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RESUMO

HAVER, N. J Desenvolvimento, purificacdo e caracterizacdo de IgG anti-lectina de folha
de Bauhinia monandra. Tese (Doutorado em Ciéncias Bioldgicas) — Centro de Ciéncias
Bioldgicas, Universidade Federal de Pernambuco, 2002.

A lectina de folhas de Bauhinia monandra (BmoLL) foi previamente purificada por
fracionamento com sulfato de amoénio (F 0-60%) seguido por cromatografia de afinidade
com gel de Guar. Para 0 estudo da BmoLL foi desenvolvido um anticorpo policlond em
coeho contra edta lecting; anti-BmoLL 1gG foi purificada em coluna de Sepharose-Proteina
A. Em imunodifusio, anti-BmoLL 1gG apresentou reagbes cruzedas com lectinas de
Bauhinia purpurea e Ulex europaeus |. Lectinas de Bandeiraea simplicilofia Il e Triticum
vulgaris reagiram inespecificamente com substéncias presentes no antissoro mas ausentes
na preparacdo obtida de 1gG. Precipitagbes de anti-BmoLL 1gG com extratos de outros
tecidos de B. monandra, revelaram outras formas moleculares da lectina. Anti-BmoLL 1gG
fol conjugada com peroxidase e aplicada em ELISA, confirmando os resultados de
imunodifusdo. Para a sua aplicacdo no biossensor piezodétrico, o rendimento do méodo de
imobilizagédo foi testado imobilizando anti-BmoLL 1gG em placas de ouro (4 x 4 x 05
mnT) em quantidades de 0, 110 e 220 ng em 100 m utilizando dextrana tratado com
bromocianeto. As concentragoes de 1gG né imobilizada foram medidas pela quantificagéo
de proteina apds a imobilizacdo e lavagens com PBS. As quantidades de 110 e 220 ng de
anti-BmoLL 1gG apresentaram respectivamente, rendimentos de imobilizacdo de 46% e
33%. Anti-BmoLL IgG (110 ng/ml) foi imobilizada na superficie de ouro de Microbaanca
de Criga de Quartzo (do inglés Quartz Crystal Microbalance, QCM). Na execucéo de
ensaio de piezodérico, a QCM foi incubada com solugdo de BmoLL (91 ng/ml) seguido
de uma reducdo de freqiiéncia com 5 kHz, mostrando um grande reconhecimento da lectina
pela 1gG imobilizada. No potenciometro e no medidor de turbidez, anti-BmoLL 1gG néo
provocou nenhuma dteracdo na ligacdo de gdactose por BmoLL, indicando que a IgG
purificada ndo tem afinidade pelos sitios de ligacéo de carboidrato de BmoLL.
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ABSTRACT

HAVER, N. J Desenvolvimento, purificacdo e caracterizacdo de IgG anti-lectina de folha
de Bauhinia monandra. Tese (Doutorado em Ciéncias Bioldgicas) — Centro de Ciéncias
Bioldgicas, Universidade Federa de Pernambuco, 2002.

Bauhinia monandra ledf lectin (BmoLL) was purified previoudy by ammonium sulphate
fractionation (F 0-60%) followed by guar gd affinity chromatography. To study BmoLL a
polyclond antibody againg the lectin was rased in rabbits, anti-BmoLL 1gG was purified
on a Sepharose-Proteina A column. Cross-reactions of anti-BmoLL 1gG with Bauhinia
purpurea and Ulex europaeus | lectins were seen in immunodiffuson tests. Lectins of
Bandeiraea smplicilofia I e Triticum vulgaris reacted unspecific with substances present
in antisserum but absent in the IgG preparation. Precipitations of anti-BmoLL 1gG with
extracts of other B. monandra tissues reveded other lectin molecular forms. Anti-BmoLL
IgG was conjugated with peroxidase e agpplied in ELISA, confirming the results of
immunodiffuson. For agpplication in piezodectric biosensor, the immohilization yidd was
tested of anti-BmoLL 1gG on gold plates (4 x 4 x 0.5 mm®) in quantities of 0, 110 e 220 ny
em 100 m using dextran trested with bromocyande. Concentrations of unbound 1gG were
measured by protein quantification after immobilization and PBS washsteps. A quantity of
ant-BmoLL 1gG (110 ng) showed an immobilization yidd of 46% and 220 ngy yieded
33%. Anti-BmoLL 1gG (110 ng/ml) was immobilized on the gold surface of the Quartz
Crysta Microbaance, QCM. During the piezodectric assay, the QCM was incubated with
BmoLL solution (91 ng/ml) following a frequency reduction of 5 kHz, showing a strong
recognition of the lectin by the immobilized 1gG. Potentiogatic anadysis and tubidity
measurements reveded that anti-BmoLL I1gG didn't cause any dteration on gdactose
binding by BmoLL, indicaing tha purified 1gG has no dfinity for carbohydrate binding
regions of BmoLL.
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1 INTRODUCAO

1.1 Caracteristicas e uso medicinal deBauhinia spp.

O género Bauhinia foi criado em 1753, por Carolus Linnaeus, em homenagem ao
boténico franco-suico Gaspar Bauhin. Compreende cerca de 300 espécies (LEWIS, 1987),
sendo que 64 podem ser encontradas no Brasil. Em Pernambuco, podem ocorrer espécies
natives como Bauhinia acuruana Moric, B. breviola Benth, B. cheilantha Stend, B.
forticada Link, B. heterandra Benth, B. monandra Kurz, entre outras.

B. monandra é uma planta nativa da Ada, embora possa ser achada em muitos
lugares como a india, Nigéria e outras regides da Africa e América do Sul (BADAMI;
DAULATABAD, 1969; BALOGUN; FETUGA, 1985). No Brasil € conhecida vulgarmente
como “Pata-de-vaca’, por causa das suas folhas bifoliadas, podendo também ser conhecida
como unha-de-vaca, casco-de-vaca, unha-de-boi, unha-de-anta e moror6 (BADAMI,
DAULATABAD, 1969; BALOGUN; FETUGA, 1985; CARIBE; CAMPOS, 1991). Figura
1 mogtra as folhas, flores e sementes de B. monandra.

As propriedades medicinais do género Bauhinia foram amplamente estudadas. Dois
flavonGides da casca de B. manca, (25)-7,4 -di-hidroxiflavan e (29)-3',4 -di-hidroxi-7-
metoxiflavan, demondraram atividades ggnificantes de antifungo em Coprinus cinereus e
Saprolegnia asterophora (ACHENBACH et al., 1988). O extrato metandlico de gemas de
B. racemosa (2,0 gkg) reduziu sgnificantemente a producdo de &cido e pepsina em ratos
com Ulceras induzidas por aspirina (AKHTAR; AHMAD, 1995). Extratos de pareiras de
B. cumanensis ou de B. excisa sfo utilizadas para tratar mordidas de cobra nos cacadores
indigenas e nos seus cdes em Trinidad, para evitar gangrena (LANS et al., 2001). Extrato
de casca de B. guianensis (50 mg/kg) demondtrou aividade anti-mdérica in vivo em ratos
com Plasmodium vincket, mas in vitro foi inativo contra P. falciparum (MUNOZ et al.,
2000). Extrato de casca de B. purpurea estimulou a funcéo tiroida em ratos aumentando os
nives de T3 e T4 livres no soro (PANDA; KAR, 1999). Extrato metandlico de raiz de B.
vahlii (25 ng/ml) demondrou uma dividade antivird totd in vitro contra Sindbis virus
(SINV), mas néo teve atividade contra Pdlio virus 1 e Herpes smplex virus 1 (TAYLOR et

al., 1996). Russo et al. (1990) demongtraram uma reducéo de nivel de insulina na plasma

13
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em pessoas normais e diabéticos de tipo Il, bebendo cha de folhas de B. forficata.
Entretanto, os nivels de glicose na plasma ndo foram dterados, concluindo que ndo houve
efeto hipoglicemiante.  Atividade hipoglicemiante foi demondrada em folhas de B.
divaricata (ROMAN-RAMOS €t al., 1992), em B. candicans (LEMUS et al., 1999), e mais
recentemente em B. forficata (PEPATO et al., 2002).

Figura 1. Flores(a), folhas (b) e sementes (c) de Bauhinia monandra.

Fontes (a) e (b): http://www.hear.org/pier_v3.3/bamon.htm

(c): http://www.driftwoodgardens.com/rainforestbauhiniamonandrabutterflyflower.htm

1.2 Generalidades sobre lectinas

Lectinas S0 proteinas ou glicoproteinas com um ou mais sitio(s) de ligagdo a aglcar
por subunidede. Estas moléculas s ligam sdetiva e reversvemente a carboidratos e
precipitam polissacarideos, glicoproteinas e glicolipideos, elas agem como reconhecedoras
de cdulas (SINGH et al., 1999). A primeira descricdo da atividade atualmente aribuida as
lectinas foi feita por Stillmark em 1888 (KOCOUREK, 1986). Ele descobriu que extratos

14
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de mamona, Ricinus communis, continham uma proteina que aglutinava eritrocitos,
proteina foi chamada de ricina Pouco tempo depois, uma outra hemegiutinina foi
descoberta em sementes de Abrus precatorius, alectina abrina.

Boyd e Shapleigh (1954) chamaram este grupo de proteinas de lectinas, do
participio passado do verbo latino legere, ou sga lectus que sgnifica escolhido. Proteinas
que tém dividade de hemaglutinacdo foram nomeadas hemaglutinines ou  fito-
hemaglutininas (ALLEN; BRILLIANTINE, 1969). Goldstein et al. (1980) definiram
lectinas como proteinas de origem ndo-imunolégica, com no minimo dois sitios de ligacéo
a carboidratos. Entretanto, Dixon (1981) incluiu neste grupo proteinas com apenas um sitio
de ligacdo, chamando-as “lectin-like’. Barondes (1988), bem como Sharon e Lis (1990)
reportaram a exigéncia de sitios hidrofdbicos adicionais. Hidrofobicidade € a forca
principd de interacdo entre lectinas e carboidratos através de sitios de ligagdo (QUIOCHO,
1986), e com proteinas ou outras substéncias aravés de sitios hidrofdbicos (ROBERTS,
GOLDSTEIN, 1983; KELLA et al., 1984; ROBERTS et al., 1986; BARONDES, 1988).
Na opinido de Peumans e Van Damme (1995) a presenca de pelo menos um dominio de
ligagdo ndo-caditico, que liga reversivd mas epecificamente um mono- ou
oligossacarideo, ja € suficiente para uma proteina obter o nome lectina. Por exemplo, as
proteinas de orquidea que ligam manose sB muito parecidas com as lectinas de orquidea
especificas paramanose, exceto que elas sdo mondémeros (VAN DAMME et al., 1994).

Uma vez que as lectinas leguminosas demondram sSimilaridades estruturais e de
sequéncia, suas especificidades de ligagcéo a carboidratos sGo muito diferentes. Através da
especificidade, lectinas sfo classificadas em cinco grupos, basecado no monossacarideo que
demondgtra a maior afinidade, agpesar que edtas ligagbes sdo mais fracas que as edruturas
complexas de carboidratos reconhecidas pelas lectinas. Os grupos sdo:. Gld/Man,
Gd/GaNac, Fuc, quitobiose (GlcNac), e Complexo, em que a lectina tem especificidade
por um oligossacarideo complexo em vez de um monossacarideo (AUDETTE et al., 2000).

fons metdlicos carregados positivamente fazem parte da unidade de lectina Um jon
de cdcio e um ion de medico de trandcdo, gerdmente de magnésio, estdo presentes e
adjacentes a0 sitio de ligagdo. A presenca destes ions € considerada para gjudar a manter a
edrutura tercidria da lectina em uma conformacéo favordvel para a ligacdo de carboidrato
(AUDETTE et al., 2000). A figura 2 representa um modelo 3D da lectina de Canavalia

15
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ensiformis (Concavdina A) em complexo com di-manose demonstrando os ions metaicos

proximas do sitio de ligac&o.

Figura 2. Um modelo 3D da lectina de Canavalia ensiformis ligando di-manose. Os ions de
calcio (Ca) e magnésio (M g) estabilizem aligagéo.

Fonte: http://www.ncbi.nlm.nih.gov/Structure/mmdb/mmdbsrv.cgi 2form=6& db=t& Dopt=s& uid=16923

Embora as estruturas monoméricas sBo conservadas em lectinas, existe uma grande
vaiedade de edruturas quaternarias. Edta variedade tem implicagbes funcionais para a
ligacdo de ligantes multivdlentes de aclcar. As propriedades sméricas de oligdmero
protéico e o ligante multivalente afetam ambos a edtrutura homogeneamente gradeada de
ligaches cruzadas, gerando uma maor especificidade que pode ser encontrada em
mondmeros individuais (BREWER, 1996).

Lectinas tém afinidades menores por carboidratos (10° - 10° M™) do que os
anticorpos  especificos (10* — 10® M™), iso |hes confere uma grande utilidede para
desenvolver edratégias para a purificacdo de glicoconjugados. Se anticorpos foram usados
como ligantes de afinidade, as condigBes para poder euir as proteinas que foram adsorvidas

na matriz durante a purificagdo devem ser muito rigorosas, dém disso, a retencdo de
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aividade biologica das proteinas purificadas ndo € garantida nedtas circunstancias.
Lectinas, ao contr&io, quando usadas como ligantes de afinidade, precisam de condicBes
brandas para eluir a proteina de interesse (SATISH; SUROLIA, 2001).

1.3 Aslectinas deBauhinia

A lectina de B. purpurea foi descrita a primeira vez por Uhlenbruck & Dahr (1971),
reportando sua especificidade por N-acetil-D-gdactosamina Sua atividade hemaglutinante,
especificidade e propriedades de ligacdo foram amplamente estudadas (IRIMURA,;
OSAWA, 1972; DAHR et al., 1975; OSAWA et al., 1978; ALLEN et al., 1980; WU,
1984). O extrato de B. carronii demonstrou hemaglutinacéo e atividade mitogénica; ambas
as adividades foram inibidass por lactose (FLOWER et al., 1984). Atividades
hemaglutinantes foram descritas em B, racemosa, B. vahlii  (RAJARAM;
JANARDHANAN, 1991) e B. malabarica (VIDJADAKUMARI et al., 1993). Lectinas de
B. monandra foram detectadas em sementes (ABREU et al., 1990) e purificadas de folhas
(COELHO; SILVA, 2000).

O gene da lectina de B. purpurea foi obtido através de uma biblioteca de cDNA das
sementes germinadas detectando-o com sondas obtidas da parte N-termind da proteina e
das partes digeridas com Asp-N ou tripsina sequienciadas (KUSUI et al., 1991). A parte de
ligacdo a carboidratos da lectina de B. candicans também foi seqlienciada (BAYMIEV et
al., 1999). Uma comparacdo de sequiéncia do cDNA de B. purpurea e o fragmento do DNA
de B. candicans estailustrada nafigura 3.

Substituindo no cDNA da pate de ligagdo a carboidrato, codificando os
aminoacidos DTWPNTEWS da lectina de B. purpurea por DTFYNAAW da lectina de
Lens culinaris resultou uma lectina quiméica com uma especificidade por manose e
gdactose (YAMAMOTO et al., 1992). A sequéncia de carboidrato Mana1-6(Mana 1-
3)Mana 1-6Man € essencid para uma forte ligacdo desta lectina quimérica (YAMAMOTO
et al., 2000a). Induzindo mutagbes a0 acaso no CDNA codificando o nonapeptideo
DTWPNTEWS da lectina recombinante de B. purpurea, conservando Aps-135 (N), Ast
139 (N) e Trp-142 (W), e expressando no superficie do fago | foo como proteinas de fusfo
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resultou em aguns fagos com diferentes afinidades de aclcar. Cinco novas combinagdes

bY

foram obtidas dentro deste nonapeptideo, nenhuma foi smilar a outra ou as outras
sequiéncias das lectinas que ligam manose, tas como a lectina de Canavalia ensiformes
Concanavdin A (Con A) e lectinas de Lens culinaris, Pisum sativum, Vicia faba e Latirus
ochrus (YAMAMOTO et al, 2000b).

Juery: 488 gttgotgbtgaatttbgacactbggocaaatacogaatggagtgacctacgitatocacat 547
1 1 R T U 1 O I W A B 11t L A T 1 1 I I

ShagEs], gttgoagt tgaatttgacact tggaaaaatogagat toggaaagatocagat tggooacat 60

lectin 1 v A v E F I T W E N R I W K I F I W F H

Query: S45 arttgoaataaatgttaactocactgiotocgiogoaactacgagatgagdacaacogacgar 607
1t R U A A 1 1 A e O A N B W

Shjct: 6l attggratcgatgatsactotattatctoogtogaaactacgocatggoaagaggatgat 120

lectin 21 T & T I Ik M s T T iR RE GRS ST O P W R oE Ii I

Query: 603 gootat-ghaacassatoy--acagoooacataacctatgatyrcacatocoaaaataata. 664
00 O 0 0 Tt 1 e et 1 1 T A U e 1 1 U A O O

Shicc: 121 gootatagoodoaasacaggoacagtoogtataacetacgatgocaagtocaasaasatta 180

lectin 41 ® R oL R B ST 3y ST B R I ST OEe I R M b ol e L

Query: 665 sctgbtoLittaacttatgatastgdtaga 654
1 1 T A A A e A N R R

Shict: 181 agtgtbtogtttgagbtatgttasatggtaga 210

lectin 61 ™ s PO - R T L

Figura 3. Um alinhamento de seqiiéncias entre o cDNA da lectina de B. purpurea (Query) e o
fragmento de DNA da regido de ligagdo ao carboidrato de B. candicans (Sbjct). Entre os 210 de
1122 nucleotideos do cDNA e o fragmento encontrase uma homologia de 76%. Em baixo do

alinhamento estdo os aminoacidos que correspondem a traducdo do fragmento alinhado

(lectin). Fonte: http://www.ncbi.nlm.nih.gov/blast/bl 2seq/wblast2.cqi?

A lectina de folha de B. monandra, BmoLL, foi purificada aravés de fracionamento
com sulfato de ambnio (0-60%) seguido por cromatografia de afinidade em coluna de gd
de guar, um polissacarideo de manose com subdgtituicbes de a 1-6 gaactose (COELHO;
SILVA, 2000). BmoLL, demonstrou em eetroforese em gd de poliacrilamida contendo
sulfato sbdico de dodecila (SDS-PAGE) uma banda principal de 33 kDa (glicoslada) e uma
fraca banda menor de 26 kDa (n&o-glicoslada).
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1.4 Desenvolvimento, car acterizacéo imunolégica e aplicacao de anticor pos

Poucos trabalhos foram publicados centralizando a producdo e caracterizacdo de
anticorpos policlonals contra lectinas de plantas. Ashford et al. (1982) produziram anti-soro
de coelho contra a lectina de batata Solanum tuberosum). Com o anti-soro houve reagtes
cruzadas com lectinas de Datura stramonium e do tomate (Lycopersicon esculentum)
resutando dos anticorpos que reagiram contra os carboidratos da lectina de batata. Foi
também congatado inibicdo de dividade hemaglutinante gpds incubacdo com O anti-soro.
Hankins e cols. (1979) também obtiveram reagOes cruzadas do anti-soro gerado contra a
lectina de B. purpurea contra outras lectinas, em imunodifusdes. Calini et al. (1987)
demongtraram também em imunodifusdes com as 1gG geradas contra a lectina e a toxina de
C. ensiformis que existe nas 16 espécies testadas uma maior homologia entre as toxinas que
entre as lectinas. Um esquema das precipitagbes vistas na imunodifusdo edta illustrada na
figura 4. Correla e Coelho (1995) produziram anti-soro de coelho contra a isoforma 1 (Iso
1) da lectina de sementes de Cratylia mollis e purificaram 1gG policlona por cromatografia
de afinidade em coluna de Proteina A Sepharose CL-4B.

Figura 4. As precipitagdes vista na imunodifusdo: (a) Os antigenos (Ag A) reconhecidos pelo
anticorpo (Ac A) sdo idénticos. (b) Os antigenos (Ag A e Ag B) reconhecidos o anticorpo (Ac
A + Ac B) néo sdo relacionados. (¢) Os antigenos (Ag AB e Ag AC) reconhecidos pelo anticor po

(AcA + Ac B) sio parcialmenterelacionados. Fonte: Ferreira& Avila (1996).

Para quantificar a concentracdo de lectina na hemolinfa de lagostim de &gua doce
Macrobrachium rosenbergii foi utilizada um ensao imunoadsorvente ligado a enzima (do
inglés, Enzyme Linked Immunosorbent Assay, ELISA) com anticorpos monoclonais,
podendo detectar quantidedes a patir de 30 ng/ml (AGUNDIS et al., 2000). As

concentragdes de lectina na hemolinfa foram mais dtas no estagio juvenil que em adultos,
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maes a aividade de hemaglutinacdo da lectina foi quatro vezes maior em adultos que no
estégio juvenil.

Um ensdo de lectina ligado a enzima (do inglés, Enzyme Linked Lectin Assay,
ELLA) foi utlizado para caracterizar sub-classes de IgG humana pela glicolizagéo
(KEUSCH et al., 1996). As lectinas biotiniladas de Sambucus nigra, Ricinus communis | e
Bandeiraea simplicifolia 1l foram utilizadas neste ensaio para detectar erminagtes de &cido
sédlico, galactose e N-acetilglicosamine.

Kely et al. (1998) demondgraram que IgG de eefante africano Loxodonta africana
teve reaces cruzadas com 3 1gGs monoclonais anti-humana e 1gGs policlonais anti-1gG de
céo, boi, camelo, cavalo, foca e gato.

Dearman et al. (2001) caracterizaram a resposta de anticorpos em roedores apés a
ingestdo de aglutinina de amendoim (Arachis hypogea), ovalbumina e extrato cru de batata
inglesa (Solanum tuberosum) aumentando os nivels de IgG e IgE. Acre et al. (2002)
produziram 6 IgGs monoclonais de anti-IgG de cdo e caracterizaram 0 reconhecimento de
ub-classes de IgG1 e 2, e isotipos de IgA, 1gG, IgM canina. Reconhecimento de IgG de
coelho e ovelha também foi reportado neste trabalho.

Rawson et al. (2002) produziram IgG policlona contra a proteina recombinante
codificando a regido congtante de corrente pesada de IgA (Ca) do marsupid Trichorurus
vulpecula. Nos ensaios imunolégicos ELISA, dot- e Western blot foram detectadas IgA no
Soro e nas secregdes. Reagdes cruzadas foram encontradas com IgA de coala Phascolarctos
cireeus e de cangaru Macropus giganteus, entre outros.

Town et al. (2001) imunizaram camundongos transgénicos PDAPP (moddo para
doenca de Alzheimer) com o peptideo humano amiloido Ab;.42 € caracterizaram a resposta
imunoldgica. Apés 12 semanas de imunizacdo foram detectadas na maioria 1gGl, depois
lgG2a e depois 1gG2b (IgGL > 1gG2a > 1gG2b). Também foi reportado que uma preparacdo
de antigeno pré-agregado induziu uma forte resposta, enquanto mais diluida preparacdo néo
induziu resposta.

Watts et al. (2001) caracterizaram 1gG de atum Thunnus maccoyii imunizado ou néo
com IgG de coeho, obtendo formas monoméicas e tetraméricas. Houve um maior
rendimento na purificagdo com Proteina-A, seguida chromatografia de afinidade com 1gG
de coeho e a purificagdo com uma lectina especifica por manana (do inglés, Mannan
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Binding Protein, MBP). A atum anti-coelho 1gG reagiu cruzadamente com 1gG de outros
mamiferos (n@ reduzides), mas nd reconheceu nenhuma 1gG reduzida com b-

mercaptoetanol .

1.5 Imobilizac&o e car acterizacdo eetroquimica de anticor pos

Biossensores 8o Sstemas anditicos que incorporam 0 materia  biologicamente
aivo em contato intimo com um eemento gpropriado de transducdo, com o objetivo de
detectar seletivamente a concentracdo ou atividade do produto de interesse (KOOYMAN &
LECHUGA, 1997).

Dong e Chen (2002) descreveram algumas novidades nos biossensores, tratando
materiais de imohbilizagdo, por exemplo: 0 uso de membranas de lipideos bicamadas, a
deteccdo de anditicos em solventes organicos ou em ambientes extremos de baixo pH.

Imunossensores  eletroquimicos sGo baseados em  conectar  reegBes  imunolégicas
com transducdo detroquimicaa O componente imunogénico € imobilizado no eetrodo
transdutor. A detecc@o € estabelecida através de gravacdo de processo elétrico resultante de
reac30 antigeno-anticorpo (FERNANDEZ-SANCHEZ & COSTA-GARCIA, 1999).

Biossensores de Ressondncia Plasmon de Superficie (do inglés, Surface Plasmon
Resonance, SPR) medem a associacdo de moléculas livres (anditicos) com um  ligante
imobilizado. Em principio, a ligacdo do anditico resulta em um aumento de indice refrativo
que é monitorado em tempo rea. A resposta é gravada como um sensorgrama
representando o sinal de SPR medido em unidades de ressonancia (do inglés, Resonance
Units, RU) com o tempo (LIEDBERG et al., 1993).

Com 0 SPR, Usami et al. (2002) desenvolveram um ensaio para a deteccdo de
edradiol. Neste ensaio foi verificada a ligacdo de receptor de estrogeno (RE) ao estradiol
imobilizado sendo inibida por edradiol livre ou por outros componentes de teste com
afinidade parao RE.

Meckdlenburg et al. (2002) desenvolveram um ensao de SPR que diferencia
glicoproteinas de soro em pessoas saudéveis e em pessoas que sofrem uma infeccdo
bacteriana, utilizando um paind de oito lectinas. Na superficie de ouro foi depositada uma
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camada de 1-carboxil-16-tiol-hexadecano e apls tratamento com N-hidroxisuccinimida
(NHS), 1-etil-3-metil-(3-dimetilaminopropil)carbodiimida  (EDAC) e amino-biotina, as
ligacOes de dreptavidina (AS), lectinas bictinilidas e 0 soro foram medidas em tempo red.
Todas as leturas (a diferenca antes e depois da incubagdo com o soro) foram em duplicata e
andisadas em um Sstema de reconhecimento de padréo (do inglés, Pattern Recognition
System, PRS), um programa para combinar os oito parametros. O grafico bi-dimensond de
PRS demonstrou que os oito soros de pacientes s8o mais proximaos que os vinte controles.

Biossensores do tipo piezoelétrico sfo detectores sensiveis a massa baseados em um
criga de quartzo, que ressona numa propria freqiéncia (BABACAN et al., 2000). Este
crisa € coberto com materiais biologicos, tais como anticorpos ou enzimas, componentes
gue tém uma dta dinidade pda molécula de interesse. Quando o cristal carregado €
exposto a substéncia de interesse, ocorre uma adsor¢do que muda a fregiéncia, que pode
ser traduzida em uma quantidade de material adsorvido. Uma inddacdo utilizada para o
ensaio piezoe érico seco estailustrada na figura 5.

Frequency Coomwler

0085 79] o

—

Macintesh Compmier

Orsriliptor Power Supply

o svand @ @
[ ]

Peepaeleciric Prolie

Figura 5. Sistema para o ensaio piezoelétrico seco com uma camara para medir a mudanca de
frequéncia do cristal de quartzo ap6s a adi¢do das camadas imobilizadas. Fonte: Babacan et al.
(2000).
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Fezo-dericidade foi a primera vez observada por Curie & Curie em 1880
(HARTENVELT et al., 1997). Compresso de um cristal de quartzo produziu um potencia
eétrico. Depois, foi também observado 0 oposto: ondas podem ser geradas em materiais
solidos gplicando um potencid détrico dternado no materid piezdérico. Em uma
freqliéncia certa do potencid eétrico o cristd piezoelérico vibra com uma perda de energia
minima (HARTENVELT et al., 1997). Edta freqiéncia de ressonancia depende de aguns
fatores. a espessura (massa por unidade de aea) do cristd e a viscosdade do liquido
enquanto o crigta esta sendo usado em solucdo. Quando o cristal é coberto com o materia
(bio)quimico, a ligagd do materia anditico aumenta a espessura do crigal e modifica a
freqUéncia de ressonancia. Este principio do sensor foi introduzido por King (1964).

Biossensores piezodétricos tém dgumas vantagens. a leitura ocorre no tempo red,
diferente das demais técnicas imunologicas, sua resposta ndo depende de revelacdo com
subgtratos toxicos ou com radioisdtopos e as quantidades de materid bioldgico sdo bem
menores que nas demas técnicas imunoldgicas. Entretanto, uma das limitagdes no uso
deste Sstema € a cobertura de cristad com o materid bioldgico e as técnicas de imobilizacéo
que foram usadas para construir biossensores piezoelétricos. A supeficie ativa de materid
biol6gico imobilizado deve ficar estével quimicamente durante a leitura, mantendo uma dta
aividade, e a camada imobilizada deve ser fina e uniforme, tanto quanto possivel. Estes
cuidados sdo muito importantes, uma vez que uma dta senshilidade somente pode ser
obtida pelas camadas divas, finas e rigidas (LUONG; GUIBAULT, 1991). Apesar de
diferentes métodos de imobilizacdo terem sdo testados com biossensores piezoel étricos,
nenhum anda corfere um 6timo rendimento de imobilizacdo e dta edabilidade. Além
disso, a complexidade e diversdade de componentes biologicos que podem ser usados com
objetivos diferentes complicam ainda mais a obtencéo de uma metodologia ided. Para isso
€ necessario encontrar um método de imobilizacdo adequado para cada materid bioldgico,
em uma aplicacéo particular.

Saber et al. (2002) desenvolveram um imunosensor para detectar dbumina de soro
humano (ASH), utilizando o biossensor piezeodétrico. Os crigais de quartzo cobertos de
prata foram tratados com diamina de etileno e os anticorpos anti-ASH foram imobilizados
utilizando glutaraldeideo. Foram testados a influéncia de concentracdo, pH e o tempo de
incubacdo nas |eturas obtidas durante aimobilizacdo de anti-ASH e aincubacdo com ASH.
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Wong et al. (2002) desenvolverem um imunoensaio para detectar Salmonella. Trés
anticorpos monoclonais MO2, 4 e 9, especificos por os isttipos A, B e D de Salmonella
foram imobilizados no crisd de quartzo coberto de prata tratado com poligilenemina e
glutaraldeideo. Os trés anticorpos foram testados com os trés isdtipos e com Escherichia
coli, variando a concentracdo de anticorpo imobilizado, 0 nimero de cdulas por mililitro e
o0 tempo de incubacéo.

Abad et al. (1998) utilizaran o biossensor piezoelétrico para a deteccdo de
anticorpos contra a proteina recombinante pl2 do virus da febre de javdi africana que foi
imobilizado no crigd por absorcdo. Para ampliar o snd, foi utilizado um anticorpo anti-
porco conjugado com peroxidase resultando que o 4-cloro-1-naftol oxidedo aumente mais
ainda o peso.

Chang et al. (1997) avdiaram no biossensor piezodétrico a ligacdo de 6 proteinas
a0 lipopolisacarideo (LPS) que foi imobilizado aravés de 4.4-ditiodi(acido n-butirico).
Entre des, apolimixinaB (PmB) demonsirou a maior reduco de fregiiéncia

Hatenvdt et al. (1997) detectaram anticorpos contra a enterotoxina B de
Saphylococcus aureus (SEB) utilizando um ensao competitivo no  biossensor
piezodétrico. A SEB foi imobilizada no cristal através de absorcdo simples aproveitando os
pontos dissulfidricos. A imobilizagdo do anti-SEB deu uma resposta baixa sugerindo a
auséncia destes pontos dissulfidricos na superficie dos anticorpos.

O fenbmeno de interacd em um sistema bioldgico pode ser descrito através de
sgnas eetroquimicos obtidos na interface das biomoléculas livres ou imobilizadas, quando
expostas a um campo eérico (FRICQUELMONT-LOIZOS et al., 1997; COHEN et al.,
1999).

Para congrugdo de uma cdula detroquimica ha necessdade de um eetrodo de
referéncia, podendo ser utilizado o eetrodo de cadomeano saturado, Hg/HgCl (ECS) ou o
eletrodo de pratal cloreto de prata, Ag/AQCl. Os €eetrodos de trabaho freglentemente
utilizados so de prata (NIAURA et al., 1996), ouro (MATSUMOTO, et al., 1998) e
platina(SOUZA et al., 2001).

Sgemas anditicos detroquimicos, que incorporam materiais biologicamente ativos
em contato intimo com um elemento apropriado de transducéo, tem o objetivo de detectar
Setivamente a concentragdo ou  atividade do produto de interesse (KOOYMAN;
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LECHUGA, 1997). Imunossensores eetroquimicos sdo baseados em conectar reacOes
imunoldgicas com transducdo detroquimicas O componente imunogénico € imobilizado no
eletrodo transdutor. A deteccdo € estabelecida através de gravacdo de processo eétrico
resultante de resgBo antigeno-anticorpo  (FERNANDEZ-SANCHEZ; COSTA-GARCIA,
1999).

1.6 Objetivos

Geral
Desenvolver e purificar 1gG contra a lectina de folha de B. monandra (IgG anti-

BmoL L), caraterizando-a através de métodos imunol 6gicos, Gpticos e e etroquimico.

Especificos
Desenvolver anti-soro de coelho contra alectina de folha de B. monandra (BmoLL).
Purificar anti-BmoLL IgG utilizando cromatografia de dfinidade em Proteina A-
Sepharose.
Caraterizar anti-BmoLL 1gG aravés de imunodifusio e ELISA; verificar a presenca
de lectina em outros tecidos de B. monandra e reagoes cruzadas com outras lectinas.
Imohilizar anti-BmoLL 1gG em superficie de ouro.
Avdia a imobilizacgdo de anti-BmoLL IgG aravés de méodo colorimétrico e
biossensor piezoel étrico.
Monitorar as propriedades eetroquimicas de interacdo de anti-BmoLL 1gG e
BmoL L ; verificar se ainteraco tem efeito naligacéo de BmoLL com galactose.
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ABSTRACT

The Bauhinia monandra leaf lectin (BmoLL) was previously purified by ammonium sulphate fractionation (F
0-60%) followed by guar gel affinity chromatography. To study BmoLL a polyclonal antibody was raised in
rabbits against the lectin and anti-BmoLL 1gG was purified on a Protein A — Sepharose column. Cross-
reactions of the anti-BmoLL 1gG with other lectins were also evaluated by immunodiffusion tests.
Precipitations of anti-BmoLL 1gG with extracts of other B. monandra tissues and ammonium sulphate

fractions derived therefrom reveal ed the presence of other lectin molecular forms.

KEYWORDS
Lesf lectin — Antiserum characterization — 1gG purification — Cross-reactions.

INTRODUCTION

Lectins are proteins or glycoproteins that specificaly recognize and reversbly bind
carbohydrates without modifying them. Although many plant lectins have been sequenced
and their protein gructures are known there are gill uncertainties about their biologica
functions. There are indications that plant lectins bind to foreign carbohydrate moieties
with the purpose of establishing symbioses or for plant defens®. One way to get more
indght of the lectin and some biologicd properties without knowing the sequence could e
achieved by raisng an antibody agang the lectin. With the antibody other plant tissues can
be speculated about the presence of the lectin. Cross-reections of lectin antibodies with
other plant lectins can indicate protein homology® or similar carbohydrate moieties’. A
purified anti-lectin 1gG could be more important in identifying recombinant lectins by
immunoscreening  than  identifying pogtive clones with ¢cDNA of other lecting protein
homology of lectins is more conserved than the homology between lectin genes.
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The genus Bauhinia (Fabacese) is well didributed in Brazilian cities and within the genus
hemagglutinating activity was detected in the globulin fraction from seeds of B.
Malabarica®, B. purpurea, B. racemosa and B. Vahlii®. Lectins have aready been extracted
from seeds of B. monandra’. The cDNA of the B. purpurea lectin® and the carbohydrate
binding region of the B. candicans lectin’ have been sequenced. Hypoglycemic activities
have been reported in the species B. divarticata!® and B. candicans'. However, no
evidence has been published so far that a lectin could be responsble for the hypoglycemic
adtivity. A leaf lectin was purified from B. monandra (BmoLL)™. In this work an antibody
was rased agangt BmoLL and the anti-BmoLL IgG was purified on a Proten A —
Sepharose CL-4B column. Cross-reactions of anti-BmoLL 1gG with other lectins were
evaduated by immunodiffuson tess.

MATERIALSAND METHODS

Preparation of anti-BmoLL serum and purification of anti-BmoLL 1gG — BmoLL (150 ng
of protein) in 1 mL of 0.1 M citrate phosphate buffer pH 6.8, containing 0.15 M NaCl was
emulsfied with 1 mL of Freund's complete adjuvant (first inoculation) or 1 mL Freund's
incomplete adjuvant (four following inoculations) and intradermaly injected into three
mdes, New Zedand white rabbits in a monthly interva'®. Immediatdy before each
inoculation, 10 mL of blood were collected from the ear central artery. Every mL of blood
was left to coagulate in a glass tube a the angle of 45° at room temperature (rt) for 1 h and
placed in the same angle a £C, overnight. The sera obtained were three times centrifuged
at 1300 “ g, for 5 min, a rt. Aliquots were stored at -20°C. Anti-BmoLL serum (3 mL) was
chromatographed in a column (65 ~ 1.0 cm) containing 4.5 mL of Protein A - Sepharose
CL-4B (Sigmad). Unbound proteins were washed off with 0.1 M sodium phosphate buffer,
pH 8.0, containing 0.15 M NaCl, until absorbance 280 < 0.01. Then, anti-BmoLL 1gG was
eluted with 0.1 M glycine, pH 2.8. The fractions with absorbance B0 > 1 were brought to
pH 7 —8with 1 N NaOH and stored in aliquots at -20°C.

Immunodiffuson tets — Double immunodiffuson was caried out as previoudy described
4. Gels of 1% (w/v) agarose containing 0.15 M NaCl were cast on squares of 2.5 cm x 2.5
cm with 3 mm thickness. In each gl 5 wdls of 3 mm diameter were cut. Diffuson was
allowed to take place for 24-36 h at £C in humidity chambers. The gds were washed with
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0.15 M NaCl and didilled water, dried and stained with 0.1% (w/v) Coomasse Brilliant
Blue R-250% in 45% (v/v) ethanol containing 10% (v/v) acetic acid.

RESULTS AND DISCUSSION

Double immunodiffuson tests showed tha after the third series of inoculaions pogtive
reactions were achieved. The postive sera were sdected for purification on Protein A
column. Control sera (before inoculation) were dl negative in immunodiffusons, with or
without 0.1 M Dgdactose, indicating that there is no recognition of carbohydrates from the
antibodies by BmoL L (data not shown).

Cross-reactions were bund between anti-BmoLL 1gG and the lectins from B. purpurea and
Ulex europeus |. The lectins from Dolichos biflorus and Triticum vulgaris showed a faint
precipitation when incubated with anti-BmoLL serum but did not interact with anti-BmoLL
IgG (Figure 1A). The lectins might recognize carbohydrate structures present in the antisera
which were diminated during the purification of anti-BmoLL 1gG. Hankins et al. obtained
cross-reactions in eight of fifteen lectins with antiserum raised against B. purpurea®. Three
of them were lectins from Bandeiraea simplicifolia, Dolichos biflorus and Ulex europeus.
Lens culinaris lectin showed no precipitation (as seen in Figure 1A). It should be noted that
non-specific reactions might be caused when a high dose of lectin is inoculated. In this
work 150 ny of lectin were inoculated each time; Ashford et al. used doses of 0.5 mg®.
Nonspecific  reactions can gopear when high quantities of lectin were used in
immunodiffuson tests. Hankins et al. detected cross-reactions with quantities of 10 to 200
nmy’; in thiswork quantities of 2.5 ng were used.

When precipitated with purified BmoLL, the antisera and purified 1gG fractions showed no
double precipitation bands in immunodiffuson tests. However, leaf extracts and ledf
fractions showed two bands when precipitated with anti-BmoLL 1gG or anti-BmoLL serum
(Figure 1B and C). Adford et al. reported double precipitation bands as a result of two
populations of antibodies: one specific for the lectin protein and the other specific for the
carbohydrate chains of the lectin®. Purified fractions of BmoLL showed both glycosylated
(33 kDa) and non-glycosylated polypeptides (26 kDa), the latter in a minor concentration’;
a distinct patern was seen in B. purpurea lectin®. To darify whether anti-BmoLL 1gG
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recognizes the nonglycosylated and/or the glycsylated polypeptide chains of the lectin
further tests should be performed.

BmoLL was highly immunogenic and the purified anti-BmoLL 1gG permitted to detect the
presence of lectins in other tissues of B. monandra and to evduate the homology between
them. Anti-BmoLL IgG have dready been conjugated with peroxidase and applied in a
lectin immunosensor.
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Figure 1 — Double immunodiffusion tests on
agarose gels. Crossreactions of anti-BmoLL
serum or anti-BmoLL 1gG with other lectins (a),
determination of the presence of a lectin in
various tissue extracts from Bauhinia monandra
(b) and in the 0-60% ammonium sulphate

Central wdls. A = anti-BmoLL serum, | = anti-

3 = Ulex europeus lectin |, 4 = Ulex europeus
lectin 11, 5 = Bandeiraea simplicifolia lectin I, 6 =
Dolichos biflorus lectin, 7 = Triticum vulgaris
lectin, 8 = Lens culinaris lectin, 9 = leaves, 10 =
flowers, 11 = stems, 12 = roots, 13 = petioles, 14 =
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Abstract

Bauhinia monandra leaf lectin (BmoLL) was previously purified by ammonium sulphate fractionation (F O
60%) followed by guar gel affinity chromatography. Polyclonal antibodies against BmoLL were raised in
rabbits and 1gG was purified on a Protein A-Sepharose column (anti-BmoLL 1gG). Cross-reactions of anti-
BmoLL IgG with other lectins were evaluated by immunodiffusion tests. Precipitations of anti-BmoLL 1gG
with extracts and ammonium sulphate fractions from B. monandra leaves, flowers, stems, roots, petioles,
seeds, buds and branches of stem revealed the presence of other lectin molecular forms in the medicinal low-

growing tree. Enzyme linked immunosorbent assays confirmed | ectin presence and cross-reactions.

Keywords: Leaf lectin; 1gG purification; antiserum characterization; Bauhinia monandra.

1. Introduction

Lectins ae proteins or glycoproteins of nonimmune origin that sdectivdy
recognize and reversbly bind carbohydrates, agglutinate cedls and  precipitate
polysaccharides or glycoconjugates (Goldstein et al., 1980). Just a few plant lectins have
been sequenced and detalled in their protein sructures, biologicd functions of mogt lectins
remain uncertain. There are indications that plant lectins bind to foreign carbohydrate
moieties to establish symbioses or plant defense (Peumans & Van Damme, 1995).

An antibody rased agang a lectin conditutes a tool for lectin quantification
(Agundis et al., 2000), to explore lectin homology (Hankins et al., 1979) or Smilar
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carbohydrate moieties (Ashford et al., 1982). Pure IgG againd the lectin certainly would be
of use to amplify lectin binding to different tissues (Brooks et al., 1997). With the antibody
other plant tissues can be speculated about the presence of the lectin. Anti-lectin 1gG could
be more important in identifying recombinant lectins by immunoscreening then identifying
postive clones with cDNA of other lectins snce protein homology of lectins is more
conserved than the homology between lectin genes (this detaill was reveded when DNA
and protein sequence of the Bauhinia purpurea lectin were compared with 35 other lectin
sequences usng BLAST (Altschul et al., 1990), data not shown).

A gdactose soecific leaf lectin was previoudy purified from Bauhinia monandra,
BmoLL (Coeho & Silva, 2000). In this work an antibody was raised againg BmoLL and
the anti-BrmoLL 1gG was purified on a Protein A Sepharose CL-4B column. The presence
of lectins in B. monandra tissues and cross-reactions of anti-BmoLL 1gG with other lectins
were evduaed by immunodiffuson tess Anti-BmoLL I1gG was conjugated with
peroxidase and the conjugate (anti-BmoLL I1gG Per) was used in enzyme linked

immunosorbent assays to confirm lectin presence in tissues and cross-reactions.

2. Methods

2.1. Preparation of anti-BmoLL serum and purification of anti-BmoLL 1gG

BmoLL (150 ng of proten) in 1 ml of 10 mM citrate phosphate buffer pH 6.8,
containing 0.15 M NaCl was emuldfied with 1 ml of Freund's complete adjuvant (first
inoculation) or 1 ml Freund's incomplete adjuvant (four following inoculations) and
intradermally injected into three maes, New Zedand white rabbits in a monthly interva
according to Correia & Coeho (1995). Immediately before each inoculation, 10 ml of
blood were collected from the ear centra artery. Every ml of blood was left to coagulate in
a glass tube a the angle of 4 ° a room temperature for 1 h and placed in the same angle a
4 °C, overnight. The sera obtained were three times centrifuged a 1300 ~ g, for 5 min, at
room temperature. Aliquots were stored at -20 °C. Anti-BmoLL serum (3 mL) was
chromatographed in a column (6.5 ~ 1.0 cm) containing 4.5 ml of Protein A-Sepharose CL-
4B (Sigma). Unbound proteins were washed off with 0.1 M sodium phosphate buffer, pH

&
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8.0, containing 0.15 M NaCl, until absorbance 280 < 0.01. Then, anti-BmoLL 1gG was
eluted with 0.1 M glydne, pH 2.8. The fractions with absorbance 280 > 1 were brought to
pH 7-8 with 1 N NaOH and stored in diquots at -20 °C. Protein concentrations were
messured according to Lowry et al. (1951).

2.2 Immunodiffusion tests

Double immunodiffuson was carried out according to Ashford et al. (1982). Gds of
1 % (w/v) agarose containing 0.15 M NaCl were cast on squares of 2.5 cm x 2.5 cm with 3
mm thickness In each gd 5 wdls of 3 mm diameter were cut. Diffuson was alowed to
take place for 24-36 h at 4 °C in humidity chambers. The gels were washed with 0.15 M
NaCl and didtilled water, dried and stained with 0.1 % (w/v) Coomassie Brilliant Blue R
250 in 45 % (v/v) ethanol containing 10 % (v/v) acetic acid.

2.3 Conjugation of anti-BmoLL 1gG and its evaluation in an Enzyme
Linked mmunosorbent Assay (ELISA)

Anti-BmoLL 1gG (3 mg/ml) didyzed agang 0.1 M sodium phosphate buffer, pH
6.8 was conjugated to peroxidase (Sigma) based on Waer (1973). An Enzyme Linked
Immunosorbent Assay (ELISA) was performed as described previoudy (Correla & Coelho,
1995). Lectin (10 ng/ml) in 0.1 M NaHCOs containing 0.5 M NaCl and was absorbed in a
microtiter plate for 16 h a 4 °C. The plate was washed three times with PBS containing 0.1
% Tween 20 (Merck), PBST. Incubation (overnight, 4 °C) with 50 m of anti-BmoLL 1gG
Per, diluted (50-6400) in PBST containing 0.5 % casein was followed by three washes
with PBST. Then, a fresh solution of 0.08 % (w/v) dihydrochloride o-phenylenediamine
(37 mg/50 ml, Sigma) in 10 mM citrate phosphate buffer, pH 6.0, containing 0.03 % (V/v)
H20, (15 m/50 ml), was added. The reaction was kept in the dark for 30 min, stopped with
100 m 0.5 N citric acid and read at 490 nm in a Biorad Microplate Reader, model 3550.
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3. Results and discussion

To study the immunologica identity of BmoLL comparing it with lectins present in
other tissues of B. monandra and its homology with other lectins polyclond antisera
agang BmoLL raised in tree rabbits. Double immunodiffuson tests showed that after the
third inoculation pogtive reactions were achieved. The podtive sera sdected for
purification on Protein A column are indicated in table 1. Control sera (before inoculation)
were dl negdive in immunodiffusons. Identical results were obtained with or without 0.1
M p-gdactose added to ges, indicaing that there is no recognition of carbohydrates from
the antibodies by BmoLL (data not shown).

Table 1. Precipitations of rabbit antisera with BmoLL in immunodiffuson tests before and after

inoculation with BmoL L

Inoculation Rabbits
I [l e
0 - - -
1 + + ND
2 + + ND
3 + + ND
4P +

a Pre-inoculation sera.
b. Only to rabbit | were applied four inoculations.
¢. Third inoculation selected for 1gG purification.

() no precipitation, (+) some precipitation, (+) precipitation, (ND) not determined.

Sdected antisra were  chromatogrephed on a protein A column.  Affinity
purification of 1gG is shown in figure 1. Elutions were performed with 0.1 M glycine, pH
28. Yidds of 44 mg IgG (1.1 mg/ml) were achieved. The pH, measured in dl fractions,
dropped after the second peak in the protein A chromatography (data not shown).
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Figure 1. Protein A column afinity chomatogram of 1gG preparation. Antiserum (3 ml) was applied to a
45 ml column and fractions (1 ml) were collected at 33 mi/h. Unbound proteins were washed off with
0.1 M sodium phosphate buffer pH 8.0 (event 1), followed by the eution of the IgG with 0.1 M glycin

pH 2.8 (event 2). Eluted fractions of Azgo® 1 werepooled and stored at —20 °C.

Cross-reactions were found between anti-BmoLL 1gG and the lectins from B.
purpurea and Ulex europaeus |I. Dolichos biflorus and Triticum vulgaris lectins showed a
fant precipitation band when incubated with anti-BmoLL serum but did not interact with
anti-BmoLL 1gG (Figure 28). The lectins might recognize carbohydrate Sructures present
in the antisera which were diminated during the purification of anti-BmoLL 1gG. Hankins
et al. (1979) obtained cross-reactions in eght of fifteen lectins with antiserum raised
agang B. purpurea. Three of them were lectins from Bandeiraea simplicifolia, Dolichos
biflorus and Ulex europaeus. Lens culinaris lectin showed no precipitation band (Figure
2a). Non-specific reactions might be caused when a high dose of lectin is inoculaed. In this
work 150 ng of lectin were inoculated each time; Adhford et al. (1982) used doses of 0.5
mg. Non-specific reactions can gppear when high quantities of lectin were used in
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immunodiffuson tests. Hankins et al. (1979) detected cross-reactions with quantities of 10
to 200 ng; in thiswork quantities of 2.5 ng were used.

Figure 2 — Double immunodiffuson tests on
agarose gels. Crossreactions of anti-BmoLL
serum or anti-BmoLL 1gG with other lectins (a),
determination of the presence of a lectin in
various tissue extracts from Bauhinia monandra

(b) and in 860% ammonium sillphate fractions
derived therefrom (c).

Central wells: A = anti-BmoLL serum, | = anti-
BmoLL I1gG.

Lateral wells: 1=BmoLL, 2=B. purpurealectin,

3 = Ulex europaeus lectin I, 4 = Ulex europaeus

lectin 11, 5= Bandeiraea simplicifolialectin I, 6 =

Dolichos biflorus lectin, 7 = Triticum vulgaris
lectin, 8 = Lens culinaris lectin, 9 = leaves, 10 =
flowers, 11 = stems, 12 = roots, 13 = petioles, 14 =
seeds, 15 = buds, 16 = branches of stem.
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When precipitated with purified BmoLL, the antissra and purified 1gG fractions
showed no double precipitation bands in immunodiffusion tests (2a8). However, leaf extracts
and leaf fractions showed two bands when precipitated with anti-BmoLL I1gG or anti-
BmoLL serum (Figure 2b and c). Asford et al. (1982) reported double precipitation bands
as a result of two populations of antibodies: one specific for the lectin protein and the other
gpecific for the carbohydrate chains of the lectin. Purified fractions of BmoLL showed both
glycosylated (33 kDa) and non-glycosylated polypeptides (26 kDa), the latter in a minor
concentration (Coelho & Siva, 2000); a digtinct pattern was seen in B. purpurea lectin
(Kusui et al., 1991). According to Coeho & Silva (2000) at least two lectins can be
purified from B. monandra leaves, with didtinct eectrophoretic migration. The isolectins
were clearly detected by the raised antiserum.

Enzyme linked immunsorbent assays with anti-BmoLL 1gG Per confirmed the
presence of lectins in various tissues of B. monandra (figure 3a and 3b). Extracts from
leaves and roots have magor lectin expressons. Fractions of 0-60% showed minor
absorbances than the corresponding extracts. Homology was seen between B. monandra
and B. purpurea (figure 3c).

Figure 3 (next page). Enzyme linked immunosorbent assay with anti-BmoLL 1gG Per, serially diluted,
incubated with 10% extracts from B. monandra (a) or 060% ammonium sulphate fractions derived

therefrom (b): ( ) Leaves, () Flowers, ) Stems, () Roots, () Petioles, (?) Seeds, () Buds, )
Branches of stem. With anti-BmoLL IgG Per the immunological identity of BmoLL is compared to

other lectins (c): () BmoLL, () Bauhinia purpurea, (? ) Ulex europaeus I, (<) Ulex europaeus 11, ()
Dalichosbiflorus, (?) Bandeiraea simplicifoliall, (+) Triticum vulgaris, (-) Lensculinaris.

a7
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BmoLL was highly immunogenic and the purified anti-BmoLL 1gG permitted to
detect the presence of lectins in other tissues of B. monandra and to evauate the homology
between them. Anti-BmoLL 1gG have dready been gpplied in a lectin immunosensor and is

inuseto te thelectin yidd in Agrobacter transformed roots of B. monandra.
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Capitulo 2

Avaliacao de imobilizacao de
anticorpo na camada de dextrana
modificada com cianeto por
aplicacao no biossensor
piezoelétrico
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Abstract

A hydrogel of dextran treated with cyanide was used to immobilize polyclonal
anti-Bauhinia monandra Leaf Lectin 1gG (anti-BmoLL 1gG) on the gold surface of a
Quartz Crigal Microbalance (QCM) crystal to be used in a piezoelectric biosensor.
High yidds of immobilization were achieved with 1.1 mg/ml (46%) and 2.2 mg/mi
(33%) anti-BmoLL 1gG. Flow injection analyss (FIA) with BmoLL (91 ng/ml)
resulted a frequency decrease (15 kHz) with anti-BmoLL 1gG (1.1 mg/ml). According
to its high yield, stability and sensitivity the QCM assay is also a potent tool for
detection and analysis of lectins.

Keywords: Immobilization, 1gG, Bauhinia monandra Leaf Lectin, Quartz Crigal
Microbalance.

1. Introduction

Piezodectric biosensors are mass-sendtive detectors based on an  oscillating
piezodectric quartz crystd that resonates at a fundamenta frequency. The generd approach
to take advantage of the piezodectric effect is to coat a piezoeectric crysa with biologicd
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materials such as antibodies or enzymes, these compounds have high sdectivity for a target
molecule. When the coated crystd is exposed to a paticular substance of interes,
adsorption occurs, causing a frequency change that can be used to determine the amount of
materia absorbed [1].

As an dtenaive to common immunologica techniques the use of piezodectric
biosensors for diagnosis is of great interest with time and costs reduced. Therefore, a
number of antigen or antibody immobilization protocols are developed and evauated using
physicd adsorption [2-4], sdf-assembled monolayers of thiocompounds [5,6], latex [7,8],
polyethyleneimine (PEIl)/glutard dehyde (GA) [1,2,9] or protein A [1,10].

In our work polyclona IgG raised ayaing Bauhinia monandra ledf lectin (BmoLL),
gdactose-specific [11] was immobilized usng a protocol originaly developed for Surface
Plasmon Resonance [12] combining a self-assembling monolayer of a thiocompound with a
modified dextran layer. Some modifications were made to reduce the immobilized mass.
The immobilizetion yidd of ant-BmoLL 1gG and its binding activity to BmoLL were
evauated using a Quartz Crystal Microbalance (QCM) assay.

2. Experimental
2.1 Reagents and apparatus

Higly purified BmoLL was obtained as previoudy described [11]. A polyclond
antibody againg BmoLL was rased in rabbits and anti-BmoLL 1gG was purified on a
proten A column [13]. Dextran, ethyl-3-(3-dimethylamino-propyl)-carbodiimide (EDAC)
and N-hydroxysuccinimide were purchased from Sigma and were used as received. All
other chemicas were of anayticd grade and were used as received. Deionized water from
aMilli-Q system was used to prepare dl solutions.

The crysds (AT-cut, quartz plate £ 14 mm, gold eectrode £ 8 mm, 10 MHz
frequency) were purchased from Universal Sensors (New Orleans, USA). A How Injection
Andyss (FIA) system was used, consgting of one perigdtic pump and an oscillator circuit
coupled to a frequency counter (GFC-8131, Good Will). A crystd was incorporated in two
Plexiglas blocks, clamped together with screws. Each block has a chamber of 210 mm?, but
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only one sde gets exposed to liquid. Two O-rings, one a each sSde of the gold dectrode
were used to provide a watertight se and two more to avoid the risk of bresk and to
minimize direct pressure on crystal. Each reading was manually recorded after ten seconds.

A Biorad Microplate Reader, modd 3550, was used to measure protein
quantification absorbances.

2.2 Immobilization of anti-BmoLL 1gG and yield evaluation

Prior to use, the gold QCM surfaces and gold plates of 4~ 4 ~ 05 mm® were
cleaned with a PIRANHA solution [14] (three parts of 30% H,O, and seven parts of
H,SO,4. Caution! Rescts violently when prepared) for 10 min, followed by ringng with
Milli-Q water and drying with a hairdryer.

The immobilization process [12] used on QCM and on golden plates was the same,
however in every sep 20-25 ml of reagent were deposited on one sde of crystd; for
immobilization yidd andyss the gold plates were deposited in PCR tubes with 100 mi
reagent. Crystds and plates were treated with 4 mM mercagptoethanol in 80% ethanol for 16
h a room temperature. Then were treated with a solution of 0.2 mM HCl and 0.4 mM NaCl
for 4 h a 25°C. After 5 wash steps with ethanol and milli-Q water dternatdly the surface
was treated with a freshly prepared solution of 30% (w/v) dextran in NaOH 0.1 mM for 20
h a 25°C. The dextran layer was sendtized by treatment with a solution of 100 mM CNBr
and NaOH 2 mM for 8 h a 25°C and then incubated with a solution of 0.1 mM
hydrochlorated ethyl-3-(3-dimethylamino-propyl)-carbodiimide ~ (EDAC) and N-
hydroxysuccinimide 25 nM for 30 min a RT. Crysds and plates were incubated with O,
11 or 22 mg/ml purified anti-BmoLL 1gG for a leest 3 h a room temperature. Then
crystals were blocked with 3% casain (w/v) for another 3 h.

After immohilization each reaction (100 m) was collected to measure the unbound
IgG (U) and plates were washed three times with 100 mi of PBS (10 mM, pH 7.2) to
measure the washed-off 1gG (W1, W2 and W3). Protein concentrations were calculated by
a standard protein quantification test [15]. Knowing the concentrations of 1gG (1) used for
immobilization the yield for each 1gG concentration was cdculaied by the formula (I -U -
W1-W2-W3)/1 ~ 100%. Vdues of immobilization/area were dso caculated (figure 1).
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2.3 Analysis of BmoLL binding to immobilized anti-BmoLL 1gG with a wet
piezoelectric assay system

Usng a wet piezodectric assay sysem, composed of a power supply,
osciloscope, probe, perigdtic pump and a frequency counter, the crystd with
immobilized anti-BmoLL 1gG was monitored on the binding of BmoLL to the
sysem. BmoLL (454 ng/ml) was passed with a flow of 330 m/min or in dilutions of
103, 10, 10 and 5? through the reaction chamber to get bound by the immobilized
19G.

3. Results and Discussion

Immohilizetion of an anti-lectin antibody instead of the lectin itself provides at least
two vantages. Firdly, the presence of lectin can be detected in diginct plant tissues,
secondly, direct immobilization of the lectin may reduce its activity by severe changes of
the conformation during the immobilization process. Mantenance of the lectin activity was
expected when bound by immohbilized antibody. It was shown that by physica adsorption
no antibody immobilization was detected [4]. Therefore, we chose an immobilization
method origindly developed for SPR andlyss [12]. A reduction of immobilized mass was
expected when b - mercaptoethanol was used instead of 16-mercaptohexadecan1-al.

Anti-BmoLL 1gG was immobilized in quantities of 0, 110 and 220 ng. The
concentrations of unbound 1gG were measured with a protein quantification method [15]
after immobilization and washes with PBS. A quattity of 110 ng resulted in a
immohilization of 51 ng 1gG (46%); 220 ny resulted in a immohilization of 73 ng (33%).
The control, without 1gG, showed some activity due to non-protein interference. Figure 1
reveds the immobilizetion/area PBS wadtseps hardly release protein when a
concentration of 1.1 mg/ml was used. So it was estimated that 1.28 ng/mn? of anti-BmoLL
IgG was immobilized on gold. Babacan et al. [1] achieved immohilization yidds of 42%
and 32% using protein A and PEI/GA, respectively; applying 15 mi of 4-5 mg/ml 1gG on an
areaof 20 mm?, resulted in immobilizations of 1.41 and 1.08 ng/mn, respectively.
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—a— |gG 0 mg/ml
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Figure 1. Immobilization/area on gold plates (4 ©~ 4 ~ 0.5 mm®) were evaluated using anti-BmoLL 1gG
in three concentrations. Unbound (0 ml PBS) and washed-off proteins (0.1, 0.2 and 0.3 ml PBS) were
measured by protein quantification and calculated values of immobilized 1gG are showed (see
experimental for details).

When 1.1 mg/ml anti-BmoLL 1gG was immobilized, an incubation with BmoLL (91
nyml) gave a reduction of the frequency with 5 kHz (22.5 kHz to 17.5 kHz) showing a
drong recognition of the lectin by the immobilized 1gG (figure 2). A dday in response of
35 min was observed and this was the time the sample needed to pass the FIA-system
before entering the reaction chamber of QCM. No reduction of frequency was detected
after 145 min (9 min incubation with BmoLL with 35 min dday) a this time 454 ny
BmoLL had passed the reaction chamber. A second incubation with BmoLL showed no
reectivity indicating that the system was dready saturated. Interference was detected during
the assay because no Faraday's cage was used. The control (19.5 kHz), without
immobilized 1gG, showed no response dfter incubation with BmoLL. A magor
immobilization was achieved with 2.2 mg/ml 1gG (14 kHz when 19 kHz in control).
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However, no reactivity was detected with BmoLL in dillutions 103, 102, 10" and pure
indicating thet the crystd was too loaded (data not shown).

Frequency (kHz)

LA L L EL A L EL A L ERL A ENL N I LA EL A R I R B
2 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time (min)

Figure 2. The piezodlectric assay showed a binding of BmoLL (91 ng/ml) to immobilized anti-BmoLL
IgG, 1.1 mg/ml (? ). The control without immobilized 1gG showed no reaction when incubated with
BmoLL (?). The system was also incubated with PBS (open symbals).

Generdly a Sauerbrey’s eguation [16] was used to cdculae the immohbilization
mass by the reduction of frequency. However it was discovered recently that in liquid phase
the QCM does not behave as predicted by the equation [17, 18]. Using the FIA-system we
didn't apply the equation to caculate the mass of bound BmoLL. The quantification of
mass in a dy QCM assay during the immobilization process and after incubation with
BmoLL isunder further Sudies.
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4. Conclusion

Messurement of the immobilization yidd is important for esimaing the maximd
antigen binding capecities of the biosensor. The assay was effective to detect the
immobilized anti-BmoLL 1gG. Basad on high dability and sengtivity, low quantities of
antigen and antibody used, and real time measurement of response, the QCM showed to be
avery potent immunological assay.
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Capitulo 3

Potencial eletroguimico da lectina
de folha de Bauhinia monandra

Para ser submetido ao periddico:
Bioresource Technology
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Abstract

A galactose-specific Bauhinia monandra leaf lectin (BmoLL) has been highly
purified through ammonium suphate fractionation and guar gd affinity
chromatography. An antissrum was raised in rabbits and anti-BmoLL 1gG was
purified on a protein A Sepharose column. The eectrochemical potential of BmoL L
was obtained using an eectrochemical cell in relation to the binding of galactose and
anti-BmoL L 1gG. The applied system could be of use to evaluate BmoLL interactions
at the car bohydrate binding sites.

Keywords: Bauhinia monandra, leaf lectin, eectrochemica potentid, gdactose binding,
potentiometric methods.

1. Introduction

Lectins are proteins or glycoproteins with at least two carbohydrate binding Stes.
These molecules bind sdectively and reversbly carbohydrates, precipitate polysaccharides,
glycoproteins and glycolipids, and induce cdl agglutination (Sngh et al., 1999). Lectins
ae widdy digributed in unicdlular and multicdlular organiams, however very little
literature is avalable concerning lectins derived from leaf tissue (Coeho & Silva, 2000).
The genus Bauhinia, member of the family Fabacese, are widdy didributed in the
Brazilian cities. In the popular medicine the tea of the leaves of this plant is used by cariers



Haver, Nicolaas J. — Desenvolvimento, Purificacdo e Caracterizacéo de Anti-BmoLL 1gG

of diabetes with a probable hypoglycaemic activity. B. monandra leaf lectin (BmoLL),
gdactose-specific, has been highly purified through ammonium sulphate fractionation and
guar gd affinity chromatography (Coeho & Silva, 2000).

There is a crescent interest to obtain eectron direct transfer between dectrodes and
proteins, based on lectin-glycoprotein binding (Koéneke et al., 1996). Capacity changes at
the eectrode/dectrolyte interface are ided mode systems to explain protein-carbohydrate
interactions. The description of phenomena involving the interaction of active Stes of
proteins can be evauated through eectrochemica sgns which are entirdy associated with
changes of the double dectricd layer occurring a the surface of the dectrode. This
goproach using eectrochemica methods is tightly related with conformationd changes of a
protein due to interaction with spedific ligants (Cohen et al., 1996; Fcguelmont-Loizos et
al., 1997; Yoshizumi et al., 1999; Marken et al., 2002). Evduation of changes a the
electrode/dectrolyte interface are ideal modd sysems to explan protein-carbohydrate
interactions.

The am of the sudy was to evauate the eectrochemica properties of interaction
between anti-BmoLL IgG and BmoLL and to ducidate if these interactions have effect on
the galactose binding activity of BmoLL.

2. Methods

The dectrochemica potentid was measured through two eectrochemicd systems,
each containing a par of dectrodes a platinum wire as work eectrode with a reference
electrode (Ag/AgCl), both were coupled to an impedance high multimeter.

The interaction dectrochemical potentid was measured by 05 mg/ml of BmoLL
with or without anti-BmoLL 1gG (1 mg/ml) acting with O, 50, 100, 200, 300 and 400 mM
galactose, respectively.

Measurements of turbidity were obtained in a turbidity meter (Orbeco-Helige
model 966) by interaction of BmoLL with different galactose concentrations (0, 50, 100,
200, 300 and 400 mM). The turbidity is the optica effect that occurs when a beam of light
is dispersed by particles in suspenson. The turbidity of the sample was caculaied by
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messuring the amount of light reflected at a 90° angle comparing it with a standard

reference suspension.

3. Results and discussion

A gmple method has previoudy been devdoped to purify milligram quantities of
BmoLL (Codho & Silva, 2000), which alowed the eectrochemicd characterization of the
lectin.

The phenomenon of interaction in a biologicd sysem can be described through
eectrochemicd dgnds in the inteface of biomolecules (Fricqudmont-Loizos et d., 1997,
Cohen e 4d. 1996). Immunosensors based upon eectrochemicd sysems have
characterigtic time responses between 40-50 min. A potentiometric immunosensor for anti-
H 1gG usdng the immobilization in Immobilon membrane for the antigen marked with
glucoseoxidase showed responses of 50 min after 60 min incubation and a lifetime d days
(Campandla et al., 1999). Electrochemicd andyticd systems that incorporate biologicaly
active materials on an appropriate transduction element have the purpose to measure the
concentration or activity of the product of interet (Kooyman & Lechuga, 1997).
Electrochemicd immunosensors are based on immune interactions (antibody-antigen); the
immunogenic component is immobilized in the dectrode transducer and the detection is
edablished through the recording of resultant eectric process of antigen-antibody
interaction (Ferndndez-Sanchez & Cogtla-Géarcia, 1999). The dectrochemica potentiad of
BmoLL (0.5 mg/ml) was high in relation to gaactose concentrations (0, 50 and 100 mM,
Figure 1). The mechanisn was regulated by eectron transference rate between lectin and
different carbohydrate concentrations (Sugawara et al., 1998; Niki et al., 2001).

Biomolecules adsorbed on conductor surface can reved a change of the sructurd
properties (Zeder-Lutz et al., 1997; Kobayashi et al., 2001). Studies of the boundary
between metd and molecules in solution are of subgtantid interest. They conditute an
esentid  prerequidite for understanding the adsorption phenomena on this interface and for
interpreting the kinetics or mechanism of e ectrode processes (Cohen et al., 1996).
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The eectrochemica potential of biomolecules depend upon the conformation of the
bound molecule as well as from the gpplied eectrochemica system properties (Bass et al.,
1999; Zhang et al., 2000).

Studies concerning the binding of molecules in solution to a metd surface are of
subgtantid interest.

BmoLL showed biologicd activity in an eectrochemica system, composed of a
plainum plate and a saturated (Ag/AQCl) eectrode, applied to study the eectrochemical
potentid of interaction with different concentrations of galactose (Figure 1).

250
200 T
< 150
3
Y 100+
50 1
0 T T T T T T T
0 5 10 15 20 30 40 45
Time (min)

Figure 1. Interaction eectrochemical potentid between BmoLL (0.5 mg/ml)
and galactose, O (®) , 50 (W), and 100 (3% ) mM, in function of time.

The change capacity at the interface of work eectrode as a result of carbohydrate-
lectin  complex formation showed dso high sengtivity, dthough the vdues of the
electrochemica potentials were lower (Figure 2). It dlowed the development of versdile
sysems, of great interest at basc or goplied level of sudies, which condtitute a field to be
exploited for severd years.
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Figure 2. Electrochemica potentia of BmoL L interacting with gaactose in different
concentrations (0, 100, 200, 300 and 400 mM) measured in reaion with the working
electrode (platinum wire) and the reference dectrode (Ag/AgCl).

The recognition of gdactose by BmoLL showed a turbidity in NTU
(Nephdlorimetric  Turbidity Units) which was related to the concentration of gaactose
added (Figure 3).
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Figure 3. Measurements of turbidity obtained by interaction of BmoLL with different
gdactose concentrations (0, 100, 200, 300 and 400 mM).
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Yoshizumi et al. (1999) observed that the turbidity decreased in environment containing a
solution of methacryloyloethyl-D-glucopyranosde polymer and concanavdin A (Con A)
when the concentration of a-Methyl-Mannose increased, indicating a strong pecificity of
the carbohydrate.

Anti-BmoLL 1gG showed no dteration in the applied eectrochemica assays and in
the turbidity assay (data not shown) indicating that there was no affinity of 1gG to BmoLL
carbohydrate binding Sites.

Changes @ the dectrode/solution interface could result in high or low ability of
proteins to participate in dectron transference reactions (Souza et al., 2001). The results
showed were in accordance with the inhibition assay described by Codho and Silva (2000),
could be attributed to a high specificity of BmoLL for gaactose.
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3. CONCLUSOES

No desenvolvimento de anti-soro BmoLL foi imunogénica ApOs a terceira
inoculacdo houve dta sengbilidade e especificidade de anti-BmoLL soro por
BmoL L. Néo houve reconhecimento de imunoglobulinas por BmoLL.

Alto rendimento foi obtido na purificacdo de anti-BmoLL 1gG (44 mg). EStruturas
de carboidratos presentes no soro foram eliminadas.

Imunodifusdo e ELISA tiveram resultados coerentes na caracterizacdo de  anti-
BmoLL 1gG. Maores expressdes de lectina em Bauhinia monandra foram
encontradas nas folhas, raizes e peciolos. BmoLL e a lectina de B. purpurea sdo
homaologas.

Anti-BmoLL 1gG foi imobilizada com dto rendimento. O méodo de imobilizacio
demonstrou uma dta estabilidade no biossensor piezodétrico. Leitura no tempo red
BmoLL mostrou umaforte ligago a anti-BmoLL 1gG imobilizada

Andise potenciostética e de turbidéz demonstraram que anti-BmoLL 1gG ndo dtera

aligac@o de galactose por BmoLL.
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Anexos
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ISOLATION, PURIFICATION AND
CONJUGATION OF ANTI-Bauhinia monandra
LEAF LECTIN IGG

Plant Lectins
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The Baulinia monandra leaf lectin (BmoLLL) was
P:cviuusly Euﬁﬁcd by ammonium sulphate fractionation (F 0-60
Va) followed by guar gel affinity chromatography (Coelho & Silva,
' Plytochem. Anal. 11: E‘?ES*-EIIJH, 2000). To study BmoLL a polyclonal
antibody was raised in rabbits against the [ectin. An emulsion of
BmoLlL, 150 g in 1 ml of 0.1 M citrate phosphate buffer pH 6.5,
with 1 ml of Freund’s complete adjuvant was inoculated
subcutaneously, followed by 3 inoculations of BmoLL plus
Freund’s incomplete adjuvant, Antibody production was monitored
by immunodiffusion tests carried out in 1 % (w/v) agarose gel.
Anti-BmoLL IgG was purified on a protein A column eluted with
0.1 M glycine, pH 2.9. The fractions containing IgG with OD,,, >
1 were selected by spectrophotometry. For immunﬂlnlgi::nl tests 3
mg of anti-BmoLL IgG were crosslinked to 9 mg of peroxidase
with 50 UL of a glutaraldehyde solution (1 %, v/v). Protein
uantification showed a high antibody vield of anti-BmoLL. IgG
244 mg). Immunodiffusion studies showed a high sensitivity when
7 we of BmoLL wete incubated with 18.8, 27.5, 55 and 110 pg of
anti-BmoLL IgG. Incubation of anti-BmoLL IgG (110 pg) with
2.5 pg of the lectins from Bandefraca simplicifolia (BSII), Dolichos
biflorus, Lens culinaris, Ulex ewropacus (UEA 1 and U II) and
rittcum vulgaris (WGA) showed no reaction. Anti-BmoLL IgG
was specific and pure; the conjugate was successfully obtained.
Anti-BmoLL 1gG has been applic?i in biosensors.
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ISOLATION, PURIFICATION AND CONJUGATION OF ANTI- Bauhinia
monandra LEAF LECTIN IgG

Nicolaas Johannes Haver, Maria Barbosa Reis da Silva,
Maria Tereza dos Santos Correia and Luana Cassandra Breitenbach Barroso Coelho
Department of Biochemistry, Federal University of Pernambuco (UFPE)

INTRODUCTION

The Bauhinia monandra lesf lectin (BmoLL) was previoudy purified by ammonium
sulphate fractionation (F 0-60%) followed by guar gd affinity chromaography (Codho &
Silva, 2000). To study BmoLL apolyclona antibody was raised in rabbits againg the lectin
and the anti-BmoLL IgG was purified on a protein A column. Cross-reactions of the anti-
BmoLL I1gG with other lectins were tested by immunodiffuson tests. Anti-BmoLL 1gG was
aso conjugated with peroxidase.

MATERIALS AND METHODS

Preparation of Anti-BmoLL Serum and Purification of 1gG

Pure BmoLL (150 mg) in 1 ml of 0.1 M citrate phosphate buffer pH 6.8, containing
0.15 M NaCl, was emulsfied with 1 ml of Freund's complete adjuvant (first inoculation) or
1 ml Freunds incomplete adjuvant (four following inoculations) and intradermaly injected
into three New Zedand white rabbits (mdes), in a monthly interva. Immediately before
each inoculation, 10 ml of blood were collected from the ear centra atery. Every millilitre
of blood was Ieft to coagulate in a glass tube at the angle of 45 a RT for 1 h and placed in
the same angle a 4°C overnight. The sera obtained were centrifuged three times a 1300 g,
for 5min, a RT. Aliquots were stored at -20°C (Figure 1).
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The antilectin sera (3 ml) were chromatographed in a column (65 x 1.0 cm)
containing 45 ml of protein A - Sepharose CL-4B (Sigma). Unbound proteins were washed
off with 0.1 M sodium phosphate buffer pH 8.0, containing 0.15 M NaCl, until absorbance
280 < 0.01. Then, anti-BmoLL 1gG was duted with 0.1 M glycine pH 2.8. The fractions
with absorbance 280 > 1 were brought to pH 7 8, if necessary, with 1 N NaOH and stored
in diquots a -20°C (Figure 2).
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Immunodiffuson tests

Double immunodiffuson was carried out in 1% (w/v) agarose gels in 0.15 M NaCl
according to Ashford et a. (1982). Anti-BmoLL 1gG (11 mg/ml) and anti-BmoLL serum
were serid diluted from 1, 21, 41 to 81. 1gG, antiserum, BmoLL (0.27 mg/ml) and the
lectins (0.25 mg/ml) of Bandeiraea smplicifolia (BSIl), Dolichos biflorus (DB), Lens
culinaris, Ulex europaeus (UEA | and UEA I1) and Triticum vulgaris (WGA) were applied

in volumes of 10 m.

Conjugation of Anti-BmoLL 1gG

Three milligrams of anti-BmoLL 1gG, didyzed agang 0.1 M sodium phosphate
buffer pH 6.8 overnight a 4°C, were conjugated to 9 mg of peroxidase (Merck) for 2 h at
RT and again didyzed with 0.01 M sodium phosphate buffer pH 6.8, containing 0.15 M
NaCl, according to Weir (1973).

Protein Quantification
Protein quantification was performed according to Lowry et d. (1951).

RESULTS

Double immunodiffuson tests showed tha after the third serid inoculation strong
podtive reections were achieved (Table 1). The sera with intense precipitations were
purified on a protein A column. Control sera (before inoculation) were dl negative in
immunodiffusons with or without 0.1 M D-gdactose indicating that there is no recognition
of antibody carbohydrates by BmoLL. All purified 1gG showed intense precipitation with
BmoLL. The purification of anti-BmoLL 1gG (Figure 3) resulted in a high yidd (44 mg).
Immunodiffuson assays showed a drong precipitation line when BmoLL was incubated
with anti-BmoLL 1gG and anti-BmoLL serum in serid dilutions (Figure 4A). Incubation of
anti-BmoLL 1gG with the lectins from Bandeiraea smplicifolia (BSII), Dolichos biflorus,
Lens culinaris, Ulex europaeus (UEA | and UEA II) and Triticum vulgaris (WGA) showed
no precipitation with anti-BmoLL 1gG. However, some lectins reveded a faint precipitation
when incubated with anti-BmoLL serum (Figure 4B).
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3. Purification of anti-BmoLL
a Protein A Sepharose CL-4B

Anti-BmoLL sera (3ml), collected after the third and fourth inoculations, in 0.1 M
sodium phosphate buffer pH 8.0 (7 ml) was agpplied to the column and twice recycled.
Unbound proteins were washed off with sodium phosphate buffer (blue) until A 280 < 0.01.
IgG was duted with 0.1 M glycine pH 2.8 (pink). Eluted fractions of A 280 > 1 were
pooled and stored in diquots at -20C. Fow rate: 0.33 ml/min.

nodiffusion assay .
IlgG and anti-BmoLL serum in

eacting with BmoLL.

IgG and anti-BmoLL serum tested
s with other lectins.

L 19G; (AS) Anti-BmoLL serum;
Bandeiraea Simplicifolia
Dolichos bifloruslectin.
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CONCLUSIONS

Anti-BmoLL 1gG was specific and pure; the conjugate was successfully obtained.
Anti-BmoLL 1gG has been applied in biosensors. Anti-BmoLL 1gG or its conjugate will be
of mogt vaue to characterize molecular forms of the lectin present in different tissues of the
plant.
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PROTEIN QUANTIFICATION TO ANALYSE THE YIELD OF ANTL-Bauhinia
monandra LEAF LECTIN 1gG (ANTI-BmaLL 1gG) IMMOBILIZED ON A GOLD SURFACE
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Binsansors with immobilized anti-lectin antibodies can be used for lactin detection in
plant tissues. In this work an antibody immobilization method was evaluated to be used
in biosensors A polyclonal antibody against Bauhin@ monandra leaf lectin (BmolL) was
raised in rabbits and ant-BmolL 1gG was purified on & protein A column. Anti-BmolL
1gG was immobilized in quantities of 0, 110 and 220 ug. The concentrations of unbound
igG were measured with a modified Bradford protein quantification method after
immobilization and washes with PBS A guantity of 110 ug resulted in a immobilization of
51 ug IgG (46%), 220 pg resulted in a immobilization of 73 pg (33%). The control

without |G, showed some aclivity due lo noh-protein interference generally detected in
protein quantification methods. Measurement of the immobilization yield is also important
for estimating the maximal antigen binding capacities of the biosensor. The assay was
effeciive to detect the immobilized anti-BmaolL igG.
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PROTEIN QUANTIFICATION TO ANALYSE THE YIELD OF ANTI-Bauhinia
monandra LEAF LECTIN IgG (ANTBmoLL IgG) IMMOBILIZED ON A GOLD
SURFACE COATED WITH A THIN MATRIX OF CARBOXYLATED DEXTRAN
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INTRODUCTION
Biosensors with immobilized anti-lectin antibodies can be used for lectin
detection in plant tissues. In this work an antibody immobilization method was

evaluated to be used in biosensors.

METHODOLOGY

A polyclonal antibody against pure Bauhinia monandra leaf lectin (BmolLL,
Coelho & Silva, 2000) was raised in rabbits and anti-BmoLL IgG was purified on a
protein A column according to Correia & Coelho (1995). Anti-BmoLL IgG was
immobilized in quantities of 0, 110 and 220 mg by a modified immobilization
protocol originally developed for Surface Plasmon Ressonance analysis using
carboxylated dextran (figure 1).
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The concentrations of unbound IgG were measured with a modified
Bradford protein quantification method after immobilization and washes with PBS.
The percentage calculation of the immobilization yield was obtained by the formula:

I-(U+P1+P2+P3)x100
|

Incubated IgG =1
Unbound IgG = U
Protein (P) in PBS wash steps = P1, P2, P3
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RESULTS

A quantity of anti-BmoLL IgG (110 mg) resulted in a immobilization yield of
46%; 220 mg resulted in a immobilization yield of 33%. The control, without IgG,
showed some non-protein interference, generally detected in protein quantification

methods (Figure 2).

Fig. 2. Immobilization Yield Analysis of Anti-BmoLL 1gG
with Standard Protein Quantification Assay
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A PIEZO-ELECTRIC BINDING ANALYSIS OF THE Bauhinia monandre LEAF
LECTIN (Bmeoll) WITH IMMOBILIZED ANTI-BmolL IgG
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Bipsensors have been used in clinical &nd Industnal chemistry for environmanial
menitaring and control, chemical measurements in agricullure, as well as in food
and drug industries. During the last two dacades altention has bean focused on
imporant espocts of biossnsors in reiation to the snalytical potential of seleclive
recognition of target compounds To study the Bawhinia monandm leaf lectin
{(Bmaoll) — a lectin with galactose specificity which was purified by 50% ammaonium
sulphate fractionation followed by guar gel affinity chromatography - a polyconal
onlibody was raisad against the lectin in rabbits, ant-BmalL 195G was purified on a
protein A column, Antl-BmolL 1gG (110 pg/mi) was len to immobllize on a Quanz
Crystal Microbalance (QCH) in a thin cerboxylated dextran matrix on a gold
surtace. in the performance of the PIEZ0-eleciric assay, QCB was incubated with
a Bmoll sclution {454 pgiml in phosphate-citrata buMer, pH 6.5) followed by a
reduction of the frequency with 5 M-z showing a strong recognition of the lectin by
the immobilized 1gG The canirol, without immobilized Igl, showad no response
after incubation with BmolL For siatistical analysis a Sauerbrey equatlion was
usad Eased on high stebility and sensitivity, low gquantition of antigen and
antibody used and real time measunament of response, the QCB showed 1o be &
wery polent iImmunological assay
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A PIEZO-Electric Binding Analysis of the Bauhinia monandra Leaf Lectin (BmoLL)
with Immobilized anti-BmoLL IgG
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INTRODUCTION

Biosensors have been used in clinical and industrial chemistry for
environmental monitoring and control, chemical measurements in agriculture, as
well as in food and drug industries. During the last two decades attention has been
focused on important aspects of biosensors in relation to the analytical potential of
selective recognition of target compounds. In our approach to obtain a high
antibody immobilization yield and to achieve high sensitivity and specificity in a
PIEZO biosensor we adapted an immobilization technique which was originally
developed for Surface Plasmon Resonance analysis. The Bauhinia monandra leaf
lectin (BmoLL; Coelho & Silva, 2000) was used as antigen. Anti-BmoLL IgG was
immobilized to study its binding activity to BmoLL.
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METHODOLOGY

A polyclonal antibody against BmoLL was raised in rabbits and anti-BmoL L
lgG was purified on a protein A column according to Correia & Coelho (1995). Anti-
BmoLL 1gG was immobilized by a modified carboxylated dextran method (figure 1).
With a liquid PIEZO €dectric assay system, (figure 2), a crystal with immaobilized anti-
BmoLL 1gG was monitored on the binding of BmoLL. Pure or diluted BmoLL was
passed through thereaction chamber to get bound to theimmobilized 1gG.
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RESULTS

When anti-BmoLL IgG (1.1 mg/ml) was immobilized, an incubation with pure
BmoLL gave a reduction of the frequency with 5 kHz showing a strong recognition
of the lectin by the immobilized IgG. The control without immobilized IgG, showed

no response after incubation with BmoLL (figure 3).
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Fig. 3. The Binding of BmoL L to Immobilized Anti-BmoLL 1gG

A major immobilization was achieved with double amount of anti-BmoLL 1gG.
No reactivity was detected with BmoLL indicating that the crystal was heavily loaded
(figure 4).

Control

19G 2.2 mg/ml
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CONCLUSIONS

Based on high stability and sensitivity, low quantities of antigen and antibody
used, and real time measurement of response, the PIEZO showed to be a very potent
immunological assay. More improvement can be made by a reduction in time and
guantities used during the immobilization protocol maintaining the high specific
binding.
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INTRODUCTION

Lectins are proteins or glycoproteins that specifically recognize and
reversibly bind carbohydrates without modifying them. Although many plant lectins
have been sequenced and their protein structures are known there are still
uncertainties about their biological functions. There are indications that plant lectins

bind to foreign carbohydrate moieties with the purpose of establishing symbioses

or for plant defensel. Different plant tissues can be evaluated with a lectin antibody

to search the presence of the protein. Cross-reactions of lectin antibodies with
other plant lectins can indicate protein homology2 or similar carbohydrate
moieties3. The genus Bauhinia (Fabaceae) is well distributed in Brazilian cities. A
leaf lectin was purified from B. monandra (BmoLL)4. In this work an antibody was
raised against BmoLL and the anti-BmoLL IgG was purified on a Protein A —

Sepharose CL-4B column. Cross-reactions of anti-BmoLL IgG with other lectins

were evaluated by immunodiffusion tests.

MATERIALS AND METHODS

Preparation of anti-BmoLL serum and purification of anti-BmoLL IgG.
BmoLL (150 mg of protein) in 1 ml of 0.1 M citrate phosphate buffer pH 6.8,

containing 0.15 M NaCl was emulsified with 1 ml of Freund’s complete adjuvant
(first inoculation) or 1 ml Freund’s incomplete adjuvant (four following inoculations)

and intradermally injected into three males, New Zealand white rabbits, in a

monthly interval®. Immediately before each inoculation, 10 ml of blood were

collected from the ear central artery. Every ml of blood was left to coagulate in a

0
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glass tube at the angle of 45° at room temperature (rt) for 1 h and placed in the
same angle at 4°C, overnight. The sera obtained were three times centrifuged at
1300 x g, for 5 min, at rt. Aliquots were stored at -20°C (Figure 1a). Anti-BmoLL
serum (3 ml) was chromatographed in a column (6.5 x 1.0 cm) containing 4.5 ml of
Protein A - Sepharose CL-4B (Sigma). Unbound proteins were washed off with 0.1
M sodium phosphate buffer, pH 8.0, containing 0.15 M NacCl, until absorbance 280
< 0.01. Then, anti-BmoLL IgG was eluted with 0.1 M glycine, pH 2.8. The fractions

with absorbance 280 > 1 were brought to pH 7 — 8 with 1 N NaOH and stored in
aliquots at -20°C (Figure 1b). Immunodiffusion tests. Double immunodiffusion was

carried out as previously described3.
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RESULTS AND DISCUSSION

Double immunodiffusion tests showed that after the third series of
inoculations positive reactions were achieved. The positive sera were selected for
purification on Protein A column. Control sera (before inoculation) were all negative
in immunodiffusions, with or without 0.1 M D-galactose, indicating that there is no
recognition of carbohydrates from the antibodies by BmoLL (data not shown).
Cross-reactions were found between anti-BmoLL IgG and the lectins from B.
purpurea and Ulex europaeus |. The lectins from Dolichos biflorus and Triticum
vulgaris showed a faint precipitation when incubated with anti-BmoLL serum but
did not interact with anti-BmoLL IgG (Figure 2A). The lectins might recognize
carbohydrate structures present in the antisera which were eliminated during the
purification of anti-BmoLL IgG. Non-specific reactions might be revealed when a
high dose of lectin is inoculated or high quantities of lectin were used in
immunodiffusion tests. The antisera and purified IgG fractions showed one
precipitation band in immunodiffusion with purified BmoLL. However, leaf extracts
and fractions showed two bands when precipitated with anti-BmoLL IgG or anti-
BmoLL serum (Figure 2B and C). To clarify whether anti-BmoLL IgG recognizes
the non-glycosylated and/or the glycosylated polypeptide chains of the lectin
further tests should be performed. BmoLL was highly immunogenic and the purified
anti-BmoLL IgG allowed to detect the presence of lectins in other tissues of B.
monandra and to evaluate the homology between them. Anti-BmoLL IgG have

already been conjugated with peroxidase and applied in a lectin immunosensor.
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Figure 2 — Double immunodiffusion tests on agarose gels. Crossreactions of anti-BmoLL serum or

anti-BmoLL 1gG with other lectins (a), precipitation in various tissue extracts from Bauhinia monandra

(b), and in 0-60% ammonium sulphate fractionsderived therefrom (c).

Central wells: A = anti-BmoLL serum, | = anti-BmoLL 1gG. Lateral wells: 1 = BmoLL, 2 = B. purpurea

lectin, 3 = Ulex europaeus lectin |, 4 = Ulex europaeus lectin |1, 5 = Bandeiraea simplicifolialectin Il, 6=

Dolichos biflorus lectin, 7 = Triticum vulgaris lectin, 8 = Lens culinarislectin, 9 = leaves, 10 = flowers, 11

=gtems, 12 = roots, 13 = petioles, 14 = seeds, 15 = buds, 16 = branches of stem.
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