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RESUMO

Purificacio de formas moleculares multiplas da lectina de sementes de
Capparis yco (CySel) foi desenvolvida através de fracionamento com sulfato de
amoénio e cromatografia das fracoes (F) em CM-Celulose. O protocolo foi efetivo
para obter, a partir das F20-40 e F40-80, CySelL, (12 mg) e CySel, (9 mg),
respectivamente; adicionalmente revelou diferencas nas propriedades de cargas das
isoformas. Cromatografia em coluna de Hitrap SP, nao foi eficiente na separacao das
isoformas. CySeL, e CySel, foram inespecificas para eritrécitos humanos e elevadas
atividades hemaglutinantes especificas (AHE) foram detectadas com células de
coelho. AH de CySel, foi inibida com monossacarideos e glicoproteinas, enquanto
CySel, reconheceu somente glicoproteinas. Cromatografia de afinidade em coluna
de fetuina-agarose mostrou que a AH da F20-40 foi mais retida do que a AH da F40-
80. O valor de pH e a presenca de ions interferiram diferentemente na AH das
isoformas; somente CySel, permaneceu ativa em pH 10 e foi estimulada por 40 mM
de Ca’* e Mg**. CySeL, e CySel, apresentaram o mesmo padrio eletroforético. Em
PAGE sob condicoes nativas, trés bandas protéicas que foram extraidas do gel
mostraram AH; SDS-PAGE na presenca de [-mercaptoetanol revelou dois
polipeptideos de Mr |15 e 14 kDa. Coloracao do gel para carboidratos mostrou a
natureza glicoprotéica da subunidade de 14 kDa. Quantidades miligramas de
isoformas da lectina de sementes de C. yco foram obtidas. As diferencas estruturais
de CySel, e CySel, detectadas na cromatografia em CM-Celulose, inibicao da AH

com monossacarideos e efeito do pH e ions na AH associado ao elevado rendimento
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da purificacdo das proteinas, indicam a potencial utilizacdo de CySel, e CySelL, em

investigacoes estruturais e de aplicagao biotecnoldgica.
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SUMMARY

Purification of multiple molecular forms from Capparis yco seed lectin (CySeL)
was achieved by ammonium sulphate fractionation of extract, followed by ion
exchange chromatography of fractions (F) on CM-Cellulose column. The protocol
was efficient to obtain from F20-40 and F40-80, CySeL, (12 mg) and CySeL, (9 mg),
respectively; additionally revealed differences in isoforms charge properties.
Chromatography on cation exchange Hitrap SP was not efficient to separete
isoforms. The lectins were non-specific to human erythrocytes and high specific
hemagglutinating activities (SHA) were detected with rabbit cells. HA of CySel, was
inhibited with monosaccharides and glycoproteins, while CySel, recognized only
glycoproteins. Affinity chromatography on fetuin-agarose column showed that F20-
40 HA was more retained on column than F40-80 HA. The pH value and presence of
ions interfered differently on isoforms HA; only CySel, remained active at pH 10 and
was stimulated by 40 mM Ca** and Mg**. CySel, and CySel, had the same
electrophoretic patterns. Upon native PAGE, three protein bands that were
extracted from gel showed HA; SDS-PAGE with -mercaptoethanol revealed two
polypeptides of Mr |5 and |4 kDa. Carbohydrate staining of gel showed the
glycoprotein nature of 14 kDa subunit. The protocol used was able to isolate, in
milligram quantities, lectin isoforms from C. yco seeds. The CySel, and CySel,
structural differences detected in CM-Cellulose chromatography, inhibition of HA

with monosaccharide and effect of pH and ions on HA associated to high yield
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purification of proteins indicated their potencial use in structural and biotechnological

applications.
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INTRODUCAO

Lectinas

Por volta do final do século 19, evidéncias comecavam a se acumular com
relagio a presenga na natureza de proteinas que possuiam a habilidade de aglutinar
eritrocitos. Tais proteinas eram referidas como hemaglutininas ou fitoaglutininas,
pois foram originalmente encontradas em extratos de plantas. A primeira descricao
de uma hemaglutinina foi feita por Peter Hermann Stillmark em 1888. Esta possuia
alta toxicidade e foi isolada de sementes de feijao castor (Ricinus communis), chamada
assim de ricina. Subseqiientemente, H. Hellin demonstrou a presen¢ca de uma
hemaglutinina, igualmente toxica, abrina, em extratos de feijao jequiriti (Abrus
precatorius). Ricina e abrina logo estavam disponiveis comercialmente, e Paul Ehrlich
as empregou como modelos de antigenos para estudos imunologicos.

Em 1919, James B. Sumner isolou de Canavalia ensiformis uma proteina que
chamou de concanavalina A (Con A), sendo obtida pela primeira vez uma
hemaglutinina pura. Sumner e Howell em 1936 relataram que a Con A aglutinava
células como eritrocitos e leveduras e também precipitava o glicogénio em solugao.
Ainda demonstraram que a hemaglutinagao proporcionada pela Con A era inibida
por sacarose, sendo observada pela primeira vez a especificidade a carboidratos das
lectinas. Com isso sugeriram que a hemaglutinagao induzida pela Con A poderia ser
uma consequéncia da reagao da proteina com os carboidratos da superficie das

células vermelhas. Estas observagoes foram corroboradas por Karl Landsteiner, o
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descobridor dos grupos sanguineos humanos A, B e O em 1900. Aproximadamente
uma década depois ele relatou que a atividade hemaglutinante de varios extratos de
sementes era diferente quando testada com eritrocitos de diferentes animais. A
especificidade a diferentes tipos sangliineos das hemaglutininas desempenhou papel
crucial nas primeiras investigagoes a cerca das bases estruturais da especificidade de
antigenos associados com os grupos sanguineos do sistema ABO.

A habilidade das hemaglutininas de plantas em distinguir eritrocitos de
diferentes tipos sanguineos levou Boyd e Shapleigh, em 1954, proporem o nome
lectinas, do latim legere, que significa escolher, selecionar. Este termo foi entao
generalizado por Sharon e Lis (1972) para abranger toda aglutinina carboidrato-
especifica de origem nao imune, independentemente de sua fonte e especificidade a
tipo sanguineo.

Duas grandes descobertas feitas nas proximidades dos anos 60 contribuiram
enormemente para trazer as lectinas ao centro das atengoes. A primeira delas foi
feita por Peter C. Nowell que descobriu que a lectina de Phaseolus vulgaris conhecida
como fitohemaglutinina (PHA) era mitogénica, isto é, que possuia a habilidade de
estimular linfocitos a sofrer mitose. Em um curto espago de tempo, outras lectinas
vieram ser comprovadas como mitogénicas, inclusive a Con A que, diferentemente
de PHA tinha sua atividade mitogénica inibida com baixas concentragoes de
monossacarideos, por exemplo, manose. Esta descoberta forneceu provas que a
estimulagdo mitogénica era resultado da ligagao das lectinas aos carboidratos
existentes na superficie dos linfocitos (SHARON e LIS, 1987). Lectinas mitogénicas

logo se tornaram ferramentas para estudos da transmissao de sinais intracelulares e
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analise de eventos bioquimicos que ocorrem durante a estimulagdo linfocitaria in
vitro (SHARON e LIS, 2004). A segunda descoberta foi feita por Joseph C. Aub em
1965. Ele descobriu que a aglutinina de gérmen de trigo (WGA) tinha a habilidade de
aglutinar  preferencialmente células malignas. Investigagdes desta natureza
forneceram evidéncias de que mudangas em carboidratos da superficie celular
estavam associadas com o desenvolvimento do cancer (REMMELINK et al., 1999).

Até a década de 70, a presenca de lectinas tinha sido referida em inumeros
organismos, primariamente em plantas, mas poucas haviam sido purificadas por
técnicas convencionais. A velocidade de isolamento de lectinas aumentou
dramaticamente com a introdugao, por Irwin J. Goldstein e Bipin B. L. Agrawal, da
cromatografia de afinidade em procedimentos de purificagao de lectinas. O interesse
em lectinas advém de sua utilizagao como ferramentas para a detecgao, isolamento e
caracterizagao de glicoconjugados, para estudos histoquimicos de células e tecidos e
para analisar mudangas que ocorrem na superficie celular durante processos
fisiologicos e patologicos (SHARON e LIS, 2004).

A presenca de lectinas, em material bioldgico, é principalmente detectada
através de ensaio de hemaglutinagao, no qual uma diluicao em série da lectina é
realizada antes da incubagao com eritrécitos humanos ou de outros animais
(BLADIER, 1989). Estas proteinas sao amplamente distribuidas na natureza, sendo
encontradas em seres unicelulares (KAWAGISHI et al, 2001) e pluricelulares
animais (DUNPHY et al., 2002) e vegetais (BRANCO et al., 2004). Nas plantas, sao
purificadas principalmente de sementes, chegando a constituir até 10% da proteina

total (SHARON e LIS, 1990). A localizagao intracelular da maioria das lectinas nos
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orgaos de estoque ocorre em organelas celulares originadas de vacuolos, como no
caso das sementes de leguminosas (BABA et al, 1991). Sio também encontradas,
contudo em menor proporcao em folhas, frutos, casca de arvores e raizes
(PEUMANS e VAN DAMME, 1995).

Goldstein et al. (1980) definiram lectinas como proteinas ou glicoproteinas
de origem nao imunolégica que interagem com carboidratos através de pelo menos
dois sitios de ligagao, aglutinando células vegetais e/ou animais e precipitando
polissacarideo, glicoproteinas e glicolipidios. Esta definicao baseia-se na propriedade
bioldgica das lectinas de ligarem-se especifica e reversivelmente a carboidratos.

Peumans e Van Damme (1995) redefiniram lectinas considerando que o
Unico pré-requisito para uma proteina ser uma lectina é a presenca de pelo menos
um dominio nao catalitico que se liga reversivelmente a um carboidrato especifico.
Conseqlientemente, lectinas de plantas podem ser definidas como toda proteina de
planta que possui pelo menos um dominio nao catalitico que se liga especifica e
reversivelmente a mono ou oligossacarideos. Esta nova defini¢ao inclui proteinas que
tém comportamentos distintos com relagdo a aglutinagdo e precipitagao de
glicoconjugados, tendo como base as caracteristicas estruturais e nao sua capacidade
de aglutinagao celular.

Baseado em sua estrutura global, trés tipos principais de lectinas sao
distinguidos: merolectinas, hololectinas e quimerolectinas (PEUMANS e VAN
DAMME, 1995). Merolectinas sao proteinas que possuem exclusivamente um Unico
sitio de ligacao a carboidratos. Sao pequenas (Unico polipeptidio) e por sua natureza

monovalente sao incapazes de precipitar glicoconjugados e aglutinar células.
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Heveina, proteina obtida do litex da seringueira e as proteinas monoméricas
ligadoras de manose de orquideas sio exemplos deste grupo. Hololectinas também
possuem exclusivamente sitio de ligagdo a carboidratos, contudo contém dois ou
mais destes sitios que sao idénticos ou muito homologos. Este grupo compreende
todas as lectinas que possuem multiplos sitios de ligagcao e sao, portanto capazes de
aglutinar células e/ou precipitar glicoconjugados. A maioria das lectinas de plantas
conhecidas sao hololectinas, por causa do seu comportamento como hemaglutininas.

Quimerolectinas sao proteinas que possuem um ou mais sitios de ligagao a
carboidratos, juntamente com um sitio com atividade catalitica ou outra atividade
biologica que atua independentemente dos sitios de ligagdo a carboidratos.
Dependendo do numero de sitios de ligagdo a carboidratos as quimerolectinas
comportam-se como merolectinas ou hololectinas. Por exemplo, proteinas
ativadoras de ribossomos tipo 2 (RIP 2) possuem dois sitios de ligagao em sua cadeia
B (ricina) e aglutinam células, enquanto quitinases de plantas classe I, com um unico
sitio de ligagao a quitina nao aglutinam células.

Peumans e Van Damme (1998) sugeriram ainda a introdugao de mais um
grupo de lectinas, as superlectinas. Estas seriam proteinas que consistem de pelo
menos dois sitios de ligagao para carboidratos diferentes entre si. A lectina de tulipa,
com dois sitios, um especifico para manose e outro especifico para N-
acetilgalactosamina, é um exemplo de superlectina (PEUMANS et al., 2001).

Os sitios de ligagao para carboidratos das lectinas tendem a ser na superficie

da molécula protéica (SHARON e LIS, 1990; GOLDSTEIN, 2002), e a seletividade da
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ligagdo é obtida através de pontes de hidrogénio e interagdes de van der Walls
entre o agUcar e a proteina (SUROLIA et al., 1996; WEIS e DRICKAMER, 1996).

Da mesma forma que ocorrem formas moleculares multiplas de varias
proteinas (HORIGUCHI et al., 2005), a presenca de lectinas sob formas moleculares
multiplas também tem sido observada em tecidos vegetais (MISHRA et al., 2004) e
animais (BULGAKOV et al., 2004). Entlicher et al, em 1971, sugeriram o termo
isofitohemaglutininas para lectinas vegetais de uma mesma fonte, que apresentem
praticamente o mesmo peso molecular e propriedades biologicas idénticas, diferindo
em suas propriedades ionicas. No mesmo ano, Howard et al., admitiram que as
formas moleculares mdltiplas da lectina de Lens culinaris podiam ser decorrentes de
clivagem proteolitica especifica de uma forma produzindo a outra, assim como da
expressao de genes distintos. Sharon e Lis (1972) sugeriram que isolectinas
poderiam ocorrer como produtos de genes intimamente relacionados ou seriam
formadas antes ou durante o processo de purificagdo, como resultado de
modificagoes da cadeia lateral, como hidrélise de grupamentos amino de residuos de
glutamina e asparagina.

Moss (1982) apresenta o termo isoenzimas como formas moleculares
multiplas de uma enzima que ocorrem em uma mesma espécie, como resultado da
presenca de mais de um gene estrutural. Segundo Lis e Sharon (1986) isolectinas
sao definidas como um grupo de proteinas intimamente relacionadas que sao
originadas a partir da expressao de diferentes genes. O termo isoforma ¢ atribuido
para formas moleculares de lectinas presentes em uma mesma espécie, cuja

heterogeneidade genética nao foi definida (PAIVA e COELHO, 1992).
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Na purificagao de lectinas estao envolvidas técnicas comuns a protocolos de
isolamento de proteinas. Em geral, a etapa inicial do isolamento de lectinas de
plantas é a preparacao de extratos em solugao salina (KONOZY et al., 2003) ou
utilizando tampoes (OLIVEIRA et al., 2002). Posteriormente para purificagao parcial,
utiliza-se, na maioria das vezes, a precipitagao protéica por tratamento do extrato
com sulfato de aménio; as proteinas precipitadas em fragoes distintas mantém a sua
conformagao nativa (COELHO e SILVA, 2000).

As lectinas parcialmente purificadas pelo fracionamento salino sao
normalmente submetidas a processos cromatograficos convencionais, tais como,
cromatografia de troca idnica ou cromatografia de gel filtragdo. S3ao inumeras as
matrizes disponiveis comercialmente (Sigma, USA) sendo a escolha do tipo de
cromatografia e a selecao do suporte cromatografico em fungao das propriedades
inerentes a lectina. Os critérios de separagao correspondem a carga liquida da
proteina, em cromatografia de troca ionica e ao seu tamanho molecular, no caso da
cromatografia de gel filtragao.

Em cromatografia de troca idnica, proteinas sao adsorvidas a matriz, devido
principalmente a interagOes eletrostaticas que ocorrem com os grupos carregados
imobilizados. Como principais grupamentos carregados ligados a matriz temos o
DEAE (dietilaminoetil), grupo positivamente carregado e, portanto, um trocador
anionico e o CM (carboximetil), grupo negativamente carregado, sendo um trocador
cationico. Estes grupamentos estao ligados a uma matriz insolivel composta
geralmente por polimeros como agarose, acrilamida ou celulose (Sigma, USA). As

proteinas com nenhuma ou pouca interagao com o trocador de ions sao excluidas
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na etapa inicial de lavagem da coluna com o tampio de equilibrio; as proteinas
adsorvidas a matriz podem ser eluidas pelo aumento da forga idonica ou pela
mudanga do pH da solugao eluente. A eluicio pode ocorrer pela utilizagao do
gradiente em escada, com o aumento da concentragao salina ou valor do pH em
valores distintos de forma nao continua (MISHRA et al., 2004) ou pelo gradiente
linear, onde a alteragao do meio cromatografico ocorre de maneira lenta e gradativa
(REGO et al., 2002).

Método cromatografico nao convencional, a cromatografia de afinidade,
desenvolvida inicialmente por Cuatrecasas et al. (1968), baseia-se na propriedade
das lectinas de ligarem especificamente e reversivelmente a carboidratos. Sua
aceitagdo em praticamente todos os esquemas de purificagao de lectinas de
especificidade definida deve-se a vantagens, tais como elevada recuperagao e alta
especificidade. Neste tipo de cromatografia ocorre a ligagao da lectina ao suporte de
afinidade e sua posterior dessorgao, seja por competicao bioespecifica pelo sitio
protéico com uma solugao contendo um competidor, seja por alteragao do pH e da
forga ionica (KONOZY et al,, 2003; BANERJEE et al., 2004).

As lectinas diferem entre si pela composigao e sequéncia de aminoacidos na
cadeia polipeptidica, quanto ao numero de subunidades na estrutura protéica,
quanto a necessidade de presenca de metais para atividade bioldgica, bem como na
especificidade do sitio de ligagdo para mono ou oligossacarideos (KENNEDY et al.,
1995).

A caracterizagao de lectinas envolve métodos diversos como: inibigao por

carboidratos e/ou glicoconjugados, atividade hemaglutinante em presenga de ions,
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estabilidade da atividade lectinica em fungao de diferentes valores de pH, bem como
técnicas eletroforéticas para indicar basicidade ou acidez da lectina, determinar peso
molecular e caracteriza-la como glicoproteina (COELHO e SILVA, 2000).

Testes de inibicao da atividade hemaglutinante tém como objetivo conhecer
a especificidade de ligagao a mono, di ou oligossacarideos, desde que a especificidade
€ um critério para classificar lectinas de plantas em seis grupos de reconhecimento a
carboidratos: grupo fucose, grupo galactose/N-acetilgalactosamina, grupo N-
acetilglicosamina, grupo manose, grupo acido sialico e grupo glicanos complexos. As
lectinas de plantas exibem ampla especificidade para carboidratos, tendo algumas
maior afinidade para oligossacarideos do que para aglUcares simples ou possuirem
especificidade direcionada a glicanos estranhos (ndao presentes na propria planta).
Lectinas estruturalmente diferentes podem ainda reconhecer o mesmo carboidrato
(PEUMANS e VAN DAMME, 1998).

A ligacao a carboidratos de algumas lectinas de plantas depende da presenga
de ions; a presenca simultinea do calcio e um ion metdlico de transicao foi
primeiramente descrito para a Con A (LORIS et al, 1998). O ensaio de
hemaglutinagado em presenca de ions, objetiva avaliar a dependéncia ou nao da
lectina por ions metdlicos para promover a sua atividade biologica; lectina de
Erythrina speciosa possui Ca™ e Mn*?, e quando tratada com EDTA sua AH é abolida,
sendo a mesma recuperada apods a adigao dos respectivos ions (KONOZY et al.,
2003). De outra forma, a lectina de Helianthus tuberosus nao tem sua atividade
suprimida quando tratada com EDTA nem necessita de ions metalicos como Ca®,

Mn*? e Mg™ para a mesma (SUSEELAN et al., 2002).
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A avaliagdo da AH de lectinas em diferentes condigoes de pH é de grande
valia para a determinacao da estabilidade com relagao a sua capacidade de ligagao a
carboidratos e glicoconjugados. Lectinas podem ter sua atividade afetada (KONOZY
et al., 2003) ou nao (WITITSUWANNAKUL et al,, 1998) em diferentes faixas de pH.

Eletroforese em gel de poliacrilamida e dodecil sulfato de sédio (SDS-PAGE)
€ um método rapido, reprodutivel e de baixo custo para comparagio e
caracterizagao de proteinas. Este método é baseado primariamente no peso
molecular destas (LAEMMLI, 1970). O SDS liga-se as porg¢oes hidrofobicas da
proteina e o comprimento do complexo SDS-proteina é proporcional ao peso
molecular da mesma. E uma importante técnica analitica podendo ser utilizada na
andlise do grau de pureza de uma proteina, determinagdo da massa molecular,
detecgao de protedlise, composicao de subunidades, entre outras aplicagoes. A
eletroforese em condigoes nativas caracteriza a proteina em relagao a carga liquida.
Lectinas acidas (SANTOS et al, 2005) e basicas (SULTAN et al., 2004) foram
reveladas por esta técnica. Para coloragao dos géis de poliacrilamida, podem ser
utilizados os corantes azul de Coomassie ou negro de amido, que revelam bandas
polipeptidicas, ou com coloragoes especificas para glicoproteinas (GUZMAN-
PARTIDA et al., 2004).

Ainda em métodos de caracterizagao temos a determinagao do ponto
isoelétrico (eletrofocalizagao), eletroforese bidimensional, andlise da composicao e
seqliéncia de aminoacidos, espectroscopia de massa, dicroismo circular, dentre

outros.
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O reconhecimento entre proteinas e carboidratos é de grande importancia
em varios processos biolégicos como infecgbes virais, bacterianas, fungicas e
parasiticas; enderecamento de células e componentes soluveis; fertilizagao;
metastase, crescimento e diferenciagao celular. As lectinas de plantas tém sido
escolhidas para estudar as bases moleculares destes eventos de reconhecimento,
pois nao sao apenas mais facilmente purificadas em grande quantidade, como exibem
uma larga variedade de especificidade a carboidratos (LORIS et al., 1998).

As lectinas constituem ferramentas em estudos citoquimicos e histoquimicos
(DANGUY et al, 1998), fracionamento de células (OHBA et al., 2002), como
moléculas bioadesivas no enderegamento de drogas (BIES et al., 2004) e na obtengao
de oligossacarideos e glicoconjugados quando imobilizadas em suportes insollveis
(FRANCO-FRAGUAS et al, 2003; BANERJEE et al, 2004). Podem ainda ser
utilizadas para analise de mudangas que ocorrem na superficie celular durante
processos fisioldgicos e patoldgicos, desde células normais a tecidos transformados,
como ocorre no cancer (SHARON e LIS, 2001).

Uma variedade de propriedades biologicas pode resultar da ligagio de
lectinas as células, incluindo: aglutinacao de eritrocitos e identificagao de grupos
sanguineos (PAIVA e COELHO, 1992; MATSUIl et al, 2001); atividades
antiinflamatoria (ASSEREUY et al., 1999), antitumoral (ELSASSER-BEILE et al,, 2001;
ZHAO et al, 2003), antimicrobiana (FREIRE et al, 2002) e hipoglicemiante
(KAVALALI et al., 2003); estimulagao mitogénica de linfécitos T humanos (PAJIC et

al, 2002; MACIEL et al, 2004); liberagao de oOxido nitrico por macrofagos
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(ANDRADE et al., 1999) e indugao de apoptose em tumores de células humanas

(HAJTO et dl., 2003).

Capparis yco

Capparis yco, conhecida vulgarmente como ico-branco (Figura 1), é uma
planta pertencente a familia Capparaceae, que se distribui nas Regides Tropical e
Subtropical, especialmente da Africa e das Américas. O género Capparis tem
aproximadamente 250 espécies sendo |15 delas encontradas no Brasil principalmente
nas vegetagcoes de Caatingas e Restingas, sendo bem representado na flora de
Pernambuco. As espécies sao utilizadas na produgao de madeira, alimentagao e na
medicina popular.

O icozeiro nao vai, em média, além dos 2 a 3 metros. Seus ramos sao longos,
eretos, de casca castanho claro amarelado. Folhas opostas, algo pendentes, um
pouco mais adensadas na porgao superior dos ramos. Fruto baga, coridcea a
sublenhosa, irregurlamente ovéide, com 8 a 10 cm de comprimento e 5 a 6 cm de
didmetro, denso pubescente, castanho claro amarelado. Sementes varias (14-20)
subcocleadas, castanho claras, lustrosas, mergulhadas em massa esponjoso-farinacea,
de cor creme claro, que passa a castanho claro ao secar. Eventualmente, seu fruto é
referido ser comestivel (CORREA, 1978).

Pesquisas existentes com espécies do género Capparis revelam diversas
propriedades biologicas, mostrando com isso ser um material de estudo bastante

promissor. Sementes de C. masaikai foram utilizadas no isolamento e caracterizagao
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da proteina com propriedades adogantes mabinlina Il (LIU et al., 1993; NIRASAWA
et al., 1994, KOHMURA e ARIYOSHI, 1998; GUAN et al., 2000); aglutinagao e
morte do parasito Leishmania em sua forma promastigota foram detectadas quando
o vetor Phlebotomus papatasi foi alimentado com extrato de C. spinosa, sendo
indicado ser isto devido a presenga de varias lectinas no extrato (SCHLEIN e
JACOBSON, 1994; JACOBSON e SCHLEIN, 1999); avaliagio dos frutos de C.
decidua (Pinju) como alternativa na dieta em regiées da india (DUHAN et al., 1992) e
estudo do seu valor nutricional, principalmente como fonte de vitamina C e beta-
caroteno (CHATUVERDI e NAGAR, 2001); identificagcao e isolamento do principio
ativo da C. spinosa, responsavel por sua agao antiinflamatoéria (AL-SAID et al., 1988);
determinagao de atividade antihepatotoxica (GADGOLI e MISHRA, 1999) e
antifungica contra dermatofilos de C. spinosa (ALI-SHTAYET e ABU GHDEIB, 1999);
estudo da agao hipoglicemiante de C. decidua (YADAV et al., 1997a e 1997b) e C.
spinosa (YANIV et al., 1987); avaliagao da toxicidade de C. tomentosa (AHMED et al.,
1981; AHMED et al., 1993); determinagao da atividade antioxidante e constituintes
quimicos de C. spinosa (GERMANO et al., 2002; BONINA et al., 2002 e KHANFAR

et al., 2003).
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A B

Figura |- Aspectos de Capparis yco; arvore (A), folhas e frutos (B), interior do

fruto (C) e sementes (D).
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RELEVANCIA DO TRABALHO

As lectinas vém sendo amplamente utilizadas em pesquisas biolégicas devido
ao seu grande potencial médico e biotecnolégico. Estas moléculas sao
freqlientemente purificadas de sementes devido ao elevado teor protéico deste
tecido vegetal. Desde 1983 o Laboratério de Glicoproteinas do Departamento de
Bioquimica da Universidade Federal de Pernambuco vem contribuindo com o estudo
de lectinas ao isolar, caracterizar, definir propriedades biolégicas e aplicacoes

biotecnoldgicas para essas moléculas, em diferentes fontes.

Pesquisas existentes com espécies do género Capparis revelam diversas
propriedades bioldgicas, mostrando com isso ser um material de estudo bastante
promissor. Sementes de C. masaikai foram utilizadas no isolamento e caracterizagao
da proteina com propriedades adocantes mabinlina Il (LIU et al., 1993; NIRASAWA
et al., 1994, KOHMURA e ARIYOSHI, 1998; GUAN et al., 2000); aglutinacao e
morte do parasito Leishmania em sua forma promastigota foram detectadas quando o
vetor Phlebotomus papatasi foi alimentado com extrato de C. spinosa, sendo indicado
ser isto devido a presenca de varias lectinas no extrato (SCHLEIN e JACOBSON,

1994; JACOBSON e SCHLEIN, 1999).
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OBJETIVOS

OBJETIVO GERAL

Isolar e caracterizar parcialmente lectina(s) em sementes de Capparis yco.

OBJETIVOS ESPECIFICOS

Isolar lectina(s) em sementes de C. yco através de fracionamento com sulfato de

amonio e métodos cromatograficos;

Determinar a atividade hemaglutinante em preparagcoées de C. yco utilizando

diferentes eritrécitos;

Determinar a especificidade de ligacao da(s) lectina(s) a carboidratos e glicoproteinas;

Avaliar efeito de ions e pH sobre a atividade hemaglutinante;

Determinar, através de métodos eletroforéticos, a massa molecular e o grau de

pureza das lectinas isoladas;

Avaliar a natureza glicoprotéica da(s) lectina(s) através de eletroforese em gel de

poliacrilamida e coloracao especifica para glicoproteinas.
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Abstract

Purification of two molecular forms from Capparis yco seed lectin
(CySeL) was achieved by ammonium sulphate fractionation of extract,
followed by ion exchange chromatography of fractions (F) on CM-Cellulose
column. The protocol was effective to obtain CySeL (12 mg) and CySel; (9
mg); additionally revealed differences in isoform charge properties. The
binding of isoforms was also evaluated on Hitrap SP, fetuin-agarose and guar
gum columns. The lectins were non-specific to human erythrocytes and high
specific hemagglutinating activities (SHA) were detected with rabbit cells. HA
of CySelL: was inhibited with monosaccharides and glycoproteins, while
CySel, recognized only glycoproteins. The pH values and divalent ions
interfered differently on isoforms HA. Upon native PAGE, CySelL and CySelL,
had three protein bands which extracted from gel showed HA; SDS-PAGE
with B-mercaptoethanol revealed, two polypeptides of Mr 15 and 14 kDa.
Carbohydrate staining of gel showed the glycoprotein nature of 14 kDa
subunit. The protocol used was able to isolate, in milligram quantities, CySelL 1
and CySel,. structural differences of isoforms associated to high vyield
purification of proteins indicated their potencial use in structural and

biotechnological applications.

Keywords: Capparis yco, ion exchange chromatography, lectin isoform

purification, protein charge properties.
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1. Introduction

Seeds constitute a rich source of lectins, (glyco)proteins of non
immune origin with carbohydrate binding properties occurring through
cooperative hydrogen bonds, metal coordination, van der Waals and
hydrophobic interactions [1]. The presence of, at least, two carbohydrate
binding sites in the lectin molecule makes possible their simultaneous
interaction with more than one erythrocyte cell surface producing
hemagglutination [2].

Interest in lectins from microorganisms, animals and plants has greatly
increased due to their applications as, for example, purification of glycosilated
trypsin inhibitor by affinity chromatography on lectin immobilized column [3],
evaluation of cell surface using lectin conjugated with horse radish
peroxidase [4] and as an antiproliferative agent on lymphoma cells [5].

Multiple lectin molecular forms, isoforms or isolectins [6], are common
in seeds and differ, for example, in relation to erythrocyte agglutination
pattern, carbohydrate specificity, net charge and glycoprotein nature [6],
thermal and pH stabilities [7]; HA ion dependence [8], molecular mass and
subunit composition [9]. The heterogeneity can confer different biological
properties [10] and may be explored to isolate isoforms. The carbohydrate
affinity drive the isoform adsorption process on carbohydrate or glycoprotein
immobilized matrices; the lectin separation can be obtained increasing
carbohydrate inhibitor concentration in elution buffer [11]. On the other hand,

if carbohydrate binding of isoforms differ in Ca?* dependence, selective
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desorption can occur by quelant agent addition in elution buffer [12]. Charge
heterogeneity makes the ion exchange chromatography efficient to separate
isoforms in distinct peaks during elution with NaCl linear gradient [13].

Several isoforms have been determined as protein products of different
genes. Two Vigna mungo seed lectins were expressed in distinct days after
flowering and co-translational or post-translational modification was not
detected [9] if two related Oryza sativa isoforms corresponded to protein
products of salt-stress-induced genes [14]. Post-translational modifications
have been also implicated in production of isoforms [15]. Proteolytic
processing can result in different physicochemical and biological properties.
Comparison between native Jacalin (njacalin), the lectin of Artocarpus
integrifolia, and its recombinant form (rjacalin) revealed that proteolytic
processing that occur only in njacalin, was not a prerequisite for rjacalin sugar
binding, however decreased its carbohydrate affinity and reduced its stability
under extreme pH range [16].

Here, a simplified procedure for the purification of two lectin isoforms
from Capparys yco seeds, CySelL and CySel,, has been developed using
cation exchange chromatography on CM-Cellulose. The protocol was able to
provide milligram quantities of isoforms of high specific hemmagglutinating
activity (SHA). CySeL and CySelL, were partially characterized by evaluation
of its activities at different HA assay conditions, carbohydrate and
glycoprotein inhibition pattern, as well as by electrophoresis in polyacrylamide

gel (PAGE).
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2. Materials and methods

2.1. Seed extract and salt fractionation

Powder (20 g) of Capparis yco mature seeds was added to 50 mM
sodium phosphate buffer/0.15 M NaCl, pH 6.5 (100 ml); after magnetic
agitation for 4 h at 26°C, the mixture was centrifuged (5,000 g, 15 min) and
the supernatant (extract) was used as the starting material to isolate isoforms.
The extract was then treated with ammonium sulphate and obtained fractions
(F) 0-20, 20-40 and 40-80% were dialyzed against 50 mM sodium phosphate

buffer/0.15 M NaCl, pH 6.5.

2.2. Protein determination

Protein concentration was estimated according to Lowry et al. [17]
using bovine serum albumin (31 to 500 pg ml™') as standard and by

absorbance at 280 nm.

2.3. Hemagglutinating activity (HA) and inhibition of HA

Lectin activity of serially diluted samples in 0.15 M NaCl was assayed
with glutaraldehyde (Merck, Germany) treated rabbit and human erythrocytes

according to Paiva and Coelho [6] using microtiter plates (Kartell S.P.A.,
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Milan). The HA (titer) was defined as the reciprocal of the highest dilution
giving positive hemagglutination. Specific HA (SHA) means titer/mg of
protein. Lectin inhibition assay was made with 0.2 M monosaccharide
(D(+)fructose, D(+)glucose, D(+)galactose, D(+)mannose; from Sigma, USA)
or 500 ug/ml glycoprotein (fetuin, ovalbumin and thyroglobulin; from Sigma,
USA) solutions.

The pH effect on HA was evaluated with the lectin diluted in 0.1 M Tris-
HCI buffer (6.5 to 8.0) and 0.1 M sodium carbonate-bicarbonate (pH 10). The
ion assay was performed with the lectin diluted in 10, 20 and 40 mM Ca* or

Mg®* solutions containing 0.15 M NaCl.

2.4. Isolation of lectin isoforms by ion exchange chromatography on CM-

Cellulose

F20-40 or F40-80 (20 mg of protein) were chromatographed on a CM-
Cellulose (Sigma, USA) column (1.5 x 7.0 cm) equilibrated with 50 mM
sodium phosphate buffer/0.15 M NaCl, pH 6.5. After sample application, the
column was washed with the equilibrium buffer until 0.05 of absorbance at
280 nm; following, the column was eluted with 0-1.0 M NaCl linear gradient.

Active obtained fractions were assayed for HA and the pooled.

2.5. Evaluation of HA binding on Hitrap SP, fetuin-agarose and guar gum

columns
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F20-40 and F40-80 (20 mg) were applied to Hitrap SP column (0.7 x
2.5 cm; Pharmacia Fine Chemicals,Sweden) equilibrated (flow rate of 1
ml/min; AKTA FPLC System) with 50 mM sodium phosphate buffer, pH 6.5.
Affinity columns were prepared with fetuin-agarose (Sigma, USA; 0.8 x 4.0
cm) or cross-linking refined guar gum (Sigma, USA; 1.5 x 7.0 cm) equilibrated
(flow rate of 20 ml/h) with 50 mM sodium phosphate buffer/0.15 M NaCl, pH
6.5. All columns were washed with respective equilibration solutions until
A280 nm < 0.05. The HA was then eluted with 0-1 M NaCl linear gradient
(Hitrap SP) or with 0.5 M NaCl followed by 1.0 M NaCl (fetuin-agarose and

guar gum).

2.6. Polyacrylamide gel electrophoresis (PAGE)

Non denaturating PAGE was performed according to Reisfeld et al.
[18] and stained with amido black. Previously detected polypeptide bands
were also extracted by cutting the gel following by maceration in 0.15 M NaCl
and evaluation for HA [19]. SDS-PAGE was carried out in a 15%
polyacrylamide gel at presence and absence of B-mercaptoethanol [20].
Polypeptide bands from samples were stained with Coomassie Brilliant Blue.
The gel was also stained according to Pharmacia Fine Chemicals [21] using

Schiff’s reagent (Merck, Germany).
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3. Results and discussion

Purification procedure for CySeL isoforms has been developed using
extract, protein salt fractionation and cation exchange chromatography. HA
assay with rabbit erythrocytes showed two ammonium sulphate fractions,
F20-40 and F40-80, of high SHA (Table 1) corresponding to, respectively,
50% and 33% of total extracted HA. Evaluation of fraction HA with human
cells revealed F20-40 as the most active preparation (Table 2) suggesting
distinct HA in the fractions. The presence of lectin multiple molecular forms
has been documented in seeds. Isolectins (Iso) 1, 2 and 3 of Cratylia mollis
shows different erythrocyte agglutination pattern; Iso 1 and 3, respectively,
glucose/mannose and galactose lectins [6] occur in the same cellular
compartment and it is suggested distinct biological roles [22].

HA of fractions were retained on CM-Cellulose column; 66% of F20-40
HA, named CySelL was eluted with 0.5 M while 69% of F40-80 HA, CySeL,,
was eluted 0.3 M NaCl (Figure 1). However, when chromatography was
performed on Hitrap SP column, a strong cation exchange, F20-40 and F40-
80 HA were eluted with 1.0 M NaCl (Tabela 3). The different NaCl
concentrations required to protein desorptions in CM-Cellulose reflected the
strength of isoform adsorption processes. Probably, at pH 6.5, CySelL had a
more positive charge surface than CySel, contributing for its selective
adsorption. Multipoint interactions promoted by high binding capacity of Hitrap

SP impaired the isoforms separation by its charge properties. In fact, Pessela
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et al. [23] evaluating ionic exchangers determined that the (B-galactosidase
binding changed according to content of amino groups; when the lowly
activated ion exchange was used, full desorption of the enzyme occurred with
lower ionic strength.

HA inhibition assay showed that only CySel; recognized
monosaccharide and both isoforms were inhibited by glycoproteins (Table 4).
Despite of similar glycoprotein inhibition data, different HA yields were
obtained in the chromatography on fetuin-agarose and guar gel affinity
columns (Table 3). F20-40 HA was mainly retained on fetuin-agarose while
highest adsorption of F40-80 HA was achieved on guar gel affinity
chromatography. Distinct structural characteristics of isoforms may be leaded
to different binding to inhibitors as well as fetuin-agarose adsorption. In fact,
the pattern of monosaccharide and oligosaccharide is determined by
selectivity of lectin primary site and additional sub-sites or extended sites [1,
24]. Minimal changes in the primary sequence of mutated plant lectins
resulted in different binding to erythrocyte surface carbohydrates [25].

Structural characteristics of isoforms were also indicated when HA was
assayed with divalent ions and distinct pH values. The ion presence (Figure
2A) main difference was detected at 40 mM Ca?* and Mg?*; CySel, HA was
stimulated while CySel; was inhibited (Ca®*) or inactivated (Mg®*). The
inhibition or stimulation of HA probably reflected different conformational
changes in isoform structures [1]. The pH assay (Figure 2B) revealed CySel.,
more stable than CySelL,, since only CySelL, showed HA at pH 10. In fact,

alteration of protein structure has been associated to pH value; the secondary
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structure of Artocarpus hirsuta lectin was not modified at 1-8 pH range, but
was distorted above pH 9, altering its binding constant to methyl o-
galactopyranoside [26].

Electrophoretic methods revealed isoform structural similarities.
CySelLs and CySel,, in non-denaturating PAGE, yielded the same three
bands (Figure 3) which after elution from gel showed HA (titer of 64™).
Denaturating PAGE revealed that CySelLs and CySelL, were constituted by
multiple subunits. Under SDS-PAGE, without [B-mercaptoethanol, the
isoforms migrated as a diffuse band with Mr of 28 to 14 kDa; in the presence
of reducing agent, two subunits with Mr of 15 and 14 kDa were detected
(Figure 4B). Carbohydrate staining of gel revealed that only 14 kDa band was
glycosylated (Figure 4A). Interestingly, the diffuse bands observed in the
absence of B-mercaptoethanol were not stained. The different electrophoretic
pattern obtained at reducing and non-reducing conditions suggests that 14
CySeL subunit was linked by disulfide bonds, similarly to other seed lectins
[27]. The detection of glycoprotein nature only after treatment of isoforms with
reducing agent may indicate that the carbohydrate moiety is buried due to
subunit associations. Crystal structure of Erythrina corallodendron lectin
revealed that a glycan constituting the subunit interfaced in the dimmer [28].
SDS-PAGE results and detection of HA in the individual bands eluted from
non-denaturating PAGE, indicated that C. yco seeds contain three differently
charged lectin isoforms which can be constituted of each 15 and 14 subunits
or corresponding to a molecular arrangement of these subunits, as

determined for Erythrina variegata isolectins [29].
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CySelL1 and CySel, structural differences detected in CM-Cellulose
chromatography, inhibition of HA with monosaccharide and effect of pH and
ions on HA associated to high yield purification of proteins, indicate their

potencial use to structural and biotechnological applications.
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Table1

Summary of CySeL4 and CySelL; isolation
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Preparation Total protein (mg) SHA Purification (fold)

Extract 6,534 113

1
F20-40 1,809 204

1.8
F40-80 1,296 190

1.7
CySelL 12 1,828

16
CySel, 9 2,560

23

To assay hemagglutinating activity (HA) C. yco preparations (50 ul) were

serially two-fold diluted before addition of 2.5%

(v/v) suspension of

glutaraldehyde treated rabbit erythrocytes (50 ul). Specific HA means

titer/protein (mg/ml); total protein of isoforms corresponded to protein (mg)

obtained in each chromatographic experiment.
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Table 2

Specific hemagglutinating activity (SHA) of ammonium sulphate fractions

Erythrocyte
Fraction
Rabbit A AB B O
F20-40 204 410 205 102 205
F40-80 190 46 23 23 23

Hemagglutinating activity (HA) was performed with 2.5% (v/v) suspension of

glutaraldehyde treated erythrocytes. SHA, specific HA (titer/protein).
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Table 3
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Evaluation of F20-40 and F40-80 HA binding on Hitrap SP, fetuin-agarose

and guar gel matrices

Matrix/ chromatographed sample Yield (%) SHA Purification (fold)
Hitrap SP/F20-40
75 226
HitrapSP/F40-80 1.2
75 277
Fetuin-agarose/F20-40 1.4
15 800
Fetuin-agarose /F40-80 4
26 800
Guar gel/F20-40 4
19 800
Guar gel/F40-80 4
25 985
5

Yield was expressed as percentage of chromatographed HA recovered in the

elution step.
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Table 4

Inhibition of CySelL and CySeL, HA

Inhibitor CySelL; (titer™") CySelL, (titer™")
Monosaccharide
Fructose 32 NI
Galactose 64 NI
Glucose NI NI
Mannose NI NI
Glycoprotein
Azocasein 128 128
Casein 8 8
Fetuin 16 16
Ovalbumin 256 128
Thyroglobulin 8 16

Hemagglutinating activity (HA) was made with 2.5% (v/v) suspension of

glutaraldehyde treated rabbit erythrocytes. HA of CySelL4 and CySelL; in 0.15

M NaCl, 512" and 1024, respectively. NI means no lectin inhibition.
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Figure 1. CySelLs ( o ) and CySelL, ( e ) isolation by ion exchange
chromatography. Protein (20 mg) was applied to CM-Cellulose column (1.5 x
7.0 cm) equilibrated (20 ml/h) with 50 mM sodium phosphate buffer
containing 0.15 M NaCl, pH 6.5. The column was eluted with 0 - 1.0 M NaCl
linear gradient. Obtained fractions (2 ml) were assayed for HA ( == ). F20-40

was the first sample chromatographed, followed by F40-80.
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Figure 2. Effect of divalent ions (A) and pH (B) on HA of CySelL, ( o ) and
CySel, ( ® ). The ion assay used lectin diluted in 10, 20 and 40 mM Ca?" or
Mg®* solutions containing 0.15 M NaCl. The pH effect on HA was evaluated
with the lectin diluted in 0.1 M Tris-HCI buffer (6.5 to 8.0) and 0.1 M sodium
carbonate-bicarbonate (pH 10). After dilution, isoforms were incubated by 15
min before rabbit erythrocyte addition. CySelLs and CySelL, HA in 0.15 M
NaCl without ion, were, respectively, 128" and 512™'. CySeL; and CySeL, HA

in 50 mM sodium phosphate buffer was 64™".
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Figure 3. CySelL: and CySel, electrophoretic patterns upon native
polyacrylamide gel. Samples (50 ug of protein) of CySeL4 (1) and CySel, (3)
as well as cytocrome C (10 ug; 2) were applied on 20 % polyacrylamide gel

stained with amido black.
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<«—28 kDa

<+—15kDa
<+—14 kDa

©

Figure 4. SDS-polyacrylamide gel electrophoresis (15 %) of CySelLs and
CySel,. The B-mercaptoethanol treated CySeL, (1) and CySel, (3) as well
as non-reduced CySelL; (2) and CySel, (4) were stained with Schiff’s
reagent (A). The reduced CySelL (5), CySel, (7) and non-reduced CySel
(6), CySeL; (8) were stained with Coomassie Brilliant Blue (A). Lanes contain

50 ug of isoforms.
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CONCLUSOES

Sementes de Capparis yco contém isoformas de lectina (CySeL, e CySeL,).

CySelL, e CySel, foram isoladas por cromatografia de troca i6nica em coluna

contendo CM-Celulose.

CySel, e CySel, aglutinaram eritrécitos de diferentes tipos sangiiineos.

CySel, e CySeL, foram principalmente inibidas por glicoproteinas.

Ca’*, Mg** e pH afetaram de forma diferente a AH de CySeL, e CySeL,.

CySel, e CySel, sao proteinas basicas, constituidas de duas subunidades diferentes.

CySelL, e CySel, sao glicoproteinas.

53



Rabélo, C.C. P.

ANEXO

Isolamento e Caracterizagao parcial de lectinas ...

54



JOURNAL OF
CHROMATOGRAPHY B

ANALYTICAL TECHNOLOGIES IN THE BIOMEDICAL AND LIFE SCIENCES

EDITORS
R. BISCHOFF (Groningan)
G. HOPFGARTNER [ Geneva)
H.T. KARNES (Richmond, WA)
W. LINDNER ({Vienna)
0K, LLOYD (Mew Brunswick, MNJ)

ANMUAL REVIEW VOLUUME EDITOR
Z. DEYL (Prague)

EDITORIAL BOARD

J. Angerer (Erlangen), Y. Baba (Nagoya), M.G. Bartlett (Athems, GA), B.G. Charles ({Brisbane), J. Cummings (Manchester,

G de Jong (Utrecht), A.P De Leenheer (Ghent), D.S. Hage (Linccin, NE), C.G. Huber (Saaroricken), H. Irth {Amsterdam),

. Karst (Enschede), DM. Lubman (Ann Arbor M, J. Macek (Prague), K. Markides (Uppsala), G. Marke-Varga (Lund),

B.K. Matuszewski (West Point, PA), H.H. Maurer (Homburg'Saar), FA.J Muskiet (Groningen), F. Nilssen (Lund), TM. Phillips

(Bethesda, MD), M.L.J. Reimer (Montreal), J.M. Rosenfeld (Hamilton), A, Shicukawa (Choshi-City), N.R. Srinivas (Hyderabad),

L. Staendker (Hannower), F Tagliare (Vercna), B Thibault (Montreal), TS Tracy (Morgantown, WV) D, Tsikas (Hannover),
J-L. Veuthey (Geneva), |. Wainer (Baltimore, MD), K. Wehmeyer (Mascon, OH)

ELSEVIER

Amsterdam — Boston—Jena - London — New York — Oxford — Paris — Philadelphia — San Diego - 5t. Louis

J. Chromatogr. B, Vol. 814, issue 1 (2005)

doi: HOL TS S TO0-02 32000097 (0-5



| NSTRUCTIONS

Visit also our website:

hitp://www.elsevier.com/locate/chromb

10 AUTHORS

JOURNAL OF
CHROMATOGRAPHY A

INCLUDING ELECTROPHORESS, MASS SPECTROMETRY
AND OTHER SEPARATION AND DETECTION METHO DS

JOURNAL OF
CHROMATOGRAPHY B

ANALYT ICAL TECHMNOLOGIES IN THE
BIOMEDICAL AND LIFE SCIEMCES

Editonal Oifice fosmal of Chromato graphy 8
PO, Box 6E1, 1000 AR Amsterdam, The Metherlands
Badarweg 29, 1043 NX Amsterdam, The Netherl ands

Tel: +31-30<4852704
Fax: +31-30-<4852304

e-mail: chmm-eo@elsevier.com

Jowrnal's Awthor Gateway page: http:fauthorelsevier comdjournalic hromb

ELSEVIER

Amsterdam= London = New York = Oxford = Paris =Shannon =Tokyo



192

JOURNAL OF CHROMATOGRAPHY
INSTRUCTIONS TO AUTHORS

& Scope

The Jfowmal of Chromarograply B addmesses advancements in and applications of analytical methodolo gies related to drugs, other biologically active
compounds, metabolites, biomarkers, as well as to hio-polymers such as proteins, peptides, nucleic acids, glycans, The ameas considered include:

® climcal amalysis, therapeutic dmg monitoring, pharmacewtical analysis, toxicological analysis, bio-cmvirmmmental analysis and novel approaches to sample
preparation in analysis of biological matnoes

# the qualitative and quantitative analysis of biopolymers including proteins, peptides and their post-translational modifications as wellas nucleic acids and glycans

# the screening and profiling of body Auids, tissees, bological matrices and system related to monitonng the level of active substances, including metabolities,
hiomarkers and toxicants

# the compamtive analysis ot hiological systems using proteomics, genomics, metabonomics and other “omics” including novel ways of data handling and
interpretation

® preparative aspects related to sepamtion and isolaton of bioactive compounds including biopoly mers

Analytical techmiques coverad include the vanous facets of chromato graphy, electrophoresis and related methods, including mass spectrometry and affinity-

hased methodologies.

@ Types of contributions

The tallowing types of papers are published in the Jowmal of Clhromatograpiv B Regular esearch papers (full-length papers), Review articles, Shon
Communications, Discussions, Technical Notes and Letters to the Editor. Review articles are invited or proposed in writing to the Editors, who welcome
suggestions for subjects. An outline of the proposed Review should first be forwarded to the Editors for preliminary discussion prior to prepamtion. Short
Communications ane usually descnptions of shon investigations, or they can report minor technical improvements of previously published procedures: they
reflect the same quality of research as ful l-length papers, but should preferbly not exceed five ponted pages. Discussions {one or two pages ) should explain,
amplity, cormect or otherwise comment substantively upon an article ecently published in the journal. Submission of an anicle is understood to imply that the
anticle is original and wnpublished and 15 not heing considered tor publication elsewhers.

Upon acceptance of an article by the joumal, the author{s) will be asked to transter the copyright of the anticle to the publisher. This transter will ensure the
widest possihle disemination of information.

@ Submission of articles

Creneral

[t is essential to give an e-mail address and fax mumber when submitting 2 manuscript. Articles must be written in good English.

Submmission of anarticle implies that the work desenbed has not been published previously (except in the form of an ahstmet or as pant of 2 published lecure or
academic thesis), that it is not under consideration tor publication elsewhere, that its publication 15 approved by all authors and tacitly or explicitly by the
responsible autharities where the work was carried ont, and that, if accepted, it will not be published elsewhere in the same form, in English or in any other
language, withowt the written consent of the Publisher.

Uponacceptance of an anticle, authors will be asked to transter copyn ghit (for more information oncopynght see hitpdauthors.elsevier.com ). This transter will
ensure the widest possible dissemination of information. A letter will be sent to the comesponding Author confirming receipt of the manuscript. A form
tacilitating transterof copyright will be provided. If excerpts from other copyrighted works are included, the Author(s ) must obtain written permission from the
copyright owners and credit the sourcels) in the article. Elsevier has preprinted forms tfor use by authors in these cases: contact Elsevier's Rights Depanment,
Oford, UK, phome: (+44) 1865 843830, oo (444 ) 185 B53333 e-mail: permissions@elsevier.com. Requests may also be completed on-line via the Elsevier
homepage (hitpdawanacelsevier.comlocate/permissions).

Subwnission fo the jowmnal

Submmission of hoth regular and special issue articles to this journal prooeeds total Iy on-line via the journal s suhmission wehsite hittp: Vees elsevier.comdchmmb.
At the submission website you will be guided stepwise through the creation and uploading of the vanous files. Once the uploading 1s done, our system
automatically generates an electronic { PDF) proof, which is then used for reviewing. All comespondence, including notification of the Editor's decision and
requests for revisions, will be by e-mail. If you are wnahle to provide an electmonic version, please contact the editorial office prior to submission at e-mail:
chromeo@elsevier.com; telephone: 431 20 485 279 or tax: 431 20 485 234,

Every paper mustbhe accompanied by aletter from the senior author, stating that he/she 15 submitting the paper for publication inthe Jorma! of Chomartog rapfe B,
Im the letter, possible reviewers may be sugpested.

Electmnic formmar requirements
We accept most wordprocessing formats, but Word, Word Perfect or LaTeX is prefemred. Always keep a backup copy af the eledronic file for reference and
safety. Save your files using the default extension of the program used.

doi: 10 IO a1 STO-02 3204000070 - 1



1493
@ Manuscript preparation

Manuscripts should be typed in dosble spacing. A 2-cm margin should be left on each side, an easily readable fomt {12 pt.) should be chosen. As a
rule, papers should be divided into sections, headed by captions {e.g. Abstmct, Introduction, Experimental, Results/Discussion and Conclusion).

Tirle

The title of the paper should be concise and informative. Since titles are widely used in information retrieval systems, care should be taken to include the key
wirds. The title should be followed by the authors' full names, academic or professional affiliations, and the address of the laboratory where the work was
camied out. [fthe present address of anauthor is different from that mentioned, it should be given ina footmote. Acknowledgements of financial support are not to
be made in & foomate to the title or name of the mthor, ot should be included in the Acknowledgements at the end of the paper.

Absrract
All articles should have an Abstract of S0-100words which clearly and briefly indicates what is new, different and significant. No references should be given.

Tnrrodncrion
Every paper must have a concise imtroduction that mentions what has been done before on the topic, with appropriate references, and that states clearly what
is mew in the paper now suhmmitted.

Experimental
The Experimental section should contain sufficient information for others to repeat the expenments. Whereas general conditions can usually best be speci fied
in the Expenimental section, it is often better to give specific details in the figure captions. Appendix 1 lists what should typically be specified.

Tables and illustrarions

Although appropriate tables and illustrations contribute to a clearand concise presentation of results, they should not menzly repeat data aleeady given inthe
text. References to the illustraions and tables should be included in appropriate places in the text by Ambic numerals.

Tables should be uploaded separately, and numbered sccording to their sequence inthe text. A brief desenptive heading should be given with cach table.
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the significance of the results,
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You are urged to visit this site; some excerpts from the detailed information are given here,
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Photographs should have good contrast and imtensity. Sharp, glossy photographs are required to obtain good half tones. References to the illustrations should be
included in appropriate places in the text by Arabic numerals and the approximate position of the illustration should be indicated in the margn of the manuscript.
Exnch illustration should have a caption, all the captions being typed {with douhle spacing) together on a separate sheet.

Free colour pictures and other supplementary material on the YWWW

Authors may now submit colour pictures and other supplementary material along with theirpaper. If, together with the accepted article, wsable colowr figumes are
submitted then Elsevier will ensure, at no additional charge, that these figures will appearin colour onthe weh {e.g., ScienceDirect and other sites) regardless of
whether or mot these illustrations are reproduced in colour in the prnted version. For colour reproduction in print, you will receive information regarding the
costs from Elsevier after receipt of youraccepted article. For further information on the preparation of electronic arwork, please see bt pofau thors.elsevier.com/
artwork. The written permission of the author and publisher must be obtained for the wse of any figure already published. s source must be indicated in the
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Nomencilarire, svmbals, abbreviations and units

Widely accepted symbols, abbreviations and wnits {51) should be used. If there is any doubt about a patticular symbaol or ahbreviation, the tull expression
followed by the abbreviation should be given the first time it appears in the text. Abbreviations used in tables and figures should be explaned in the captions, In
generl, the recommendations of the Intemational Union of Pure and Applied Chemistry (ILUPAC) should be followed and attention should be given to the
recommendations of the Analytical Chemistry Division in the journal Pure and Applied Chemistry: Nomenclature for Chromatogmaphy, Pure Appl. Chem., 65
(19493 19872, Decimal points should be indicated by tull stops. All decimal numbers smaller than wnity should include a leading zem {e.g. 0011
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Referemces should be mumberzd in the order in which they are cited in the text, and listed in numerical sequence on i sepamte sheet at the end of the anticle.
The numbers should appear inthe text at the appropriate places in square brackets. In the reference list, periodicals [1 ], monogmphs [2], multi-aothor books [ 3],
and proceedings 4] should be cited in accordance with the following examples:

[1] 5. Chellam, M.K. Wiesner, ]. Membrane Sci. 138 (18995 K3,

12] T.E. Bott. Fouling of Heat Exchangers. Elsevier, Amsterdam, 1995,
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[4] A. Veide, C. Hassinen, ). Hallen, M. Eiteman, B. Lassen, K. Holmbert, in B.ID. Rogers, M.A. Eiteman (Eds.), Proceedings of the Amencan Chemical
Sociaty Symposium on Aqueous Biophasic Sepamtion. Plenum Publishers, Mew York, NY, 1995, p. 133,

Abbreviations tor the titles of joumals should follow the system used by Chemical Abhstracts. Aricles not yet published should be given as “in press™ { jourmal
should be specified), “submitted for publication”™ {joumal should be specified), “in prepamtion’ or “personal communication™ .
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Appendix 1: Experimenial conditions to be specified

Experiment al conditions should prefermbly be given on a separate sheet, headed “Conditions". These conditions will, if appropriate, be prnted in a block,
directly following the heading “Experimental .

Creneral

Chemicals. Supplier {4+ city ftown, state, country) and degree of purity of all less common chemicals; EC number of enzymes; optical punty of enanti omers,

Eguipmens. Model and manufacturer {4 city/ftown, state, country ) of commercial instruments {e.g. chromato graphs and detectors). For instruments that are
not commercially available, sufficient detail {or a reference) should be given to allow others to constrict their oan instroment. Detection parameters {e.g. type,
wavelength, attenuation, lincanty mnge, limit of detection at a specified signal-to-noise ratio).

Sample preparation. Application papers should contain full details {or a reference) of the method of sample preparation. Forcentifu gation steps, give details
of g value and time. Injection device and volume and concentration of the injected sample should be specified.

Colwmnn lgwid chrowatography

Colwrn. Column dimensions {length = intemal diameter), manufacturer and location, packing material (for non-commercial oolumns or columns that are
ot widely used the chemical composition should be specified), particle diameter, pore diameter, colummn temperature.

Maobile phase. Complete and unambi guous description of the mobile phase composition orprocedun: for its preparation; pH; flow-rate; gradient programme.

k valnes. When reporting values, the method for determining the hold-up time {r;) must be described.

Cias chromarography and supevcritical flwid chromarography

Cobwrn. In addition to the parameters mentioned for column liquid chrmmatography, specity type of column {packed, capillary, etc.) support material, film
thickness of the stationary phase, and surface modification, if applicable.

Carrier gas. Type, purity, How-rate or inlet pressure (bar or MPa).

Temperamre All relevant tempemtures (or temperaure programmes ) should be detailed.

Flanar chmmartography

Chamber: Internal dimensions, manufacturer and location, spomton, temperatore, bumidity.

Thin laver or paper. Manufacturer and location, material, dimensions, ty pe { labomtory -prepared or commercially precoated ) and thickness of layer, additives
{fluorescent indicator, hinder), position of starting line, development mode, method of activation.

Solvers. Composition of solvent, monophasic or upper or lower phase of two-phase mixture, total volume.

Sample. Application method, size of spot or streak, solvent and amount of solute and volume of solution applied.

Derecrion. Spray reagent, wavelength, details of colours, By values.

Electrophoresis

Marrix. For example, cellulose acetate, agarose, polyacrylamide; gel concentration; percentage cross-linker; dimensions and material of tube, sheet, .,
surface modification, length between column inlet and detector, tempemtune,

Buffers. Complete and unambiguous descnption of buffers used, pH and how the pH was set or adjusted.

Crirer: Injection method, voltage, cument. In electropherograms, anode and cathode should be indicated.

Muass FPECIraRieny

fnler sysrem. Direct on-line, off-line, postcolumn splitting, postcolumn buffer or matrix addition.

Konrce lonization energy, temperture, trap current, reagent gas. For LC imterfaces, complete and mnambiguous description of the same and their operating
parameters {vaporizer and capillary temperature, buffers, nebulizing, avxiliary or ionizing gases, gas pressures, source and interface voltages, up-front CID
v ltages.

Mass analvzer. Accelerating voltage, scan mode, collision gas for tendem M5 work, collision gas pressune, collision energy, resolution and mass mnge.

Derecrion. Electron multiplier voltage andfor electometer gain, ions monitored in SIM and dwell times.

Appendix 2: Conversion table for the non-51 units most frequently used

The use of some non-51 units has been accepted for practical reasons; to this category belong units for tme {min, h), vohme {1}, pressune {1 bar = 10 Pa),
temperaturs (°C), encrey (1 eV == 160219107 1), mass (1 u = 1A6053.10° Y kg) and activity (1 Ci = 3.7.10" Bg). This joumal also aceepts A { = 0.1 nm).
Concentration should formally be expressed in mol dm *or mol 17, bt the symbol M is accepted; mormality (V) should not be wsed, however. The fregquently
wsad “daltons " are mot compatible with the 51 sy stem — the relative molacular mass {M,) should be given asa value only (dimensionless), Gravitational force
must be expressed in g rpm is not al lowed for centrifugation (but it 1=, e.g., for vortex mixing ). The table below summuarizes some conversion factors; to obtain
the value in S0 units, the value in pon-510 units should be multiplied by the factor.
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Py sical Type of Factor
quantity oY CTSOm
Length in. — cm 254
ft. — cm AR
Arca in® — em” .45 1626
Mass Ih. — kg 045359237
o lume gallom (L5A) — A TE5332
galon (UK) — | 4. 50604
Pressure atm — Pa 101 325
mmHg ar Torr — Pa 133322
mmH; () — Pa QRG0S
kp em® — Pa GE066A.5
Ibs. in.” or psi. — Pa 6E9Th

Other frequent y used non-51 “wnits™ are ppm, ppband ppt. When used in this joumal, the Amercan billion (107 and trillion { 10"%) are meant. The use of ppm,
ppb and ppt is oy permi tted i f they refer to massfmass or volumevo lume ratios; they should not be used for massvolume ratios. The first time such a “umt™
appears in an article, it should be indicated whether it refers to mass‘mass or to volumefvolume.

Appendix 3: Abbreviations and symbols that may be used without definition

Abbreviations and symbaols should not be used in anticle titles. Please note that most abbreviations should only be used in combination with a value, orin
structuml formmlae.

Abbreviations
AL GT adenmine, cytidine, guamine, thy mine
Ac, OAc acetyl, acctate

AD anmalog-to-di gital

ADE AMP, ATP, and similar adenosine 5'-di-, -mono-, triphosphate, o,
nuclenside phosphates

.. alternating curnznt

amino acids

standard 3- and 1-letter codes

ALl ahsorbance units

BET Brunaver—Emmett—Teller
hp. bhailing point

Bu byl

cpm Ccounts per minute

CE capillary electrophoresis

d, my, p, r, ot {in mcleosides!
nucleatides/micleic acids)

deoxy, messenger, phosphate, recomhbinant! ribosomal, tmnsfer

de. direct curment

DDy, DOT, DDE di-, tnchloro-bis{chloropheny Dethane, -ethy lene
DEAE diethy lamvinoethy |

DMA, DMNase deoxynbonucleic acid, deccyribomeelease
D=, dansyl S-dimethylami nonaphthalene- 1-sultomy ]
DA 3 A-dibydron ypheny lalanine

dpm desimtegrations per mimite

EC enEyme commission numbering sy stem
ELYTA cthylenediaminetet macetate, -acetic acid
aquiy. eqquivalent

Et ethyl

F5 tull scale

FSOT tused-silica open tubular

FT Fourier transform

GO, GLE, GRC gas chmomatography, gas—liquid chromatography, gas—solhid chromatography
HI.. high-performance...

LI, intemal diameter

[eis immunoglobulin G

L. intramuscu lar

Lp. intrapentoneal

IR intrared

L5, intemal standard

LU intemational wnit



iw

L

LIy

Me

m.p.

M5

MAD, NADH (NADP, NADPH)
MMRE

.

P'h

Pr

PTFE

RMA, RMNase
RP....

pm

RS

5D

TLE

Tris

u

(BAY

wol., wiy

WVis

wooT

wi., witw, mim

Symbols

EmtpRTR e

-}

.\-.rhr:q??:q‘-qh“ti

=

Intmvenous

liquid chmomatography

lethal dose

mict byl

melting point

miss specirometry
nmicotinamide—adenine dimcleotide {phosphate)
nuclear magnetc esonance
owter diameter

pheny]

propyl
paly(tetrafivoroct byl ene)
ribomucl eic acid, nhonue lease
revemsed-phase. ..

revolutions per minte

relative standard deviation {preferred over coctficient of vanation)

standard deviation
thin-layer chrmomato graphy
tris by drocgy methyliaminomethane

atomic mass vnits {reference to mass of "¢ prefered over am.wdam:

reference to mass of "0
ultraviolet

volume, volumedvo lhome
visihle

witll-coated open tubular
MHSE, MASSTAsS

peak area or ahsorhance

separation factor

diffusion coefficient

film thickness

particle diameter

interparticle pomsity or molar adsorptivity
miohi le phase fow-rate

standard Gibbs free energy change
standard enthalpy change

plate height

reduced plate height

coupling constant

cquilibnum comstant

retention factor

distribution constant {preferred over partition cocfficient)
length

wavelength

{melative) mol ecular mass

electmphaoretic maobility

number of plates

number of determinations

viscnsity

pressure or probability

relative pressure

negative logarithm of... {as in pH, pf, pk.)
relative retention or comelation coefficient
molar gas constant

retardation facor

log (1/Re — 1)

resolution

density

standard entropy change

signil-to-noise mtio

temperaum

time

retention time of unretained compound
{adjusted) retention time

mohile phase velocity

retention volume of unretained compound
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Vi (Vi {adjusted) retention volume

W,

peak width at base
peak width at halt heighi

The complete and regularly updated version of the Instructions to Authors can be found on the homepage of

the Journal of Chromatography B: htip://www.elseviercom/locate/chromb




