagdes celulares importantes como: reconhecimento celular,
regulagdo imunoldgica, controle de qualidade e enderecamento intracelular de glicoporteinas, sdo
desempenhadas por glicanos. Isso decorre da ampla variedade estrutural que podem ser
assumidas por estas moléculas gerando um enorme potencial codificador de informagdes
bioldgicas. Essas informagdes (glicocddigos) sdo interpretadas, principalmente, por um grupo de
proteinas denominadas lectinas (GABIUS et al., 2002).

Lectinas sdo proteinas amplamente encontradas na natureza (virus, bactérias, fungos,
plantas ¢ animais) (HARTSHORN et al, 2008; MANCHENO ef al., 2010; SULAK et al.,
2010, DOS SANTOS et al., 2010; MELO et al., 2008) com a habilidade de reconhecer e se
associar, de forma reversivel, com alta afinidade e especificidade aos carboidratos (PEUMANS ;
VAN DAMME, 1995; GABIUS et al, 2002; LORIS, 2002). Os processos de interagdo aos
carboidratos ocorrem por meio de pontes de hidrogénio e interagdes de Van der Waals,
estabelecidas entre os carboidratos e os residuos aminoacidicos do sitio de ligacdo da lectina
(WEIS; DRICKAMER, 1996).

Devido a essa caracteristica primordial de se ligar aos carboidratos, as lectinas
desempenham varias atividades bioldgicas como: atividade mitogénica, citotoxicidade em células
e organismo, adesdo celular, interagdes célula-matriz, apoptose, splincing do RNA, metastase
tumoral e aglutinagcdo de células e bactérias (PACE; BAUM, 1997; AKAHANI et al, 1997;
SALES et al., 2000; DANGUY et al.,, 2002). Essas propriedades tornam as lectinas poderosas
ferramentas nos processos de isolamento e caracterizacdo de polissacarideos e glicoconjugados,
fundamentais para investigacdo de alteragdes e mudangas na estrutura de carboidratos da
superficie celular em células neoplasicas, bem como em estudos imunolégicos (TURNER, 2003).

Andlises preliminares realizadas pelo grupo dos profs. Mauricio P. Sales, Elizeu A. dos
Santos (LQFP/UFRN) e Alexandre F. S. de Queiroz (LBM/UFRN) sugeriram a presenga de
lectinas na espécie de pepino do mar Holothuria grisea. Como ndo ha relato na literatura de
lectinas isoladas dessa espécie, bem como o baixo indice de publicagdo sobre lectinas de
equinodermos, este trabalho se propos purificar, caracterizar e analisar as propriedades biologicas

de lectinas presentes na espécie Holothuria grisea.
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As etapas envolvidas no presente trabalho serdo apresentadas em capitulos. No primeiro
capitulo serfo realizadas revisdes bibliograficas sobre as lectinas: suas estruturas e fungdes, o filo
echinodermata e as lectinas de holottrias. O segundo e terceiro capitulos compreendem os
processos de purificagdo e caracterizagdo fisico-quimicas das lectinas de Holothuria grisea.
Nestes capitulos serdo reportadas as andlises em modelos experimentais no formato de artigos

cientificos. Por fim, no quarto capitulo, encontram-se as consideragdes finais e anexos.
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CAPITULOI
REVISAO BIBLIOGRAFICA

1. Historico das Lectinas

Historicamente, as lectinas foram, a principio, identificadas como aglutininas por S. Weir
Mitchell (1860), no veneno de cobra Crotalus durissus, e por H. Stillmark (1888), em extratos de
semente de Ricinus communis, quando se observou proteinas extremamente tdxicas com
capacidade de aglutinar eritrocitos. Meio século ap6s este achado, obteve-se a primeira evidéncia
de que as proteinas envolvidas nesse processo de aglutinagdo interagiam com carboidratos,
interacdo esta inferida por J.B. Sumner e S. F. Howell (1936), quando realizavam trabalhos com
concanavalina A (Con A), purificada de Canavalia ensiformis.

O termo lectina deriva do verbo latino legere (selecionar, escolher, segurar), ou de seu
participio passado lectus, e foi proposto por W.C. Boyd (1954) na tentativa de diferenciar a
atividade aglutinante mediada pela relagdo proteinas-carboidratos, das demais interagcGes
aglutinantes, como, por exemplo, aglutinagdo por anticorpos, que € resultado de uma estimulacéo
antigénica.

Estudos sobre estruturas tridimensionais de lectinas tiveram inicio na década de 70 com a
cristalizagdo da Con A (HARDMAN; AINSWORTH, 1972). Apés quase 20 anos, a primeira
estrutura de uma lectina vegetal foi apresentada, especificamente, a da Con A co-cristalizada ao
carboidrato metil-manopiranosideo (DEREWENDA, 1989). A primeira estrutura apresentada de
uma lectina animal co-cristalizada foi uma galectina em 1993 (LOBSANOV, 1993). Desde entdo
muitas estruturas foram elucidadas na forma livre ou complexadas com seus ligantes e podem ser
observadas no banco de dados do CERMAV (Centre de Recherches sur les Macromolécules

Végétales) (http://www.cermav.cnrs.fi/lectines) ou através dos arquivos .PDB presentes no sitio

http://www.pdb.org.

2. Classificacdo, estrutura e funcio das lectinas

Os dois maiores, e mais estudados, grupos de lectinas compreendem as lectinas de origem

vegetal e animal. Como este trabalho tem como foco lectinas de um animal marinho, uma breve



explanagio sobre a classificagdo das lectinas de origem vegetal sera realizada, seguida de uma

explicagdo pormenorizada sobre as familias de lectina animais, suas estruturas e fungdes.

2.1. Lectinas Vegetais

As lectinas de plantas formam um grupo muito heterogéneo de proteinas que claramente
apresentam diferencas nos aspectos bioquimicos e fisico-quimicos. Assim, ha uma grande
dificuldade na obten¢do de um sistema de classificacdo que consiga englobar todas as lectinas de

plantas.

Uma das proposi¢des de classificacdo se baseia numa analise estrutural superficial dos
dominios de ligacdo aos carboidratos e a existéncia de outros dominios sem atividade lectinica,
objetivando relacionar lectinas de estruturas semelhantes. Foram criadas, entdo, subdivisdes em

quatro grupos principais (VAN DAMME et al., 1995).

2.1.1. Merolectinas

Sdo lectinas que apresentam um unico sitio de ligagdo aos carboidratos. Assim, as
merolectinas sdo estruturalmente as mais simples e incapazes de aglutinar células ou precipitar
glicoconjugados. Um exemplo de merolectina é a Heveina uma lectina quitina-ligante encontrada

no latex da seringueira Hevea brasiliensis.

2.1.2. Hololectinas

Neste grupo, as lectinas apresentam dois ou mais sitos de ligacdo com especificidade para
o mesmo carboidrato, ou seja, sitios homoélogos. Essas lectinas apresentam a capacidade de
aglutinar células e precipitar glicoconjugados. Grande parte das lectinas de Leguminosas sdo

hololectinas e se apresentam nas formas de dimeros ou tetrdimeros.

21



2.1.3. Quimerolectinas

Constituem este grupo as lectinas que apresentam um ou dois dominios de ligagdo aos
carboidratos, ou seja, podem se comportar estruturalmente como merolectinas ou hololectinas.
Todavia, essas proteinas apresentam outro dominio com atividade distinta ao de ligagdo aos
carboidratos. S3o exemplos de quimerolectinas as RIP’s tipo 2, como a Lectina de feijdo
precatério Albus precatorios, a Abrina, e a lectina de Mamona Ricinus communis, a Ricina

(VAN DAMME et al., 1998).

2.1.4. Superlectinas

Estas lectinas apresentam dois ou mais dominios de ligacdo, diferenciando-se das
hololectinas por possuirem sitios de ligacio com especificidade para diferentes grupos de
carboidratos. A representante cldssica deste grupo € a Lectina isolada do bulbo de tulipas com um
dominio para manose ¢ outro para GalNAc. A lectina de Banana Musa Paradisiaca (BanLec)
possuindo um dominio que reconhece a laminaribiose e outro que reconhece o Xil-p-1,3-Man-a-
O-Metil (MEAGHER et al., 2005).

Outro método de classificagdo se baseia na especificidade de ligacdo aos
carboidratos. Resultando, assim, na distribuicdo de grupos de lectinas com especificidade para;
manose- manose/glicose-; manose/maltose-; Gal/GalNAc-; GIcNAc/(GIcNAc)-; fucose- e ac.
Sidlico-. (VAN DAMME et al., 1998 VAN DAMME et al., 1998). Esse tipo de classificacdo
enfatiza as lectinas como ferramentas capazes de diferenciar motivos glicidicos. Todavia, essa
forma de classificag¢@o acaba por agrupar lectinas que néo estdo relacionadas evolutivamente.

Posteriormente, um sistema de classificacdo mais complicado foi proposto e é baseado
nas relagdes soroldgicas e/ou semelhangas de sequéncia, bem como suas relagbes evolutivas.
Com base em tais critérios, sete familias de lectinas foram sugeridas, incluindo: lectinas de
leguminosas; lectinas de monocotiledéneas manose especificas; lectinas ligantes de quitina;
Lectinas RIP tipo 2 e relacionadas; lectinas jacalina e relacionadas; lectinas Amarantina e lectinas
de floema Cucurbitaceae (VAN DAMME et al, 1998").

Van Damme e colaboradores (2008) realizaram uma atualiza¢do do sistema ja que muitas
lectinas novas de plantas foram isoladas e caracterizadas. Estes pesquisadores classificaram as

lectinas de plantas em 12 familias, onde, pelo menos um membro de cada familia foi
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caracterizado em detalhes. Essas familias sdo as seguintes: ABA (aglutinina de Agaricus
bisporus); Amarantina; CRA (aglutinina quitinase-relacionados); Cianovirina; EEA (aglutinina
de Euonymus europaeus); GNA (aglutinina de Galanthus nivalis); Heveina; Jacalina; lectina de
legumes; motivo lisina (LysM); Nictaba e familias Ricina_B.

O sistema sugerido pelo grupo do CERMAYV estéd baseado nas estruturas 3D das lectinas.
Esse sistema correlaciona as lectinas em 6 grupos; Lectinas de plantas com especificidade para o-
D-manose (lectinas de monocotileddneas); aglutininas com dominio Heveina; Lectinas de plantas
com P prisma; lectinas com  trifélio; homélogos de cianovirina-N e lectinas de legumes.

Jiang e colaboradores (2010) revisaram os sistemas de classificacdo anteriores e, baseado
nas estruturas dos dominios e andlises filogenéticas, sugeriram um novo sistema de classificacio
a partir de estudos realizados nos genoma do arroz, soja € Arabidopsis. Neste sistema, 12 familias
diferentes foram relacionadas, sendo quatro delas formadas por membros recentemente

identificados. Os sistemas mais atuais discutidos acima estdo presentes na fig. 1.
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fig. I-1 Comparacéo dos sistemas de classificacido de lectinas vegetais. O sistema 1 é baseado na descriciio de
Van Damme et al., 2008. O sistema 2 foi baseado em estruturas 3D de lectinas descritas no CERMAYV. As
familias lectina sem membro detectados no arroz, soja e Arabidopsis foram indicadas pelo retingulo com
linhas azul e as novas familias de lectina identificadas no novo sistema de classificacdo sio indicadas pelo
retingulo com linhas laranja. (adaptado de Jiang et al., 2010)

2.2. Lectinas Animais

As lectinas animais s@o classificadas dentro de diversos grupos e familias, no entanto,
algumas sdo tdo singulares que ndo se encaixam nas familias ja estabelecidas. Mesmo dentro de
uma mesma familia, suas func¢Ges bioldgicas podem variar muito. Se definirmos as familias de
lectinas como grupos de duas ou mais proteinas com a habilidade de se ligar a carboidratos e com

significante homologia da estrutura primaria, torna-se possivel listar pelo menos 10 familias de
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lectinas animais (Tipo-I, Tipo-P, Tipo-L, Eglectinas, Calreticulinas/Calnexinas, Anexinas,
Discoidinas, Eel Aglutininas, Tipo-Fibrinogénio, Pentraxinas), além das galectinas e lectinas do
tipo-C, que compreendem as duas maiores familias de lectinas animais (KILPATRICK, 2002).
Desde a revisdo sobre as familias de lectinas realizada por Kilpatrick, algumas familias foram
modificadas e novas familias propostas, tais como: Tipo-M; lectinas F-box; intelectinas; Tipo-H;
Tipo-F (FRENCHA et al.,2007; DRICKAMER, 2006; SANCHEZ et al.,2006; YOSHIDA;
TANAKA, 2010).

2.2.1. Descricio das familias de lectinas animais

2.2.1.1. Tipo-C

A familia de lectinas do tipo-C é composta por lectinas dependentes de Calcio (Ca*"). As
lectinas dessa familia apresentam um elevado nivel de conservag@o na estrutura dos seus
dominios de reconhecimento aos carboidratos (DRC), geralmente composto por 120 residuos
aminoacidicos (DRICKAMER, 1988).

O Calcio, presente no DRC, estd diretamente envolvido no reconhecimento do
carboidrato, ligando-se a uma de suas hidroxilas. Este envolvimento contribui para a manuten¢o
da estrutura funcional da lectina, interagindo com dois residuos de glutamato presentes no DRC
(BERG et al, 2002). Os DRCs das lectinas tipo-C encontram-se incorporados em variados
contextos de organizag¢do molecular (Fig. 2), o que permite classifica-las em duas categorias: a)
Lectinas do tipo-C soluveis (ex. colectinas), e b) lectinas do tipo-C transmembrana (ex.

selectinas).



A) Lectinas do Tipo-C soliveis .
Colectinas

Lecticanas

iz N W@ coon COOH

B) Lectinas do Tipo-C transmembrana
Selectinas Receptores

NI m.(-;’-z-‘;,:‘;‘.-E— coon NIE ﬁ coon

Lectinas transmembrana com DRC em tandem

NH2 W.n..'o.luag— COOH

(==3,10)
DRC , Dominio SRS s ot
tori Domino gy deligagée — Dominio Tipo- ominio
regulaidric do W —r p =
Tipo-C 9 Tipo-EGF . Tipo-lg B4 Tipo-Proteina Fhmonectina Transmembrana

complemento

fig. I-2 Organizacdo molecular das lectinas do tipo-C. (Adaptado de Imai, 1998)

Ndo obstante, como sdo muito varidveis em termos de estrutura primdria, torna-se
possivel classifica-las em subgrupos a partir de suas sequéncias e pela presenca de dominios de
natureza ndo lectinica (Tabela.1) ( KILPATRICK, 2002).

Tabela I-1 Subfamilias de lectinas do tipe-C (Kilpatrick, 2002)

Tipo-C Subfamilia
I HIALECTANAS (lecticanas)
I RECEPTORES DE ASIALOGLICOPROTEINAS

I COLECTINAS
v SELECTINAS
A% GRUPO DE RECEPTORES TRANSMEMBRANA NK
VI RECEPTORES-MANOSE DE MACROFAGOS
VII SIMPLES (SINGLE DOMAIN) LECTINAS

Dentre as subfamilias supracitadas, destacam-se as colectinas e selectinas, que participam

em varias fungdes correlacionadas ao sistema imune, como serd considerado a seguir.
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2.2.1.1.1. Selectinas

As selectinas formam uma familia de glicoproteinas dependentes de cétions divalentes,
que se ligam aos motivos fucosilados, especialmente sialyl-lewis X e mucinas. Essa familia inclui
trés membros: selectina endotelial (E-selectina), selectina de leucécito (L-selectina) e selectina de
plaqueta (P-selectina). Todos os membros dessa familia possuem dominios extracelulares de
reconhecimento aos carboidratos e do tipo fator de crescimento epidermal, possuindo ainda, um
nimero pequeno de dominios repetidos, relacionados a proteinas regulatérias do complemento
(KILPATRICK, 2002). Os membros da familia das selectinas estdo intimamente evolvidos no
processo de adesdo de leucdcitos a parede do endotélio. Essa adesdo € iniciada por fracas
interagdes, que permitem o rolamento do leucécito na superficie do endotélio. Mediando esse
processo inicial estao envolvidas a P-selectina e a L-selectina e depois, interagdes mais fortes sdo
estabelecidas pela E-selectina, o que proporciona a diapedese dos leucécitos para o tecido

linféide e sitios inflamatérios subjacentes.

2.2.1:1.2: Colectinas

As colectinas (ou lectinas com dominio tipo colageno) constituem uma distinta subclasse
de lectinas do tipo-C. Elas sdo proteinas de estruturas tridimensionais unicas, agrupadas
conforme sua estrutura primdria, com um DRC do tipo-C combinado a um dominio do tipo
coladgeno, na presenca de uma pequena regido rica em cisteinas, na posi¢do N-terminal. As
cadeias basicas de polipeptideos das colectinas (30-45 kDa) organizam-se em tripla hélice por
enovelamento das regides tipo colageno (Fig. 3). Essas subunidades em tripla hélice podem se
agrupar assumindo novas estruturas em forma de cruz (conglutininas) ou em formato de um

“buqué de flores” (KAWASAKI, 1998).
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Fig. I-3 Organiza¢do molecular das colectinas. (adaptado de KAWASAKI, 1998)

As colectinas incluem trés grupos de proteinas séricas: as proteinas ligantes de manose
(MBP) ou lectina ligante de manana (MBL), conglutinina bovina, e colectina-43 bovina (CL-43).
Além disso, possuem duas proteinas pulmonares surfactantes (SP-A e SP-D). Ha também um
grupo de colectinas nio secretadas: colectina do figado-1 e -2 (CL-L1 e CL-L2) e a colectina de
placenta (CL-P1). Os DRCs das colectinas atuam estabelecendo ligagdes com um fon de Ca **,
sendo também capazes de se ligarem a grupamentos hidroxilas 3- e 4- (extremidade ndo redutora)
dos agticares: N-acetil-glicosamina, manose, N-acetil-manosamina, fucose e glicose (TURNER,
2003). Isso permite as colectinas interagirem com os dominios glicidicos dispostos sobre a
superficie de virus, bactérias, fungos e protozodrios.

As colectinas do tipo MBL, quando ligadas a superficie de alguns parasitas, sdo capazes
de ativar o sistema imune, através do sistema complemento. Essa ativagdo é mediada pelo
complexo MBL associado as proteases serinicas -1, -2 ou -3 (MASP-1, -2 ou -3). Nio obstante,
as MBLs podem interagir diretamente com receptores das células fagocitdrias agindo como

opsoninas.

2.2.1.2. Galectinas

As galectinas formam uma enorme familia de lectinas soliiveis. Algumas formas podem

sofrer alteragdes durante o splicing gerando proteinas ancoradas a membrana. Sua atividade
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independe de fons metalicos, ndo apresentam pontes S-S e glicosilagdes. Possuem peso molecular
entre 14-36 kDa e, geralmente, a regido N-terminal apresenta-se acetilada, fosforilada, ou
podendo, ainda, apresentar uma glutationa ou transglutaminase (CUMMINGS, 2004). As
galectinas podem desempenhar fun¢des no citoplasma (organizagdo do citoesqueleto) e nicleo
(transporte e splicing de RNA), como também, ser secretadas.

Suas fungdes extra- e intracelulares t€m atraido a atengdo dos pesquisadores, pois a
ligacdo das galectinas aos beta-galactosideos contidos em glicoconjugados pode participar na
modulagdo de sinalizagdes celulares, como, por exemplo, a mediacdo do processo apoptético,

regulacdo do ciclo celular e metastase tumoral (fig.4) ( LIU; RABINOVICH, 2005).
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Fig. I-4 Galectinas como moduladoras celulares (LIU; RABINOVICH, 2005).

Os membros dessa familia devem preencher dois critérios chave: a) possuir afinidade para
galactosideos, e b) possuir sequéncias conservadas no sitio de ligagdo aos carboidratos
(BARONDES et al., 1997). A primeira representante dessa familia foi descoberta em 1975 por
V. Teichberg e colaboradores, quando analisavam extratos dos Orgdos de enguias elétricas,
responsaveis pela produgdo de descargas elétricas. Eles purificaram uma hemaglutinina de baixo

peso molecular (14-16 kDa), cuja atividade era inibida por beta-galactosideos.
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As galectinas sio amplamente distribuidas na natureza devido a uma preservagao
evoluciondria em seus DRC:s. Isso foi evidenciado ndo apenas por estudos de anélise filogenética
e também por estudos estruturais. Esses estudos evidenciaram uma forte conservagdo de oito
residuos aminoacidicos: His 45, Asn 47, Arg 49, Val 60, Asn 62, Trp 69, Glu 72 e Arg 74 (a
numeragdo dos residuos ¢ referente a galectina-1). Esses residuos formam o sitio de ligagdo ao
carboidrato, especificamente, estabelecendo pontes de hidrogénio com os residuos His 45, Asn
47, Arg 49, Asn 62, Glu 72 and Arg 74 e interagdes de Van der Waals com os residuos de Val 60
e Trp 69.

Essa dependéncia foi confirmada por andlise dos genes de galectinas e por estudos
cristalogréficos das proteinas, indicando que trés hidroxilas presentes na lactose ou na n-acetil-
lactosamina sdo essenciais para o reconhecimento do carboidrato, especificamente, as hidroxilas
do carbono 4 e 6 da galactose, e a hidroxila do carbono 3 na N-Acetil-glicosamina ou glicose
(HIRABAYASHI et al., 2002).

Atualmente, 14 galectinas de mamiferos ja foram identificadas e numeradas
sequencialmente, de acordo com o nimero de entrada no Genome Data Base. Os Membros da
familia das galectinas também ja foram identificados em varias outras espécies, incluindo aves,
anfibios, peixes, esponjas e fungos (AHAMED et al., 1996), sendo adotado o mesmo critério de
nomenclatura (numeragdo sequencial) para lectinas isoladas de outros organismos.

As galectinas podem ser classificadas, também, baseado na arquitetura estrutural de suas
subunidades em: proto- (dominio simples), repeticdes em fandem- (dois dominios homdlogos) ou
tipo-quimera (um dominio de galectina com um dominio ndo lectinico), os quais podem ser

representados pelas galectinas-1, -9 e -3, respectivamente (Fig. 5).
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Diferentes tipos de galectinas humanas

a
Proto Quimera Tandem
Galectin-1 Galectin-3 Galectin-4
Galectin-2 Galectin-8
Galectin-7 Galectin-9
Galectin-10 Galectin-12
Galectin-13
Galectin-14
b Alinhamento de algumas sequéncias de galectinas humanas
: 4 k k% 56 * 66 * 71k *x
Galectin-1 -NLCLHFNPRFNAHGD---——— ANTIVCNSKD-GGAWG—TEQRE-
Galectin-2 -KLNLHFNPRFS--———————— ESTIVCNSLD-GSNWG-QEQRE-
Galectin-3 -DVAFHFNPRFNENN--—--~-- RRVIVCNTKL-DNNWG-REERQ-
Galectin-4 -DVAFHFNPRFDG-----—---~ WDKVVENTLQ-GGEWG-SEERK- (N-term)
~-DIALHINPRMG---—-—-———-— NGTVVRNSLL-NGSWG-SEEKK- (C-term)
Galectin-7 ~-DAALHFNPRLD-————————— TSEVVENSKE-OGSWG-REERG

ps
g’:qu}S—i \'& Essentials of Glycobioiogy
£ s Second Edition Chapter 33, Figure 1

Fig. I-5 Diferentes tipos de galectinas humanas. (A) As galectinas humanas foram classificadas em trés grupos,
de acordo com sua estrutura: prototipico, quiméricos, e tandem. (B) Exemplos de alinhamentos de seqiiéncia
entre varias galectinas. Os residuos que sdo altamente conservadas entre galectinas e aqueles que sdo
conhecidos por estabelecer a ligacio aos carboidratos sdo indicados por asteriscos. (Vermelho) residuos
hidrofilicos conservados; (azul) residuos hidrofébicos conservados. (adaptado de VARKI et al, 2009)

As galectina-1, -2, -5, -7, -10,-13 e -14 (representantes do tipo-proto), usualmente,
formam um dimero ndo covalente com dois DRCs idénticos, em condi¢Ges ndo desnaturantes;
assim sendo, devem ter dois sitios equivalentes (idénticos) de liga¢do aos carboidratos. Em
contrapartida, a galectina-3, Unico representante do tipo-quimera até o momento, possui dois
dominios distintos. Um dominio tipo-coldgeno N-terminal (ndo DRC) e um dominio com DRC
caracteristico de uma galectina, o que permite ocorrer uma ligagdo cruzada entre um motivo de
natureza glicidica e outro de natureza ndo glicidica. Os membros do grupo de repetigdes em
tandem (galectina-4, -6, -8, -9 e 12) possuem, em um tnico polipeptideo, dois DRCs com elevada
homologia estrutural, mas com especificidades diferentes, ou seja, reconhecem carboidratos
distintos. Outro ponto de relevancia ¢ a similaridade estrutural com lectinas de outras familias de

lectinas animais (Pentraxina e Tipo-L) e lectinas de plantas (leguminosas).
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Em detrimento de compartilhar infima homologia na sequéncia de aminoacidos, ocorre
uma convergéncia estrutural semelhante as folhas B-sandwich antiparalelas que foram descritas
pela primeira vez na lectina Con A. Todavia, esta arquitetura ndo se trata de um evento de
divergéncia de um ancestral comum, pois, como j& dito anteriormente, a sequéncia de
aminodcidos difere das lectinas de leguminosa que apresentam também permutagio circular,
numero diferente de folhas B, sitios de ligagdo em posi¢des ndo relacionadas e dependéncia de

ions metalicos (LORIS, 2002).

Con A Galectina -7

Fig. I-6 Comparacio estrutural entre Con A e Galectina-7 (adaptado de LORIS, 2002)

2.2.1.3. Tipo-I

As lectinas do tipo-I formam um grupo de moléculas protéicas, proposto por Powell e
Varki em 1995, com a capacidade de reconhecer carboidratos, pertencentes a superfamilia das
imunoglobulinas. Em sua maioria, as lectinas do tipo-I reconhecem especificamente o acido
sidlico, monossacarideo encontrado em abundéancia na superficie das células. Dentre as lectinas
do tipo-I que reconhecem o 4c. sidlico, destacam-se as Siglecs (lectinas da superfamilia de
imunoglobulinas com afinidade ao ac. sialico), que formam uma subclasse distinta de lectinas do
tipo-I. As Siglecs sdo proteinas transmembrana, com um tnico segmento inserido na membrana,

apresentando um dominio extracelular com alto grau de homologia. Todos os membros desse

32



grupo apresentam, na regido extracelular (N-terminal), um dominio Ig V-set (regifio variavel do
anticorpo) com um sitio de ligag@o para ac. sidlico, seguido de um niimero varidvel de dominios
Ig C2-set (regido constante do anticorpo). Na sua maioria, as Siglecs possuem um motivo tipo
imuno-receptor tirosina em seu dominio intracelular, sugerindo sua participagdo em eventos de

sinalizagdo celular (ANGATA ; BRINKMAN-VAN DER LINDEN, 2002; VARKI, 2004).

2.2.14. Tipo-P

As lectinas do tipo-P caracterizam-se por possuirem DRCs com afinidade para manose-6-
fosfato. Dois tipos de receptores intracelulares reconhecem residuos de manose-6-fosfato em
hidrolases de oligossacarideos, direcionando-os do complexo de Golgi para os lisossomos. O
primeiro, dependente de fons metalicos (CD_MPR)', possui um tnico DRC do tipo-P. O segundo
(IGF-I/MPR)?, também chamado de CI-MPR, ndo dependente de fons metalicos, possui 15
dominios homdlogos, sendo dois desses especificos para manose-6-fosfato (fig. 7) (DAHMS;

HANCOCK, 2002; OLSONA et al., 2010).

! cation-dependent mannose-6-phosphate
2 insulin-like growth factor II/mannose-6-phosphate receptor
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Man-P-GicNAc

Fig. I-7 (A) representacio esquematica dos receptores CI-MPR e CD-MPR. Dominios de ligacio 4 Man-6-P
(3 e 9), dominio de ligacio para Man-P-GlcNAc (5) em azul (B) Dominio 3 do CI-MPR em superficie
molecular e em Ribbons ligado 2 Man-6-P. (C) estrutura quimica da Man-6-P e Man-P-GlcNAc. (D)
Representacio conformacional do domino 5 livre do ligante. Dentro da caixa N= N-terminal e C=C-terminal,
fora da caixa C=loops e D sitio de ligacido. (Adaptado de Olsona, 2010)

2.2.1.5. Intelectinas

As intelectinas, anteriormente chamadas de Eglectinas, foram isoladas e caracterizadas de
granulos corticais em ovos de anfibios Xenopus laevis por Chang e colaboradores (2004). A
primeira intelectina de mamiferos foi descrita 1998 por Komiya e colaboradores, detectadas em
células intestinais sendo sugerida sua participagdo no mecanismo de defesa contra bactérias.
Essas lectinas sdo calcio-dependente, N-glicosiladas, apresentam dominios de fibrinogénio e
especificidade para galactose. As intelectinas humanas sdo também conhecidas como receptores
de lactoferrina e apresentam atividade imunomoduladora e antiinflamatéria (SUZUKI et al.,
2001), além de demonstrarem um aumento na captagdo de glucose mediada pela insulina em
adipécitos (YANG et al, 2006). Outras possiveis fun¢des sdo: participagdo na formagdo e
fertilizagdo dos ovos, envolvimento nos processos de adesdo celular, estimulagdo da fagocitose,
atua¢do como receptores, além da inibicdo da polispermia. Com base na estrutura conservada do
sitio de ligagdo a carboidratos, lectinas de varios animais, desde ascidias ao homem, foram

reunidas nesta familia (CHANG et al,, 2004; VARKI, 2004).
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2.2.1.6. Pentraxinas

Em 1930, Tillet e Francis identificaram no soro de doentes com pneumonia, proteinas
com propriedade de precipitar a fragdo polissacaridica (fragdo C) do Streptococcus pneumoniae.
Esta propriedade desaparecia rapidamente ap6s a convalescenca dos doentes e ndo se encontrava
em individuos sdos. Quando se observou que essa agdo era decorrente de uma proteina, foi
denominada de Proteina C-Reativa (PCR). Sua alta afinidade para fosforilcolina, a principio,
ofuscou sua natureza lectinica. Todavia, esta natureza foi detectada quando se observou sua
habilidade de se ligar a galactanas e galactose fosfatada (UHLENBRUCK et al., 1981). O termo
pentraxinas foi aplicado & PCR e ao seu homologo, componente amiléide P sérico (SAP), como
também para molécula PTX3, encontrada em células vermelhas do sangue. Essa nomenclatura
remete ndo apenas & homologia encontrada em suas estruturas primarias, mas também as formas
quaternarias dessas proteinas, que possuem cinco subunidades polipeptidicas combinadas

formando um anel (Fig. 8).

Fig. I-8 Estrutura pentamérica do componente amiléide P sérico (SAP). (PDB: 1LGN)

A familia das pentraxinas é dividada em 2 grupos: as pentraxinas curtas (PCR e SAP) e
longas (PTX3 e pentraxinas neuronais) e possuem um importante papel na depuragdo do material
apoptotico e reconhecimento de patégenos (DE LA TORRE et al, 2010). A PCR e SAP sio
geradas no figado em resposta a estimulos da interleucina-6 (IL-6), enquanto que, PTX3 &

produzida em resposta IL-6 e outros sinais inflamatérios (BOTTAZZI et al., 2006). Essas
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proteinas sdo constituintes clssicos da fase aguda, que distribuem os neutrofilos nos tecidos
inflamados. Quando o pentimero da PCR se dissocia, suas subunidades sofrem um rearranjo
conformacional, resultando em um isémero com caracteristicas fisico-quimicas tnicas. Tal forma
modificada aumenta a localizacdo e a ativagdo dos neutréfilos encontrados no sitio inflamatério,
atuando em conjunto com a via classica do sistema complemento na depuracdo das células

apoptéticas (ESPARZA; DIAZ, 2002).

2.2.1.7. Tipo-L

As lectinas do tipo-L, ERGIC-53 e VIP-36, estdo envolvidas na sele¢do de proteinas nos
compartimentos celulares. Tanto a ERGIC-53 como a VIP-36 sdo proteinas transmembrana do
tipo I, voltadas para o limen (L). A ERGIC-53 ¢ encontrada nos compartimentos intermedidrios
entre o reticulo endoplasmatico (RE) e o complexo de Golgi e a VIP-36 encontrada em vesiculas
secretoras pds-Golgi, e possuem um unico dominio soluvel de lectina. Este padrdo também &
encontrado em abundéncia em lectinas de sementes de leguminosas (SHARON; LIS, 1990). As
lectinas tipo-L de plantas sdo proteinas soluveis que s@o secretadas, sendo encontradas em
elevados niveis em tecidos especializados. Essas diferencas refletem o fato de que, embora
semelhantes, devido o DRC tipo-L, essas proteinas desempenham funcdes distintas em plantas e
animais (fig. 9). Todavia, seus DRCs, aparentemente, mantiveram o mecanismo de ligagdo aos
carboidratos. Ou seja, alguns residuos-chave na formacdo tridimensional do DRC encontram-se
conservados em todas as lectinas do tipo-L de animais e plantas (DODD; DRICKAMER, 2001;
STOYLOFF; IVANOV, 2004).
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ERGIC-53

Fig. I-9 Comparacio estrutural da ConA e ERGIC-53

2.2.1.8. Calreticulina e Calnexina

A Calreticulina (CRT) e a Calnexina (CNX) sfo lectinas encontradas no RE com
afinidade para o oligossacarideo Glc; Mang (GIcNAc),. Ambas fazem parte da familia de
chaperonas do RE, envolvidas na sintese de novos peptideos. Nﬁo obstante, atuam no
armazenamento de Ca’* no RE, como também podem atuar fora do RE, como receptores de
exportacdo nuclear (HOLASKA et al, 2001). Suas agles como chaperonas dependem da
localizagdo dos glicanos N-ligados da cadeia polipeptidica nascente. A CNX, uma proteina
transmembrana do tipo I, interage com os glicanos compreendidos dentro dos primeiros 50
residuos aminoacidicos da sua por¢do N-terminal. J4 a CRT encontra-se soliivel no limen do RE,
interagindo com glicosilagdes distantes da regido N-terminal. Dessa maneira, essas proteinas
previnem o enovelamento prematuro da proteina entre residuos aminoacidicos adjacentes, bem
como retendo proteinas ndo enoveladas ou enoveladas incorretamente no RE (LODISH et al.,

2000; DRICKAMER, 2006).

2.2.1.9. Anexinas

As Anexinas compreendem uma familia de proteinas com a capacidade de se ligar ao
Ca*" e fosfolipidios (MONASTYRSKAYAA, et al.2007). Elas apresentam pesos moleculares
variando entre 30 a 40 kDa (exceto a anexina VI que possui 66 kDa). Mais de 50 membros ji

foram detectados em eucariotos (plantas e animais), tendo como exce¢do os fungos
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(MONASTYRSKAYAA et al., 2007). A regido N-terminal apresenta uma grande diversidade em

sua sequéncia e comprimento, variando entre 11 a 196 residuos. Contudo, a regifio C-terminal
apresenta elevada conservacgdo estrutural, constituida de quatro dominios em a-hélice com 70
residuos aminoacidicos com alto grau de conservagdo (exceto a anexina VI que possui oito
dominios). O sitio de ligagdo para o Ca** e os fosfolipidios encontra-se na regido C-terminal

(GERKE; MOSS, 2002).

A primeira evidéncia de atividade lectinica foi observada na anexina IV, que apresenta
um motivo de ligagdo para sialoglicoproteinas e glicosaminoglicanos (KOJIMA et al., 1996).
Depois foi demonstrado que a anexina V e VI, e algumas outras anexinas, exibiam atividades
lectinicas similares. Ensaios in vitro sugeriram que a anexina [V estaria envolvida na formacgéo de
vesiculas (secretoras) devido a sua interagdo com glicoproteinas e proteoglicanos ancorados.
Outra sugestdo é que essa familia de proteinas participaria como sensores dos niveis de Ca™*
intracelular. Sua interagdo com lipidios de membranas e a capacidade de modifica-las cofeririam
2+

as células um impressionante repertério de controle dos niveis flutuantes de Ca

(MONASTYRSKAYAA, et al.2007).

2.2.1.10. Tipo-H

Em 2006, Sanchez e colaboradores, quando realizavam estudos estruturais em uma lectina
de Helix pomatia, propuseram a criagdo de uma superfamilia de lectinas denominada lectinas do
tipo —H. baseado na homologia de estrutural entre varias lectinas (dentre elas as discoidinas)

como pode ser observado abaixo.

HPA
Q57583
CH-IIL
SLL-2a
SLL-2b
SLL-2¢
disco 1
disco 2

Fig. I-10 Alinhamento das sequéncias de: HPA= H. pomatia; CH-IIL=C. hortensis; SLL-2= S. lochmodes e
discoidinas de D. discoideum.

As Discoidinas foram isoladas do muco celular de Dictyostelium discoideum, e

apresentaram afinidade para oligossacarideos com residuos de galactose. Duas espécies de
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discoidinas: discoidina I ¢ II sdo potentes hemaglutininas com composi¢do aminoacidica similar,
e com subunidades de Mr variando entre 26-35,5 kDa e 24-27 kDa para a discoidina I e II,
respectivamente. Essas duas lectinas possuem homologia em estrutura tercidria; contudo, suas
afinidades para carboidratos sdo distintas. Embora sua func¢do fisioldgica ainda nio seja
totalmente esclarecida, hd indicagdes de sua participagdo nos processos de adesdo celular e

adesdo a substratos (BERGER; ARMANT, 1982; CURAT; VOGEL, 2002).
2.2.1.11. Tipo-F

Lectinas do tipo-F s@o proteinas fucose especificas que compartilham uma sequéncia
caracteristica. Os dominios do tipo-F s@o encontrados em proteinas de uma ampla variedade de
organismos, desde bactérias (transferéncia horizontal) aos vertebrados. Contudo, sua distribuicio
desigual entre grupos filogenéticos distintos, sugere que os genes do tipo-F t€m sido
seletivamente perdidos, mesmo entre linhagens estreitamente relacionadas, tornando dificil

rastrear a ascendéncia do dominio tipo-F (DRICKAMER, 2006).

Descacam-se nessa famila as fucolectinas. Este grupo de proteinas vem sendo muito
utilizadas como ferramentas em estudos hematologicos e glicobioldgicos devido sua
especificidade para fucose (KONAMI e al, 1991; BIANCHET et al,2002). Honda e
colaboradores (2000) determinaram a estrutura priméria de fucolectinas de enguia elétrica,
observando serem compostas de quatro subunidades. Isso indicou a auséncia de similaridade com
outras fucolectinas, sugerindo uma multiplicidade de dominios lectinicos para fucose entre os
membros dessa familia. A presenca dessas proteinas em varios animais indica sua participag¢do
nos processos de defesa contra a invas@o de parasitos (HONDA et al,, 2000; BIANCHET et
al.,2002).

2.2.1.12. Ficolinas

As Ficolinas formam um grupo de proteinas que apresentam dominios do tipo- coldgeno e
do tipo-fibrinogénio, com especificidade para N-Acetil-glicosamina, e sdo encontradas em

vertebrados e invertebrados (MATSUSHITA et al, 1996). O dominio tipo-fibrinogénio €

39



responséavel pela atividade lectinica. Em humanos sdo encontradas duas ficolinas sericas: L-
ficolina ¢ H-ficolina. A primeira € uma proteina multimérica, com subunidades de 35 kDa, com a
habilidade de se ligar a oligossacarideos da superficie de patdgenos, agindo como uma opsonina.
Podendo ainda, ligar-se a elastina ¢ a corticosterdides. A H-ficolina apresenta-se em forma
oligomérica, com subunidades de 34 kDa ligadas por pontes dissulfeto, e participa da ativagdo do
sistema complemento (MATSUSHITA et al., 2002).

2.2.1.13. Taclectinas

As Taclectinas foram identificadas por Kawabata e Iwanaga (1999) na hemolinfa do
artropode Tachypleus tridentatus. Cinco lectinas foram encontradas, recebendo o nome
supracitado e um numero sequencial para identifica-las. A taclectina-5, tnica com dominio do
tipo-fibrinogénio, apresenta forte atividade aglutinante de bactérias exibindo especificidade a
substancias possuidoras de grupamentos acetilados, incluindo ndo carboidratos. Em sua regido N-
terminal ha um pequeno segmento de cisteinas, e em sua regido C-terminal encontra-se o dominio
do tipo-fibrinogénio, que possui homologia de 51% com as ficolinas de mamiferos
(KAWABATA, 2000). Diferentemente das outras taclectinas encontradas no hemdcito, a
taclectina-5A e seu homologo taclectina-5B s3o encontradas no plasma do artrépode. Ambas
apresentam dependéncia de fons Ca®" e possuem uma forte atividade aglutinante de bactérias e
eritrocitos, agindo como um potente fator protéico de defesa, tanto no reconhecimento do

patdgeno, e também participando da coagulacdo (KAIRIES et al., 2001).

2.2.1.14. Tipo-M

As lectinas tipo-M s@o membros do grupo estrutural das proteinas da familia glicosil
hidrolase 47. Estas proteinas estdo intimamente relacionadas com as a-mannosidases do R.E. e
cis-Golgi e sua funcéo estd associada ao controle de qualidade e degradag@o de glicoproteinas N-
glicosiladas no R.E. As lectinas do tipo M s@o proteinas transmembrana tipo II, com uma cauda
citoplasmatica muito curta (em alguns casos ausentes). Em comum com os dominios de ligacéo
de outra familia glicosil hidrolase 47 proteinas, tais como mannosidase ER humanos, o DRC do
Tipo-M € uma estrutura de barril com duas hélices alfa e beta-folhas (MAST et al., 2005; HIRAO
et al., 2006, DRICKAMER, 2006).
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2.2.1.15. Tipo-R

As lectinas do tipo-R sdo membros de uma superfamilia de proteinas, que contém um
DRC que ¢ estruturalmente semelhante ao da ricina. A ricina foi a primeira lectina de planta
descoberta e ¢ a lectina prototipica desta categoria. As lectinas do tipo-R de plantas geralmente
contém uma subunidade distinta que apresenta toxidade (considerada a toxina mais potente de
origem vegetal) pela agdo da cadeia B que compde uma enzima N-glicosidade do RNA (OLNES;
PIHL, 1973 ;VARKI et al.,2009). O DRC do tipo-R ou ricina-like sdo os unicos dominios de
ligagdo de lectinas animais que também foram encontrados em bactérias (FUIIMOTO et al,
.2000). As proteinas da familia de receptores-manose de macréfagos (RMM) também possuem
DRCs do tipo-R. Estas proteinas transmembrana tipo I contém um dominio N-terminal tipo-R
que ¢ seguido por um dominio fibronectina tipo Il € 8 ou 10 dominios Tipo-C (fig.11). Esses
receptores estdo envolvidos na depuracdo de hormoénios glicoprotéicos (luteinizante e
tireotrofina) pela interacdo com seus glicanos, levando a uma répida retirada desses hormdnios da

circulacdo (DRICKAMER, 2006).
Super familia tipo-R

Citosol e Ext. celular

M Tipo-R '

c Tipo-C Lectinade

@49 Fibronectina c—-MN pactérias

(_____§ Hidrolase = Hidrolasesde
= oM () Hidrok
bactérias
S —
S-S

c—hd-M!N Ricina

Fig. I-11 Organizacio estrututal de lectinas do tipo-R (adaptado de VARKI, 2009).
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2.2.1.16. Lectinas F-box

Quando as proteinas sdo incorretamente enoveladas e perdem seus estados funcionais, sdo
degradadas pelo sistema de degradagdo associado ao R. E. (ERAD). Este sistema envolve a
transferéncia retrégrada de proteinas do RE para o citosol com uma subsequente degradagdo
mediada pela ubiquitina e proteassomo (ELLGAARD, 1999). A familia de proteinas F-box ¢ a
maior superfamilia de proteinas conhecidas, o nimero total de membros que vido desde
aproximadamente 20 em leveduras até centenas em eucariotos superiores (LANNOO et al., 2008)
Andlises bioquimica e estrutural demonstraram que dentro dessa superfamilia ha um subfamilia
com capacidade de reconhecer motivos glicidicos, as FBS (Sugar-biding F-Box proteins) . Essa
subfamilia reconhece especificamente N-glicanos presentes em glicoproteinas, desempenhando
um papel fundamental na homeostase de glicoproteina (MIZUSHIMA et al., 2004).
Recentemente, foi proposto o mecanismo de selecdo de glicoproteinas pelas lectinas F-box
demonstrando sua seletividade por proteinas com falhas no enovelamento (YOSHIDA;
TANAKA, 2010). A quitobiose, um N-glicano presente em glicoproteinas, ¢ protegida pelos
residuos dos aminoacidos adjacentes ao sitio de glicosilacdo nas proteinas com sua conformagéo
nativa. Dessa forma as FBS sofrem impedimento estérico, como pode ser observado na figura 12.
No caso da perda de sua estrutura nativa, ocorre uma exposic¢do favoravel do glicano permitindo

o reconhecimento pelas FBS.

: N

. B
RNaseBw E2 model
T 4 vy % G .
Fbst ZnZf f;;»; & bae Proteina Nativa
=TI YS J/4
{ GIcNAc2Man3 .
' GlcNAc2Ma : ‘4&
1 S Ry e
Proteina
desnaturada

Fig. I-12 Estrutura e mecanismo de selecdo das lectinas F-box (adaptado de YOSHIDA; TANAKA, 2010)
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2.2.1.17. Lectinas chitinase-like (Chilectins)

As lectinas chitinase-like sdo proteinas animais que fazem parte da familia das glicosil
hidrolases 18. Essa ¢ uma familia de proteinas soliveis, intracelulares ou secretadas, que
possuem a estrutura de barril-TIM (triose fosfato isomerase) (DRICKAMER, 2006). Apesar dos
mamiferos e outros vertebrados superiores ndo possuirem uma maquinaria bioquimica para
sintetizar a quitina, varios genes com atividade quitindsica sdo expressos. Alguns desses genes
expressam proteinas que perderam sua atividade catalitica por mutag¢des no sitio ativo, continuam
a apresentar a capacidade de se ligar & quitina e outros polisacarideos (MORROLL ef al., 2008).
As atividades bioldgicas desse grupo ainda ndo estdo bem esclarecidas, mas € proposto que essas
proteinas participem de varios processos biolégicos, como: indugdo de proliferagdo celular,
inibi¢do da apoptose, modulagdo do endotélio vascular umbilical, supressdo da sintese de A4c.

Hialurénico, dentre outras (JOHANSEN, 2006).

Atualmente, ainda ha muitas proteinas que reconhecem e se ligam aos carboidratos que
ndo se encontram agrupadas dentro das vérias familias de lectinas ja estabelecidas, por ndo
possuirem homologia em suas sequéncias, por exemplo: interleucinas, citocinas, dentre outras.
Futuros conhecimentos acerca de suas estruturas e propriedades bioquimicas, possivelmente,
levardo essas lectinas “Orfds” a se encaixarem em familias preestabelecidas, ou formardo novas

familias de lectinas (KILPATRICK, 2002; VARKI, 2004).

3. O filo Echinodermata e a classe Holothuroidea

O filo Echinodermata, atualmente, compreende cerca de 7.000 espécies, e 13.000 espécies em
registros fosseis. Este filo € distribuido em cinco classes: Crinoidea (lirios-do-mar), Asteroidea
(estrelas-do-mar e ofitros), Ophiuroidea (serpentes-do-mar), Echinoidea (ourigos-do-mar e
bolachas-da-praia) e Holothuroidea (pepinos-do-mar) (BRUSCA; BRUSCA, 2007). Este grupo
de animais pode ser brevemente definido como possuidor de um esqueleto de carbonato de
célcio, na forma de calcita, um sistema vascular Gnico que medeia a alimentagio, locomogio e
outras fun¢des e uma simetria radial, mais ou menos evidente em cinco partes. Das 7.000

especies dos Echinodermatas cerca de 1.400 pertencem a classe Holothuroidea (PAWSON,
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2007). As holotirias sio amplamente distribuidas nos oceanos e sdo encontradas desde a regido
entremarés até o fundo das planicies abissais, apresentando ampla variagdo morfologica, e ainda

s3o os equinodermos menos estudados. (KERR; KIM, 1999).

Por caracteristicas, as holotiirias possuem uma pele coridcea, um corpo muito alongado no
eixo oral / aboral, apresentando simetria bilateral, com musculatura circular e¢ cinco faixas
longitudinais e o esqueleto calcario se reduz a ossiculos microscépicos individuais (BARNES et
al, 1995). Eles sdo conhecidos como pepinos do mar e, frequentemente, utilizados na alimentagio
e medicina popular pelos asidticos no tratamento da artrite, lesdes de tenddes e articulagdes,

dores, inflamag¢des musculares e hipertensdo (LOVATELLI et al.,2004).

3.1. Lectinas de Holothurias

Dentre as poucas espécies de holoturias analisadas quanto a presenca de lectinas, sem
duvida, a espécie Cucumaria echinata ¢ a mais estudada. Os estudos sobre suas lectinas tiveram
mnicio em 1994 pelo grupo do prof. Hatakeyama. Nesse ano, foram purificadas 4 lectinas
dependentes de Ca*" (Tipo-C) a partir de uma coluna de afinidade & lactose (HATAKEYAMA et
al., 1994). As lectinas denomidas CEL-I, CEL-II, CEL-III e CEL-IV apresentaram afinidades a
carboidratos distintos e massas estimadas por SDS-PAGE em condi¢des redutoras de: 27, 35, 45
e 68 kDa, respectivamente. Sendo que, a CEL-III apresenta atividade hemolitica. Foi precogitado
pelos autores que a especificidade para diferentes acticares estaria associada ao reconhecimento
de diferentes ligantes in vivo e que a atividade hemolitica de CEL-III estaria dividida em 2
passos: o reconhecimento de galactosil-derivados na superficie da membrana seguido da
formac@o de poros ions permedveis. Assim, seguiram-se varias andlises ao longo de mais de duas
décadas, desde a elucidagdo da estrutura primaria & tridmensional, quando se tornou possivel
inferir os mecanismos envolvidos na ac@io dessa lectina. A CEL-III apresenta uma estrutura
primdria com homologia as lectinas do Tipo-R, adotando a estrutura tridimensional com 2
dominios p-trifoliares(1 e 2) e um dominio rico em folhas B, onde hd um regido hidrofébica que
contém duas hélices (NAKANO et al., 1999; . UCHIDA et al., 2004). Dados demonstrararam
que a regido hidrofébica do dominio 3 é responsével pela oligomerizagdo de 6 proteinas,

formando assim, um complexo formador de poro na membrana celular (UCHIDA et al., 2004) e,
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ainda, peptidios gerados a partir dessa regido apresentaram atividade antibacteriana

(HATAKEYAMA et al.,2004) como pode ser observado na figura 13.
(A) (B) Dominiol  Dominio 2

Fig. I-13 Modelos de oligomerizacio e formacio de poros da CEL-IIIL. (A) Modelo hipotético de 2 folhas f
antiparalelas, sob certas circunstiancias, assumem conformacio de a-hélices. As linhas sélidas refinem os
dominios H8 e H9, a linha pontilhada os peptideos com atividade antibacteriana. (B) modelo onde os dominios
HS8 ¢ H9 assumem a conformacio de barril B. (C) modelo onde os dominios H8 e H9 assumem conformacio de
a-hélices. (Adapatado de UCHIDA et al., 2004)

Por apresentar essas cacteristicas peculiares, CEL-III foi investigada, também, acerca de
sua ac@o sobre c€lulas leucémicas e seus efeitos no desenvolvimente de protozoarios causadores
da maldria em mosquitos vetores transgé€nicos, apresentando resultados promissores nos dois
casos (SALLAY et al, 2000; YOSHIDA et al, 2007). A outra lectina dessa espécie que foi
investigada contra células tumorais foi a CEL-I, que apresentou uma potente atividade tdéxica
contra varias linhagens, sendo mais eficaz que varias lectinas de vegetais como: WGA, PHA e

Con A (KURAMOTO et al., 2005).

Na espécie Stichopus japonicus, duas lectinas, SPL-I (400 kDa) e SPL-II (60 kDa),
dependentes de Ca®", foram purificadas (MATSUI et al., 1994). Estas proteinas estdo presentes,
na forma soltvel, no plasma do animal, e suas sequéncias N-terminais indicam pertencerem a
familia de lectinas do Tipo-C (MATSUI, et al.1994;). Ato continuo, foi sugerido pelos autores
que estas proteinas estavam envolvidas nos mecanismo de defesa deste animal. As lectinas

atuariam na formacdo de codgulos pela agregacio de celomdcitos por uma via independente dos
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dominios de ligagdo aos carboidratos. Nessa mesma espécie, Hatakeyama ¢ colaboradores (1993)
purificaram outras 2 lectinas, denominadas SJL-I (13kDa) e SJL-II (15 kDa). Como estas
proteinas foram extraidas na presenca de Triton X-100, hd uma forte indicagdo de que essas
proteinas estejam, em seu estado funcional, ancoradas as membranas. SJL-I possui sua estrutura

primdria resolvida, apresentando dominios de lectinas do Tipo-C (HIMESHIMA et al., 1994).

Em 2007 uma lectina foi isolada do liquido celomatico da espécie Apostichopus japonicus
(BULGAKOV et al,2007). Esta lectina, denominada MBL-AJ, apresentou afinidade para
manana e o motivo EPN (Glu-Pro-Asp) conservado em todas as lectinas do Tipo-C MBL. Em seu
estado nativo, essa lectina apresentou estados de oligomeriza¢io em dimeros e tetrdmeros com 34
e 68 kDa, respectivamente. Seu mondmero possui 159 AA (17 kDa) com uma identidade de

sequéncia de 65% e similaridade de 79% com a CEL-IV (BULGAKOV et al.,2007).

Na espécie Cucumaria japonicus uma lectina de 44 kDa foi isolada do liquido celomético
e apresentou caracteristicas semelhantes as apresentadas pela MBL-AJ, tais como: afinidade para
mananas, ndo inibi¢do por agucares simples, dependéncia de ions metdlicos e composi¢do

aminoacidica indicando pertencer a subfamilia das MBLs (BULGAKOV et al., 2000).

No liquido celomatico da espécie Holothuria scabra foi purificada uma lectina (HSL) que
teve sua expressdo induzida pelo desafio desses animais por cepas bacterianas. A lectina
apresentou um mondmero de 182 kDa por SDS-PAGE e 190 kDa por filtragdo em gel. Esta
proteina ndo apresentou dependéncia de ions metalicos e ndo teve sua atividade afetada pela
variagdo de pH na faixa de 2-11. Sua sequéncia primaria indicou homologia as lectinas da espécie
Cucumaria echinata e afinidade para o antigeno —T (GOWDA et al.,2008%). Esta lectina foi
capaz de inibir o crecimento da linhagem de adenocarcinoma de pulmio A549 na concentracio
de 20pg/ml (MOJICA; MERCA, 2010), e apresentou uma potente atividade antibiética de amplo
espectro contra cepas Gram-positivas e Gram-negativas em concentragdes de Spg/ml (GOWDA

et al.,2008)

Na espécie Holothuria atra uma lectina foi isolada com a capacidade de inibir o

crecimento da linhagem de adenocarcinoma de pulmio A549 na concentracdo de 50pg/ml
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(MOJICA; MERCA, 2010). Essa lectina demonstrou ser capaz de aglutinar eritrécitos de varios
animais, contudo, ndio foi possivel determinar a especificidade desta proteina. Esta lectina

apresentou sua massa estimada em 335 kDa, por filtragio em gel, dependéncia de Ca** e presenca

de glicosilagdes (MOJICA; MERCA, 2006).
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4. OBJETIVOS

4.1. Objetivo Geral:

Detectar, purificar e avaliar as propriedades bioldgicas de proteinas com atividade

lectinica presentes em extratos aquosos do Echinodermata Holothuria grisea.

4.2. Objetivos Especificos:

Desenvolver um protocolo de purificagdo da(s) lectina(s) presentes no extrato aquoso de
Holothuria grisea.

Caracterizar a(s) proteina(s) isolada(s) por técnicas bioquimicas. Estimando sua massa
molecular, dependéncia de ions metélicos, efeito do pH sobre sua atividade, estabilidade térmica

e especificidade por ligantes glicidicos.

Realizar ensaios bioldgicos, para avaliar a possivel aplicagdo das lectinas como

ferramenta de modulacdo do processo inflamatério e toxicidade sobre células e organismo.
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Holothuria grisea AGGLUTININ (HGA): THE FIRST INVERTEBRATE LECTIN WITH
ANTI-INFLAMMATORY EFFECTS
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Holothuria grisea AGGLUTININ (HGA): THE FIRST INVERTEBRATE LECTIN WITH
ANTI-INFLAMMATORY EFFECTS

Abstract

A new lectin (HGA) was purified from the gutted body of the marine invertebrate Holothuria
grisea. HGA is a dimeric lectin of molecular mass 228 kDa by gel filtration with monomers of
105 kDa by SDS-PAGE. The lectin is highly thermostable retains full activity for 1 h at 70 °C.
Unlike other lectins purified from marine invertebrates, the hemagglutination activity of HGA
does not require any divalent metal ions. The affinity analysis of HGA showed that only mucin
was able to inhibit the haemagglutinating activity. HGA was tested in classical models of
nociception and inflammation. HGA was able to inhibit the neutrophils migration into the
peritoneal cavity induced by carrageenan by 68% at 1mg/kg. In acetic acid-induced writhing test
a significant antinociceptive effect was observed by treatment with HGA (0.1, 1 and 10mg/kg)
reducing constrictions in 27%, 90% and 84% respectively. In formaline test HGA showed
antinociceptive effect only in the inflammatory phase. Nevertheless, in hot-plate test HGA did
not show any nociceptive effect. In rota-rod and open-field tests HGA did not alter animal’s
behavior. The treatment with HGA 10 mg/Kg i.v presented diminished MPO activity (81.6%
inhibition) and raised the circulating levels of NO in 50.4% when compared with the group
control. HGA has demonstrated the ability to modulate the inflammatory response in models of
inflammation in vivo. HGA is the first marine invertebrate lectin that showed an anti-
inflammatory effect. This finding opens a new perspective on the potential of lectins from the

marine environment.

1. INTRODUCTION

Lectins are ubiquitous sugar-binding proteins, which possess at least a no-catalytic domain
with high specificity for carbohydrates motifs (1). The lectins present a wide range of activities,

such as: mitogenesis, toxicity in cells, cellular adhesion, interactions cell-cell, apoptosis,
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splincing of RNA, tumor metastasis, agglutination of cells, fungi and bacteria (2,3,4,5, 17). The
biological property of the lectins in the carbohydrates recognition turns these proteins powerful
tools in processes of isolation and characterization of oligosaccharides. It is being fundamental
for investigation about alterations and changes in the structure of glycans in the cellular surface
of malignant cells, as well as immunological studies (6). A considerable number of marine
invertebrate lectins were already purified and characterized and a considerable attention is
focalized in its biological recognition role (7, 8, 9, 10, 25). Currently, there are strong indications
that lectin presence in marine invertebrate are involved, mainly, in the innate defense processes
against microbial agents by complement system activation. Then, they come as ancestral
molecules that shown high conservation degree during the evolution to superior vertebrates
(11,12,13,14). Nevertheless, when appraised about the modulation of the non-self immune
system they present, commonly, pro-inflammatory activities and toxicity in cells and organisms
(15,16,17,18).

Holothurians are sea animal belonging to Echinodermata phylum with a leathery skin and
an elongated body a lot extended in the axis oral/aboral and presenting bilateral symmetry. They
are commonly known as sea cucumber and frequently used in the popular medicine by the Asians
in the treatment of the arthritis, tendons and articulations lesions, pains, muscular inflammations
and hypertension treatment. Those animals are distributed thoroughly in the oceans and possess
1500 species worldwide. They are found from the zone intertidal to the bottoms of abyssal plain
of the world (19). In detriment of the great diversity of species inside of the class Holothuroidae,
few lectins were isolated and characterized. About lectins biological properties investigated in
this class were presented: antibiotic activity and recognition of the antigen T (20), toxicity in
leukemia cells (18), induction of TNF-alpha and G-CSF(16), hemolytic activity for pores
formation in membranes (21).

In this work, we present the first lectin of marine invertebrate purified from Holothuria
grisea that exhibits anti-inflammatory activity. The study about invertebrate’s lectin have been
intensified because they can be powerful tools in the study of inflammatory modulation,

antinociceptive, antitumor effects and in diagnose of the malignant cells (17, 22, 23, 24).
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2. Material and methods

2.1. Material
Human erythrocytes type A, B and O were donated by the Blood Bank, HEMOCE, Fortaleza CE.

Papain, trypsin, Carraggenan and inhibitory sugars (Sigma). Acetic acid (Grupo Quimica Brasil)
Diazepam (Roche), Formol (Merck), Hematoxilin (Reagen), Heparin (Cristalia), Saline solution

(Pharmace), Turk’s solution (Isofar), morphine sulfate (Cristélia).

2.2. Animals
Adult specimens of Holothuria grisea were collected at the littoral of St. Rita beach, RN, Brazil,

and Bitupita, CE, Brazil. Specimens were collected and washed in marine water and transported

in clear marine water to the laboratory where had gutted body and stored at -20°C.

Adult male Wistar rats (160-220g) and Swiss mice (25-30g) were obtained from the Central
Animal House of the Federal University of Ceara and housed at 25+°C under a 12/12h light/dark
cycle, and food and water ad libitum. Experiments were performed according the Guide for the
Care and Use of Laboratory Animals of the U.S. Department of Health and Human Services
(NIH publication no. 85-23, revised 1985) and approved by the Institutional Animal Care and
Use Committee of the Federal University of Ceara (UFC), Fortaleza, Brazil.

2.3. Hemagglutinating assay
The activity was assayed in microtiter V plates (Nunc Brand products, Denmark) according

Debray at al., 1981(26). The blood cells were used native or treated with papain or trypsin
according Benevides et al,1998 (27). One haemagglutinating unit (HU) was defined as the
amount of lectin able to agglutinate and hence precipitate the erythrocytes in suspension after 30
min. To each well was added 25 pL of the twofold serially diluted lectin solutions and 25 pL of
treated and untreated human erythrocytes (2% v/v suspension) and allowed to incubate for 30
min at room temperature. The degree of haemagglutinating activity was examined. The controls

were set up with saline and erythrocytes and 1 mg/mL of ConBr solution and erythrocytes.
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2.4, Purification of Hotothuria grisea agglutinin ( HGA)
Specimens were cut into small pieces using sharp scissors. The pieces were washed in distilled

water and lyophilized. The pieces were reduced in mortal and pestle and extracted (1:2, w/v) with
0.05 M Tris—HCI buffer pH 7.6, for 2 h at room temperature. After centrifugation for 30 min at
8,000 x g at 4 °C, the supernatant (crude extract) was precipitated with acetone at 0.5 vol, 1.0 vol
and 2.0 vol. These fractions (F1, F2 and F3) were then freeze-dried and submitted to assays. The
F2 fraction showed a higher level of hemagglutinating activity to human papain treated
erythrocytes type A. This fraction was applied to TSKgel G3000SWXL (1.28 x 30 cm)
chromatography, equilibrated with 50 mM Tris—HCI, 150mM NaCl buffer, pH 7.6. The active
fraction was applied to HITRAP DEAE FF chromatography equilibrated with 50 mM Tris—HCI,
buffer, pH 7.6. The retained proteins were eluted by the same buffer in a linear NaCl gradient 0-
IM. Protein content of all fractions were measured as described by Bradford 1976 (29) and

chromatography was monitored at 280 nm.

2.5. Carbohydrate specificity
All mhibitors tested were dissolved in 150 mM NaCl at an initial concentration of 200 mM for

monosaccharides (D-galactose, D-glucose, D-mannose, D-fucose, D-arabinose, D-N-acetyl-
glucosamine and D-galactoneuraminic acid), disaccharides (lactulose, sucrose and lactose) and
Smg/ml glycoprotein (Mucin). An equal volume of the lectin solution was added to 25 pL of the
twofold serially diluted inhibitor solutions and the plate was incubated for 1 h at room
temperature. Twenty-five microliters of human erythrocytes (2% v/v suspension) was added to
each well and allowed to incubate for 30 min at room temperature. Results were expressed as the
minimal sugar or glycoprotein concentration required haemagglutinating inhibit doses of the

lectin.

2.6. Effects of metal ions, temperature and pH on haemagglutinating activity
The effect of pH on the lectin activity was studied by hemagglutinating assay of the lectin after

dialysis against buffers of different pH ranging from pH 2.5 to pH 10.5 for 3 h. 50 mM glycine—
HCI buffer (pH 2.5), 50 mM, acetate buffer (pH 4.5), 50 mM phosphate buffer (pH 6.5), 50 mM
Tris—HCI buffer (pH 8.5), and 50 mM glycine—NaOH buffer (pH 10.5) were used. The effect of
divalent metal ions on the hemagglutinating activity of the lectin was assessed as follows. The
lectin was dialyzed exhaustively against 50 mM EDTA followed by dialysis against 50 mM Tris—
HCI buffer, pH 7,6. The hemagglutinating activity was tested in the presence and in the absence
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of 100 mM Ca*, Mg2+ and Mn?". To study the effects of temperature on haemagglutinating
activity, lectin (0.1 mg/mL) was serially diluted, incubated at 4, 10, 20, 30, 40, 50, 60, 70, 80, 90

and 100 °C for 1h at each temperature and assayed after the hemagglutinating activity.

2.7. Molecular mass estimation
SDS polyacrylamide (12%) gel electrophoresis (SDS-PAGE) in the absence and presence of B-

mercaptoethanol (0.1 M) was conducted as described by Laemmli, 1970 (28), to estimate the
molecular mass of lectin and its sub-units by comparing of mobility of bands with protein
molecular weight markers (kDa): ConBr Alpha chain (25), ConBr Beta chain (14), ConBr Gama
chain (12). Proteins were detected by staining with 0.1% Coomassie brilliant blue R-250. Also,
the molecular mass of HGA was estimated by TSKgel G3000SWXL (1.28 x 30 cm) gel filtration
column calibrated with protein markers (kDa): Conalbumin (Mr 74), Ovoalbumin (Mr 43),
Carbonic anhydrase (Mr 29) Ribonuclease (Mr 13,5) and Aprotinin (Mr 6.5).

2.8. Acetic acid-induced writhing test
The experiment was performed according to Koster et al 1959 (30), with some modifications.

The animals were treated with a HGA 0.1 and 10 mg/kg (i.v), 15 minutes before administration
intraperitoneally (i.p) of 0.6% acetic acid 10 ml/kg. 10 minutes after administration of acid,

counted the number of contortions for 20 min.

2.9. Formalin test
Run according to Hunskaar et al. 1987, animals were treated with HGA 1 and 10 mg/Kg, 15

minutes before receiving 20 pL of formalin 1.5% s.c. (v/v in distilled water) in right hind paw.
Soon after administration of formalin it was counted licking time by 5 min and after 15 min,

observed by another 5 min.

2.10. Hot-plate test
The animals were placed on a plate heated to 50 °C; and measured the time they remains on the
board until proof of stereotyped behavior in reaction to pain (licking or jump). It was measured
the basal time and, the animals that did not respond until 20 s were eliminated from the test. Soon
after was done treatment with morphine, or HGA in doses of 1 and 10 mg/kg, the reaction times

were recorded in time intervals of 30 min (32).
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2.11. Rota —Rod test
In an attempt to demonstrate some possible muscle relaxing or sedative effect, ran the Rota-Rod

test, which consists of a bar 2.5 cm in diameter rotating at 4 rpm (33). The animals were trained
with 1 day in advance and those that remained less than 2 min in the bar were excluded from the
test. The animals were treated with salina, HGA (1 mg/Kg i.v.) and Diazepam (5 mg/Kg i.p.) 30

minutes before the experiment.

2.12. Open Field test
30 minutes after treatment with salina, HCA (1 mg/Kg i.v.) and Diazepam (5 mg/Kg i.p.). The

animals were placed wandering freely in an open field (30 x 30 x 15cm) divided in 9 squares of
equal area, during 1 min for ambiance. Then, during the following 4 min they were observed by

the number of crossings from one marked area in the field to another (34).

2.13. Determination of myeloperoxidase activity
Mice were treated with HGA 10mg/Kg or saline, 30 min later they received 300pg/paw of

carrageenan in right hind paw, 4 h later they were killed and a sample of tissue (50 mg) has been
removed, weighed and homogenated in 1ml of hexadecyltrimethylammonium bromide (HTAB)
buffer containing 5 g HTAB in 1 L potassium phosphate buffer 50 mM, pH 6.0. (Bradley et al,
1982) using a Polytron homogenizer (two cycles of 30 s at maximum speed). After centrifugation
at 10,000 r.p.m. for 2 min, supernatant fractions were assayed for MPO activity, as an index of
cellular migration, using the method described by Bradley et al (1982) (35). To prepare the
solution for analysis, 10 pl of supernatant were mixed with 200 pl of 50 mM phosphate buffer,
pH 6.0, containing 0.167 mg/ml O-dianisidine dihydrochloride and 0.0005% hydrogen peroxide.
MPO activity was measured by the absorbance of the solution at 450 nm (Spectra max), taking
three readings at 1 min intervals. Calculation of units of MPO was realized considering that 1U
MPO=1 mmol H;O; split and 1 mmol H,0, gives a change in absorbance of 1.13 x 10-2 (change

in absorbance=nm x min™).

2.14. NO-assay
Mice were treated with HGA 10 mg/kg or saline and killed 4h after intraplantar carrageenan

administration. Blood were collected in eppendorfs containing 300ul of EDTA, centrifuged at
10,000 rpm for 10 min at 10 °C and the supernatant separated and were used for NOx (nitrite plus

nitrate) quantification. Supernatants and a standard curve of sodium nitrate were incubated in a
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microplate with nitrate redutase (0.016 U x well-1) for 12 h to convert NO3 to NO,. After
centrifugation at 14,000 r.p.m. for 15 min, total nitrite (NOX) content was determined using the
Griess method (Green et al. 1982) (36). NOx content was calculated by using the internal

standard curve.

2.15. Neutrophil migration to peritoneal cavity induced by indirect chemotactic agent
(Carrageenan-Cg).

HGA (0.1 and 1 mg/kg) was administered 30 min before injection intraperitoneal (ip) of the
inflammatory stimulus (carrageenan - 500ug /cavity). The control group received positive and
negative, respectively, carrageenan and saline. Mice were sacrificed 4 h
after carrageenan injection and the peritoneal cavity was washed with 10 mL 5 UI/mL of saline
containing heparin. The peritoneal fluid was collected and leucocytes were counts, total and
differential, according to Souza and Ferreira 1985. Results were expressed as mean + E.P.M. the

number of cells x 10°/mL peritoneal fluid.

3. Results

3.1. HGA purification

Crude soluble protein extract obtained from sea cucumber was initially precipitated at 0.5, 1.0
and 2.0 vol with acetone and three protein fractions were obtained (F1, F2 and F3), respectively.
The F2 protein fraction showed strong hemagglutining activity to papain treated type A
erythrocytes, while the other fractions exhibited low activity (F1) and hemolysis (F3). The F2
was then applied to TSKgel G3000SWXL column (0.15 m x 30 cm) gel filtration
chromatography (Fig.1) and the peaks were submitted to haemagglutining test. The active
fraction (P1 TSK) was collected and applied to HITRAP DEAE FF chromatography. The
adsorbed peak (P2 DEAE) showed hemagglutinating activity (Fig. 2). This process resulted in a
purification of 7.5 fold with a 37.5 % recovery (table 1). The hemagglutinating activity of the

C.E. cannot be determined by the presence of hemolysis.
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Table II-1 Purification processes of HGA lectin

Purification  Total Titer H.U./mg Total Purification ~ Recovery%
fractions protein activity
(mg)
ER 5L 2712 Nd Nd Nd Nd Nd
F2 38.4 512 853.33 32,768 1.0 100
P1 TSK 6.6 512 2,031.74 13,312 24 40.63
P2 DEAE 1.9 1,024 6,400 12,288 1.5 37.5
3
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Fig. II-1 Holothuria grisea F2 elution profile on TSKGel G3000SWXL (abs 280nm).
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Fig. II-2 HITRAP DEAE FF profile Lectin-active fraction 1 from TSKGel G3000SWXL column was applied
to column yielding lectin-active fraction 2 (abs 280nm). Dotted line denotes the linear gradient (0-1M) of
NaCl.

3.2. Lectin specificity

As shown in table 2, the effects of mono- , oligosaccharides and glicoprotein on HGA
hemagglutinantion activity were examined. Haemagglutinating activity of HGA towards

papain treated type A erythrocytes was only inhibited by Mucin.



Table I1-2 Inhibition of hemagglutinating activity of HGA

Inhibitor compounds MIC
Glucose NI
Mannose NI
Galactose NI
Fucose NI
N-Acetyl Glucosamine NI
Galactoneuraminic acid NI
Arabinose NI
Lactulose NI
Lactose NI
Sucrose NI
Mucin 0,65
Fucoidan NI
Carrageenan NI

MIC, minimum inhibitory concentration; NI, sugar not inhibitory until a concentration of 200

mM.

3.3. Physical and chemical analysis of the HGA

The lectin purification procedure from sea cucumber Holothuria grisea was observed by SDS-
PAGE (Fig.3). Electrophoretic analysis of HGA in the absence of a reducing agent (jB-
mercaptoethanol), showed one protein band with molecular mass of approximately 105,7 kDa.
The relative molecular mass of the native lectin was estimated at 228 kDa by gel filtration on a
calibrated TSKGel G3000SWXL column (Fig. 4) The study of the temperature effect on HGA
showed that the lectin was stable at 70°C and had abolished its activity at 100°C (Fig. 5). The

hemagglutining activity of HGA was not metal ion dependent.
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Fig. I1-3 SDS-PAGE Final steps of HGA purification. (M) Molecular Weight Markers (kDa): BSA (67)
ConBr Alpha chain (25), ConBr Beta chain (14), ConBr Gama chain( 12).Proteins were stained with
Coomassie blue. 1=P1 TSK, 2=PI DEAE, 3=PIIl DEAE
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Fig. 1I-4 Determination of molecular weight of HGA by gel filtration on TSKGel G3000SWXL
chromatography. Proteins were applied in the column equilibrated with 50 mM Tris—HCl 150mM NaCL
buffer, pH 7.0. The eluted protein fractions were monitored at 280 nm. Protein molecular weight standards
were: Conalbumin (74 kDa), Ovoalbumin (43 kDa), Carbonic anhydrase (29 kDa) Ribonuclease (13,5 kDa)
and Aprotinin (6.5 kDa). phase distribution coefficient (Kav)
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Fig. I1-5 The temperature effects on the hemagglutination activity of HGA.

3.4. Neutrophil migration in rats induced by intraperitoneal injection of carrageenan.

In vivo neutrophil migration induced by carrageenan (Cg, 500pg/cavity) was severely

inhibited by dose at 1mg/kg of lectin HGA (68%) (Fig.6).
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Fig. I1-6 Inhibition of neutrophil migration by HGA. Rats were given 0.1 ml (i.v.) of lectin 30 min before
carrageenan as inflammatory stimuli. Neutrophil migration was evaluated after 4 h. Values are shown as
mean £+ SEM (n = 5). *P<0.05 compared to saline, #P<0.05 compared to carrageenan (ANOVA followed by
Bonferroni’s post test).
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3.5. Acetic acid-induced writhing test

Treatment with HGA i.v. 30 min before the intraperitoneal injection of acetic acid showed
significant antinociceptive effect inhibiting the number of abdominal writhing episodes evoked
by the stimulus (Table 1). HGA (0.1. 1 e 10 mg/kg) reduced the number of constrictions by 27%,
90% e 84%, respectively, when compared with control group who received saline. The positive
control, treated with the reference drug morphine (5 mg/kg, s.c.), also manifested strong

analgesic effect (by about 99%).

Table II-3 Effects of HGA on Acetic acid-induced writhing test

Experiemental Groups Number of abdominal % Inhibition
constrictions (20 MIN)
Saline 37+238
Morphine 0.149.12% 99.7
HGA 0.1 21 E£33% 27.0
HGA 1 3. 7147 90.0
HGA 10 43+201* 88.4

Values are reported as mean = S.E.M.; * indicate significant differences from acetic acid (0.6%; i.p.)

(P<0.05). ANOVA followed by Student Neuman-Keuls.

3.6. Formaline test

The i.v. treatment with HGA (1 and 10 mg/kg), 30 min before formaline, showed a significant
antinociceptive effect, reducing the licking time only in the inflammatory phase (second) of the
test. The percentual reductions were 69% compared with the control group. As expected,
morphine significantly reduced the formalin response in both phases, by 60% and 98%,
respectively (Table 4).

T



Table I1-4 Effects of HGA on Formaline test

Paw Licking (s)
Treatment Neurogenic Phase Inflammatory Phase
First Phase Inhibition (%) Second Phase Inhibition (%)
saline 60.2+3.5 46.3+5.6
Morphine 24.0+14* 60.1 0.85+0.5* 98.2
HGA 1 449+33 254 46.4+9.2 -0.2
HGA 10 51.8+4.7 14.0 14.4 + 8.6* 68.9

Values are reported as mean =+ S.E.M. * indicates significant differences from formalin (1.2%; s.c.) (P<0.05).

ANOVA followed by Student-Neuman-Keuls.

3.7. Hot-plate test

The treatment with HGA (1 and 10 mg/kg i.v.) did not show any antinociceptive effect. The
administration of the reference drug morphine at 5 mg/kg showed antinociception (Table 5), with
a delay in the reaction time of 41+ and 36.8+ s compared to controls (16.3+2.3 and 13.6+2.5s) at

the 30- and 60-min time points, respectively.

Table II-5 Effects of HGA on Hot-plate test

Reaction Time (s)
Treatment

Basal 30 min 60 min 90 min 120 min
Saline 177 16.3 13.6 10.8 12.1
Morphine 13.6 41 36.8 27,1 13.5
HGA 1 15.1 18.75 13.9 16.2 15.7
HGA 10 16.1 12.9 15.4 9.6 13.5

Values are reported as mean + S.E.M.; * indicates significant differences from saline group (P<0.05).two way

ANOVA followed by Bonferroni post-test.
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3.8. Rota-rod and open-field tests

Treatment of animals with HGA (1 and 10 mg/kg) did not alter the number of crossings, rearing,
or immobility in the open-field test compared to controls (Fig. 7). Similarly, the lectin, at any
dose tested, did not alter the behavior responses in the rota-rod test compared to control group

(Fig.8). Diazepan (5 mg/kg) treatment decreased the responses evaluated in both tests.
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Fig.11-7 Effects of HGA on Open-Field test. Values are reported as mean + S.E.M.; * indicates significant
differences from saline group (P<0.05).two way ANOVA followed by Bonferroni post-test.
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Fig. II-8 Effects of HGA on Rota-rod test. Values are reported as mean + S.E.M.; * indicates significant
differences from saline group (P<0.05).two way ANOVA followed by Bonferroni post-test.
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3.9. NO determination

HGA 10 mg/Kg intravenously administrated 30 min before carrageenan raised the circulating
levels of NO in 50,4% when compared with the group which received only the phlogistic agent
(carrageenan). This result means an increased production of NO, once we can infer the assayed

NO; and NOjs are its direct metabolites.
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Fig. I1-9 The serum level of nitric oxide (NO3/NO2) measured on animals after intravenous injection of lectin
HGA. Values are reported as mean = S.E.M.; * indicates significant differences from salin group amn #

indicates significant diference from carragenin group (P<0.05). two way ANOVA followed by Bonferroni
post-test.

3.10. MPO activity

The animals treated with HGA 10 mg/Kg i.v presented diminished MPO activity (81,6%
inhibition) when compared with the group who received intraplantar administration of

carrageenan. It means that HGA inhibited the migration of neutrophils to the inflamation site.
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Fig. I1I-10 Myeloperoxidase activity measured in paw edema tissue. Values are reported as mean + S.E.M.; *
indicates significant differences from salin group an # indicates significant diference from carragenin group
(P<0.05).two way ANOVA followed by Bonferroni post-test.

4. Discussion

Lectins have been isolated from various marine invertebrate and a large attention is given
regarding their application as tools in biotechnology. In the invertebrates lectins make an
important contribution to innate immune protection and work along with epithelial barriers,
cellular defenses such as phagocytosis, and pattern-recognition receptors that trigger pro-
inflammatory signaling cascades (37). In this work, we had purified a novel lectin from gutted
body of Holothuria grisea. This lectin (HGA) demonstrated the ability to agglutinate human
erythrocytes with preference for type A treated with papain. The lectin is present in native form
composed of two subunits not covalently linked with molecular mass of 228 kDa, its monomer
containing 105 kDa and was visualized by SDS-PAGE. Marine lectins are generally identified by
their metal ion requirement for hemagglutination activity. However, HGA didn't present the
metal ion dependence, similar HSL (38). Its inhibition of mucin coupled with the absent
inhibition by monosaccharides suggests an affinity for n-glycans motifs as HSL and Holothuria
atra lectin (38-39). However, while there was no inhibition by lactose and lactulose, columns of
lactose and guar gum affinity ligand demonstrated that adsorb the lectin. Further analysis will be
conducted aim to characterize in detail the profile of affinity of the HGA. The formalin test is
widely used for elucidation of mechanisms of pain and analgesia (40). In this test occurs two

distinct phases of nociception. Neurogenic phase (initial phase) is characterized by direct
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chemical stimulation of nociceptors, mainly the C fibers. Whereas the late phase, called
inflammatory is related to a combination of inflammatory reaction in tissue peripheral and
functional changes in dorsal horn of the spinal cord. (40). In the second phase occurs the release
of various inflammatory mediators such as excitatory amino acids, neuropeptides, PGE2,
cytokines and nitric oxide (41-43). Only the HGA dose of 10 mg/kg significantly inhibited the
second phase when compared to saline group, suggesting an effect antinociceptive only related to
inflammatory pain. The morphine group showed significant activity in both phases when
compared with the saline group. This result confirms the activity of opiates in both phases as
shown in previous studies (44,45) The hot plate test involves a specific central response, in which
involves spinal and supraspinal pathways (46). The morphine group caused a significant increase
in time when the animals on heated plate were compared to saline group. Since the HGA (1 and
10 mg / kg) did not show significant activity when compared to morphine group. This result
suggests that the lectin does not show a central antinociceptive effect, confirming what was
observed in the formalin test. Later, Rota Rod and open- field test were performed in order to
study a possible activity of HGA on the locomotor and motor system, respectively. The results
showed that there were no significant changes when compared to diazepam (central nervous
system depressor). These data suggest that the HGA lectin does not interfere in the reaction of the
animal through chemical stimuli (acetic acid 0.6% and 1% formalin) and thermal (hot plate).
MPO is a peroxidase abundantly expressed in neutrophils. MPO activity in the tissue is a direct
marker of the infiltration of these cells. The animals treated with HGA 10 mg/mL showed less
infiltration then the non-treated. Thus, animals which were injected with carrageenan, a known
inflammatory agent that causes edema and neutrophil infiltration, showed high activity of MPO
in homogenates analyzed, but when treated with HGA 10 mg/mL 30min before, this activity was
significantly lower. Thus treatment with HGA showed an inhibitory effect on the migration of
these cells to the inflammatory focus. Confirming the experimental peritonitis results. This effect
can also explain the antinociceptive action of HGA, as was shown the preponderant role of
neutrophils in the installation of inflammatory pain. This impairment of migration may be related
to increased production of nitric oxide, since it has been shown that the increased circulating NO
inhibits neutrophil migration (40). Animals that were treated with HGA had a significant increase

in circulating levels of NO when compared to carrageenan.

17



5. References

. Peumans and Van Damme, 1995 W. J. Peumans, E.J.M. Van Damme, EJM., Lectins as
plant defense protems Plant Physiol. 109 (1995), pp. 347-352.
2. Pace and Baum, 7 K. E. Pace, L. G. Baum, Induction of T Lymphocyte Apoptosis: A
Novel Function for Galectin-1 Trends in Glycoscience and Glycotechnology. 9 (1997), p.21-
29,

1997 S. Akahani, H. Inohara, P.E. Nangia-Makker, A. Raz Galectin-3 in

Tumor Metastasis Trends in Glycoscience and Glycotechnology. 9 (1997), pp.69-77.
i 7. Sales, I.R. Gerhardt, M.F. Grossi-de-Sa, and J. Xavier-Filho Do

legume storage proteins play a role in defending seeds against bruchids? Plant

Physiology.124 (2000) pp. 515-522.
S, Danguver ol 2002 AL Danguy, 1. E. Camby, R. Kiss Galectins and cancer. Biochimica et

Blophyswa Acta, 1572 (2002), pp. 285-293.
5. Turner, 2005 MUW.Tumner The role of mannose-binding lectin. Health and Disease

Molecular Immunology, 40 (2003), pp. 423-429.
7. Boosorseve ¢ o/ 1958 N. Belogortseva, V. Molchanova, V. Glazunov, E. Evtushenko,

Vi 637 s

P. Luk'yanov, N-Acetyl-D-glucosamine-specific lectin from the ascidian Didemnum

ternatanum. Biochim Biophys Acta. 1380 (1998),pp. 249-56.

¥ Mouvre ef o/, 2006 R.M. Moura, A.F. Queiroz, J.M. Fook, A.S. Dias, N.K. Monteiro,
J.K. Ribeiro, G.E. Moura, L.L. Macedo, E.A. Santos, M.P. Sales CvL, a lectin from the
marine sponge Cliona varians: Isolation, characterization and its effects on pathogenic
bacteria and Leishmania promastigotes. Comp Biochem Physiol A Mol Integr Physiol. 145
(2006),pp. 517-23.

2. Alpuche er 4l + J. Alpuche, A. Pereyra, G. Mendoza-Hernandez, C. Agundis, C.
Rosas, E. Zenteno Purification and partial characterization of an agglutinin from Octopus
maya serum. Comp Biochem Physiol B Biochem Mol Biol. 156 (2010), pp.1-5.

100 Bulzakov ef ol 2000 ALA. Bulgakov, E.L. Nazarenko, 1.Y. Petrova, M.G. Eliseikina,
N.M. Vakhrusheva, V.A. Zubkov Isolation and properties of a mannan-binding lectin from
the coelomic fluid of the holothurian Cucumaria japonica. Biochemistry (Mosc). 65 (2000),

pp. 933-939.

78



sekeverna of o, 2004 T. Hatakeyama, T. Suenaga, S. Eto, T. Niidome, H. Aoyagi
Antibacterial activity of peptides derived from the C-terminal region of a hemolytic lectin,
CEL-III, from the marine invertebrate Cucumaria echinata. J Biochem. 135(2004), pp. 65-70.
V2. Wang et of, 2009 X.W. Wang, W.T. Xu, X.W. Zhang, X.F. Zhao, X.Q. Yu, J.X.A. Wang

C-type lectin is involved in the innate immune response of Chinese white shrimp. Fish

Shellfish Immunol. 27 (2009), pp. 556-62.
DL Sciosctter af, 2010 MLO. Skjoedt, Y. Palarasah, K. Rasmussen, L. Vitved, J. Salomonsen,
A. Kliem, S. Hansen, C. Koch, K. Skjodt Two mannose-binding lectin homologues and an
MBL-associated serine protease are expressed in the gut epithelia of the urochordate species
Ciona intestinalis. Dev Comp Immunol. 34 (2010), pp. 59-68.

14, Sexine ef 4, 2007 H. Sekine, A. Kenjo, K. Azumi, G. Ohi, M.Takahashi, R. Kasukawa,
N. Ichikawa, M. Nakata, T. Mizuochi, M. Matsushita, Y. Endo and T. Fujita. An Ancient
Lectin-Dependent Complement System in an Ascidian: Novel Lectin Isolated from the
Plasma of the Solitary Ascidian, Halocynthia roretzi. The Journal of Immunology, 167
(2001), pp. 4504-4510.

voz ¢f af., 2008 AF. Queiroz, R.M. Moura, J K. Ribeiro, I.L. Lyra, D.C. Cunha, E.A.

\1 .)f; SRR TIES

f,.s?;
.

Santos, M.P. de-Sales Pro-inflammatory effect in mice of CvL, a lectin from the marine
sponge Cliona varians. Comp Biochem Physiol C Toxicol Pharmacol. 147 (2008), pp. 216-

1,
mishi ¢z ¢/, 2007 T. Yamanishi, Y. Yamamoto, T. Hatakeyama, K. Yamaguchi, T.

Oda CEL-l, an invertebrate N-acetylgalactosamine-specific C-type lectin, induces TNF-
alpha and G-CSF production by mouse macrophage cell line RAW264.7 cells. J Biochem.
142 (2007), pp. 587-95.

17, Queiroz er of.. 2009 ALF. Queiroz, R.A. Silva, RM. Moura, J.L. Dreyfuss, E.J. Paredes-
Gamero, A.C. Souza, LL. Tersariol, E.A. Santos, H.B. Nader, G.Z. Justo, M.P. de
Sales.Growth inhibitory activity of a novel lectin from Cliona varians against K562 human
erythroleukemia cells.Cancer Chemother Pharmacol. 63 (2009),pp.1023-33

18, Sallay er o, 2000 L Sallay, S. Moriwaki, O. Nakamura, S. Yasuda, M. Kimura, N.
Yamasaki, K. Itoh, H. Ohba. Interaction of the hemolytic lectin, CEL-III, with cultured
human leukemic cell lines. J Hematother Stem Cell Res. 9 (2000), pp. 877-83.

79



80

sf s GOSN

17, DATRes 21 g4, 1990

Invertebrates: A New Synthesis. (1995), pp. 186-188.
. 2008 N.M. Gowda, U. Goswami, M.I. Khan T-antigen binding lectin with

R. S. K. Bames, P. Calow,; P. J. W. Olive, D. W. Golding, The

oY e
AR

P PR 2 d g
L LOWag, &1 44

antibacterial activity from marine invertebrate, sea cucumber (Holothuria scabra): possible

involvement in differential recognition of bacteria. J Invertebr Pathol. 99 (2008), pp.141-5.
1399 H. Kouriki-Nagatomo, T. Hatakeyama, M. Jelokhani-

o B oot M by B sad 1D
45, OIS agatome er ., v

Niaraki, M. Kondo, T. Ehara, N. Yamasaki Molecular mechanism for pore-formation in lipid

membranes by the hemolytic lectin CEL-III from marine invertebrate Cucumaria

echinata.Biosci Biotechnol Biochem. 63 (1999), pp.1279-84.
Zz. Mooy ef ai., 1995 R. Mody, S. Joshi, W. Chaney Use of lectins as diagnostic and

therapeutic tools for cancer. J. Pharmacol. Toxicol. Methods, 33 (1995), pp. 1-10.
2683 S. A. Brooks and D. Wilkinson Validation of a simple

Ity

o i R - TR [P RS W i
L3, YUK diis v LRINISON,

avidin-biotin detection method for Helix pomatia lectin (HPA) binding as a prognostic

marker in cancer. Acta Histochem. 105 (2003), pp. 205-212.
32 K.S. Aragdo, M. Satre, A. Imberty, A. Varrot Structure determination

of discoidin II from Dictyostelium discoideum and carbohydrate binding properties of the

lectin domain. Proteins, 73 (2008), pp. 43-52.
.. 2010 S. V. Mathieu et al., Discoidin I from Dictyostelium discoideum and

5. Mathicu. et a

Interactions with Oligosaccharides: Specificity, Affinity, Crystal Structures, and Comparison

with Discoidin II, J. Mol. Biol. (2010), doi:10.1016/j.jmb.2010.05.042

26. Debray er ¢l., 1581 H. Debray, D. Decout, G. Strecker, G. Spik, J. Montreuil Specificity
of twelve lectins towards glycopeptides  related to

Nglycosylproteins.Eur. J. Biochem. 117 (1981), pp. 41-55.

Denevides er wf, 1998 N.M.B. Benevides, M.L. Holanda, F.R. Melo, A.L.P. Freitas, A.H.

oligosaccharides and

Y -
VAV v ivit

Sampaio Purification and partial characterisation of the lectin from the marinered alga

Enantiocladia duperreyi (C. Agardh) Falkenberg. Bot. Mar. 41 (1998), pp. 521-525.
e, 1970 UK. Laemmli Cleavage of structural proteins during the assembly of the

e
IR

head of the bacteriophage T4. Nature 227 (1970), pp. 680-683.
M.M. Bradford, 1976. A rapid and sensitive method for the quantification

~ oy S g s
P8 %t T avere i 7
Fikig 3P0

of micrograms quantities of protein utilizing the principles of protein—dye binding. Anal.

Biochem. 72 (1976), pp. 248-254.



1056 R. Koster, M. Anderson, E.J. De Beer Acetic acid for analgesic

screening. Fed Proc 18 (1959), pp. 412-414.

31, Hunskear end Hele, 1987 S, Hunskaar, K. Hole The formalin test in mice: dissociation
between inflammatory and non-inflammatory pain. Pain 30 (1987), pp. 103-114.
3Z. Body @nd Leimbach N.B. Eddy, D. Leimbach Synthetic analgesics LI dithienylbutenyl
and dithienylbutylamines. J Pharmacol Exper Ther 107 (1953), pp. 385-393.
33, Durham end Miva, 1957 N.W. Durham, T.S. Miya A note on a simple apparatus for
detecting neurological deficits in rats and mice. ] Am Pharm Assoc 46 (1957), pp. 208-210.
34. Capez et al. ! F.R. Capaz, L.E.M. Vanconcellos, S. De Moraes, J. Palermo-Neto The
open field: a simple method to show ethanol withdrawal symptoms. Arch Int Pharmacodyn
Ther 25 (1981), pp. 228-236.

35, Brandley of ¢l. 1982 P.P. Brandley, D.A. Priebat, R.D.Christensen, G. Rothstein
Measurement of cutaneous inflammation: estimation of neutrophils content with an enzyme
marker. J. Invest. Dermatol., 78 (1982), pp. 206-209.

36, Green ef ¢, 1982 L.C. Green, D.A. Wagner, J. Glogowski Analysis of nitrate, nitrite, and
[ISN] nitrate in b1ologlca1 fluids. Anal Biochem. 126 (1982), pp.131-8.
olf ef al,  D. Malagoli, S. Sacchi, E. Ottaviani. Lectins and cytokines in

celomatic invertebrates: two tales with the same end. Invertebrate Survival Journal. 7(2010),

pp. 1-10.
I8 Gowds 2r o, Z008 NM. Gowda, U. Goswami, M.I. Khan Purification and

characterization of a T-antigen specific lectin from the coelomic fluid of a marine
invertebrate, sea cucumber (Holothuria scabra) Fish & Shellfish Immunology. 24 (2008), pp.

450-458.
39. Mojics and Merca, 2006 E.R.E. Mojica, F.E. Merca, P.Partial characterization of lectin

LAt 412484 Wik,

from the internal organs of black sea cucumber (Holothuria atra Jaeger) Asia Life Sciences

(2006)

4G. Tiolsen ez af, 1992 A. Tjolsen, O.G Berge, S. Hunskaar, J.H Rosland, K Hole The
formalin test: an evaluation of the method. Pain. v.51 (1992), pp.5-17.

41. Malmberg and Yaksh, 1985 A. B. Malmberg, T.L. Yaksh The effect of morphine on
formalin-evoked behaviour and spinal release of excitatory amino acids and prostaglandin

E2 using microdialysis inconcious rats. Br. J. Pharmacol. 114 (1995), pp. 1069-1075.

81



sndd Calixio. 1997 AR.S. Santos, JB. Calixto Further evidence for the

involvement of tachycinin receptor subtypes in formalin and capsaicin models of pain in

mice. Neuropeptides. 31 (1997), pp. 381-389.

43 Omnote ef ¢/, 1998 K. Omote, T. Kawamata, M. Kawamata, A. Namiki Formalin-induced

release of excitatory amino acids in the skin of the rat hindpaw. Brain Research. 787
(1998),pp.161-164.
Sunskaar ef of, 1985 S. Hunskaar, O.B. Fasmer, K. Hole Formalin test in mice, a useful

technique foe evaluating mild analgesia. J. Neurosci. Methods., 14 (1985), pp. 69-76.

25, Shibeia er 2l 1989 M. Shibata, T. Ohkubo, H. Takahashi, R. Inori Modified formalin

test: characteristic biphasic pain response. Pain, v. 38, p. 347-352, 1989.

56, Nemirovsky  ef «f, 20407 A. Nemirovsky, L. Chen, V. Zelma, I. Jurma The

antinociceptive effect of the combination of spinal morphine with systemic morphine or
buprenorphine Anesthesiol Analgesic 2001;93:197-203.

d Ferreira. 1985 G.E.P. SOUZA, S.H. FERREIRA Blockade Antimacrophage
serium of the migration of PMN neutrophils into the inflammed peritoneal cavity. Ag.

Actions, v. 17, p. 97-103, 1985.

82



CAPITULO III

TOXIC ACTIVITIES OF BRAZILIAN MARINE INVERTEBRATES AND A NEW
HEMOLYTIC LECTIN FROM Holothuria grisea.
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TOXIC ACTIVITIES OF BRAZILIAN MARINE INVERTEBRATES AND A NEW
HEMOLYTIC LECTIN FROM Holothuria grisea.

Abstract.

Aqueous extracts from two marine sponges (Cliona varians and Haliclona caerulea), two
zoanthids (Palythoa caribbaeorum and Zoanthus sociatus) and one echinoderm Holothuria
grisea were tested for cytotoxicity with the Artemia lethality model. The organisms tested which
showed the highest toxicity were Haliclona caerulea with LC50 11.53 pg/ml and Holothuria
grisea with LC50 8.1 pg/ml in 24h. The zoanthids showed toxicity >200 pg/ml. In aqueous
extracts of the species H. grisea was detected and purified a lectin with hemolytic activity. This
protein (HGL) was evaluated for its toxic effect on Artemia and compared the results of the lectin

from the marine sponge C.varians that has antileukemic effect.

1. Introduction

The marine environment has a representative part of the biodiversity of our planet and
provides a wide variety of compounds with biotechnological applications (De Vries et al., 1994,
Haefner 2003). Many of these compounds, already isolated and studied, belong to marine
invertebrates such as sponges, cnidarians, mollusks, arthropods, echinoderms and tunicates
(Munro ef al., 1999, Chung, et al. 2000, Bulgakov et al, 2003, Yang et al., 2006, Han et al,
2006, Sekine et al., 2001). Among these compounds are mostly proteins (Pajic et al, 2002,
Yoshida et al.,, 2007, Queiroz et al., 2008) and secondary metabolites (Kuramoto et al., 2004,
Mayer et al, 2007) with a large range of biological activities. Lectins are a group of
carbohydrate-binding proteins found in a wide range of organisms including virus, bacteria,
fungi, plants and animals (Sharon and Lis, 2003). Lectins are involved in various biological
functions, such as host defense, cell—cell interaction, folding of glycoproteins, and other functions
(Kilpatrick, 2002, Sharon and Lis, 2004). Based on binding specificity, lectins have been used as
reagents to detect sugar chains in biochemical and histochemical investigations (Kilpatrick,

2000). Artemias are small crustacean of the order Anostraca (Persoone, 1980, Mayer et al., 1982,



Thompson et al., 1985, Carballo ef al., 2002).The lethality test in artemias are a recent practices
as an indicator of bioactive compounds cytotoxicity to a range of pharmacological activities such
as anti-cancer, antiviral, insecticide, pesticide, anti-HIV. (Carballo et al. 2002; Pervin ef al,
2006, Ho et al., 2006). The use of artemias for this type of analysis is due to its high sensitivity
combined with the fact that the cysts are easily obtained, can be hatched and storeged at room
temperature for several months (Vanhaecke et al, 2001). At first, this work aims to study the
effect of aqueous extract from two marine sponges (Cliona varians and Haliclona caerulea), two
zoanthids (Palythoa caribbaeorum and Zoanthus sociatus) and echinoderm Holothuria grisea.

Subsequently, to investigate the presence of lectins and assess its participating over toxic effects.

2. Material and Methods

2.1. Animal collections
The animals were collected on the beaches of Bitupita, Paracuru, Taiba and Pecem, located in the

west coast of Ceara, Brazil, Santa Rita (north cost) and Buzios (south coast) beaches, of Rio
Grande do Norte, Brazil . The animals were transported in thermal box at 4 ° C and then stored at

-20°C.

2.2. Brine shrimp
Artemia cysts were acquired in local trade and hatched in artificial seawater at 28 ° C under

constant illumination and strong aeration. Artemia cysts were incubated in a cylindrical vessel
with conical bottom polyethylene the ratio of 1 g of cysts to 1 liter of artificial seawater. This
condition simulates the natural emergence of these organisms, an area of shallow seas. After a
period of 12 h, aeration is switched off and lighting directed at the bottom of the container. As the
nauplii have positive phototaxis swim toward the light, while the unhatched cysts are on the

water surface. The nauplii are collected and used for bioassay.

2.3. Preparation of aqueous extracts
The animals were thawed and ground. Tris-HCI was added 50 mM pH = 7.6 at a ratio of 1:2

(w/v) to pieces that were homogenized for 20 minutes. The extract was centrifuged at 8000 rpm
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for 30 minutes and the supernatant filtered. Then the filtrate was dialyzed against distilled water,

dried and used in the bioassay.

2.4. Lethality Test in Artemia.
The aqueous extracts were homogenized with artificial sea water at a concentration of 5 mg/ml.

The tests were done on board Limbro plates 24 wells where each well contained 2 mL of artificial
seawater with 10 nauplii each. Specific volumes of samples were added to each well to obtain
concentrations of 10, 25, 50 and 100 pg / mL for each sample. The experiments were performed
in triplicate with control containing only 2 mL of artificial seawater and 10 nauplii. Reading the
dead nauplii was performed after 24 hours. From these data we calculate the percentage of deaths
for each concentration and LC50 values of the curve of the log dose (Goldstein and Kalkan,

1974) and also by probit analysis described by Finney (1971).

2.5. Hemagglutinating/Hemolytic assay
The activity was assayed in microtiter V plates (Nunc Brand products, Denmark) according

Debray at al., 1981. The blood cells were used native or treated with papain or trypsin according
Benevides ef al.,1998 . One haemagglutinating unit (HU) was defined as the amount of lectin
able to agglutinate and hence precipitate the erythrocytes in suspension after 30 min. To each
well was added 25 pL of the twofold serially diluted lectin solutions and 25 pL of treated and
untreated human erythrocytes (2% v/v suspension) and allowed to incubate for 30 min at room
temperature. The degree of haemagglutinating activity was examined. Hemolytic activity was
examined by visual examination of lysis of the eritrocytes under same condition as for

hemagglutination assay.

2.6. Purification of Hotothuria grisea hemolytic lectin ( HGL) and Cliona varians lectin
(CVL)
Specimens of Holoturia grisea were cut into small pieces. The pieces were washed in distilled

water and lyophilized. The pieces were reduced in mortal and pestle and extracted (1:2, w/v) with

0.05 M Tris—HCI buffer pH 7.6, for 2 h at room temperature. After centrifugation for 30 min
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8000 rpm at 4 °C, the supernatant (crude extract) was partitioned with n-butanol 50% and ethanol
75% and precipitated with acetone at 2.0 vol.(F1). The supernatant fraction (F2) was then dried in
speedvac centrifuge and submitted to assays. The fraction 2 was applied to TSKgel G3000SWXL
(1.28 x30 cm) chromatography, equilibrated with 50 mM Tris—HCI, 150mM NaCl buffer, pH
7.6. Protein content was measured as described by Bradford 1976 (29) and chromatography was
monitored at 280 nm.

CVL purification was carried out as describe by Moura (2006). Briefly, specimens were cut into
small pieces. The pieces were ground with a mixer machine and extracted (1:2, w/v) with 50 mM
Tris—HCI buffer pH 7.5, for 2 h at room temperature. After centrifugation for 30 min at 8000 rpm
at 4 °C, the supernatant (crude extract) was precipitated with acetone at 0.5 vol (F1), 1.0 vol (F2)
and 2.0 vol(F3). The F2 fraction was applied to a Sepharose CL 4B (8 x 2.5 cm) affinity
chromatography, equilibrated with 50 mM Tris—HCI, 20 mM CaCl, buffer, pH 8.0. CVL were
eluted with 50 mM Tris—HCl, 50 mM EDTA, pH 8.0.

2.7. Effects of metal ions and pH on HGL activity
The effect of pH on the lectin activity was studied by hemagglutinating/hemolytic assay of the

lectin after dialysis against buffers of different pH ranging from pH 4 to pH 9 for 3 h. 50 mM
glycine-HCI buffer (pH 2), 50 mM. Acetate buffer (pH 4-5), 50 mM citrate buffer (pH 6), 50
mM Tris—HCI buffer (pH 7-8), and 50 mM glycine—NaOH buffer (pH 9) were used. The effect of
divalent metal ions on the hemagglutinating activity of the lectin was assessed as follows. The
lectin was dialyzed exhaustively against 50 mM EDTA followed by dialysis against 50 mM Tris—
HCI buffer, pH 7.6. The hemagglutinating activity was tested in the presence and in the absence
of 50 mM Ca*", Mg*" and Mn*".

2.8. Carbohydrate specificity
All inhibitors tested were dissolved in 150 mM NaCl at an initial concentration of 200 mM for

monosaccharides (D-galactose, D-glucose, D-mannose, D-fucose, D-arabinose, D-N-acetyl-
glucosamine and D-galactoneuraminic acid), disaccharides (lactulose, sucrose and lactose) and
glycoprotein 5Smg/ml (Mucin). An equal volume of the lectin solution was added to 25 pL of the

twofold serially diluted inhibitor solutions and the plate was incubated for 1 h at room
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temperature. Twenty-five microliters of human erythrocytes (2% v/v suspension) was added to
each well and allowed to incubate for 30 min at room temperature. Results were expressed as the
minimal sugar or glycoprotein concentration required haemagglutinating inhibit doses of the

lectin.

2.9. Molecular mass estimation
SDS polyacrylamide (15 %) gel electrophoresis (SDS-PAGE) in the absence and presence of B-

mercaptoethanol (0.1 M) was conducted as described by Laemmli, 1970 (28) to estimate the
molecular mass of lectin and its sub-units by comparing of mobility of bands with protein
molecular weight markers (kDa): albumin (Mr 67), Ovoalbumin (Mr 43), Carbonic anhydrase
(Mr 29) Ribonuclease (Mr 13,5) and Aprotinin (Mr 6.5). Proteins were detected by staining with
0.1% Coomassie brilliant blue R-250. Also, the molecular mass of HGA was estimated by
TSKgel G3000SWXL (1.28 %30 cm) gel filtration column calibrated with protein markers (kDa):
Conalbumin (Mr 74), Ovoalbumin (Mr 43), Carbonic anhydrase (Mr 29) Ribonuclease (Mr 13,5)
and Aprotinin (Mr 6.5).

3. Results

3.1. Toxic effects of marine invertebrates aqueous extracts.

The toxic activities on Artemias were observed in 3 of 5 invertebrates extracts tested (Table 1).
The results were collected 24h after the start of the test. The values of LC50 were obtained after
probit analysis and values for the organisms C. varians, H. caerulea, P. caribbaeorum, Z.
sociatus and H. grisea are shown in table 1. The organisms tested which showed the highest
toxicity were the sponge H. caerulea with LC50 11.53 pg/ml and H. grisea with LC50 8.1 pg/ml
after 24h. The zoanthids do not shown an effective toxicity what were observed by LC50
>200ug/ml. The toxic effects were observed to be dose dependent. Based on these results has
started an investigation into the presence of lectins in these species (Except for Cliona varians

which already has a purified lectin).

Table ITI-1 Brine shrimp Lethality Bioassay of marine invertebrates aqueous extracts.
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Extracts Dose % Lethality 24h ~ LC50 24h
(ng/ml)
Cliona varians 10 0 116.7 (£23.3)

25 0

50 3.3

100 36.7

Haliclona caerulea 10 40 11.53 (£2,01)

25 90

50 933

100 100

Palythoa caribbaeorum 10 33 >200

25 0

50 0

100 16.7

Zoanthus sociatus 10 0 >200

25 0

50 0

100 33

Holothuria grisea 10 56.6 8.1(x3.8)

25 76.6

50 86.6

100 96.6

Values are reported as regression statistics of probit analysis LC50 and LC50 Standard Error (LC50 S.E.)

The species H. caerulea showed strong hemagglutinating activity for human erythrocytes. But
until now we could not purify a lectin from that organism. The species, P. caribbaeorum, Z.
sociatus and H. grisea showed hemolytic activity. Aiming to redeem some doubt about the
participation of saponins and palytoxins in hemolytic activity shown by extracts of P.
caribbaeorum, Z. sociatus and H. grisea these materials were subjected to partitioning with
ethanol and n-butanol. Subsequent to treatment with ethanol and n-butanol only the specie H.
grisea showed hemolytic activity. As there are reports of hemolytic lectins in holoturians we
followed in an attempt to purify this lectin. Thus, our group had success in isolating a lectin with

hemolytic activity from this specie as described below.
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3.2. Purification of hemolytic lectin from Holothuria grisea.

Crude protein extract obtained from sea cucumber was initially partitioned with ethanol 75% and
n-butanol 50% followed by precipitation with acetone at 2.0 vol. The supernatant fraction (F2)
was then dried in speedvac centrifuge and submitted to assays. The F2 fraction showed a higher
level of hemagglutinating/hemolytic activity to all human blood group types. The fraction 2 was
applied to TSKgel G3000SWXL (1.28 x 30 cm) chromatography, equilibrated with 50 mM Tris—
HCI, 150 mM NacCl buffer, pH 7.6 ( Fig. 1).The peak with 10.98 retention volume was collected
and analyzed. This process resulted in a purification of 35.6% fold with a 53.4 % of yield (table

).
Rty 1098
3009 H
z=00 4

2299 A

1530 A

1030 o

00 20 49 80 8D 100 12,0 140 €0 ml

Fig. III-1 Purification of HGL lectin. TSK gel profile of F2 from H. grisea (abs 280 nm).
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Table III-2 Purification processes of HGL lectin
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Purification =~ Total protein  Titer H.U./mg Total Purification Yield%
fractions (mg) activity
CE. 271.1 128 114,5 31,040 1,0 100,0
F2 28.8 256 595.3 17,152.0 5.2 55.3
TSK 4.1 2,048 4,079.7 16,588.8 35,6 53,4

3.3. Molecular mass determination of the purified HGL

The apparent molecular mass of the purified native HGL was estimated by gel filtration on
precalibrated TSKgel G3000SWXL column. It was calculated as 16.8 kDa. In addition, the band
with apparent molecular weights of 15.6 kDa were estimated using SDS-PAGE under reducing
and non-reducing conditions (Fig. 2). These results suggest that HGL is a monomeric lectin

devoid of intermolecular disulfide bonds.

g 67
45

201

HGL. -— i
144

Fig. 1II-2 15% SDS-PAGE of HGL Lectin purification. (1) Protein HGL (2) protein HGL +
Pmercaptoethanol, (CE) Crude extract and (M) Molecular Weight Markers (kDa): Lysozyme (I4.4 KD),
Trypsin inhibitor (20.1 kDa), Carbonic anhydrase (30 kDa), Ovalbumin (45 kDa) and Albumin (67kDa)
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Fig. III-3 The apparent molecular weight of the purified native HGL estimated by gel filtration on
precalibrated TSKgel G3000SWXL column. Standard markers: Conalbumin (Mr 74), Ovoalbumin (Mr 43),
Carbonic anhydrase (Mr 29) Ribonuclease (Mr 13,5) and Aprotinin (Mr 6.5).

3.4. Effects of metal ions, pH and inhibitory saccharides on HGL activity

We were unsuccessful in trying to achieve the inhibition of hemolytic activity with sugars. But, at
the beginning of haemolysis process is possible to observe the erythrocytes agglutination. Thus,
we conducted an osmotic protection assay with 5.5% dextrose. With this procedure, at the last
dilution of HGL was possible to observe that the dextrose could protect the erythrocyte lysis.
This allowed us to visualize the agglutination by optical microscope (fig.4) and perform the
inhibition test (table.3). The protein HGL activity was not inhibited when treated previously with
50 mM EDTA. Anyway, we did the addition of divalent cations Ca®* Mg?" and Mn*" but

observed no change in protein activity. The same happened in the pH range tested.

Fig. Il1-4 Hemagglutinating activity of lectin HGL under osmotic protection with 5.5% dextrose.



Table ITI-3 Inhibition of hemagglutinating activity of HGA

Inhibitor compounds MIC
Glucose NI mM
Mannose 50 mM
Galactose NI mM
Fucose NI mM
N-Acetyl Glucosamine NI mM
Galactoneuraminic acid NI mM
Arabinose NI mM
Lactulose 25 mM
Lactose NI mM
Sucrose 25 mM
Mucin 0.31 mg/ml
Fucoidan 2.5 mg/ml
Carrageenan NI mM
Xylose 50 mM

MIC, minimum inhibitory concentration; NI, sugar not inhibitory until a concentration of 200 mM.

3.5. Brine shrimp Lethality Bioassay of HGL and CVL.

The lectins HGL and CVL showed potent activity against brine shrimp. LC50 values were
obtained were 9.5 to HGL and 5.6 to CVL and can be viewed in table 4.

Table ITI-4 Brine shrimp Lethality Bioassay of marine invertebrates aqueous extracts.

Lectin Dose % LC50 |Lectin Dose % LC50
(ng/ml) Lethality 24h (ng/ml) Lethality 24h
24h 24h
CVL 10 5.6 HGL 10 9.5
70 (#3.1) 533 (*1.4)
25 96.6 25 96.6
50 96.6 50 100
100 100 100 100

Values are reported as regression statistics of probit analysis LC50 and LC50 Standard Error (LC50 S.E.)



4. DISCUSSION

Many extracts of aquatic organisms have been tested against artemia and showed toxic activities
(Carballo ef al., 2002; Thompson et al., 1985). Some of these compounds have already been
isolated and evaluated in other models. The results showed a range of biological activities as anti-
cancer, suppression of the HIV virus, anti-inflammatory activity, pro-inflammatory activity.
(Queiroz et al., 2009, McCune et al., 1989, Herencia et al., 1997). Between species of sponges
used in this work the specie C. varians has a protein purified with biological activities already
described (Moura et al., 2006; Queiroz et al., 2007; Queiroz et al., 2009). the genus Haliclona
has a lectin with anti-cancer proprieties (Pajic ef al, 2002) and several secondary metabolites
(Schmitz ef al, 1978, Aratake et al, 2009, Sorek et al., 2010). Tests similar to this study,
however, methanolic extracts were conducted with several species of sponges including the genus
Cliona and Haliclona, relating lethality test in artemia with other biological assays (Thompson et
al., 1985). When comparing the toxic effect of lectin CVL with an aqueous extract of the sponge
C. varians is clear its participation in the toxic effect and confirms the toxicity data on leukemia
cells and bacteria. Although we have not purified a lectin from Haliclona caerulea, the high
toxicity suggests the presence of compound with biotechnological potential. Based on the
presence of a lectin with activity against tumor cells in Haliclona cratera there is a strong
indication that the toxic effect may reflect the action of a lectin. Unlike sponges, zoanthidae have
no reports of lectins purified, but there are many studies of secondary metabolites such as
palytoxin and zoanthamine. Thus, we expected a potent toxic activity. Nevertheless, secondary
metabolite biosynthesis is often affected by environmental factors that may modify its structure in
different environmental conditions, changing, perhaps, the toxic part of the molecule (Soares et
al., 2006). In the class Holothuroidea several lectins have been purified and evaluated for their
biotechnological applications (Hatakeyama et al.,2004) (Sallay et al,, 2000; Yoshida, et al.,
2007). (Kuramoto ef al., 2005). (Mojica, ; Merca, 2010), (Gowda et al., 2008°). In this study, we
purified and characterized a lectin with hemolytic activity. Different from the majority of lectins
from marine invertebrates HGL showed no ion-dependent. But similarities in molecular weight
with SJL-II of Stichopus japonicus (Hatakeyama et al., 1993) and hemolytic activity as CEL-III
and Holothuria scabra lectin (Hatakeyama et al., 1994) (Mojica ; Merca, 2005) were observed.

In lethality test aqueous extract of Holothuria grisea showed a high toxic activity and relating
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this activity to HGL there are indications of other components exerting toxic activity. This opens

a new investigation into the presence of lectins or other metabolites with possible applications in

science.
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CAPITULO IV

Consideracdes finais e anexos



Conclusodes

FracGes protéicas do Echinodermata Holothuria grisea possuem lectinas que apresentam

atividade hemaglutinante/hemolitica.

Duas lectinas, denominadas HGL ¢ HGA foram purificadas, apresentando as seguintes
caracteristicas: Foram fortemente inibidas pela glicoproteina mucina e ndo se mostraram
dependentes de ions metalicos. Suas Mr nativas foram estimadas em 16,8 kDa para HGL e 228
kDa para HGA, por cromatografia de filtracio em gel em TSKGel. As proteinas, quando
analisadas por SDS-PAGE, apresentaram Mr de 15,6 kDa (HGL) e 105 KDa (HGA), ndo

sofrendo alteracdes na presenca de f-Mercaptanol.

A lectina HGA foi capaz de inibir a migracdo de neutréfilos para a cavidade peritoneal
induzida por carragenina em 68% na dose de Img/kg. No ensaio de peritonite induzida por acido
acético um efeito antinociceptivo significativo foi observado por tratamento com HGA (0,1, 1 e
10 mg / kg), reduzindo as constrices em 27%, 90% e 84% respectivamente. No teste de
formalina HGA mostrou efeito antinociceptivo apenas na fase inflamatdria. No entanto, no teste
de chapa quente HGA ndo apresentou efeito nociceptivo. Nos testes rota-rod e de campo aberto
HGA n@o alterou o comportamento natural do animal. O tratamento com HGA 10 mg / kg i.v.
apresentaram diminuicéo na atividade da MPO (81,6% de inibi¢do) e elevou os niveis circulantes
de NO em 50,4% quando comparado com o grupo controle. HGA tem demonstrado a capacidade
de modular a resposta inflamatéria em modelos de inflamagdo in vivo. HGA ¢ a primeira lectina

de invertebrados marinhos que mostrou um efeito antiinflamatério.

A lectina HGL foi investigada quanto sua toxidade sobre artemias em conjuto, de forma
comparativa, com extratos aquosos de varios invertebrados marinho e uma lectina com agdo
antitumoral da esponja marinha C. varians. Neste ensaio HGL apresentou um elevado efeito

toxico com um LC50 de 9.5 pg/ml.

Os dados obtidos até o presente momento indicam que as lectinas purificadas e estudadas

nesse trabalho possuem um grande potencial de utilizagdo como ferramenta de estudo para
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melhor compreensdo dos mecanismos envolvidos nas respostas inflamatdrias, nos eventos
moleculares da inflamagdo, reconhecimento especifico e toxico sobre patdgenos.
Consequentemente, indicando também a espécie Holothuria grisea como fonte potencial de

outras lectinas e moléculas bioativas de interesse biotecnolégico.
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Anexo I

Trabalhos realizados no periodo do Doutorado

Purifica¢do de uma lectina das sementes de Lonchocarpus campestris (LCL).

Purificagdo de uma nova lectina da esponja marinha Cliona varians (CVL-II).

Analises estruturais por espectrometria de massas de lectinas dos géneros Meristiela, Canavalia e
Lonchocarpus.

Analises cromatograficas de hemoglobinas de 9 espécies.

Investigacdo sobre a presenca de lectinas em 10 esponjas marinhas do litoral do RN e CE.
Purificagdo parcial de uma lectina de H. caerulea.

Coleta de dados de difra¢do de Raio-X de cristais de lectinas no LNLS.

Artigos publicados.

1. QUEIROZ, AF.; MOURA. R.M.;: RIBEIRO, J.K.; LYRA, L.L.; CUNHA, D.C,;
SANTOS, E.A.; DE-SALES, M.P. Pro-inflammatory effect in mice of CvL, a lectin from
the marine sponge Cliona varians. Comp Biochem Physiol C Toxicol Pharmacol. 2008
Mar;147(2):216-21.

2. QUEIROZ, A.F.; SILVA, R.A., MOURA. R.M.: DREYFUSS, J.L.; PAREDES-
GAMERO, E.J.; SOUZA, A.C.; TERSARIOL, LL.; SANTOS, E.A.; NADER, H.B,;
JUSTO, G.Z.; DE SALES, M.P.Growth inhibitory activity of a novel lectin from Cliona
varians against K562 human erythroleukemia cells.Cancer Chemother Pharmacol. 2009
May;63(6):1023-33.

Trabalhos apresentados em congressos.

1. SILVA, A. M. ; MOURA, R. M. ; CAVADA, B. S. . ATIVIDADE HEMAGLUTINANTE DO
EXTRATO BRUTO E DAS FRACOES PROTEICAS DE FARINHA DA SEMENTE DE
LONCHOCARPUS CAMPESTRIS (MART. EX BENTH.). In: Encontros Universitarios 2009
UFC, 2009, Fortaleza. Encontros Universitarios 2009 UFC, 2009.

2. VIANA, M. L. M. B. ; NASCIMENTO NETO, L. G. ; TAJRA, F. S. ; BASTOS, R. M. ;
EVARISTO, F. F. V. ; MOURA, R. M. . AVALIACAO DOS SINAIS CLINICOS
ENVOLVIDOS NO PROCESSO CICATRICIAL DE LESOES CUTANEAS TRATADAS
COM LECTINA ISOLADA DO ORGANISMO MARINHO DA ESPECIE HOLOTHURIA
GRISEA. In: Encontros Universitarios 2009 UFC, 2009, Fortaleza. Encontros Universitarios
2009 UFC, 2009.

3.RIOS, T. H. C. ; ARRUDA, F. V. S. ; NEVES, C. C. ; MOURA.R. M. ; ALVES, F.C. S.;
VASCONCELOS, M. A. . AVALIACAO DA ATIVIDADE INFLAMATORIA DA
LECTINA DE SEMENTES DE LONCHOCARPUS CAMPESTRIS EM MODELO MURINO
DE PERITONITE. In: Encontros Universitarios 2009 UFC, 2009. Encontros Universitarios
2009 UFC, 20009.

4. CARNEIRO, R. F. ; MELO, A. A. ; MOURA. R. M. ; CAVADA, B. S. ; NAGANO, C. S. ;
SAMPAIO, A. H. . IDENTIFICACAO E PURIFICACAO PARCIAL DE UMA NOVA
LECTINA DA ESPONJA MARINHA CLIONA VARIANS (CVL2), POR
CROMATOGRAFIA DE INTERACAO HIDROFOBICA. In: Encontros Universitarios 2009
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UFC, 2009, Fortaleza. Encontros Universitarios 2009 UFC, 2009.

5. Bezerra, E.H.S. ; MOURA, T. R. ; MOURA. R. M. ; Nascimento, K. S.; CAVADA, B. S.
Purificacdo e caracterizagdo de uma lectina presente em sementes de Camptosema
pedicellatum Benth. In: 59 Congresso Nacional de Botanica, 2008, Natal. 59 Congresso
Nacional de Botéanica, 2008.

6. SILVA, A. M. ; MELO, A. A. ; MOURA. R. M. ; CAVADA, B. S. . PURIFICACAO
PARCIAL DE UMA LECTINA PRESENTE EM EXTRATOS PROTEICOS DE FARINHA
DA SEMENTE DE LONCHOCARPUS CAMPESTRIS (MART. EX BENTH.). In: Encontros
Universitarios 2008 UFC, 2008, Fortaleza. Encontros Universitarios 2008 UFC, 2008.

7.MELO, A. A. ; SILVA, A. M. ; MOURA. R. .7 s SAMPAIO,,A. H. . PURIFICACAO
PARCIAL DE UMA LECTINA HEMOLITICA DE HOLOTURIA. In: Encontros
Universitarios 2008 UFC, 2008, Fortaleza. Encontros Universitarios 2008 UFC, 2008.

8. CARNEIRO, R. F. ; NASCIMENTO, F. E. P. ; MOURA. R. M. ; BENEVIDES, R. G. ;
SAMPAIO, A. H. . PURIFICACAO PARCIAL DE UMA LECTINA DE HOLOTURIA. In:
Encontros Universitarios 2008 UFC, 2008, Fortaleza. Encontros Universitarios 2008 UFC,
2008.

9. QUEIROZ, Alexandre F. S. ; Cunha,D.C.S. ; MOURA. R. M. ; FERREIRA, C.V. ; JUSTO, G
Z ; SILVA,R. A. ; LYRA, 1. L. ; RIBEIRO, Jannison K C ; SANTOS, Elizeu A ; SALES,
Mauricio P. . CITOTOXICITY OF CvL, A LECTIN FROM MARINE SPONGE CLIONA
VARIANS AGAINST LEUKEMIA CELLS LINES K562 AND K562-LUCENA. In: XXXVI
Annual Meeting of the SBBq, 2007, Salvador. SBBqg, 2007.

Formacdo complementar

—_

. Jon Mobility Mass Spectrometry "Qg-IMS-oa-TOF.

2. High-resolution 0oa-TOF Mass Spectrometry.

3. Synapt HDMS: MALDI and High Throughput Proteomics.
4. Bioinformatica e modelagem molecular de proteinas.

. ;AKTA Explorer.

6. Bioinformatica Estrutural.

7. Cristalografia de Proteinas.

8. Estudo sobre Planejamento de Farmacos.

9. Termodinamica Aplicag¢bes ao estudo de biomol.
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