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RESUMO

O Antigeno Prostatico Especifico (PSA) ¢ um valioso biomarcador de rastreamento do
cancer de prostata. Para determinagcdo do PSA, os imunossensores emergem como uma
técnica muito atraente devido a sua simplicidade, especificidade e menor tempo de
analise, quando comparada com técnicas convencionais de imunoensaios. Um
imunossensor empregando eletrodo de ouro foi usado, em um sistema eletroquimico,
para determinacdo do PSA. O anticorpo monoclonal (anti-PSA) foi orientado na
superficie do eletrodo de ouro via proteina A, usada para uma melhor orientagcdo dos
anticorpos em Monocamadas Auto-Organizadas, que foram formadas através da
incubacdo do eletrodo numa solugdo de 2-aminoetanotiol (25mM) seguida por
glutaraldeido 2.5% (v/v) durante 45min. A quantidade de anti-PSA imobilizada no
eletrodo de ouro, modificado por SAM de tiois, utilizando a proteina A foi 27% maior
que o controle (sem proteina A). ParAmetros 6timos foram estabelecidos para um bom
desempenho do imunossensor: tempo de incubagdo (20min) e pH (7.0 - 7.5). A curva
de calibrag¢do alcangou uma linearidade (r = 0,997, p <0,0001) e boa reprodutibilidade
com erro relativo inferior a 5%, quando o antigeno PSA foi incubado variando as
concentragdes de 1,0 a 15 ng / mL a 25°C. Os resultados obtidos foram satisfatorios
provando a viabilidade do desenvolvimento de imunossensores para a determinaciao do

PSA.

Palavras chaves: imunossensor, PSA, Monocamadas Auto-Organizadas, proteina A.



ABSTRACT

Prostatic Specific Antigen (PSA) is a valuable biomarker for prostate cancer screening.
For PSA determination, the immunosensors emerge as a very attractive technique due to
its simplicity, specificity and less time for analysis when compared to conventional
techniques of immunoassays. An immunosensor based on a gold electrode was used in
an electrochemical system for the determination of PSA. The monoclonal antibody
against PSA (Anti-PSA) was oriented on the gold electrode surface via protein A, used
for a better orientation of the antibodies in the SAM (Self-Assembled Monolayers), that
were formed incubating the electrode in a solution of 2-aminoethanethiol (25mM)
followed by glutaraldehyde 2.5% (v/v) for 45min. The amount of anti-PSA immobilized
on the gold electrode, modified by SAM of thiol, using protein A was 27% higher than
control (without protein A). Optimal parameters were established to a good
performance of immunosensors: incubation time (20min) and pH (7.0 — 7.5). The
calibration curve achieved linearity (r=0.997, p<0,0001) and good reproducibility with
relative error less than 5% when the PSA antigen was incubated at concentrations
varying from 1.0 to 15 ng/mL at 25°C. The results obtained were satisfactory proving

the viability on the immunosensors development to determination of PSA.

Keywords: immunosensor; PSA, SAM, protein A.
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1. INTRODUCAO

O cancer de prostata representa um sério problema de saude publica no Brasil,
em fun¢do de suas altas taxas de incidéncia e mortalidade. O numero de casos novos de
cancer de prostata estimados para o Brasil no ano de 2008 ¢ de 49.530. Estes valores
correspondem a um risco estimado de 52 casos novos a cada 100 mil homens e cerca de
6.850 mortes. Em termos de valores absolutos, o cancer de prostata ¢ o sexto tipo de
cancer mais comum no mundo, representando cerca de 10% do total de cancer (INCA,
2008).

O aumento nas taxas de incidéncia do cancer de prostata pode ser parcialmente
justificado pela melhoria na qualidade dos sistemas de informag¢do do pais, pelo
aumento na expectativa de vida do brasileiro e especialmente pelo rastreamento comum
através do teste Antigeno Prostatico Especifico (PSA - do inglés “Prostatic Specific
Antigen”) em determinadas regides (INCA, 2008). A Sociedade Americana de Urologia
e o Ministério da Saude brasileiro recomendam atualmente que todos os homens de 50
anos de idade ou mais devam fazer o teste do PSA e toque retal anualmente. A mesma
recomendacdo existe para os homens entre 40 e 49 anos que sejam negros ou tenham
historia familiar de cincer de prostata e, portanto, considerados de maior risco para
doenga maligna da prostata (ZHANG, DU & LI, 2007).

Atualmente, para determinacdo do PSA sdo empregados imunoensaios
quantitativos como radioimunoensaios (RIA), imunoensaio enzimatico (ELISA) e
imunoensaio quimioluminescente (CLIA) baseados na reagdo entre antigenos e
anticorpos especificos (PANINI et al., 2008). Apesar de serem técnicas sensiveis e
convencionalmente empregadas, envolvem presencga de pessoal qualificado, demandam
tempo e alto custo (ZHANG et al.,, 2007). Uma das alternativas ¢ o emprego de

imunossensores que sdo baseados na reacdo imunoldgica, sendo que o antigeno ou

Mercés, A. M. A..
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anticorpo ¢ imobilizado na superficie sensora, com o objetivo de detectar seletivamente
a concentracao ou atividade do produto de interesse (YUAN, CHAI &TANG, 2007).

Dentre os diversos tipos de transdutores, o mais promissor para o0
desenvolvimento de um imunossensor ¢ o eletroquimico (PAM et. al., 2007).
Imunossensores eletroquimicos combinam a especificidade da reacdo antigeno-
anticorpo e a sensibilidade do transdutor com uma instrumentacdo barata e possivel
reuso (ZHOU et. al., 2002).

Um dos desafios para a construg@o desses sensores ¢ a etapa da imobilizagdo das
biomoléculas sobre superficies condutoras (WU et al.,2007; CHEN et al., 2003). O
desenvolvimento de técnicas de imobilizagdo tem sido importante por proporcionar
resultados confidveis, possivel reutilizagdo da superficie sensora de modo a reduzir os
custos e aumentar a estabilidade (FATIBELLO-FILHO & VIEIRA, 2002;
KRAJEWSKA, 2004). Uma alternativa que tem sido muito usada nas ultimas décadas
envolve a imobilizagdo por formag¢do de monocamadas auto-organizadas (SAM do
inglés “Self-Assembled Monolayers”) (THAVARUNGKUL et al., 2007).

O uso das SAMs oferece uma alta organizagdo e orientagdo das biomoléculas,
assegurando um comportamento homogéneo em toda a superficie do suporte,
contribuindo para a obtencdo de imunossensores com maior sensibilidade e
reprodutibilidade (THEBAULT et al., 2008; YANG & WANG, 2008.).

Neste trabalho foi desenvolvido um imunossensor eletroquimico baseado na
imobilizacdo via SAM para determinacdo de PSA, destacando o emprego do ouro como
material eletrédico. O imunossensor ird fornecer condigdes para um rastreamento mais
efetivo, permitindo uma melhor qualidade de vida e sobrevida global dos pacientes com

cancer de prostata.

Mercés, A. M. A..
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2. REVISAO DA LITERATURA

2.1 Antigeno prostatico especifico (PSA)

O PSA ¢ uma serino-protease glicoproteica (CAO et al., 2006) produzida por
células da glandula prostatica, que estd presente em altas concentragdes no sémen
normal (KNOLL, VOGEL & NIESSEN, 2002). Sua fun¢do bioldgica é dissolver os
coagulos seminais para aumentar a motilidade do espermatozoide e permitir a
fertilizagdo (STURGEON & ELLIS, 2007). O PSA foi descoberto como um
componente do tecido prostatico saudavel em 1970 e como parte do liquido seminal em
1971. Em 1986, o teste de PSA se tornou clinicamente disponivel pra diagndstico e
seguimento do cAncer prostitico (BARATA, SOUTO & BERGER, 2006; SCHRODER,
et al., 2008).

Devido a sua alta especificidade pelo tecido prostitico, o PSA tem sido
identificado com o marcador tumoral mais importante ¢ acurado para o rastreamento e
diagnostico precoce do cancer de prostata e monitoramento da recorréncia da doenca
depois do tratamento (BARATA, SOUTO & BERGER, 2006). Uma pequena
quantidade dessa substancia estd presente no soro, aparecendo em diferentes formas,
principalmente PSA livre (LPSA) e o PSA complexado a a-lantiquimotripsina (PSA-
ACT) (LILJA et al., 1991). O PSA total (TPSA) refere-se a soma do LPSA e do
complexo PSA-ACT no soro. A meia vida do TPSA imunoreativo ¢ semelhante a meia
vida da fragdo complexada a ACT (PSA-ACT), em torno de 2 a 3 dias na circulagdo
(SOUTO et al., 2004). Esta lenta eliminacdo deve-se ao tamanho da molécula. Ja a
fragdo livre do PSA no soro tem meia vida de menos de 2 horas, compativel com
filtracdo glomerular ou possivel elimina¢do via formacdo de complexo com a alfa-2-

macroglobulina, em vista do encapsulamento do PSA por esta globulina, com perda de

Mercés, A. M. A..
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seus epitopos (BELLDEGRUN,1998). Em estudos recentes BALKY, KO & BUBLEY
(2003) demonstraram que a determinagao dos valores da relacdo de PSA livre/PSA total
melhora o poder discriminativo entre as formas benignas e malignas de tumores
prostaticos.

O nivel de TPSA aumenta significativamente no soro durante o cancer de
prostata (CONSTANTINOU & FENELEY, 2006), sendo a concentragcdo do TPSA no
homem saudavel entre 0.5- 4.0 ng/mL, valores compreendidos entre 4.0- 10.0 ng/mL
encontra-se em uma faixa conhecida como zona cinzenta do diagnostico. Mais de 80%
dos homens que apresentam PSA alto encontram-se nessa zona, destes
aproximadamente 2/3 quando investigados pela bidpsia da prostata apresentam
condi¢des benignas (DE VITA JR, 2001). Niveis maiores que 10ng/mL estdo
relacionados a manifestagdes tumorais na prostata. Niveis elevados de PSA também
podem ser observados em diversas patologias prostaticas e em situagdes distintas

(Tabela 1) (CHODAK & WARREN, 2006).

Tabela 1. Possiveis causas de alteracdo dos niveis séricos de PSA.

Comprovadas Discutidas

Cancer de Prostata Toques retais

Hiperplasia Benigna Ejaculacdo

Prostatites Exercicios (ciclismo)

Isquemias, infartos prostaticos Neoplasia prostatica intraparietal (PIN)
Manipulacao (bidpsias prostaticas,

ressecgoes transuretrais, citoscopias)

Uso de medicagdes

Fonte: Souto et al., 2004.

Mercés, A. M. A..
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Baixas concentragdes de PSA no soro (tipicamente < 1.0 ug/L) sdo encontradas
em jovens (< 40 anos), mas aumentam gradualmente com a idade, refletindo em um
aumento gradual do tamanho da préstata normal (STURGEON & ELLIS, 2007). O
maior fator de risco para o desenvolvimento de neoplasia maligna de prostata ¢ a idade,
explicado através do processo geral de carcinogénese, devido a uma maior exposi¢do a
chance de alteracdes somadticas das células prostaticas. Outro fator de risco seria a
historia familiar de pai ou irmao com cancer da prostata antes dos 60 anos de idade, que
pode aumentar o risco de cancer em 3 a 10 vezes em relagdo a populagdo em geral (DE
VITTA JR. et al., 2001). A influéncia que a dieta pode exercer sobre a génese do cancer
ainda ¢ incerta, ndo sendo conhecidos os exatos componentes ou através de quais
mecanismos estes poderiam estar influenciando o desenvolvimento do cancer da
prostata. Contudo, ja estd comprovado que uma dieta rica em frutas, verduras, legumes,
graos e cereais integrais, menos gordura, principalmente as de origem animal, ndo s6
pode ajudar a diminuir o risco de cancer, como também o de outras doengas cronicas
nao transmissiveis (ZELMANOWICZ, 2008).

Nao hé valor de PSA que permita ao médico diagnosticar o cancer de prostata,
mas um nivel sérico maior que 10 ng/mL ¢ sugestivo da doenga na ordem de 55%
(DANTAS, 2008). As elevagdes que sdo causadas por aumento benigno da prostata,
prostatite, manipula¢do uroldgica ou trauma prostatico sdo quase sempre abaixo de 20
ng/mL. As leituras de PSA ndo tém limite superior e podem chegar a 10.000 ng/mL ou
mais. Em geral, um valor de PSA de 100 ng/mL ¢, com grande probabilidade, um sinal
de cancer de prostata metastatico (BALKY, KO & BUBLEY, 2003). Um nivel normal
de PSA nao exclui o diagndstico de cancer de prdstata. Nesses casos a carga tumoral
pode ser muito pequena para produzir evidéncias bioquimicas da existéncia de cancer.

Em raras ocasides, um grande tumor maligno pode também estar acompanhado por um

Mercés, A. M. A..
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PSA baixo, relato de menos de 10% casos. Nesses casos, a populagdo celular do tumor
pode ser tao indiferenciada que ndo ¢ capaz de sintetizar a molécula complexa de PSA

(CATALONA et al., 1996).

2.2 Imunoensaios

Nos ultimos 30 anos diversos imunoensaios quantitativos tém sido explorados
para fins analiticos no diagnoéstico clinico (ZHANG, DU & LI, 2007). Imunoensaios sdo
baseados na habilidade dos anticorpos formarem complexos seletivos com seus
correspondentes antigenos (PANINI et al., 2008).

Dentre os diversos formatos de imunoensaios, os denominados competitivos e
ndo competitivos (sanduiche) tém sido os mais aplicados. O ensaio competitivo pode
ocorrer de duas maneiras: o antigeno imobilizado e o antigeno livre (Ag) competem
pela ligacdo de uma quantidade limitada de anticorpos marcados (Figura la) ou a
competicdo pode ocorrer entre Ag marcado (Ag*) e Ag ndo marcado pelo sitio de
ligacdo do anticorpo imobilizado (Figura 1b). Apods a competi¢do pela quantidade
restrita de Ac, o excesso de reagente ¢ eliminado por lavagens sucessivas e o complexo
formado ¢ medido através do agente empregado como marcador. Neste ensaio
imunoquimico, a grandeza de medida ¢ inversamente proporcional a concentragdo de

antigeno livre (PEREIRA, SANTOS & KUBOTA, 2002).

O »= o o o=
a + 7o o >80 O >
o> o o020 -
O O >= o o=
—< ce —0 @ OAntigeno nio marcado
b — + ®0 —® O @Antigeno marcado
— O@®o0o—» |—«© ) Anticorpo ndo marcado
— 'ole) —©0 O Anticorpo marcado
CRY —O ©

Figura 1. Desenho esquematico de um imunoensaio competitivo.
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Um exemplo de imunoensaio ndo competitivo € o ensaio tipo sanduiche (Figura.
2), onde os anticorpos sdo imobilizados e ap6s adicdo da amostra que contém antigenos,
um anticorpo secunddrio marcado ¢ adicionado. Este ensaio proporciona, teoricamente,
uma alta sensibilidade e especificidade, uma resposta linear para um intervalo de
concentragcdo consideravel e um curto tempo de reagdo comparando-se com o ensaio

competitivo (PORSTMANN & KIESSING, 1996).

— > —

— O N > —O>—2

— o "> —> |<O—* OAntigeno ndo marcado

— > — — Anticorpo ndo marcado
o »=» o—* y® Anticorpo marcado

Figura 2. Desenho esquematico de um imunoensaio ndo competitivo tipo sanduiche.

Alguns imunoensaios para PSA tém sido utilizados, tais como microscopia
fluorescente, imunocromatografia, “Enzyme Linked Immuno Sorbent Assay” (ELISA),
radioimuoensaio (RIA). No entanto, esses testes requerem pessoal qualificado,
envolvem procedimentos complicados, implicam em diversas etapas bioquimicas,
demandam tempo, consomem reagentes € usam equipamentos relativamente caros
(GILL et al., 2006).

Idealmente, um método para detec¢do da imuno-interacdo deve ter uma resposta
rapida, uma alta especificidade e sensibilidade. Como alternativa de baixo custo, maior
reprodutibilidade e capacidade de miniaturizagdo surgem o0s Dbiossensores

(PORSTMANN & KIESSING, 1996).
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2.3 Biossensores, definicéo

Biossensores, por defini¢do, sdo dispositivos que t€ém a propriedade de detectar
uma espécie quimica ou biologica (analito), quali ou quantitativamente (ROSATTO et
al., 2001). Sd3o compostos por um elemento bioldgico (sensor) e um transdutor. O
elemento bioldgico ou elemento sensor tem a propriedade de reconhecer seletivamente e
interagir com o analito. A resposta bioquimica desta interacdo, entdo, ¢ convertida pelo
transdutor num sinal elétrico passivel de ser quantificado (LOUZADA, LUCCAS &
MAGALHAES, 2004; FERREIRA & YAMANAKA, 2006). A Figura 3 mostra um

esquema de um biossensor.

Componente
bioldgico
Espécie de interesse |

Processamento do
Traanutor sinal

®
<
A

Informacao

Sinal
elétrico

0o
YVVV

Superficie
sensaora

Figura 3: Desenho Esquematico de um biossensor.

Algumas das vantagens dos biossensores incluem a deteccdo direta do analito
sem o envolvimento de diversas etapas bioquimicas, respostas mais rapidas ou ““‘on-
line”, possiveis reutilizagdes e menores custos. O campo de aplicagdo dos biossensores
¢ vasto, nao sendo somente restrito ao imunodiagnostico, sendo também para area
bioquimica, ambiental (SHANKARAN, GOBI & MIURA, 2007), clinica analitica (HE

et al., 2007a), alimentos (PRIETO-SIMON et al., 2008), entre outros.
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Como elementos bioldgicos, nos biossensores, podem ser usados: enzimas,
sistemas multienzimaticos, anticorpos, antigenos, organelas, peptidios, lectinas,
oligonucleotideos, organismos, células, secdes inteiras de tecidos de vegetais ou de
mamiferos, etc. Em geral o elemento bioldgico é fixado (imobilizado) na superficie
sensora permitindo repetidas analises (AHUJA et al., 2007).

A resposta bioquimica da interagdo elemento bioldgico—analito, que sera
convertida em sinal elétrico pelo transdutor, pode ser resultante de alteragdes na
concentragdo de protons, na liberacdo ou captacdao de gases (O,, CO,, NHj3), de ions
especificos (NH4+, de cations monovalentes, CN’, I'), de calor, de massa, de
absorbancia, de condutancia ou de transferéncia de elétrons (TURNER, KARUBE &
WILSON, 1987).

O mercado de biossensores ¢ bastante promissor. Foram contabilizados
investimentos de aproximadamente U$ 7.1 bilhdes em 2004, mas o mercado esta
crescendo e a estimativa dos investimentos ¢ de um aumento de 9.7% no ano de 2008

(LIN & WANG, 2005).

2.4 Transdutores

A escolha de um determinado transdutor depende basicamente do tipo de
interagdo receptor-analito e de outros fatores como, tempo de resposta, seletividade e
sensibilidade (TURNER, KARUBE & WILSON, 1987). Por exemplo, o transdutor para
detectar o produto de uma reacdo redox enzima-substrato terd principios diferentes
daquele para determinar a intera¢do antigeno-anticorpo. Desta forma, de acordo com o
principio de energia envolvida na transducdo, sdo classificados basicamente quatro tipos
de transdutores: 1- os eletroquimicos (WU et al., 2007), dentre eles, amperométricos,

potenciométricos e condutimétricos; 2- os acusticos ou piezoelétricos (ZHANG et al.,
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2008); 3- os opticos (TANG et al.,, 2006) e 4- os térmicos (CHAUBEY &
MALHOTRA, 2002). Comparados com os diversos tipos de transdutores, os

eletroquimicos tém apresentado maior desenvolvimento nos ultimos anos (Figura 4).

60 -

50 -

40

30 ~

20 -

% de artigos

10 -
0

eletroquimico optico piezoelétrico térmico

Figura 4: Produgao cientifica relacionada aos diferentes transdutores usados em biossensores de
1980 a 2006, pesquisada na base de dados do ISI® (Institute for Scientific Information),
acessado em 10/02/08.

2.5 Transdutores Eletroquimicos

O desenvolvimento de sensores eletroquimicos ¢ uma das areas de maior e mais
rapido crescimento nos ultimos anos (LIU, 2008). Os novos desafios impostos por
amostras de interesse industrial, clinico e ambiental tém levado a este crescimento
buscando sensores mais sensiveis, estdveis, de menor custo e com possivel portabilidade
(JIN et al., 2006). Dentre os transdutores eletroquimicos, os amperométricos tém sido
bem sucedidos em inumeras aplicagdes biotecnoldgicas, pois respondem a uma ampla
faixa de concentragdo, além de poderem ser construidos de forma seletiva (WANG et
al., 2008).

O transdutor amperométrico emprega a medida de intensidade de corrente de

uma célula eletroquimica a um potencial fixo, sendo a corrente gerada por reagdo redox
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na superficie sensitiva, proporcional a concentragdao do analito (ROSATTO et al., 2001).
Em um biossensor amperométrico a molécula enzimatica adequada, imobilizada ou
conjugada a imunomolécula na superficie do eletrodo, catalisa a reagdo dos substratos.
Devido a formacao dos produtos ou consumo de reagente, o0 monitoramento da corrente

elétrica podera ser efetuado (FREIRE et al., 2003).

No sistema amperométrico, a voltametria ¢ uma técnica que registra varios
pontos numa regido escolhida do perfil de corrente-potencial. Este método consiste em
aplicar ao eletrodo de trabalho um potencial variando continuamente com o tempo,
conduzindo reacdes de oxidagcdo ou de reducdo de espécies eletroativas na solugdo
(LINDINO, PELAQUIM & PREVIATTO, 2006). A sua principal utilizacdo tem sido
para diagnosticar mecanismos de reacdes eletroquimicas para a identificagdo de
espécies presentes em solucdo e para a andlise semiquantitativa das velocidades de
reacoes.

A voltametria ciclica é a técnica mais comumente usada para adquirir
informagdes qualitativas sobre os processos eletroquimicos (GANDRA et. al., 2004). A
eficiéncia desta técnica fornece com habilidade informagdes sobre a termodinamica de
processos redox, a cinética de reacdes heterogéneas de transferéncia de elétrons e
reacdes quimicas acopladas a processos adsortivos (SKOOG et al., 2006).

A aplicacao do potencial inicia-se de um valor no qual nenhuma reducdo ocorre.
Com o aumento do potencial para regides mais negativas (catddica) ocorre a redugdo do
composto em solucdo, gerando um pico de corrente proporcional a concentracdo deste
composto (TURNER, KARUBE & WILSON, 1987). Quando o potencial ja tiver
atingido um valor maximo, o potencial ¢ varrido no sentido inverso até o valor inicial, e
em casos de reagdes reversiveis, os produtos que tiverem sido gerados no sentido direto

(e se localizam ainda proximos a superficie do eletrodo) serdo oxidados, gerando um
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pico simétrico ao pico da redugdo. A curva corrente vs. potencial obtida ¢ chamada de
voltamograma (LINDINO, PELAQUIM & PREVIATTO, 2006). O tipo de
voltamograma gerado depende do tipo de mecanismo redox que o composto em questao
sofre no eletrodo, o que faz da voltametria ciclica uma ferramenta valiosa para estudos
mecanisticos.

A combinagdo de transdutores amperométricos com as interagdes altamente
especificas de antigeno/anticorpo faz surgir uma nova geracdo de biossensores que sdao
simples, de facil uso e permitem a monitoragao on-line de imunoreagdes (DARAIN et

al., 2005).

2.6 Imunossenosores Amperometricos

O imunossensor ¢ um tipo de biossensor baseado na reagdo imunoldgica, sendo
um antigeno ou anticorpo imobilizado na superficie do transdutor, com o objetivo de
detectar seletivamente a concentracdo ou atividade do produto de interesse (WU, YAN
& JU, 2007). Os imunosensores amperométricos surgem como uma técnica muito
atrativa devido a sua simplicidade, especificidade, menor tempo de andlise e baixo custo
quando comparados as técnicas de imunoensaios convencionais (CHAI et al., 2008).

Em geral, imunomoléculas s3o espécies eletroquimicamente inertes, portanto,
imunossensores requerem marcadores que serdo Uteis para monitorar a reagdo de
afinidade. Nesse sentido, o anticorpo ou o antigeno deve ser marcado com uma enzima,
constituindo entdo o conjugado. O melhor funcionamento dos imunossensores
amperométricos dependera da facilidade da transferéncia de elétrons do sitio ativo da
enzima para a superficie do eletrodo (HABERMULLER, MOSBACH &

SCHUHMANN, 2000). A medida da corrente elétrica, que sera correlacionada com a
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substancia a ser determinada, sera funcao do produto da reacdo enzimatica na superficie
do eletrodo, da reagao do mediador ou da transferéncia eletronica direta da enzima na
superficie do eletrodo (SOUTOMAYOR & KUBOTA, 2002).

Diversas tém sido as enzimas experimentadas como elementos para respostas em
imunossensores, sendo a mais freqiiente a peroxidase (SANCHEZ, PUMERA &
FABREGAS, 2007). A peroxidase (HRP, do inglés horseradish peroxidase) apresenta o
perdxido de hidrogénio (H,O;) como seu principal substrato, no entanto, HRP catalisa
paralelamente a desidrogenacdo de diversos compostos aromaticos como fenois,
hidroquinonas e derivados da benzidina. A atividade da enzima também tem sido
determinada por amperometria usando hidroquinona, 1,2-fenilendiamina ou pirocatecol,
tetrametilbenzidina ou através da transferéncia de elétrons por mediadores
(WENDZINSKI et. al., 1997; LU, LEE & LIMA, 2004). A peroxidase ¢ a enzima que
tem relatado as melhores respostas quando presente nos imunoeletrodos através da
injecdo do peroxido de hidrogénio (ROSATTO et. al., 2001; WU, YAN &J U, 2007).
Além de ser a mais utilizada, devido a sua alta estabilidade por longos periodos de
tempo a temperatura ambiente ¢ em um amplo intervalo de pH; além de ser barata e
disponivel comercialmente em diferentes graus de pureza.

Muitas enzimas envolvidas nas reagdes de oxidagdo e reducdo contém centros
eletroativos (hemina, flavina) envolvidos por uma camada de proteina, que impede uma
transferéncia de elétrons aos eletrodos. Devido a dificuldade encontrada por diversas
enzimas na transferéncia de elétrons entre seu sitio ativo e a superficie do eletrodo,
muitos sensores para biomoléculas tém empregado compostos que acelerem este
processo (TRAN-MINH, 1998). Para melhorar a velocidade de transferéncia eletronica,
quando a enzima sofre a reacdo redox com o perdxido de hidrogénio, emprega-se um

mediador de elétrons, que ira reagir rapidamente com a peroxidase oxidada diminuindo
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o valor do potencial a ser aplicado e os eventuais interferentes da reagao. (CHAUBEY
& MALHOTRA, 2002; SOLNA et. al., 2005).

Dentre os mediadores surge na literatura o ABTS (2,2'-azino-bis-(3-
ethilbenzthiazoline sulfonato) que tem sido usado como substrato ndo-carcinogénico
para a enzima HRP em imunoensaios enzimaticos com deteccdo potenciométrica e
amperométrica (MOUSTY, VIEILLE & COSNIER, 2007; SHLYAHOVSKY et al.,
2007).

Para permitir o uso continuo dos imunossensores, ¢ essencial uma incorporagao
estavel dos elementos de reconhecimento e esta tem sido uma etapa critica no
desenvolvimento destes dispositivos analiticos. Isso porque os anticorpos ou antigenos,
quando imobilizados, precisam reter a maior parte de sua atividade bioldgica, para que o
imunossensor possa apresentar sensibilidade significativa para o composto alvo (CHEN

& DONG, 2003).

2.7 Imobilizacdo de Compostos Bioldgicos

Um dos grandes desafios para a constru¢do de imunossensores mais sensiveis,
robustos e de maior confiabilidade ¢ a imobilizagdo das biomoléculas sobre superficies
condutoras (ORDONEZ & FABREGAS, 2007; WU, YAN & JU, 2007). O
desenvolvimento de técnicas de imobilizagdo tem sido importante por proporcionar a
reutilizacdo das superficies, reduzir custos e aumentar a estabilidade. Esses fatores
dependem principalmente da escolha apropriada do suporte e dos reagentes utilizados
no processo de imobilizacdo (KRAJEWSKA, 2004).

Na constru¢do de imunossensores amperométricos, alguns materiais sao

frequentemente citados como suportes para imobilizagdo: grafite, pasta de carbono,
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vidro, ceramica, silicone, nylon, membranas poliméricas, fibra de carbono e de ouro
(PIVIDORE MERKOCIT & ALEGRET, 2001). O eletrodo de ouro tem maior destaque
para a viabilizagdo e construcdo de imunossensores devido as suas propriedades de
estabilidade eletroquimica, além de apresentar boa condutividade (LEI et al. 2003).
Ainda ndo existe um método ideal ou um procedimento geral para imobilizagao
do componente bioldgico, porém, as diversidades dos métodos existentes permitem a
escolha de um método que ird promover uma melhor imobilizacdo e menor perda da
atividade da biomolécula (OLIVEIRA & VIEIRA, 2006). Existem alguns métodos de

imobilizagcdo empregados mais regularmente. Sao eles:

a) Adsorc&o: Este é o mais simples de todos, implicando em minima preparagao (DIAZ-
GONZALEZ, GONZALEZ-GARCIA & COSTA-GARCIA, 2005). A ligagdo é de
natureza fraca envolvendo interacdo do tipo for¢a de Van de Waals, ligagdes por pontes
de hidrogénio, ou ligagdes hidrofobicas. Em geral, o processo envolve apenas limpeza

da superficie e incubagdo com o material;

- Suporte solido ou poroso
« - Molécula enziméatica

b) Microencapsulamento: Este método foi um dos primeiros usados na constru¢do de
biossensores (JAWAHEER et al., 2002). O biomaterial ¢ mantido aprisionado sobre

uma membrana, que ¢ posicionada muito préxima ou acoplada ao transdutor;

<>~ Membrana semipermeavel
@ - Molécula enzimética
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¢) Enclausuramento ou “Entrapment”: O material bioldgico ¢ misturado em uma
solugdo monomérica que € entdo polimerizada, aprisionando o material bioldégico em

um gel (AYDIN et al., 2002). Entre mais usados, estdo os géis de poliacrilamida e de

amido;
e~ @.Matriz polimérica
Q & - Molécula enziméatica

d) Ligacdo Cruzada ou *“Cross-Linking”: Neste método o material bioldgico ¢
quimicamente ligado entre si e, a0 mesmo tempo, ao suporte. Reagentes bi-funcionais

como o glutaraldeido sdo frequentemente usados (TSAI & LIN, 2005).

N
|
E
/\,\/\ o \V\ - Ligacéo cruzada
/\/\’ @ - Molécula enzimética
E

e) Ligagdo covalente: Sao métodos que envolvem mais etapas no processo de
imobilizacdo, compreendendo ligacdo do biomaterial ao suporte por um determinado

grupo funcional. A ligagdo com o suporte deve somente envolver grupos ativos que nao

sejam essenciais a atividade do material biologico (GRUBOR et al., 2004);

- Suporte so6lido ou poroso
& - Molécula enzimatica
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Apesar de serem bastante empregados, estes processos produzem uma superficie
altamente desorganizada e aleatorias, provocando mudangas conformacionais que
afetam a atividade funcional do componente bioativo (RAMSDEN, 1998). Assim,
somente uma pequena porcentagem das biomoléculas na superficie do eletrodo
permanece ativa e mantém sua capacidade de interagir seletivamente com as moléculas
do analito (CHAKI & VIJAYAMOHANAN, 2002). Estruturas mais ordenadas podem
ser melhor controladas se a superficie for modificada por deposicdo seqiiencial de
monocamadas de moléculas funcionais (FREIRE, PESSOA & KUBOTA, 2003). Uma
alternativa que tem sido muito usada nas ultimas décadas envolve a imobilizagdo por
forma¢do de monocamadas auto-organizadas (SAM do inglés “Self-Assembled

Monolayers”) (MENDES, CARVALHAL & KUBOTA, 2008).

2.8 Monocamadas Auto-organizadas

A orientagdo aleatéria das macromoléculas de anticorpos na superficie do
suporte ¢ uma das principais razdes para uma baixa atividade bioldgica. O uso das
SAMs oferece uma alta organizacdo e orientagdo das biomoléculas, assegurando um
comportamento homogéneo em toda a superficie do suporte, contribuindo para a
obtencdo de imunossensores com maior sensibilidade e reprodutibilidade
(SHERVEDANI AND HATEFI-MEHRJARDI, 2007; KLEIN, KERTH & LEBEAU,
2008). Além disso, sdo empregadas no estudo da transferéncia eletronica direta entre
materiais biocataliticos e eletrodos e proporcionam uma melhor compreensdo dos
mecanismos de inumeros processos quimicos e biologicos (FREIRE, PESSOA &

KUBOTA, 2003).
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As SAMs sdao formadas espontaneamente como conseqiiéncia da imersdao de
uma superficie solida em solugdo constituida de moléculas anféteras. Uma variedade
dessas moléculas (derivados alquil, alcoois, aminas, tidis e etc.) e de materiais (ouro,
prata, aluminio e cobre) tem sido empregada na confeccao desses sistemas organizados
(SMITH, LEWIS & WEISS, 2004).

Essas monocamadas tém sido construidas principalmente por silanizagdo, filmes
de Langmuir-Blodgett ou pela funcionalizagdo por alcanotidis sobre superficies
metalicas (FU et al, 2005), dentre estas, as mais comumente usadas tém sido as SAMs
de tidis sobre superficies de ouro (CAMPUZANO et al., 2003; O'DWYER et al., 2004).
O grupo terminal de enxofre destas moléculas ¢ ligado ao Au via uma ligacao Tiol-Au e
os grupos funcionais na outra extremidade da molécula controlam as propriedades da
superficie do eletrodo podendo ser manipulados de acordo com as mais variadas
aplicagdes (HE et al., 2007b). A capacidade do uso de tidis com diferentes grupos
funcionais torna possivel o desenvolvimento de superficies com propriedades e fungdes
distintas, viabilizando interagdes quase especificas entre a superficie eletrodica e o
material bioldgico, com alto grau de controle sobre sua arquitetura molecular (BRIAND
et al., 2006). O acoplamento orientado das biomoléculas estd evidenciado na figura 3,
que mostra a comparagdo com os outros métodos de imobilizac¢do, por adsor¢do, por

encapsulamento ou ligacao cruzada (GILARDI E FANTUZZI, 2001).

@)

Figura 3: Representacdo esquematica dos processos de imobilizacdo de biomoléculas
por adsorcdo fisica (a), encapsulamento por ligacdo cruzada (b) e acoplamento

orientado por SAM (c).
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Imunossensores amperométricos baseados na modificacdo de suas superficies
por SAM s3o muito atrativos, pois combinam a alta sensibilidade dos métodos
amperométricos tradicionais com as novas possibilidades de aumento de seletividade e
estabilidade promovidas pelas SAMs. Apesar de suas inameras vantagens,
imunossensores confidveis ainda ndo estdo disponiveis no mercado. Novas propostas de
modificacdo de SAM tém sido investigadas, como o uso da proteina G, adsorvida na
superficie de ouro (RIBAUT et al., 2008), ¢ o emprego de nanoparticulas de ouro (WU
et al., 2007; WEN et al., 2008;) para aumentar a area de superficie, resultado ambas, em

um melhor desempenho da imobilizacdo dos imunossensores.
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3. OBJETIVOS

3.1 Objetivo Geral

Desenvolver imunossensor para detec¢do do Antigeno Prostatico Especifico

empregando sistema eletroquimico.

3.2 Objetivos Especificos

Desenvolver métodos de imobilizacdo irreversivel de anticorpos anti-PSA
empregando SAM em suporte de ouro;
» Empregar técnicas voltamétricas para caracterizacdo eletroquimica de

imunoeletrodo de ouro para PSA;

Estabelecer o comportamento cinético do imunossensor para PSA ;

Estabelecer curva de calibragdo do imunossensor para determinagao da PSA;
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Abstract

Background: Prostatic specific antigen (PSA) is a valuable biomarker for prostate
cancer screening. The immunosensor emerge as a very attractive technique for
determination of the PSA due to its simplicity, specificity, less time for analysis and low

cost when compared to conventional techniques of immunoassays.

Methods: An immunosensor based on a gold electrode was used in an electrochemical
system for determination of the PSA. The monoclonal antibody against PSA (Anti-
PSA) was oriented on the gold electrode surface via protein A, used for a better
orientation of the antibodies in the SAM (Self-Assembled Monolayers), that were
formed incubating the electrode in a solution of 2-aminoethanethiol (25mM) followed

by glutaraldehyde 2.5% (v/v) for 45min.

Results: The immunosenor response of anti-PSA immobilized on a thiol gold electrode
by self-assembled monolayers with protein A was 27% higher than control (without
protein A). Optimal parameters were established to a good performance of
immunosensor: incubation time (20min) and pH (7.2). The calibration curve achieved a
high linearity (r=0.997, p<0001) and good reproducibility with relative error less than
5% when the PSA antigen was incubated at concentrations varying from 1.0 to

15ng/mL at 25°C.

Conclusion: The obtained results were satisfactory opening new perspectives on the

immunosensors development to determination of PSA.

Keywords: immunosensor; PSA, SAM, Protein A.
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1. Introduction

Prostate-specific antigen (PSA) is a protein made by cells of the prostate gland,
that is present in high concentrations in normal semen [1], where its biological function
is to dissolve the seminal coagulum to increase sperm motility and permit fertilization.
PSA is also present in prostate tissue, from which it may be released into the serum.
Low serum PSA concentrations (typically <1.0 pg/L) are found in young men (<40
years) but increase gradually with age, reflecting gradual increases in the size of the
normal prostate [2]. PSA has been identified as the most reliable tumor marker for the
early diagnosis of prostate cancer and monitoring of disease recurrence after treatment.
A very low amount of this substance reaches the bloodstream, being the total PSA
concentration in healthy males usually less than 4 ng/mL [3]. A total PSA level of 10
ng/mL or higher is a highly probable indication for prostate cancer [4]. PSA screening
has dramatically improved the diagnosis and management of prostate cancer and the

prostatic diseases [5]

Immunoassays, with high selectivity and affinity of the antibody molecules to
their corresponding antigens have been deeply explored in the field of clinical
diagnosis. Some immunoassays for PSA have been reported, such as fluorescence
microscopy, surface plasmon resonance technology, immunochromatography, lateral
flow immunoassay, enzyme-linked immunosorbent assay (ELISA) and
radioimmunoassay (RIA). However, these tests consume time, expensive
instrumentation, complicated separation and labeling step with other potentially

dangerous or expensive materials [6 7]. Immunosensors emerge as a very attractive
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technique due to its simplicity, specificity, less time for analysis and low cost when

compared to conventional techniques of immunoassays|[8,9].

Different types of transducers have been applied to immunosensors, however the
electrochemical transducers are more sensible and sensitive than optical and
piezolectrical immunosensors due to use of the specific conjugate to generate the output
signal. The current response is commonly registered in electrochemical immunosensors
by use of an electroative species (enzyme) linked to the working electrode surface that

reacts with substrate in a controlled voltage against the reference electrode[10].

The first and probably most important step in electrochemical immunosensors
development is the immobilization of the biomolecule to the paratope or epitope
recognition. Some strategies for the antibodies immobilization on solid surfaces include
physical adsorption [11], entrapment in polymer matrix [12, 13]) and covalent
attachment [14].The sensitivity and selectivity of these sensors depend much of the
distance and orientation of the electroative species immobilized on the electrodes
surface . The use of self-organized monolayers (SAM - "Self-Assembled Monolayers")
has allowed the most control over these variables, in order to obtain a greater orientation
of eletroactive species and an increase in the direct transference of electrons [15]. The
well-ordered layer, SAM, is provided by adsorption of sulfur-containing molecules on
the Au electrode surface. The use of the chemical linkers to functionalize the thiol
surface can cause random orientations of the immobilized antibodies, due to binding
sites of these asymmetrical macromolecules being generally multiple, which might
somewhat also decrease their antigen-binding efficiency [16]. Special interest has gone

into the development of the orientation-controlled immobilization techniques for
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antibodies through molecules that specifically bind the Fc fragment of the
immunoglobulin (IgG) or, by use of the chemical groups in the antibody Fc region.
Some authors had achieved good results using a protein G on oriented immobilization

[17].

In this work, the protein A was used to promote an oriented immobilization of
monoclonal antibody against PSA (anti-PSA) on thiol film assembly monolayer. The
protein A is a cell wall component of Staphylococcus aureus that binds specifically to
the Fc portion of IgG from many mammals [18]. Since the binding sites between protein
A and antibody are oriented away from the template which lends to better binding
capacity with antigen, their binding does not interfere with antigen—antibody reaction,
and the antibody on a protein A-assembled surface is expected to retain full antigen-
binding activity [19,20]. The use of mediators in electrochemical sensors enhances,
among others, the sensitivity and the selectivity of the electrodes. To receive the
analytical signal in the electrochemical immunosensor system, mostly mediators in
sensors have been used to shuttle electrons between the enzyme and the electrode [21].
ABTS peroxidase substrate (2,2'-azino-bis-(3-ethilbenzthiazoline sulfonato) is used in
this work as a mediator in order to accomplish a gold electrode to detect the prostatic

specific antigen.

2. Experimental

2.1. Reagents

The monoclonal anti-PSA (anti-PSA), the polyclonal anti-PSA conjugated with

peroxidase (anti-PSA-HRP) and the human PSA were acquired from Cortex
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Biochem™. 2- Aminoethanothiol (Cysteamine, ~95%, M9768), 25%glutaraldehyde
(w/v), glycine and Protein A were purchased from Sigma Co. (MO, USA). 30%
Hydrogen Peroxide (w/v) and ethanol were obtained from Labsynth (Sao Paulo,
Brazil) and F. Maia Ltda. (Sao Paulo, Brazil), respectively. ABTS peroxidase substrate
(2,2'-azino-bis-(3-ethilbenzthiazoline sulfonato) was acquired from KPL (Kirkegaard &
Perry Laboratories, EUA). Phosphate Buffered Saline (PBS), pH 7.2, 10mM ( 0.2g KCI,
8.0g NaCl, 0.24g KH2PO4 and 1.44g Na2HPO4 in 1000mL ultra pure water) was
involved in the study and used as electrolyte support. Water, used in all solution

preparations, was obtained from ultra pure water.

2.2. Apparatus

Electrochemical measurements were carried out by a Potentiostat (Microquimica
Brazil, MPQG-01 with a software MPQG-P). A conventional three-electrode system,
comprising the gold electrode (0,5mm diameter, Microquimica, Brazil) as a working
electrode, a Pt wire as an auxiliary electrode and an Ag/AgCl electrode as a reference
electrode, was employed for all electrochemical experiments in an electrochemical cell
filled with 10 mL PBS (pH 7,2). Besides PBS, solutions of peroxide different
concentrations and 50 pL ABTS were placed in the cell. All the electrochemical

measurements experiments were carried out at a room temperature of 25°C.

2.3. Preparation and Modification of the gold surface

The gold electrode surface (0,5mm diameter) was gently polished with alumina

slurry (Al,O3, 0,3 um), followed by rinsing with ultra pure water and then sonicated in
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ethanol and water in ultrasonic shower (UltraSonic Clean USC 700, Unique, Brazil), for
5 min to remove all organic contaminants. Following it was chemically treated by
immersion in ‘piranha’ solution (concentrated H,SO,4 / H,O,, 1:3 v/v. Cautions!) for 5
min and rinsed with ultra pure water. The SAM of thiols in the gold electrode surface
was prepared by immersion in a solution freshly prepared 25mmol™ Cysteamine (CYS)
in ethanol for 2h, allowing adsorption of the thiol groups on the electrode. After that,
the electrode was thoroughly washed with ultra pure water. The covalent coupling of
glutaraldehyde (GA) was accomplished by incubation the electrode in a solution also
freshly prepared 2.5% (v/v) GA in 0.1 mol L' PBS, pH 7.2 during 45 min. It was
washed with ultra pure water. Finally, the SAM on sensor surface was ready. This

protocol produces stable and fully covered SAMs on gold.

2.4. Orientation of anti-PSA

After the covalent activation process and rinsing, an 20uL aliquot of Protein A
(50pg/mL) in PBS was added to the electrode surface and kept for 1 h at room
temperature in order to promote the antibody orientation. The gold electrode was
immersed in an anti-PSA (2pg/mL) solution (pH 7.2) for 1h. An illustrative design of

anti-PSA orientation is showed at Figure 1.

2.5. Amperometric response of PSA

Prior to amperometric measurements, the electrode surface was blocked of

unspecific binding by immersion in 10mM glycine in PBS ( pH 7.2) for 20 min. The

PSA immunosensor performance was evaluated by electrode immersion in PSA
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solution (pH 7.2) for 20 min at room temperature (25°C). After that, the electrochemical
signal was output by anti-PSA-HRP incubation at concentration of 2ug/mL for 1 h.
Before each incubation step, the electrodes were exhaustively washed with PBS (pH
7.2) to remove excess of non-reacted molecules. Finally the electrode was immersed in
a substrate solution (10mL of 0.01M PBS, pH 7.2, adding 50uL of 40mM H,0, and
50ul of 0.3mg/mL ABTS) and the enzymatic product was detected by electrochemical
analyzer. When it not use, the gold electrode anti-PSA immobilized was stored at 4°C in

order to maintain its immunoactivity for long-term.

3. Results and Discussion

3.1. The anti-PSA Orientation

The oriented immobilization of anti-PSA is a critical step to performance of the
immunosensor.  The sensitivity of the electrochemical immunosensor could be
improved by protein A addition to SAM. According to voltammetric curves (Figure 2),
the anodic peak was 27% higher than control experiments (without protein A) after the
sandwich immunoassay. Thus, the use of protein A due to its great specific affinity by
the Fc portion of the anti-PSA ,resulted in a better binding capacity with the PSA

antigen and consequently a major amount of anti-PSA-HRP was bound.

The effect of CYS concentration was observed in order to reach a major binding
of immobilized anti-PSA to thiol surface. An optimal response of immunoreation was
obtained when a CYS concentration between 25mM to 50mM was used (Figure 3).

Several different solvents are used in preparation of SAMs, but precaution must be

Mercés, A. M. A..




Desenvolvimento de um imunossensor eletroquimico para deteccdo do Antigeno Prostatico Especifico (PSA) . .. 50

taken because the final composition of the monolayer depends on the relative solubility
of the chain length. In this study, the thiol-terminated linker, which attaches it to the
gold surface (CYS), was used as having a short chain length of the propanethiol
molecules, which promote high solubility. The incorporation of water free solvents into
the SAM structure increases repeatability and produces well-ordered monolayers,
defected-free SAMs and not-formed multilayers [22]. The ethanol used in SAM

preparation is the solvent more frequently used, less toxic and more easily found.

The incubation time of glutaraldehyde can affect the multilayer of the
immobilized component on the surface. In order to obtain more reproducible results of
amount of immobilized anti-PSA, the GA after thiol surface was kept at 45min
incubation time. The obtaining of monolayers with a high binding antibody capacity
also depends of amount active sites offered by functionalized groups. Different
concentrations of GA were tested (0.63, 1.25, 2.50, 5.00, 10.00 % (v/v). According to
Figure 4, the best amount of PSA bound was achieved around 2.5% of GA (v/v) as
response of the highest avidity antigen-antibody binding reaction that was established
for remains studies (Figure 4). It was also observed that a high amount of immobilized
anti-PSA leads a drawback of relative response, suggesting that had occurred an esteric

hindrance by cross linking or excess of antigen has been offered.

3.2. Optimization of measurement variables

The experimental variables, which can affect the amperometric response of the

immunosensor, include the pH of supporting electrolyte, the incubation temperature and

the incubation time.
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The effect of solution pH on the immunosensor behavior was investigated
between 6,5 and 8,5. As shown in Figure 5, the current response had a maximum value
between pH 7.0 and 7.4, coinciding with the human physiological pH. This optimal pH

facilitates measurements with sample serum without previous preparation.

In the study of the temperature influence, it was observed that the increase of
temperature had a favorable effect increasing the current amplitude. According to figure
7, the current response at 37 °C temperature was higher than 25°C (room temperature),
with the same reproducibility and behavior; similar results were reported by [13]. It was
also observed that the elevation of temperature in immunoassay can cause
proportionally a lost of activity of antigen or immobilized antibody, implying on the
deterioration of response signals and shortening lifetime of the immunosensor [11, 23].
Then, the 25°C temperature (room temperature) was recommended to be used, although

it had been 10.22 % lower.

One of characteristic of a ideal immunosensor consists in a quick response. The
effect of incubation time on current response of the imunossensor in relation to the
analyte was studied incubating the anti-PSA electrode with 20uLL PSA solution diluted
in PBS (10ng/mL). After that, the electrode was submersed in solution of anti-PSA-
HRP for 20 min at room temperature. The voltammogram showed an increase of
anodic peak with rising the incubation time (Figure 7A). After plotting exponential
curve that was adjusted by Origin version 7.03 (OriginLab Coorporation, USA, 2002), it
was reached a plateau at 20min suggesting a equilibrium reaction (Figure 7B). This

results are in concordance with other authors [23, 24].
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3.3. Performance of the immunosensor

3.3.1. Optimization of anti-PSA concentration immobilized

The optimal concentration of anti-PSA was determined in order to obtain the
maximal antibody-antigen interaction with a minimal amount of immobilized anti-PSA.
Then, different concentrations of anti-PSA were immobilized (0.2, 1.0, 2.0, 5.0 pg/mL)
in protein A, with incubation at room temperature for 1h. After that, the electrodes were
incubated with PSA (10ng/mL) followed by anti-PSA-HRP incubation, the
measurements were carried out in the potentiostat after HO,:ABTS adding. According
to Figure 8, the concentration anti-PSA optimal immobilized was reached at

approximately 2.0pg/mL that was established for remain experiments.

3.3.2. Effect of H,O, concentration On immunosensors response

The CVs of the resulting immunosensor at different scan rates were showed in
Fig 9. Both the anodic peak currents increased linearly with scan rates in the range (5-
150 mV/s), suggesting a surface-controlled electrochemical behavior. The maximal

anodic peak saturated at 100mV/s that was established to remain studies.

The effect of the concentration of H,O, on the amperometrical response was
studied by cyclic voltammetry. The electrochemical cell was filled with 10 mL of PBS
added to mixture with equivalent volum ABTS: H»O, (100uL) varying the H,O»
concentrations at 0,5mM, 1mM, 2,5mM, 5,0mM, 7,5mM, 10mM, 15mM, 20mM,

40mM, 60mM and 80mM and using a three-electrode system in the CV studies (Figure
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10a). The ABTS was used to improve amperometric signal response of reaction. It was
found that the current response increased with the increasing of H,O, concentration,
reaching a plateau at 40mM H,O, (Figure 10b) that was established to all

measurements (Figure 10).

3.3.3. Calibration curve of PSA immunosensor

The linear range and the detection limit of the PSA immunosensor were
established by incubating variable concentration of PSA with the anti-PSA immobilized
on gold electrode. The voltammetric studies were performed by H,0O,:ABTS reaction
with incubated anti-PSA-HRP at scan rate of 100mV/s, varying the potential from -1.2
to 1.2. The calibration curve obtained by shifting of the current anodic peak covered the
linear range from 1.0 to 15.0 ng/mL with a regression equation of the form Y=
0,1934x+ 0,35452 and correlation coefficient of 0,997 (p <0,0001; n=6). The detection
limit considered to be the concentration that gives a signal three times the standard
deviation of the blank was 0.5 ng/mL (Figure 11). This PSA immunosensor showed a
lower detection limit than reported in the literature (Zang et al. 2007) associated with a

good reproducibility (4.48% of variation coefficient).

4. Conclusion

This contribution describes an electrochemical immunosensor for PSA detection based

on the immobilized anti-PSA orientation by protein A. This immunosensor permits a

reliable determination of PSA from 1.0 to 15 ng/mL with a detection limit of 0.5ng/mL.

The obtained results were satisfactory opening new perspectives on the immunosensors
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development to determination of PSA. By generating functionalized surfaces through
modification by thiol, it was possible to attach selectively the biomolecules of interest
using a commercial gold microelectrode. The range of the purposed PSA immunosensor

reached levels of clinical relevant.
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Captions for Figures

Figure 1. Schematic representation of the oriented anti-PSA immobilization and
blocking of non-specific binding.

Figure 2. CV of anti-PSA immobilization on gold electrode surface by protein
A (black line) and without protein A (red line).

Figure 3. Relative response of absorbance of the effect of CYS concentration in
relation to amount of immobilized anti-PSA.

Figure 4. Results of different GA concentration (%, v/v) in relation to
immunoreaction with PSA antigen.

Figure 5. Influence of the pH on the response of the immunosensor incubated
with 10 ng/mL PSA in 50puL of H,O, (40 mM) and 50 uLL ABTS solution.

Figure 6. The influence of temperature on the current peak response on the
Immunosensor.

Figure 7. Studies with anti-PSA electrode immersed in 20uL. PSA solution with
different incubation time (2, 4, 6, 10, 20 and 30 min). Voltammograms showing
anodic peaks on response to different incubation time (a). Exponential curve of
the anodic peaks with saturation at 20 min (b).

Figure 8. Relative response of PSA immunosensor in relation to different
concentration of immobilized anti-PSA on the protein A oriented on gold
electrode functionalized by SAM.

Figure 9. Cyclic voltammograms of the immunosensor at different scan rates
(from a to 1): 5, 10, 12.5, 25, 50, 75, 100, 125 and 150 mV/s measured in 0.1M
PBS solution (pH 7,2).

Figurel0. The effect of the concentration of H,O, on the amperometrical
response.

Figure 11. Linear fit of calibration curve obtained from CV of immunosensor

for PSA varying the potential from -1.2 to 1.2 at scan rate of 100mV/s.
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6. CONCLUSOES

Diante dos resultados, pode-se concluir que:

A imobilizacdo de anti-PSA por SAM de tidis mostrou-se satisfatoria para
aplica¢do no desenvolvimento do imunossensor;

A caracterizagdo da SAM de tiol na superficie do ouro demonstrou atividade
maxima da liga¢do do anti-PSA na concentragdo de 25mM de cisteamina;

Um estudo detalhado de concentragdo do reagente funcional (Glut) foi realizado
de modo a reduzir os efeitos deletérios ao biossensor. A concentracdo Otima
obtida foi alcangada em 2,5% (v/v);

Um plat6 foi alcangado na concentragdo de 2ug/mL de anti-PSA, indicando que
neste ponto uma maxima concentragdo de antigenos PSA foi complexada a
quantidade de anti-PSA ofertada, o que pode ser traduzido pelo equilibrio
cinético da reagdo antigeno-anticorpo;

A curva de calibragdo 0,1934x+ 0,35452, ajustada pelo método dos minimos
quadrados, alcangou uma alta linearidade (r=0,997); (p<0,0001) e boa
reprodutibilidade com erro relativo menor que 5%;

Um método diagndstico rapido para dosagem de PSA foi proposto abrindo
perspectivas para o desenvolvimento de um método vidvel para a produgdao em

massa de imunossensores reprodutiveis e de menor custo.

Mercés, A. M. A..




Desenvolvimento de um imunossensor eletroquimico para deteccdo do Antigeno Prostatico Especifico (PSA) . .. 70

7. ANEXO

7.1 Normas da Revista

ELSEVIER

Clinica Chimica Acta —
International Journal of Clinical Chemistry and Diagnostic Laboratory Medicine

PREPARATION OF PAPERS

Authors should consult a recent issue of the journal to make themselves familiar with
the conventions and layout of articles.

The entire text, including figure and table legends and the reference list, should be
double-spaced, leaving margins of approximately 3 cm (1 inch). All pages should be
numbered consecutively and carry a running title, in the upper right corner, starting with
the title page of the manuscript. Every new paragraph should be clearly indented. Do
not use right-hand justification.

Title page. Page 1 should be concise, descriptive and informative. It should include:
(1) The title of the article;

(2) The authors' full names (first name, middle initial(s),and surname);

(3) Affiliations (the name of department (if any), institution, city and state or country
where the work was done), indicating which authors are associated with which
affiliation;

(4) Acknowledgement of grant support and of individuals who were of direct help in the
preparation of the study;

(5) Disclaimers, (if any);

(6) The name, address, telephone and fax numbers and E-mail address of the
corresponding author Authors are requested to select a maximum of six key words and
to present them on the title page of the typescript. They should cover precisely the
contents of the submitted paper and should give readers sufficient information as to the
relevance of the paper to his/her particular field.

Abstract. Page 2 of the typescript should be reserved for the Abstract which should have
no more than 200 words. This should follow a structured format, sub-divided into
subsections entitled "Background"; "Methods"; "Results"; and "Conclusions". Each
subsection should be brief and informative, emphasizing those points that are unique to
the paper. Since summaries are increasingly used by abstracting services which will cut
off after a fixed number of words, it is important not to exceed the maximum number of
words and to avoid bibliographic references and non-standard abbreviations.
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Text. After the Abstract, Original Research Communications should be organized in the
following format: Introduction, Materials and methods, Results, Discussion,
Acknowledgements, List of abbreviations, References.

Introduction This is a short section in which the authors should clearly state the reasons
for and aims of the investigation. Summarise the rationale for the study and hypothesis
tested by it, with brief reference to relevant previous work.

Materials and methods The section Materials and methods should be detailed enough
for readers to reproduce the experiments. Authors should always refer to other work on
the same subject, indicating whether or not their experimental results are in agreement
with previous work. Conclusions drawn from experiments described in the tables or
figures can often appear most conveniently in the Results section.

Result and Discussion The overall conclusions based on the work reported should be
given in the Discussion. In some cases, Results and Discussion sections may more
appropriately be combined than separated (at the author's discretion). Every effort
should be made to avoid jargon, to spell out all non-standard abbreviations the first time
they are mentioned and to present the contents of the study as clearly and concisely as
possible.

Reports of new or improved methods should be as brief as is consistent with clarity (up
to about 1000 words). They should unequivocally identify the element of novelty
claimed and the advantages over existing technology. Performance characteristics,
including effects of interfering substances, comparisons with results of accepted
methods and reference values based on appropriate population samples should be
documented by adequate data. Citing of earlier publications is preferred to repetition of
details for reagents, procedures, etc., which are always in print. Nevertheless, the
information provided must suffice to allow readers to duplicate the work or to compare
the technique with current practice. Instrument and kit evaluations usually will not be
accepted unless a new principle in involved.

Acknowledgements

Only persons who have made substantial contributions to the work should be
acknowledged. Authors are responsible for obtaining written permission from everyone
acknowledged by name because readers may infer their endorsement of the data and
conclusions.

The source(s) of support in the form of grants, equipment, drugs, or all of these should
be acknowledged here.

References

Type references double-spaced and number them consecutively in the order in which
they are first quoted in the text. Identify references in text, tables and legends by arabic
numerals [square brackets]. References cited only in tables or in legends to figures
should be numbered in accordance with a sequence established by the first identification
in the text of the particular table or illustrations. Please note that all authors should be
listed when six or less; when seven or more, list only the first three and add et al. The
names of journals should be abbreviated according to the list of serial title word
abbreviations (ISDS, Paris, 1985, ISBN 2-904938-02-8). Do not include references to
personal communications, unpublished data or manuscripts either 'in preparation' or
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'submitted for publication'. Reference to a paper as 'in press' implies that it has been
accepted for publication. Recheck references in the text against the reference list after
your manuscript has been revised and renumber accordingly. Incomplete references can
result in publication delay.

Examples of correct forms of references are as follows:

[1] Lott JA,Curtis LW, Thompson A, Gechlik GA, Rund DA. Reported alcohol
consumption and the serum carbohydrate-deficient transferrin test in third-year medical
students. Clin Chim Acta 1998; 276:121-128

[2] Strunk W, White EB, The elements of style, third ed. New York: Macmillan, 1979.

[3] Kennedy L. Glycation of haemoglobin and serum proteins. In: Alberti KGMM,
DeFronzo RA, Keen H, Zimmet P, editors. International textbook of Diabetes Mellitus.
Chichester: Jonh Wiley, 1992: 985-1007.

Tables

Tables should be used sparingly; they should be used only when the data cannot be
presented clearly in the text. Each table, and every column should be provided with an
explanatory heading, with units of measure clearly indicated. The heading of the table
should make its general meaning understandable without reference to the text. Authors
are requested to consult recent issues of CCA for the proper table layout. Cite each table
in the text in consecutive order. The Editor-in-Chief, on accepting a manuscript, may
recommend that additional tables containing important backup data, too extensive to be
published in the article, may be published as supplementary material (see below) or
deposited with the National Auxiliary Publications Service or made available by the
author(s). In that event, an appropriate statement will be added to the text. Submit such
tables for consideration with the manuscript.

Figures

Figures should be used to illustrate experimental results clearly. Illustrations for
reproduction should normally be about twice the final size required as figures are often
reduced to a one-column width. Symbols, lettering and lines should be sufficiently large
and clear to be legible after reduction. Photographs of tissues, cells, or subcellular
components should be included only when they are essential. Please visit our Web site
at =+http://authors.elsevier.com/artwork for detailed instructions on preparing electronic
artwork.

Figure Legends. Legends should be collated, typed double-spaced, numbered with
Arabic numerals corresponding to the illustrations, and submitted on a separate page.
When symbols, arrows, numbers, or letters are used to identify parts of the illustrations,
each should be explained clearly in the legend. For photomicrographs, the internal scale
markers should be defined and the method of staining should be given. The legends
should permit the figures to be understood without reference to the text. If the figure has
been previously published, a credit line should be included and a permission letter
supplied by the author.
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7.2 Resumos publicados em Anais de Congressos

7.2.1 XXXV Reunido Anual da Sociedade Brasileira de Biogquimica e
Biologia Molecular — SBBq

Studies of antibodies inactivation by U-Violet for SPR biosensor
development

Mercés, A. M. A.l’z; Shinohara, N. K.2.; Santos, R. F. R.l’z; Mattos, A. B.l’z; Lima-
Filho, J. L.'; Dutra, R. F.*?

1. Departamento de Bioquimica / UFPE
2. LIKA — Laboratorio de Imunopatologia Keizo Asami/UFPE;
3. Departamento de Patologia - Universidade de Pernambuco /UPE

Immunoenzimatic assays using biochemistry tests have been enough employed. In general
way, these presents good diagnostic sensitivity, however complex technologies are involved
and a long time of response is required, so new alternatives have been proposed. The SPR
biosensor (Surface Plasmon Resonance) appear as promising alternative because it presents
low cost, results in real time and simple operation. In SPR, while occur the formation of antigen-
antibody complex, the thickness of the film on the altered sensory surface is detected by the
displacement in the resonance angle providing in real time an electric signal susceptible of
quantification. Like this to increase the diagnostic specificity in this sensors, was suggested a
system of "SPR image", in order to reduce the quantity of positives false in the analysis when
the measure are done in sensor surface with multiples zones of receptors active and inactive.
This work, in contribution to SPR image development, had as major objective the study of
methods of inactivation of receptors (antibodies) immobilized in solid surface that preserve
actives the receptors of around micro regions. Plates of ELISA (NUNC — Immuno Plate Maxi
Sorp) were used as model for immobilization of anti-Salmonella spp. and submitted to
Ultraviolet (UV) light. Parameters like distance of UV source (5, 10 and 15 cm), time of
exposition (15, 30 and 40 min) were evaluated . A medium inactivation of 99,98% was obtained
when the plate was maintained to 5 cm of distance of the source for a great time of exposition of
45 min with antibody solution. These results suggest the use of the UV light on antibodies as
capable to promote inactive zones permitting the production of SPR image sensors faster and
selective.

Supported by: FINEP, CNPq, LIKA-UFPE
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7.2.2 XXXVI Reunido Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

QUARTZ CRYSTAL MICROBALANCE BASED ON FLOW INJECTION FOR THE
HUMAN CARDIAC TROPONIN T DETERMINATION

Mattos, A.M,"?, Freitas, T.A .>*, Santos,

R.F.R."?, Mercés, A.M.A."? Lima-Filho,

J.L?, Dutra, R.F.> Silva, V.L*,
1
Departamento de Bioquimica, Universidade Federal de
Pernambuco-UFPE, Brazil. 2 Laboratorio Imunopatologia Keizo
Asami/UFPE; 3Instituto Ciéncias Bioldgicas, Universidade de
Pernambuco, Brazil; 4Departamento de Engenharia Quimica/UFPE.

The cardiarc troponin (cTnT) is specific biomarker important in establishing
diagnosis and predicting prognosis in patients with suspected acute myocardial
infarctions(AMI). In this work, a flow injection system quartz microbalance based on
the alteration of electric frequency in response to the antigen-antibody interaction
was used for determination of the cTnT. The variations of frequencies were
registered by a frequency counter coupled to a microcomputer. The specific
monoclonal antibody was immobilized on the surface of an electrode quartz crystal
by a self-assembled monolayer(SAM). The adsorbate of thiol film was formed by
incubating a 2-aminoethanethiol solution(cysteamine) for 2 h, followed by 2.5%
glutaraldehyde(v/v). Afterwards, monoclonal antibodies against cTnT(anti -cTnT)
were covalently immobilized on the gold electrode of the quartz crystal and 10 mM
glycine solution was used as blocking agent. The development of the
immunosensor made it possible to measure cTnT concentration with a
detectionlimit of 0.025ng/mL. The effect of the cysteamine concentrations on the
SAM coated gold sensor was studied. The surface of the sensor can be
regenerated by injection of a solution 1% sodium dodecil-sulphate(w/v). The cTnT
determination was accomplished in samples of human serum, that which allows its
use in AMI diagnosis.

Supported-by CAPES; FAPESP.
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7.2.4 XXXVII Reunidao Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

DEVELOPMENT OF ELECTROCHEMICAL IMMUNOSENSOR FOR
DETECTION OF PROSTATE-SPECIFIC ANTIGEN

Mercés,A.M.A24:Mattos,A.B.M."?* :Silva, A.C.M.23:Freitas, T.A.%>>:Dutra,
R.F"?* -Lima Filho,J.L"?

'Rede Nordeste de Biotecnologia-RENORBIO-Recife/PE; *Laboratério de
Pesquisa em diagnostico-LAPED/PROCAPE;*Universidade Federal de
Pernambuco-Recife/PE;*Universidade de Pernambuco, Instituto Ciéncias
Bioldgicas,Recife/PE-Brasil;’Universidade Federal Rural de
Pernambuco,Recife/PE.

Prostatic-specific antigen (PSA) is a valuable biomarker for prostate cancer
screening. The immunosensor emerge as a very attractive technique for
determination of PSA due to its simplicity, specificity, less time for analysis and
low cost when compared to conventional techniques of immunoassays. In this
work, a three electrode system employing a gold commercial electrode
(Microquimica, Brazil) as working electrode was used for determination of the
PSA in human serum. The monoclonal antibody against PSA (Ab-PSA) was
immobilized on the gold electrode surface via SAM (Self-Assembled
Monolayer), that was formed incubating a solution of 2-aminoethanethiol
(25mM) followed by glutaraldehyde 2.5%(v/v) for 45min. The cyclical
voltammetry (CV) studies were carried out varying the potential from -1.2 to
+1.2V with a scan rate of 100 mV's. The calibration curve achieved a high
linearity (r=0.9951, p<0001) and good reproducibility with relative error less than
3.5% when the PSA antigen was incubated at concentration from 2,0 to 15
ng/mL at 37°C. Several studies were performed as kinetic, incubation time of
PSA and concentration of H,O, injected. pH studies showed that a current
response reached a maximum value between pH 7.0 and 7.2 when the pH
varying from 5.5 to 8.5. The amperometric response increased with the
increasing of incubation time and was registered a maximum steady at 20min.
The optimal concentration of hydrogen peroxide was achieved at 40mM when
successive addition was carried out to the electrochemical cell (10mL).The
obtained results were satisfactory proving the viability on the immunosensors
development to determination of PSA.

Keywords: immunosensor; SAM.

Supported by:CAPES;CNPq.
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7.2.5 XXXVII Reunidao Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

FUNCTIONALIZATION OF METALLIC SURFACES FOR ORIENTED
COUPLING OF ANTI-PSA FOR ELECTROCHEMICAL SENSORS
CONSTRUCTION

Mercés,A.M.A":Mattos,A.B.":Silva,A.C.M.%:Freitas, T.A%.: Silva, M.M.S2:Fidelis,
A. C.*::Dutra,R.F."®: Lima-Filho, J.L."?

'Rede nordeste de Biotecnologia — RENORBIO-Recife/PE-Brasil; 2Universidade
Federal de Pernambuco-Recife/PE;*Universidade de Pernambuco, Instituto
Ciéncias Biologicas,Recife/PE; *“Universidade Federal Rural de
Pernambuco,Recife/PE.

The clinical use of the Prostate Specific Antigen (PSA) as a tumor marker
revolutionized the diagnosis, treatment, management and monitoring of prostate
cancer. The development of sensitive, cheap and portable methods of diagnosis
has been desirable, bringing the benefits of an early diagnosis. In this paper,
studies of optimizing of functionalization of metallic surfaces were carried out to
oriented coupling of anti-PSA via self-assembled monolayer(SAM). Anti-PSA
was immobilized on the gold plates surface(3mm?) via SAM, that was formed
incubating a solution of 2-aminoethanothiol (cysteamine-CYS) followed by
glutaraldehyde(v/v). After that, Protein A was used for greater orientation of
anti-PSA. The anti-PSA (2ug/mL) was incubated for 2h and then the
PSA(5ng/mL) was left for 25 min at 37°C to assess the efficiency of
immobilization through enzyme immunoassay. The anti-PSA-HRP (2ug/mL)
was incubated for 1h. Effects in the amount of immobilized anti-PSA in function
of the concentration of CYS were investigated and according to the results the
concentration of 25mM CYS was ideal for the antibodies immobilization.
Studies with different concentrations of GLUT (0.625, 1.25, 2.5, 5 and 10%)
(v/v) and immobilized anti-PSA (0.2, 2 and 5 pg/mL) were performed, the
optimum concentration was achieved in GLUT 2.5%(v/v) and a plateau was
reached in the concentration of 2ug/mL anti-PSA, indicating a maximum
concentration of complexed antigens to the amount of offered anti-PSA. The
use of protein A showed higher results(27.84%) with greater efficiency in the
immobilization of anti-PSA. Given the results achieved, the immobilization of
anti-PSA via SAM is potentially suitable for the development of immunosensors.

Keywords: IMMOBILIZATION;SAM;PSA,;
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7.2.6 XXXVII Reunidao Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

SCREEN-PRINTED ELECTRODE FOR DETECTION OF GLUCOSE

Silva, A.C.M.", Mercés, A.M.A.%3 Mattos, A.M.2, Fidelis, A.C.* Freitas, T.A.°:
Silva, M.M.S.%; Dutra, R.F.°

'Universidade Federal de Pernambuco-UFPE;’Departamento de Bioquimica,

Universidade Federal de Pernambuco-UFPE; >RENORBIO- Rede Nordeste de

Biotecnologia; “Universidade Federal Rural de Pernambuco-UFRPE;’Instituto
Ciéncias Biologicas, Universidade de Pernambuco, Pernambuco, Brasil.

Diabetes mellitus is one of the leading causes of death and disability in the
world. Rapid and accurate analysis of glucose is of great interest in the
diagnosis and treatment of diabetes. For this reason, numerous biosensors
have been developed with this objective in mind. A manual screen-printing was
carried out to prepare the working electrode using carbon ink. The enzyme
immobilization was accomplished by modifying the electrode surface with a 1:1
mixture of 100upl  glutaraldehyde (2.5%v/v) and 100ul Glucose
Oxidase(GOD)/Peroxidase. After registration of baseline with the buffer, the
cyclic voltammograms (CV) were obtained using PBS buffer (pH 7.2). The
calibration curve was achieved by consecutive injections of 1mL glucose
(350mg/dL) added to the volume of the electrochemical cell (10mL). The
screen-printed electrode in presence of the glucose solution (35mg/dL) resulted
in an anodic peak 0,2276V which represents the catalytic action of the GOD in
the glucose oxidation. It was observed an increase of the anodic peak with the
increasing of glucose concentration, and the registered calibration curve
showed a good linear response with a correlation coefficient r=0,9914
(p<0,0001;n=6) and the linear range was achieved from 35mg/dL to
153,12mg/dL. The prototype biosensor showed suitable for the mass production
due to low cost and good results.

Keywords: screen-printed, glucose oxidase, carbon ink.
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7.2.7 XXXVII Reunidao Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

STUDY OF PET AS SUPPORT FOR DEVELOPMENT OF QUICK TEST IN
IMMUNODIAGNOSTIC

Gomes Filho,S.L.R."?:Mattos,A.B.%%: Mercés,A.M.A%3: Silva, A.C.M.>*:Fidelis,
A.C.%°:Freitas, T.A."?:Dias Filho, M.J.0.2:Dutra,R.F'?

'Universidade de Pernambuco, Instituto Ciéncias Bioldgicas,Recife/PE-
Brasil;’Laboratério de Pesquisa em Diagnéstico-LAPED/PROCAPE;’Rede
Nordeste de Biotecnologia—RENORBIO-Recife/PE;*Universidade Federal de
Pernambuco-Recife/PE;’Universidade Federal Rural de Pernambuco-
Recife/PE.

The interest in the study of new supports for purpose of application in diagnostic
tests has been growing in recent years. The polyethylene tereftalato (PET),
mainly for being a low-cost material, moldable, and of easy acquisition presents
itself as an interesting candidate. In this work PET was used as alternative
support for facilitating the biomolecules immobilization, with the advantage of
being more easily modified chemically than the nitrocellulose membranes used
in common tests of immunochromatography. For the use, PET was treated
using solvents to reduce the amorphous artifacts and tension of shear. Two
solvents were tested: isopropyl alcohol (70%) and acetone (PA). They were
dripped for 2 min. For cross-linking of immunomolecule, the treated support was
immersed in a solution of Glutaraldehyde (GLUT) 1%(v/v) for 45 min and
followed in 100pL anti-lgG-HRP (1ug/mL) for 1h. To quantify the efficiency of
immobilization it was carried out an enzyme immunoassay. Comparing two
solvents used for the surface treatment, acetone showed superior results at
80.73% with greater efficiency in the anti-IgG-HRP immobilization. Studies with
different concentrations of GLUT (25%, 2.5% and 1%) (v/v) were performed, the
optimum concentration was achieved in 1%(v/v). The effect of the concentration
of immobilized anti-lgG (0.1, 1, 10 and 100pg/mL) was also studied and the
ideal concentration to react with aldehydes groups of GLUT was 1:1000,
indicating greater quantity of immobilized anti-lgG-HRP and larger
immunoreactivity showing low steric hindrance of biomolecule. The achieved
satisfactory results confirm the viability of the use of PET for development of
rapid tests.

Keywords: Quick Test of Diagnostic;IgG;PET.
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7.2.2 XXXVII Reunidao Anual da Sociedade Brasileira de Bioquimica e
Biologia Molecular — SBBq

UREASE IMMOBILIZATION ON POROUS SILICON LAYERS FOR CLINICAL
BIOSENSOR ASSAY

Fidelis, A.C 12 Silva, A.C.M.>°, Mercés, A.M.A.°, Mattos, A.M°;
Maia,M.M.D."?:de Vasconcelos, E.A.* :Dutra, R.F.>®

'Universidade Federal Rural de Pernambuco - UFRPE, ?Departamento de
Biologia-Genética — UFRPE, *Universidade Federal de Pernambuco - UFPE,
“Departamento de Fisica - UFPE, Pernambuco, Brasil, *Laboratério de
Pesquisa em Diagnéstico — LAPED/PROCAPE, ®Instituto Ciéncias Bioldgicas,
Universidade de Pernambuco, Pernambuco, Brasil.

The development of a biosensor for urea is of significant interest, since urea is a
bioproduct which is monitored in blood as an indicator of renal function. Porous
silicon (PS) is a nanostructured form of silicon which has been intensively
investigated for drug delivery due to its large surface area and biocompatibility.
In this work, we investigated urease immobilization by silanization using 3-
APTES (3-aminopropyltriethoxy-silane) and glutaraldehyde (2.5%) on five
different supports, including glass support and four PS layers with different
characteristics (porosity, degree of oxidation and doping of the underlying
silicon wafer). The PS layers were fabricated by vapor phase etching. The
supports were immersed in urease solutions containing different concentrations
for 1h at room temperature. We investigated the degree of protein adsorption on
the different surfaces after 1h of incubation reaction. The amount of protein in
the solution was determined by the Bradford method. The results showed that,
in comparison with flat glass, the retention of urease was up to 50% higher in
PS layers due to covalent bonding and trapping inside the porous structure. It
will discuss the optimization parameters for urease immobilization on PS and
explore its clinical uses.

Keywords: immobilization, urease, porous silicon.
Supported by CNPq, FACEPE
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