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Ata da defesa de dissertacio da Mestranda Alessandra Batista de Mattos,
realizada em 26 de fevereiro de 2007, como requisito final para obtengao do titulo
de Mestre em Bioquimica.

As 09:15 minutos do dia 26 de fevereiro de 2007, foi aberto, no Depto. de
Engenharia Quimica/UFPE, o ato de defesa de dissertagdo da mestranda
Alessandra Batista de Mattos, aluna do Curso de Mestrado em
Bioquimica/CCB/UFPE. Iniciando os trabalhos a Profa. Dra. Valdinete Lins da
Silva, na impossibilidade da presenca da Coordenadora do Curso supra citado,
Profa. Dra. Vera Licia de Menezes Lima, fez a apresentacéo da aluna, de sua
orientadora, ela propria, da sua Co-Orientadora Profa. Dra. Rosa Amalia Fireman
Dutra, do Depto. de Engenharia Quimica/UFPE, e da Banca Examinadora
composta pelos professores doutores: Valdinete Lins da Silva, do Depto. de
Engenharia Quimica/UFPE, na qualidade de Presidente, Luiz Bezerra de Carvalho
Junior, Maria das Gragas Carneiro da Cunha, ambos do Depto. de Bioquimica e
Patricia Muniz Mendes Freire de Moura, do Depto. de Patologia/UPE. Apés as
apresentagdes, a Sra. Presidente convidou a aluna para a apresentacdo de sua
dissertagao intitulada: “Determinagao da troponina T cardiaca humana
empregando sistema de microbalanca de quartzo por injecao de fluxo” e
informou que de acordo com o Regimento Interno do Curso, o candidato disporia
de até 50 (cinglienta) minutos para apresentacdo do trabalho e o tempo de
argliicao para cada examinador, juntamente com o tempo gasto pelo aluno para
responder as perguntas seria de 30 (trinta) minutos. A aluna procedeu a
explanaga@o e comentarios acerca do tema em 35 (trinta e cinco) minutos. Apos a
apresentacao da mestranda, a Sra. Presidente convidou a Banca Examinadora
para ocupar seus lugares e passou a palavra ao primeiro examinador, a Profa.
Dra. Patricia Muniz Mendes Freire de Moura, em seguida para a Profa. Dra. Maria
das Gragas Carneiro da Cunha e finalmente para o Prof. Dr. Luiz Bezerra de
Carvalho Janior, os quais agradecerem o convite, fizeram alguns comentarios e
sugestoes. Ao final de suas respectivas argtiicdes, os referidos professores
deram-se por satisfeitos. Em seguida, a Sra. Presidente usou da palavra para
tecer alguns comentarios, agradecer 4 Banca Examinadora e parabenizar a
candidata. Finalmente, a sessao foi suspensa para proceder ao julgamento pela
Banca Examinadora, a qual se reuniu na Secretaria do Depto. de Engenharia
Quimica. Ap6s alguns comentarios, a Banca decidiu, por unanimidade, conceder a
mencao “Aprovada com Distingdo”. Nada mais havendo a tratar, lavrei a
presente ata que vai assinada por mim, Secretario, e demais membros da Banca

Examinadora. Recife, 26 deffevereiro de 2007. &N /\/lw,w Le ’[2_1_4-‘— LA
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RESUMO

As determinagdes da troponina cardiaca T (TnT) podem contribuir para o diagndstico e
tratamento de infarto agudo do miocardio e para a estratificagdo dos riscos dos pacientes com
sindromes corondrias agudas no que respeita ao risco relativo de mortalidade. Neste trabalho,
um sistema de microbalanca de quartzo por injecdo de fluxo baseado na alteracao de
freqiliéncia elétrica em resposta a ligacao antigeno-anticorpo foi empregado para determinacao
da TnT cardiaca. As variagdes de freqiiéncias foram registradas por um contador de freqiiéncia
acoplado a um microcomputador. O anticorpo monoclonal especifico foi imobilizado sobre a
superficie de um eletrodo de cristal de quartzo por ligacao irreversivel via monocamadas auto-
organizadas. O adsorbato composto por filme de alcanotiol foi formado incubando uma
solucdo de 2-aminoetanotiol (cisteamina) por 2 h, seguido por glutaraldeido a 2,5% (v/v). Em
seguida, anticorpos monoclonais anti- troponina T (anti-TnT) foram covalentemente
imobilizados sobre o eletrodo de ouro do cristal de quartzo e foi usada uma solugdo de glicina
(10mM) como agente bloqueante. Com o imunossensor desenvolvido foi possivel medir
concentragdes de troponina T com limite de detec¢ao de 0,025 ng/mL. A superficie do sensor
pode ser regenerada por injecdo de uma solucdo do dodecil-sulfato de so6dio 1% (p/v). A
determinagdo da TnT foi realizada em amostras de soros humanos permitindo seu uso nas

aplicagdes clinicas para diagnostico do IAM.

Palavras Chaves: TnT; SAM; QCM imunossensor



ABSTRACT

The cardiac troponin T (cTnT) is important specific biomarker 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
c¢TnT. 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 (mAb-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 detection limit 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
c¢TnT determination was accomplished in samples of human serum, that which allows its use

in AMI diagnosis.

Keywords: cTnT; SAM; immunosensor QCM



1. INTRODUCAO

As doengas cardiovasculares representam, atualmente, um grave problema de saude
publica no Mundo. O Brasil ¢ 0 9° na lista dos paises cuja populagdo morre mais, em niimeros
absolutos, de doencgas cardiacas, de acordo com os dados do Atlas de Doengas Cardiacas e
Derrames, divulgado em 2004 pela Organizacdo Mundial da Satide (OMS). A OMS alertou
que esses problemas irdo vitimar mais de 24 milhdes de pessoas por ano até 2030 (OPAS,
2003), tornando assim evidentes as necessidades de acgdes para detecgdo e prevencao

relacionadas as afec¢des dessas doengas.

Os marcadores cardiacos, em especial as troponinas cardiacas, sdo extremamente
importantes na pratica clinica, facilitando o diagnostico e melhor avaliacdo do miocardio apds
procedimentos cirargicos (HERKNER, WALDENHOFER & LAGGNER, 2001; SARKO e
POLLACK, 2002). A Troponina T (TnT) ¢ um marcador que pode ser usado no diagnéstico
diferencial da Sindrome Coronariana Aguda (SCA), identificando o infarto agudo do

miocérdio (IAM) (GODOY, BRAILE & NETO, 1998).

Atualmente, para determinacdo da TnT sdo empregados imunoensaios enzimaticos por
serem métodos de analise precisos, sendo quantitativos por basearem-se na determinacao de
um produto colorido enzimatico obtido de uma reagao entre antigenos e anticorpos especificos
(STIEGLER et al., 2000). Apesar de convencionalmente empregadas, sdo técnicas caras que
envolvem presenca de pessoal qualificado e demandam tempo. Uma das alternativas para
resolver este problema, pode ser o desenvolvimento de imunossensores. Estes dispositivos
combinam um material biolégico a uma parte eletronica podendo rapidamente detectar

espécies quimicas e bioldgicas.

Os imunossensores vém se tornando uma alternativa para os imunoensaios
convencionais. O principio basico de um imunossensor ¢ 0 mesmo de um imunoensaio: sao
baseados na detec¢do da interagdo antigeno-anticorpo. Entre os diferentes tipos de
transdutores, que tém sido experimentados na constru¢do de imunossensores, os piezoelétricos

tém se mostrado mais atrativo por serem mais sensiveis € ndo necessitarem de espécies



eletroativas (anticorpos ou antigenos conjugados a enzimas) no processamento, o que implica
em resultados com menor tempo e possibilidade de monitoragdo “on-line” da interacao

antigeno-anticorpo.

No sistema piezoelétrico, a variagdo de massa ¢ medida quando um material biologico
adsorvente, interage com sua espécie complementar na superficie do eletrodo (LU, LEE &
LIMA, 2004). A variagao de freqiiéncia medida ¢ proporcional a concentragao do antigeno ou
anticorpo presente na amostra. Muitas aplicacdes foram publicadas a partir do ano de 1995. Na
literatura tém sido registradas aplicagdes de piezoelétrico ou Microbalanca de Cristal de
Quartzo (QCM do inglés “quartz crystal microbalance) em imunossensores para detec¢ao de
contaminantes em alimentos (ADANYT et al., 2006), para Leucemia (ZENG et al., 2006), para
detec¢do de organismos microbianos (SU & LI, 2004), de anti-ferritina humana (CHOU, et al.,
2002), entre outras. Recentemente, gragas a um melhor entendimento do comportamento das
ondas acusticas alguns avangos tém sido registrados: a produgdo de novos biossensores mais
confiaveis, rapidos, seguros e viaveis para uso tanto em campo com resultados in loco, ¢ de
imediato com incubacdo do material bioldgico num sistema em batelada (“batch’); bem como
em analises laboratoriais utilizando processo de deteccdo em andlise em sistema de fluxo

continuo (FIA — “Flow Injection Analisys”).

Neste trabalho foi desenvolvido um imunossensor em fluxo continuo com o principio
piezelétrico através de uma microbalanga capaz de quantificar os niveis de Troponina T (TnT)
pela medigdo de freqliéncia pela parte eletronica do imunossensor. A alteragdo de freqiiéncia €
obtida pela variagao de massa na superficie do cristal piezoelétrico quando a TnT presente no

soro liga-se ao anti-TnT imobilizado na superficie do eletrodo.



2.0 REVISAO DA LITERATURA

2.1 Marcadores Cardiacos

Atualmente, ndo somente os marcadores de dano isquémico, como a TnT e troponina I
(Tnl), mas também os de processos inflamatodrios (proteina C reativa) (MOSCA, 2002) e de
disfuncdo cardiaca (peptideos natriuréticos tipo B - BNP) sdo prontamente utilizados na
pratica clinica, impondo a todo médico que acompanha pacientes com doengas cardiacas, o
conhecimento ndo s6 das vantagens, mas principalmente, das limitagdes desses marcadores a
fim de que possam ser integrados de maneira adequada a conduta clinica. As enfermidades
cardiovasculares de origem isquémica continuam representando um enorme problema de
saude publica. A sindrome coronariana aguda (SCA), que apresenta elevada taxa de
morbimortalidade, compreende a angina instdvel e o infarto agudo do miocéardio (IAM)

(BERTON & PALATINI, 2003).

Dai, o crescente interesse observado na ultima década pelos novos marcadores
biologicos, cuja maior especificidade e sensibilidade permitiram evidenciar a presenca da
necrose miocardica, e quando associados as caracteristicas clinicas do paciente e aos achados
eletrocardiograficos, viabilizaram a estratificacdo de risco de eventos coronarianos, o que até
entdo, ndo era possivel com os marcadores tradicionais, permitindo com isso uma melhor

abordagem terapéutica (LINDAHL et al., 2000).

A concentra¢do plasmatica de um marcador biologico de necrose miocardica depende
do tempo transcorrido desde o inicio do processo isquémico, da cinética de sua liberagdo e,
sobre tudo, do método analitico utilizado para sua medida, e especialmente de sua
sensibilidade. O que explica o porqué de uma primeira determinagdo do marcador de necrose
miocérdica poder ser negativa, e posteriomente, resultar em positiva, justificando com isso a

medig¢do seriada de alguns desses marcadores bioquimicos (SANTALO et al., 2003).



O IAM ocasiona o rompimento da membrana das células cardiacas, ocorrendo a
liberagdo de proteinas cardiacas intracelulares para o sistema vascular. Entre os constituintes
que sao liberados da célula em estado de isquemia e necrose, os que se encontram dissolvidos
no citoplasma e os de menor tamanho, sdo os que mais facilmente ganham a circulagdo, sendo
por isso os marcadores mais precoces da lesdo celular. Sdo esses marcadores, os ions e alguns
metabolitos, como o lactato, que devido a sua ampla distribuicdo tissular ndo pode ser

interpretado como especifico de lesao miocardica.

Com a persisténcia da isquemia, macromoléculas citoplasmaticas das células
lesionadas sdo difundidas, sendo estas na sua grande maioria de natureza enzimatica, como a
lactato desidrogenase (LDH), a aminotransferase aspartato (AST), a creatinoquinase total
(CK) e suas isoenzimas, a CK-MB e a CK-MM, com cardioespecificidade variavel entre elas.
A avaliagdo da atividade dessas enzimas pode ser feita rapidamente e em situagdes de rotina
sdo parametros satisfatorios para confirmar o diagndstico, monitorar a evolucdo e estimar o
tamanho do infarto agudo do miocardio (IAM). Porém, existem limitacdes uma vez que a
sensibilidade ¢ baixa nas primeiras horas de evolucdo devido ao aparecimento retardado
desses marcadores no sangue. Acrescente-se que a sensibilidade da CK-MB nao ¢
suficientemente alta para detectar pequeno dano no miocardio, face a imprecisao analitica das
medidas de atividade e a ampla faixa de normalidade. Isto levou a procura de outros métodos
ou novos marcadores diagndsticos de lesdo celular miocardica, tentando superar essas

limitacdes (HAMM & KATUS, 1995).

Até muito recentemente, o diagnostico de IAM baseava-se na existéncia de pelo menos
trés critérios estabelecidos pela Organizagdo Mundial de Saude (OMS): dor toracica de
caracteristicas isquémicas, alteracdes eletrocardiograficas sugestivas e aumento sérico da
atividade catalitica da CK e da CK-MB. Todavia, um percentual significativo de pacientes
com IAM apresentam sintomatologia clinica atipica, ndo sugestiva de isquemia miocardica, e
embora seja indiscutivel a utilidade do eletroardiograma (ECG) no diagndstico da SCA, cerca
de 30% de pacientes com IAM apresentam tragados ndo caracteristicos no ECG, de dificil

interpretagdo, dificultando o diagnostico (ANTMAN, 2002).



Os novos marcadores, € em especial as troponinas cardiacas, permitem cobrir uma
parte importante das necessidades clinicas tanto na avaliagdo diagnostica (HERKNER,
WALDENHOFER & LAGGNER, 2001) e estratificagdo do risco, como na orientacao quanto
a terapéutica frente a SCA, uma vez que na auséncia de necrose miocardica aguda ou
subaguda, as concentracdes das troponinas cardiacas no plasma sdo indetectaveis.
Conseqiientemente, sua medida é absolutamente cardioespecifica, permitindo reconhecer
necrose miocardica de tamanho reduzido e a existéncia de infartos do miocardio até mesmo
nos pacientes com angina instavel classica, que nao seriam reconhecidos utilizando-se outros

marcadores (PLEBANI & ZANINOTTO, 1999).

2.1.2 Caracteristicas dos Novos Marcadores Cardiacos - as Troponinas

O complexo troponina regula a contragdo do musculo estriado e consiste de trés
subunidades: a T, I e C que estdo estreitamente ligadas ao filamento da tropomiosina. A
troponina C se liga ao calcio, a Tnl se liga a actina e inibe a interagdo actina-miosina
(molécula inibitéria) ¢ a TnT, se liga diretamente a tropomiosina. Na pratica clinica
apresentam interesse somente a TnT e a Tnl. A troponina C ¢ idéntica tanto no musculo
esquelético como cardiaco mas, os genes codificadores da Tnl e TnT, cardiaca e esquelética,
sdo diferentes, o que permitiu que anticorpos monoclonais de reatividade cruzada
extremamente baixa pudessem ser desenvolvidos facilitando o diagnostico do 1AM

(ANTMAN et al., 1996).

Frente a um processo de necrose miocardica, a troponina cardiaca ¢ detectada no
plasma a partir de 4 a 6 h do inicio dos sintomas, refletindo provavelmente a liberagdo precoce
de seu componente citoplasmatico. A TnT apresenta pico de elevacdo de 12 a 48 h apos o
inicio dos sintomas, sofrendo uma queda gradual nos 10 dias subseqiientes, permitindo o
diagnoéstico subagudo do IAM, embora, a deteccdo de concentragdes aumentadas no plasma
ird depender da extensdo do IAM (7 a 21 dias) (PIRAS & REHO, 2005). A Tnl apresenta

dinamica similar, com seu pico de menor magnitude € o tempo de retorno a normalidade mais



curto, dependente também da extensdo do IAM. Estudos dos niveis pico de TnT medidos
dentro das primeiras 24h ap6s a admissdo em pequenos grupos selecionados de pacientes com
dor precordial t€ém demonstrado um excesso de eventos cardiacos nos pacientes com elevacao
de TnT, mesmo naqueles sem elevacdo da CK-MB (CAMERON et al., 2007; KALLNER et
al., 1994).

A concentragdo normal de TnT no plasma ¢ inferior a 0,5 pg/L. Mair e colaboradores
(1995) estudaram o comportamento desse marcador em pacientes submetidos a
revascularizacdo do miocardio e encontraram que, concentragdes de TnT inferiores a 3,5 pg/L
poderiam excluir a presenga de infarto do miocardio, com bastante acuracia. Kallner e
colaboradores (1994) demostraram que os pacientes que sofreram infarto trans-operatorio
apresentaram niveis plasmaticos de TnT muito superiores aos niveis alcancados nos pacientes

sem complicagdes; os niveis de TnT permaneceram elevados por até cinco dias.

Alguns autores atribuem a Tnl e a TnT a mesma especificidade e importancia na
avaliagdo dos danos cardiacos (PLEBANI & ZANINOTTO, 1999; PENTTILA et al., 1999).
Segundo Bertinchant e colaboradores (2003) a TnT demonstrou grande capacidade para
detectar os menores danos no miocardio induzidos por doxorubicina em comparacdo com

outros marcadores, incluindo Tnl ¢ CK-MB.

Com base na literatura, a introducdo da dosagem de troponina na pratica clinica, tem
facilitado enormemente o diagnostico e avaliagdo do grau de sofrimento miocardico apds
procedimentos clinicos ou cirargicos. Neste caso, o emprego de um sensor que pudesse
monitorar em minutos esse marcador, iria garantir um diagnostico em tempo real e com menor
limite de detec¢do, visto que, o paciente com IAM deve ser diagnosticado precocemente para

melhoria do prognostico e qualidade de vida (DUTRA & KUBOTA, 2007).



2.2 Biossensores, definicédo

Biossensores, por defini¢do, sao dispositivos que tém a propriedade de detectar uma
espécie quimica ou bioldgica (analito), quali ou quantitativamente (ROSATTO et al., 2001).
Ele ¢ composto por um elemento bioldgico (sensor) e um transdutor. O elemento biolégico ou
elemento sensor tem a propriedade de reconhecer seletivamente e interagir com o analito. A
resposta bioquimica desta interagcdo, entdo, ¢ convertida pelo transdutor num sinal elétrico
passivel de ser quantificado (LOUZADA, LUCCAS & MAGALHAES, 2004; FERREIRA &
YAMANAKA, 2006). A Figura 1 mostra um esquema de um biossensor.
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Figura 1: Desenho Esquemdtico 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, ndo sendo
somente restrito ao imunodiagndstico, sendo também para 4drea bioquimica, ambiental
(PERCIVAL et al., 2001), clinica analitica (HE et al., 2007), alimentos (CHANG et al., 2000;
SUSMEL et al., 2000; REZA et al., 2002), entre outros. O mercado de Biossensores ¢ bastante



promissor, foram contabilizados investimentos em 2003 de aproximadamente 7,3 bilhdes de
dolares, mas o mercado esta projetado para melhorar e os investimentos serem em torno de
10,8 bilhdes de ddlares em 2007 com uma taxa de crescimento de aproximadamente 10,4%

(LIN & WANG, 2005).

Como elementos bioldgicos, nos biossensores, podem ser usados: enzimas, sistemas
multienzimaticos, anticorpos, antigenos, organelas, peptidios, oligonucleotideos, organismos,
células, secdes inteiras de tecidos de vegetais ou de mamiferos, etc. Em geral o elemento
bioldgico ¢ fixado (imobilizado) na superficie sensora permitindo repetidas analises (AHUJA

et al., 2007).

A resposta bioquimica da interacdo elemento bioldgico—analito, que serd convertida em
sinal elétrico pelo transdutor, pode ser resultante de alteragdes na concentracdo de prétons, na
liberagio ou captacio de gases (0., CO,, NHj3), de ifons especificos (NH,', de cations
monovalentes, CN", I'), de calor, de massa, de absorbancia, de condutancia ou de transferéncia
de elétrons. 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 reacao redox enzima-substrato terd principios diferentes daquele
para determinar a interacdo 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 (PAVEY, HUNTER & PAUL, 2003); 3- os
opticos (SHIMOMURA et al., 2001; TANG et al., 2006) e 4- os térmicos (CHAUBEY &
MALHOTRA, 2002).

2.2.1 Transdutor Piezoelétrico - QCM

O fendémeno da piezoeletricidade é proprio de cristais com estrutura anisotropica

(namero igual de cargas positivas e negativas), que ndo tem centro de simetria. Neles, a



dire¢do do dipolo ¢ orientada por um eixo polar. Quando um cristal deste tipo ¢ colocado em
condi¢des de “stress” (comprimido ou deformado elasticamente), o dipolo ¢ realinhado
determinando o aparecimento de um campo elétrico; da mesma forma, quando um campo
elétrico ¢ imposto ao cristal, seu estado vibracional ¢ alterado e o realinhamento do dipolo ¢
observado por uma deformacdo mecanica no cristal. Genericamente, quando o cristal
piezoelétrico ¢ submetido a um campo elétrico alternado, ele entrara num estado vibracional
de oscilacdo harmonica gerando uma onda actstica (AW - do inglés “Acoustic Wave”)
podendo operar em freqiiéncias na ordem de 10> a 10° Hz. A natureza cristalina do material, o
arranjo geométrico dos eletrodos e a espessura do dispositivo, além de efeitos térmicos e
quanticos, resultam em diferentes modos de propagacdo das AW (GUILBAUT, HOCK &
SCHMID, 1992).

Os dispositivos AW vém sendo largamente empregados nas areas de comunicagao e de
transmissdo de dados em filtros e circuitos osciladores bastante estaveis. Na area de
biossensores, eles vém sendo explorados como sensores de massa, permitindo detectar fragdes
da ordem de poucos picogramas (TESSIER et al., 1997). A propriedade de sensibilidade a
massa esta relacionada a propagacao das AW. Quando uma pequena quantidade de massa ¢
adsorvida na superficie do cristal, a freqiiéncia de propagagdo das AW ¢ alterada. Portanto, a
quantidade de massa pode ser medida pela alteragdo no valor da freqiiéncia de vibra¢do do
cristal. Embora, sejam atualmente encontrados dispositivos com diferentes modos de
propagagdo de AW, os que vém sendo aplicados no desenvolvimento de biossensores sdo 0s
dispositivos QCM e os SAW (“Surface Acoustic Wave”). Entretanto, os dispositivos SAW

nao vém sendo explorados por ndo operarem em meio-liquido (LIN & SHIH, 2003).

Segundo Su e Li (2001), o QCM ¢ um aparelho de medida de massa que opera de
acordo com o principio de Sauerbrey: qualquer mudanga na massa do cristal muda a
freqii€éncia natural de oscilacdo do QCM proporcionalmente, como descrito pela equacao (1) a

seguir:



AN
AF=-23x qu‘f-'uji—;f » Equagdo 1

Onde, AF ¢ a mudanca de freqiiéncia medida em Hz, F) ¢ a freqiiéncia de ressonancia
. L 2 I
fundamental do cristal de quartzo em Hz, A4 ¢ a area do eletrodo em cm” e Am, a variagdo de

massa devido a deposicao na superficie em gramas.

As primeiras aplicacdes de dispositivos QCM foram para monitorar a deposi¢do ou
evaporagdo a vacuo da espessura de filmes metédlicos, e para a deteccdo de gases
(KING,1964). Guilbault e Luong (1988) publicou um artigo de revisdo identificando
detectores para determinagdo de CO, SO,, NHi;, HCl, compostos organofosforicos,
hidrocarbonetos e outros analitos. Mas estes dispositivos com sistema em batelada t€m como
limitacdo as varias etapas de imersdo e secagem entre as amostras analisadas. Adicionalmente,
este método ndo oferece dados em tempo real (SETHY, 1994; LIU, WANG & HSIUNG,
2001).

Por outro lado, no sistema de analise em fluxo continuo (FIA do inglés — “Flow
Injection Analysis”), as amostras podem ser injetadas sucessivamente devido a solugdo
transportadora ser continuamente renovada (LIU et al., 2003). No FIA, uma célula de fluxo ¢é
utilizada para fornecer dados em tempo real sobre o tempo dos eventos de ligacdo na
superficie do cristal. A andlise ¢ conduzida inteiramente em solu¢do (BUNDE et al., 1998).
Estes sistemas tém a vantagem de permitir respostas “on-line”, requerer menor tempo de
resposta, além de serem mais reprodutivos, uma vez que sao dispensadas as etapas de secagem
do material biologico (LIU et al., 2004). A relagdo entre a variacdo de freqiiéncia e a alteracao
na quantidade de massa acumulada por um cristal ressonador piezoelétrico em meio liquido

foi primeiramente descrita por Kanazawa e Gordon (1985) através da seguinte equacao (2):

)
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Onde, F\ ¢ a freqiiéncia de ressonancia do cristal, pl e 51, sdo a densidade e a
viscosidade absoluta da solug¢do (meio liquido), pq e uq, sdo a densidade e a tensdo de
cisalhamento do cristal de quartzo, respectivamente. Os detalhes das caracteristicas do sensor
de quartzo em fase liquida podem ser revistos por Thompson et al. (1991). A freqiiéncia de
ressonancia ¢ influenciada pela viscosidade, densidade, condutividade, gravidade especifica,

superficie rugosa, etc. (BRUCKENSTEIN & SHAY, 1985; NOMURA & TSUGE, 1985)

O QCM-FIA como apresentado na figura 2 consiste, basicamente, em um disco
confeccionado em cristal piezelétrico de quartzo revestido nas faces superior e/ou posterior
por um depdsito metalico (Ex: Ouro). O cristal é colocado em uma célula de fluxo e acoplado
a um circuito oscilador responsavel pela aplicagdo do campo elétrico alternado ao cristal, cujo
propdsito ¢ provocar uma oscilagdo no centro do cristal piezelétrico. Diretamente ligado ao
circuito oscilador aparece um contador de freqiiéncia (freqiiencimetro) responsavel pelo
monitoramento das variagdes na freqliéncia de oscilagdo do cristal € um computador para
obtengdo e tratamento dos dados. As amostras sao injetadas no fluxo através de uma valvula

injetora com a ajuda de uma bomba peristaltica.

Contador de
Freqiiéncia ‘ I
Valvula Injetora [EST G
\ Computador
> >
Bomba A E
A Descarte
Tampa
ampao Circuito

Oscilador  C¢lula de fluxo
Amostra

Figura 2: Desenho esquemdtico de um biossensor QCM - FIA



A primeira aplicagdo, com sucesso, de um dispositivo QCM em FIA foi conduzida por
Konash e Bastiaans (1980), através do emprego dos cristais piezoelétricos de quartzo como

detectores de massa para cromatografia liquida.

A combinagdo de QCM-FIA com as interagdes altamente especificas de
antigeno/anticorpo faz surgir uma nova geracdo de imunossensores que sdo simples, de facil

uso e permitem a monitoracao on-line de imunoreagdes.

2.3 Imunossensor Piezoelétrico

Com base no reconhecimento do sinal de interesse pelo detector encontram-se, por ex.,
0s imunossensores € sensores enzimaticos. Enquanto que nos sensores com enzima sio
monitoradas as concentragdes de substratos, produtos ou mediadores, nos imunossensores
(RICCARDI, COSTA & YAMANAKA, 2002; TANG, YUAN & CHAI, 2007), que sao

dispositivos analiticos, sdo monitoradas a reagao de afinidade antigeno-anticorpo (Ag-Ac).

No imunoensaio, o sitio combinatério do anticorpo (Ac) ou paratopo interage
especificamente com por¢des mais superficiais (determinantes antigénicos ou epitopos) do
antigeno (Ag) ou hapteno (substancia ndo protéica de baixo peso molecular que pode se ligar a
sitios especificos de combinagdo de anticorpos, mas nao pode, por si sd, iniciar uma resposta
imune), formando um complexo Ag-Ac, conforme a Equacdo 3. Esta interagcdo ¢ caracterizada
por uma constante de afinidade que ¢ fun¢do das concentragdes do complexo formado, do
antigeno e do anticorpo livres no meio de reagdo. Essa interagdo ¢ mantida por forgas fracas,
como forcas idnicas, ligacdes de hidrogénio, forgas eletrodinamicas (Van der Waals) e
hidrofébicas, garantindo o fenomeno da especificidade antigeno-anticorpo (FERREIRA &
YAMANAKA, 2006). Também podem ocorrer reagdes ndo-especificas (reacdes cruzadas) de
outros anticorpos que competem pela ligacdo com o antigeno (WILSON & ALVES, 1987;
RICCARDI, COSTA & YAMANAKA, 2002).



Ac + Ag «» Ag-Ac (3), Equagdo 3

A formag¢do do complexo (Ag-Ac) pode ser monitorada diretamente (sem a presenca de
marcador) ou pelo método indireto (com a presenga de marcadores). Tanto o antigeno quanto
o anticorpo podem ser marcados (conjugados) e as enzimas, atualmente, sdo os marcadores
mais empregados em imunoensaios. Quando um anticorpo ou antigeno ¢ ligado, ou
imobilizado a superficie sensora, ocorre a formag¢dao do imunocomplexo e a energia ¢
transduzida de diferentes formas: eletroquimica, por variacdo de temperatura, luz ou massa

adsorvida produzindo um sinal elétrico.

Sdo trés os principais tipos de transdutores envolvidos no desenvolvimento de
imunossensores: 1- eletroquimicos (DUTRA et al., 2000; LIN & JU, 2005; CONNEELY et
al., 2007), 2-piezelétricos (QCM) (KUROSAWA et al., 2006) e 3- opticos que utilizam a
tecnologia de ressonancia de plasmons de surperficie - SPR (LARICCHIA-ROBBIO &
REVOLTELLA, 2004; DUTRA & KUBOTA, 2007).

A técnica de SPR vem sendo bastante usada na produgdo de imunossensores, mas uma
das limitagdes desta técnica deve-se a sensibilidade, a espessura Optica medida ¢ relacionada
com a massa molecular da camada adsorvida, e pequenas moléculas (massa molecular < 250)
como haptenos, ou baixas concentra¢des, ndo podem ser mensuradas (SETHY, 1994). Em
contrapartida, os imunussensores piezelétricos tém se mostrado mais atrativos, por
apresentarem alta sensibilidade e simplicidade (DENG et al., 2006), podendo medir interagdes
monoatdmicas, com sensibilidade na ordem de 10'*g e por ndo necessitarem de espécies
eletroativas (Ac ou Ag conjugados a enzimas) no processamento, como ocorre na técnica
amperométrica (DU et al., 2007). Isto implica em resultados com menor tempo ¢ possibilidade

de monitoragdo “on-line” da interagao Ag-Ac.



Na literatura tém sido registradas aplicagdes de QCM imunossensor em FIA para
detecg¢do de albumina do soro humano (LIU, WANG & HSIUNG, 2001), de Escherichia coli
em alimentos (ADANYT et al., 2006), de leucemia (ZHENG et al., 2006) etc.

Apesar de inimeros registros na literatura, o imunossensor ndao se encontra totalmente
disponivel comercialmente para as diversas abordagens, acredita-se que alguns dos fatores
sejam, o 1impacto tecnologico, as diferentes realidades para cada sistema de antigeno ou

anticorpo empregado e a etapa de imobilizagdo dessas biomoléculas.

2.4 Imobilizacdo de Compostos Bioldgicos

Um dos grandes desafios para a constru¢do de imunossensores mais sensiveis, robustos
e de maior confiabilidade ¢ a imobilizacdo das biomoléculas sobre superficies condutoras
(FREIRE, DURAN & KUBOTA, 2001; WANG et al., 2002). O desenvolvimento de técnicas
de imobilizag¢do tem sido importante por proporcionar a reutilizagdo das superficies, reduzir
custos e aumentar a estabilidade. Esses fatores dependem principalmente da escolha
apropriada do suporte e dos reagentes utilizados no processo de imobilizagao (FATIBELLO-

FILHO & VIEIRA, 2002; KRAJEWSKA, 2004).
Existem alguns métodos de imobilizacdo empregados mais regularmente, sdo eles:

a) Adsorg¢ao: Este ¢ o mais simples de todos, implicando em minima preparacdo. A ligagdo ¢
de natureza fraca envolvendo interagdo do tipo for¢a de Van de Waals, ligacdes por pontes de
hidrogénio, ou ligagdes hidrofobicas. Em geral, o processo envolve apenas limpeza da

superficie e incubacdo com o material;

b) Microencapsulamento: Este método foi um dos primeiros usados na constru¢do de
biossensores. O biomaterial ¢ mantido aprisionado sobre uma membrana, que ¢ posicionada

muito proxima ou acoplada ao transdutor;



¢) “Entrapment”’: O material bioldgico ¢ misturado em uma solugdo monomérica que € entao
polimerizada, aprisionando o material biol6gico em um gel. Entre mais usados, estdo os géis

de poliacrilamida, de amido e de “nylon”;

d) Liga¢do 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);

e) Ligacdo covalente: Sao métodos que envolvem mais etapas no processo de imobilizagdo,
compreendendo ligagdo do biomaterial ao suporte por um determinado grupo funcional. A
ligacdo com o suporte deve somente envolver grupos ativos que ndo sejam essenciais a

atividade do material biol6gico (GRUBOR et al., 2004);

Apesar de serem bastante empregados, estes processos produzem uma superficie
altamente desorganizada e randomica, 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 deposicao seqiiencial de monocamadas de moléculas funcionais.
Neste caso, ¢ muito mais facil discutir a relacdo entre a estrutura e a fungdo da superficie
modificada (FREIRE, PESSOA & KUBOTA, 2003). Uma alternativa que tem sido muito
usada nas ultimas décadas envolve a imobilizagdo por formacdo de monocamadas auto-

organizadas (SAM do inglés “Self-Assembled Monolayers”) (JIA et al., 2002).

2.4.1 Monocamadas Auto-organizadas

A orientagdo aleatdria das macromoléculas de anticorpos na superficie do suporte ¢é
uma das principais razdes para uma baixa atividade bioldgica. O uso das SAMs oferece uma

alta organizacdo e orientacdo das biomoléculas, assegurando um comportamento homogéneo



em toda a superficie do suporte, contribuindo para a obten¢do de imunossensores com maior
sensibilidade e reprodutibilidade (DONG, 2005; FREIRE, PESSOA & KUBOTA, 2003;
CHAKI & VIJAYAMOHANAN, 2002). Também sao empregadas no estudo da transferéncia
eletronica direta entre materiais biocataliticos e eletrodos; na viabilizagdo do uso de sistemas
miméticos que empregam sistemas sintéticos com propriedades biocataliticas, além de
proporcionar uma melhor compreensdo dos mecanismos de inimeros processos quimicos e

biologicos (FREIRE, PESSOA & KUBOTA, 2003).

As SAMs sdo formadas espontaneamente como conseqiiéncia da imersdo de uma
superficie s6lida em solugdo constituida de moléculas anfoteras. Uma variedade de materiais
(superficie de Pt, Au, Ag, e Cu etc.) e de moléculas anfoteras (como derivados alquil, dlcoois,
aminas, tidis e etc.) t€ém sido empregados na confec¢ao desses sistemas organizados (SMITH,

LEWIS & WEISS, 2004).

Essas monocamadas tém sido construidas principalmente por silanizagdo, filmes de
Langmuir-Blodgett ou pela funcionalizacao por alcanotidis sobre superficies metalicas (FU et
al, 2005), sendo que os sistemas mais comumente usados tém sido os tidis sobre superficies de
ouro (Au) (CAMPUZANO et al., 2003; ULMAN,1996; O'DWYER et al., 2004). O grupo
terminal de enxofre destas moléculas ¢ ligado ao Au via uma ligagdo RS-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. Este tipo de
forma¢do de SAM envolve uma adsor¢do irreversivel de alcanos funcionalizados sobre
superficies metalicas, devido a ligagcdo RS-Au ser extremamente forte e estavel, resultando na
obten¢do de uma estrutura molecular ordenada, especificamente orientada. Além disso, a
capacidade do uso de tidis com diferentes grupos funcionais torna possivel o desenvolvimento
de superficies com propriedades e func¢des distintas, viabilizando interagdes quase especificas
entre a superficie eletrédica e o material bioldgico, com alto grau de controle sobre sua

arquitetura molecular (FREIRE, PESSOA e KUBOTA, 2003).



Neubert e cols. (2002) demostraram que a presenca das monocamadas auto-
organizadas pode melhorar a sensibilidade do imunossensor, confirmando que o IgG sobre a
SAM esta imobilizado de modo orientado. Esta caracteristica est4 evidenciada na figura 3, que
mostra esquematicamente a comparagdo entre métodos de imobilizacdo por adsor¢do, por
encapsulamento ou ligagdo cruzada e a orientagdo por SAM de uma biomolécula (GILARDI E

FANTUZZI, 2001).

(b)

Figura 3: Representagdo esquemdtica dos processos de imobiliza¢do de biomoléculas por adsor¢do fisica (a),

encapsulamento por ligacdo cruzada (b) e acoplamento orientado por SAM (c).

Devido a diversidade nas potencialidades de modificacdes (quimicas e bioldgicas) dos
eletrodos, varias novas aplicacdes das SAMs sdo esperadas num futuro proximo. Um exemplo
bastante promissor ¢ sua aplicagdo no desenvolvimento de nanotecnologias para a construgao
e modificagdo de arranjos de ultramicroeletrodos (OLIVEIRA E VIEIRA, 2006). Esta
possibilidade ¢ de grande interesse para diversas aplicagdes, tais como clinica, farmacolégica,

alimenticia, industrial ¢ ambiental (MELO & KUBOTA, 2007).



3. OBJETIVOS

3.1 Objetivo Geral

e Determinar a TnT cardiaca humana empregando sistema de microbalanca de quartzo

por inje¢do de fluxo;

3.2 Objetivos Especificos

* Propor métodos para imobilizagdo de anti-TnT empregando SAM em suportes de ouro;

= Estabelecer curva de calibragdo do imunossensor para determinacdo da troponina T
cardiaca humana;

* Estudar comportamento do imunossensor piezoelétrico frente a variacdo térmica,

quantidade de anti-TnT imobilizada e agente bloqueador;

= Testar possivel reutilizacdo do imunossensor e

= Realizar ensaios preliminares com soros humanos.
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Abstract

Background: The cardiarc troponin T (cTnT) is specific biomarker important for trials of acute
myocardial infarctions. Quartz crystal microbalance (QCM) biosensor integrated in a flow injection
analysis system based on the alteration of electric frequency in response to the antigen-antibody
interaction was used for the real-time investigation of the interaction between human cTnT and its
specific monoclonal antibody (mAb).

Methods: The gold surface of an electrode quartz crystal was modified by use of cysteamine (CYS)
self-assembled monolayer (SAM). The mAb-cTnT was immobilized onto the amine-coated surface via
glutaraldehyde.

Results: A positive correlation was found between the cTnT concentration and frequency changes (R2
=0.99678) and the detection limit was 0.025 ng/ml in this QCM system. The effect of the CYS
concentrations on the SAM coated gold sensor was studied as a function of the amount of the
immobilized cTnT monoclonal antibodies. The sensor surface could be regenerated by using a solution
of 1% (w/v) sodium dodecyl sulphate without losing the sensor immunoreactivity.

Conclusion: It was possible to measure the cTnT without dilution of the human serum with good
specificity and reproducibility. Application of the QCM immunosensor to clinical samples demonstrated

that results were in good agreement with ELISA.

Keywords: QCM, SAM, troponin T.



1. Introduction

The determination of the cardiac troponin T (cTnT) can contribute to the diagnosis and
treatment of infarct acute of the myocardium (IAM) and for the bedding of the patients’ risks with acute
coronary syndromes because respect the relative risk of mortality. In these patients, troponin has
higher sensitivity and specificity compared to creatine kinase or its MB isoform (CK-MB) [1-4]. The
cTnT originates exclusively from the myocardium and has a molecular weight of 39kDa [5]. Several
methods have been shown to be able to detect the troponin T such as enzyme-linked immunosorbent
assay (ELISA) [6], radioimmunoassay (RIA) [7], electrochemiluminescence immunoassay [8] and
immunochromatographic [9] tests. However, these tests require labels, involve several steps and time
consuming. During the myocardial infarctions (MI) the troponin T is immediately released to
bloodstream. Then a sensor able to monitor this cardiac marker in less than 10 min would improve the
patient care by allowing a definitive diagnosis of Ml in real-time, and having a lower detection limit is
more advantageous in providing more sensitive results.

The quartz crystal microbalance (QCM) immunosensor has been attempted as a transducer
among immunossensing methods, because it is capable of measure the interaction between proteins
and to detect the analytes in complex medium [10-13]. The QCM can be operated as a mass-loading
sensor in which the acoustic mode propagates in the direction normal to the plane surfaces of a
crystalline plate. When an appropriate alternating electrical potential is applied to gold electrodes on
opposite sides of the piezoelectric crystal, the crystal will oscillate at a characteristic frequency,
measured as baseline. As the analyte binds the coated surface, there is an increase in mass at the
interface, which will decrease the oscillation frequency. The observed frequency change is directly
proportional to the increase in mass and can, therefore, be correlated with analyte binding. The QCMs
can operate in air or liquid, in air operation the QCM method is not particularly reliable, due to the ‘dip-
and dry’ procedure, handling, and lack of reproducibility [14]. On the other hands, in liquid operation is

possible to the real time output and automated or continuous operation suggesting that they are close



to commercialization [15]. Further, QCM biosensor integrated in a flow injection analysis (FIA) system
has the advantage to work continuously and to monitor on-line the binding of the analyte [16]. No
complicated and irreproducible drying procedures are needed and a highly automated test
performance can be achieved. In addition, the binding results in a change of resonance frequency of
the crystal and thus immunological marker, such as enzyme or fluorescence labeled tracers, are not
necessary. Depending of the resonant crystal frequency, the resonator QCM can be developed to the
mass sensitivity extended from the nanogram level to the picogram level.

The relationship between the oscillation frequency change of a quartz resonator in contact with
liquid and accumulated mass had first realized by Kanazawa and Gordon (1985) who derived the

following equation [17]:
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where Fo is the resonance frequency of the crystal, p1 and n the absolute viscosity and density
of the solution, pq and uq the density and shear modulus of the quartz crystal, respectively.

In the manufacture of QCM sensor, the techniques for immobilization of the biomaterials play a
significant role. The immobilization process not only ensures the intimate contact of the biological
entities with the transducer but also aids in the stabilization of the biological system, enhancing its
operational and storage stability [18-20].

Preparation of an immunosensor involves coating the QCM with a functional film to which
either antibody or antigen is immobilized by chemical or physical treatment. As a consequence,
optimization of immobilization strategies for biomolecules is the key problem to be addressed before
such devices can be used on a larger scale [21]. The immobilization procedures should guarantee
preservation of the activity of the immobilized biomolecules. Some immobilization methodologies, e.g.

cross-linking and covalent attachment [22-26], however can suffer from problems such as reduced



sensitivity and unfavorable detection limits, because of loss of some bioactivity by entities of relatively
large size and mass added to the QCM before analyte detection [27]. Regeneration can also cause
problems in these immobilization procedures. Direct attachment, which would greatly simplify the
immobilization and regeneration processes, can, however, suffer from problems associated with
stability and reproducibility. In the work, an attempt to improve sensitivity of immunosensor was
achieved by use of self-assembled monolayer (SAM) approaches, in order to enable immobilization of
anti-cTnT on QCM immunosensor for trial of the myocardial infarctions. A flow type quartz crystal
microbalance immunosensor for real time determination of cTnT is described in this manuscript. SAM
of cysteamine (CYS) and glutaraldehyde (GLUT) were used for the immobilization of antibodies to the
gold surface of quartz crystals. A frequency was detected as the immunoreaction between the cTnT
and its antibodies. Furthermore, cTnT concentrations in buffer and human serum were determined by
this QCM sensor. In this report, we show that the QCM measurement is useful for the determination of

the cTnT.

2. Materials and Methods

2.1 Reagents

The monoclonal anti-TpT (mAb ¢TnT) and the human cardiac troponin T were acquired from
Roche Diagnostics (Germany). Samples of Human Cardiac Troponin T were collected from venous
blood and immediately centrifuged for 120s at 1150 rad/s. An aliquot of serum was analyzed and the
remaining serum was frozen at -20°C and stored for three to five weeks. Donors’ sera were provided
by Oswaldo Cruz Hospital Central Laboratory (Recife, Brazil).

All the reagents were prepared with chemicals of analytical grade. 2- Aminoethanothiol (CYS),
25% GLUT, glycine and Bovine Serum Albumin (BSA) were acquired from SIGMA-ALDRICH (USA).
Ethanol and NaOH were purchaded from Biotec (USA). A phosphate buffered saline (PBS), pH 7.4,

10mM, used in all experiment, except special remark, was prepared by dissolving 0.2g KCI, 8.0g NaCl,



0.24g KH2PO4 and 1.44g Na2HPOs4, in 1000mL ultra pure water. All the reagents were prepared with
chemicals of analytical grade. The water used in all solution preparations was obtained from a Millipore
unit (USA). The quantitative determinations of Troponin T in human serum were processed in the

Roche Elecsys 2010 immunoassay analyzer.

2.2 Apparatus

A schematic illustration of the QCM system is depicted in Fig. 1. A 10 MHz AT-cut piezoelectric
quartz wafer attached with two gold electrodes of 8 mm diameter acquired from Universal Sensors
(New Orleans, U.S.A) was used as the transducer of the QCM biosensor of this study. The QCM
electrode was connected to the homemade TTL oscillator coupled to a frequency counter (Agillant,
model 011) which was used to register the frequency changing at a microcomputer by RS-232 serial .
With the antibody-coated gold surface upside, the crystal was placed with O-rings between two acryl
holders of a self-made flow cell with a nominal internal volume of 150 ul and was fixed by long joints.
The samples and the washing solution were injected in the flow cell using an injection valve equipped
with a peristaltic pump (Chromatograph ATTO). The pumping rate was set to 100 yL/min. The flow of
solution was stopped during the incubation steps. All experiments were carried out at 25°C and the

frequency was monitored in real time with a sample rate of 0.11 Hz.

Insert Figure 1

2.3 Preparation of gold surface of an electrode quartz crystal

Prior to use, the gold surface of the QCM electrode was cleaned with the ‘piranha’ solution (a

1:3 mixture of 30%, v/v, H,O,/conc. H,SO,) for 2 min and rinsed with ultrapure water. After that the



QCM electrode was setup in the QCM system, and an ethanol solution was maintained at flow

100uL/min during 300 s to remove all organic contaminants.

2.4 Modification of the gold surface with CYS/GLUT methods

The SAM layer of thiols in the QCM electrode was prepared by injection of a solution freshly
prepared 25mM CYS in ethanol (150puL) into the flow cell for 2h of deposition at stopped flow. After
that, the electrode was thoroughly rinsed with PBS at flow during 4 min followed by a injection of
150uL of a solution also freshly prepared 2.5% (v/v) GLUT in 50 mM PBS (pH 7.4) to interact with the
cysteamine modified-coated QCM surface during 45 min at stopped flow. The sensor disc was rinsed
in PBS by 4 min at flow. Finally, the SAM on sensor disc was ready. Immobilization of the mab cTnT on

the SAM was carried out in QCM system.

2.5 Immobilization of mab ¢TnT on the gold electrode

The mAb-cTnT (1.2pg/mL) in PBS was injected in the flow cell for 1 h and covalent by amino
reactive group of mab-cTnT with the aldehyde terminals was achieved. After coated mAb-cTnT, the
flow cell was washed with PBS during 4 min. For blocking non-occupied spots on the sensor surface a

solution of 10mM glycine in PBS during 1h was given on the sensor.

2.6. Sample injection of cTnT in the QCM system

Samples containing cTnT (100uL) were injected in the flow cell and incubated during 20 min at
stopped flow, while the QCM frequency was monitored during an analytical run. After that, the flow cell
was PBS washed during 4 min. The non-specific adsorptions were removed by PBS washing at flow of
100uL/min. The interaction between immobilized mAb-cTnT and cTnT was removed by injection of a

solution of 1% (w/v) SDS dissolved in PBS in the flow cell (150uL) during 3 min. Afterwards the flow



cell was washed with PBS and the baseline was restored. Then, the coated sensor disc was ready to
new runs. This experiment was performed at room temperature (25+1° C). The flow cell was washed

with PBS for Smin until the resonant frequency returned to the baseline.

3. Results and discussion

3.1. Immobilization procedures of the immunoelectrode

Self-assembled monolayer on gold surfaces have become an increasingly important method
for molecular immobilization [28,29]. The cysteamine was chose to pursue an SAM having a thiol-
terminated linker which attaches it to the gold surface [30]. Amine coupling is known for the random
immobilization which causes the ligand to be bound in different orientations. To overcome ligand
heterogeneity other immobilization chemistries or ligand capturing can be used, in this work, the
coupling cysteamine—glutaraldehyde method was used. The reaction of glutaraldehyde with a primary
amino group to form a Schiff base bond has been investigated and applied to covalently binding
compounds and antibody-containing amino groups [31]. As reported elsewhere, the gold electrode
surface was functionalized with primary amino groups by chemisorptions of cysteamine. The amino
tails of SAMs and the mab-cTnT reacted with the aldehyde groups of bifunctional reagent
glutaraldehyde. The electrode modification and the immobilization process are illustrated in Fig. 2.

For AT-cut piezoelectric crystals, when materials are deposited or adsorbed on the surface of
crystal, an increase in the oscillating mass results with the changes of resonant frequency (AF).
Therefore, the growth of multilayer films on the sensor surface can be monitored by the decrease of
frequency. When the solution of 25mM CYS was injected in a flow cell during approximately 2 h, the
frequency shifted was 1.14 GHz with a low low coefficient of variation ( CV = 10.10%) as a result of
the SAM tightly attached to the gold electrode surface by use of thiol group. The use of ethanol instead

of water or buffers to dilute the CYS promoted a more homogeneous layer. After 2.5% GLUT



incubation followed by PBS washing, a shift of 1.81 GHz was observed. The incubation time of
glutaraldehyde can affect the multilayer of the immobilized component on the surface. In this assay,
the incubation time was controlled at 45 min and the reproducibility achieved in six assays showed a
good CV = 13.6%. Although more amount of mab-cTnT was immobilized when the incubation time was
up to 45 min, the relative standard deviation was higher as result of uncontrolled multilayer. Table 1
shows the change of resonance frequency of the SAM preparation on gold sensor in the flow stream of

QCM system

Insert Figure 2

Insert Table 1

3.2. Analysis of mass loading by mAb-cTnT

Using the QCM biosensor, the optimal amounts of mass loading by mAb-cTnT could be
estimated as function of cTnT interaction [22]. During the layer preparation, the QCM signal was
measured online and the optimal mass loading was established from the baseline changes before and
after sample injection of cTnT. When different concentration of mAb-cTnT was immobilized (0.1, 0.6,
1.2 and 10.0 pg/mL), the optimal response to cTnT interaction was reached at 1.2ug/mL according to
Fig. 3. The amount of antibodies immobilized increased obviously with the increase of antibody
concentration from 0.1 to 1.2 pyg/ml and stabilized thereafter. In this concentration, the maximal
frequency shift was measured as resulting of equilibrium of demanded immobilized antibodies on the

QCM electrode.

Insert figure 3

3.3. Optimisation by SAM coupling

The effect in the amount of antibodies immobilized as a fution of the CYS concentration was

investigated. Then, a higher concentration of CYS than 25mM was tested so that more amounts of



antibodies could be immobilized achieving the plateau at 25mM, as be noted in Fig. 4. It was a discrete
decrease in the amount of immobilized antibodies for the all concentration up to 50mM suggesting that
a steric hindrance has occurred due to uncontroled assembled monolayers on the QCM electrode

surface [32]. Then, the concentration of 25mM was chosen for the SAM preparations.

Insert Figure 4

3.4. Response to the cTnT by QCM immunosensor

The calibration curves of the immunosensor were obtained from successive injections of cTnT
at the concentration of 0.05 ng/mL followed by PBS washing during 4 min at 100 pL/min after each
injection. The cTnT samples prepared in PBS (pH 7.4; 10mM) were incubated during 20 min at
stopped flow, while the QCM signal is being monitored. The interval of incubation was established in
our previous studies with serum samples; at 20 min the monitored QCM signal reaches the plateau
when the highest concentration of the cTnT measured by this system was bound to the sensor surface.
The washing with PBS had the function of dissociating the excess of non-bounded antigens, which
imply on false response of the sensor. Moreover the effect due to the different refractive indexes of the
samples and PBS stated as baseline are compensated when the flow filled with PBS is monitored, then
the changes in the resonant frequency were calculated from difference between PBS and previous
baseline (Fig. 5). According to the calibration curve, the immunosensor reached a plateau at 0.55
ng/mL of ¢TnT and the linear range was up to 0.05 ng/mL (Fig. 6a). The data from the plotted curve
presented a high linearity: r = 0.994 (p <0.0001, n=9), combined with a low relative error of 4.1 % (Fig.
6b). The detection limit (DL), defined as the minimum concentration of cTnT that can be measured and
reported with 99% confidence that the analyte concentration is greater than zero, was determined from

analysis of a cTnT samples in PBS.

Insert Figure 5



Insert Figure 6a and 6b

3.4. Effect of temperature and blocking agent

Association and dissociation rate constant increase with increasing temperature because of
increasing diffusion rate between biomolecules. In this work, the effect of temperature was studied as
function of the mAb-cTnT and cTnT interaction. Figure 7 shows the thermodynamic curves established
at different temperature of incubation between mAb-cTnT at 1.2 pug/mL mab-cTnT with different
concentrations of the cTnT (0.1ng/mL, 1.0ng/mL, 2.0 ng/mL and 4ng/mL). Time the incubation time of
20 min was chosen to remain studies.

As noticed, the curves reached the plateau approximately at temperature up to 37° C, probably
due to the increase in the equilibrium constant that can be explained by the change in dissociation rate
constant, which increases with rising of temperature [33].

It is important to block the unreacted sites on the sensor surface to reduce the amount of
nonspecific binding of proteins during subsequent steps in the assay. The ideal blocking buffer will bind
to all potential sites of nonspecific interaction, eliminating background altogether without altering or
obscuring the epitope for antibody binding. For true optimization of the blocking step for a particular
immunosensor, empirical testing is essential. Many factors, including various protein: protein
interactions unique to a given set of immunoassay reagents, can influence nonspecific binding. No
single blocking agent is ideal for every occasion since each antibody-antigen pair has unique
characteristics [34]. The BSA is an important blocking agent used in ELISA immunoassays, however
when applied in QCM immunosensor showed a irregular response. In this work, a comparison of two
different blocking agents showed that the glycine was 17% better than the BSA (Fig. 8). Then, the
glycine resulted at a low of non-specific binding.

Insert Figure 7

Insert Figure 8



3.6. Regeneration of the immunosensor

Regeneration strategy is a key factor for developing a practical and advantageous QCM
immunosensor. In many QCM immunosensors employing direct-binding strategy for antibody
immobilization, although regeneration is done by only removing the analyte, those dissociating agents
cannot desorb the antigen completely. At the same time, these methods involve relatively aggressive
chemicals that could partially desorb the bound antibody and reduce the lifetime and reusability of the
coated crystal [35]. Some studies have pointed out 0.1 M NaOH solutions to disrupt the
immunocomplex [36,37]; however, this solution did not restore the baseline after PBS washes,
indicating that not all antigens were leached out from the surface (Fig. 9). In the present study, 1%
(w/v) SDS prepared in PBS was efficiently employed for the total elution of the antigen. The
concentration of SDS and time of exposure of the SDS solution were optimized not only to remove the
antigen from the sensor surface, but also to preserve the antibody activity. As can be seen in Fig. 9,
only a partial elution of the cTnT at concentration 0.1% and 0.2% SDS (during 5 min exposure) was
reached. When 1% SDS (during 3 min exposure) was employed, the baseline was totally restored so
that new cycles in the SPR sensor were possible. Serum samples were successively injected in the
SPR system, followed by PBS washes. As can be observed, not only the cTnTwas removed, but other
non-specific proteins present in the serum adsorbed at the sensor surface were also leached out. The
results showed that 1% SDS surfactant was needed to restore the baseline and preserved a good

sensitivity of immunosensor.

Insert Figure 9

3.7. Measuring in the human serum samples

To accomplish the human ¢cTnT QCM response in complex medium, serum samples (100uL)

was injected in the flow cell and incubated during 15 min, after that the non specific adsorption was



removed washing out with PBS at 100 uL/min and the shift of frequency was monitored for 5 minutes.
The experiment was conduced at room temperature (25 + 1°C). The main advantage of the stopped
flow rate during the incubation steps is the practice, faster and is possible to measure the cTnT without
dilution of serum sample. A low volume of human serum used is often desirable in the conventional
methods of clinical routine. The amount cTnT of serum samples was previously measured by Roche
Elecsys 2010 immunoassay analysers based on ECLIA -Electrochemiluminescence immunoassay.
The QCM curve plotted as response to the concentration of cTnT in the serum samples presented a
linear correlation, r =0.97312 (p < 0.005), see Figure 11. The error bars corresponding to standard
deviation from three replicates analysis from a single sample after regeneration with 1% (w/v) SDS.
The results in Table 2 show the comparison between biosensor and ECLIA methods for different
serum concentration. A paired ttest was processed and the measurements of this QCM imunosensor
to cTnT determinations showed a good agreement with the ECLIA methods at 95% confidence
interval. These results show that the new QCM imunosensor to cTnT determinations presented good

reproducibility and agreement with the ECLIA methods.

Insert Figure 10

Insert Table 2

Conclusion

The developed QCM associated with FIA system is believed to share even more economical
and simple than the immunoassay methods. From the practical viewpoint, protein immobilization on
chip surface via SAM approach can easily be scaled up. The sensitivity, ease of operation, minimal
sample processing, and economical cost are unique advantages for bringing QCM in routine clinical for
determination of the cardiac troponin T. This technique has the advantage of being faster and

permitting a label-free analysis of serum.
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Table 1.

Frequency shift of quartz crystal for immobilizing antibody procedure

Frequency Shift CYS GLUT mAb-cTnT

AF(Hz) ( mean +S.D.)? 1.13x10"0 + 1.98 x 10% + 1.48x10°% +
1.14x10° 2.7x10’ 5.1x10°

CV (%) 10.1 13.6 0.34

a Standard deviations (S.D.) of five results.

Table 2.

Concentration of cTnT in serum (ng/mL)

ECLIA QCM Immunosensor
0.125 0.138

0.51 0.5

1.02 0.93

1.57 1.55

2.01 2.04




Captions for Figures

Figure 1. Schematic representation of the principle of QCM immunosensor for cTnT determinations.
Figure 2. llustration of the immobilization scheme of mAb-cTnT.

Figure 3 Analysis of mass loading by mab-cTnT at concentrations of 0.1ug/mL, 0.6 pg/mL, 1.2 pg/mL
and 10 pg/mL.

Figure 4. Effect of the concentration of CYS for thiol monolayer as a function of the amount of the
immobilized cTnT monoclonal antibodies. Means in five replicates assays.

Figure 5. Sensorgram of response of immunosensor for cTnT in successive injections of 0.05 ng/mL
cTnT in PBS. The change in resonance frequency was considered after the injection of PBS. The
experiment was conduced at room temperature (25+ 1°C) at pH 7.4.

Figure 6. (a) Calibration curve of QCM immunosensor for 0.05NG1.0 ng/mL cTnT injections with
immobilized mab anti-cTnT (1.2 pg/mL).; (b) Linear fit as function of ¢TnT concentration in four
replicates run (r = 0.994 ;p <0.0001, n=9),.

Figure 7. Effect of temperature as function of interaction of mAb-cTnT and cTnT at concentrations of
0.1ng/mL, 1.0 ng/mL, 2.0 ng/mL and 4.0 ng/mL. The error bars represent the standard deviation in four
replicates.

Figure 8. Efficacy of block with 0,1M glycine and 1% BSA (w/v) after the 1.2 pg/mL mAb-cTnT
immobilization.

Figure 9. Sensorgram illustrative of the regeneration with 0.1 M NaOH and SDS at concentrations of
0.1%, 1% and 2% (w/v) when a fixed concentration of 0.2 ng/ml of cTnT was injected in the QCM
system over 1.2 pg/ml of mAb-cTnT immobilized sensor chip. The experiment was conduced at room
temperature.

Figure 10. Response of QCM immunosensor for the samples of serum at different concentration of

cTnT measured by ECLIA methods. Means of three replicates analysis after regeneration with 1%SDS.



Captions for Tables

Table 1: Change of resonance frequency of the SAM preparation on gold sensor in the flow stream of
QCM system.
Table2: Results of concentrations of cTnT from human serum measured by ECLIA methods and

average on three replicates in the QCM immunosensor from different serum samples.



6. CONCLUSOES

Diante dos resultados, pode-se concluir que:

e A imobilizagdo de anti-TnT por SAM de tidis mostrou-se satisfatoria para aplicacdo no
desenvolvimento do imunossensor;

e A caracterizacdo da SAM de tiol na superficie do ouro demonstrou atividade maxima
da ligacdo do anti-TnT na concentracdo de 25mM de cisteamina;

e Foi possivel a reutilizacdo do imunossensor com restauracdo do material imobilizado
quando usada uma solugao de 1% SDS;

e A curva de calibragdo atingiu atividade maxima de ligagdo do c¢TnT em
aproximadamente 1.2ug/mL de anti-TnT;

e O sistema mostrou-se vidvel para deteccdo de anticorpos no soro humano, com limite
de deteccao de 0,05ng/mL de TnT comparados ao método ECLIA.

e Os ensaios preliminares com o biossensor em soro humano mostraram-se viaveis;

e Um método diagnoéstico rapido para dosagem de TnT foi proposto abrindo perspectivas
para o desenvolvimento de um método portatil e de menor custo que possa ser

aplicado na clinica médica.
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consecutively and carry a running title, in the upper right corner, starting with the title page of
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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.

Text. After the Abstract, Original Research Communications should be organized in the
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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.
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in accordance with a sequence established by the first identification in the text of the particular
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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
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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.
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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
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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
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7.2 Resumos publicados em Anais de Congressos
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Studies on the Antibody Orientation at L-Lysine Self-Assembled Monolayers Modified Aluminum
Support for Immunosensing Electrodes Development

Santos, R. F. R."% Mattos, A. B."% Freitas, T. A.>°; Lima-Filho, J. L."%:
Dutra, R. F.%*: *Silva, V. L."*
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Patologia / Universidade de Pernambuco - UPE; 4. Departamento de Engenharia Quimica / UFPE; 5. Instituto de Ciéncias
Bioldgicas / UPE.

The coupling of a biological sensing element (such as antibodies, enzyme or cells) with a transducer,
either electrochemical, optical or piezoelectric, is the basis of biosensor. The two crucial components of
the biosensor are usually integrated by the immobilization of the biorecognition molecule onto the
surface of the transducer. Immobilization of the biomolecule is a particularly demanding aspect of the
fabrication of the biosensors as the immobilization procedure must maintain the biorecognition
molecule close to the transducer surface, while retaining its biological activity, a reproducible manner.
The use of self-assembled monolayers (SAMs) can potentially provide a reproducible and robust
method of fabrication immobilized antibodies layers where some control over the orientation and
distribution of the antibodies is afforded. The aim of this work is to specifically study on the antibody
orientation at L-lysine SAM modified aluminum supports. The SAM modified aluminum support was
prepared by incubating 10mM 3-Mercaptopropionic acid (3-MPA) in ethanol for 2h at room
temperature. For the coupling of antibodies, the surface was treated with 50mM 3-(dimethylamino-
propylethyl)-N-ethylcarbodiimide/ 50mM N-hydroxysuccinimide in PBS (pH 5.0) for 30 min followed by
incubation 0.1% (w/v) lysine in PBS, then a solution 1 [ g/mL of immunoglobulin G (IgG) was
incubated for 30 min. In order to block the other reactive sites, 1% (w/v) bovine serum albumin solution
was used for 30 min. In comparison to the control, the use of lysine was better the antibodies
orientation, and the average of absorbance measure was twice more than the control (without lysine).
In addition, the pH effects were also evaluated showing best results at pH 9.6. Finally, these results
showed the lysine at SAM modified metallic surface can improve the immunosensing electrode
performance.



7.2.2 XXXV Reunido Anual da Sociedade Brasileira de Bioquimica e Biologia Molecular — SBBq

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

Mercés, A. M. A." % Shinohara, N. K.2.; Santos, R. F. R."?; Mattos, A. B."% Lima-Filho, J. L.";
Dutra, R. F.2?

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.
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A novel capacitive sensor based on aluminum-deposited silicon wafer for immunodiagnosis

Renata F.R.Santos1’2;AIessandra B.Mattos1’2;Tatianny A Freitas'
Elder A.Vasconcelos*:Valdinete L.Silva®;Rosa F.Dutra'?
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The interest concerning fast and sensitive techniques for diagnosis has increased as a consequence of
the rapid developments within the biotechnology. The capacitive biosensor has a metal surface
transducer with immobilized specific antibodies. The interactions between the antibodies and the target
analyte result in a capacitance change at the solid-liquid interface due to alterations of the electric
double layer created in close proximity to the transducer during the applied potential pulses. The main
advantages is that no labels is necessary, since the binding of the antigen was detected directly. In this
work, microelectrodes was performed by thermal evaporation on the backside of silicon wafer, the
aluminum-deposited silicon wafer was annealed for the purpose of performing ohmic contact between
two strips. The purposed microelectrode was coupled to a Parameter Analyser(Hewllet-Packer,USA)
for potentiostatic capacitance measurements. The capacitive sensor consisted of self-assembled of
thiols compounds on aluminum strips to which antibodies towards. As model of antibodies was used
immunoglobulin  G(anti-IgG). The self-assembled monolayer onto electrodes was obtained by
immersing of the silicon wafers in a cysteamine solution(25mM) followed by glutaraldehyde for cross
linking immobilization of anti-lgG. The capacitive response to the immobilization was proportional to the
amount of the IgG attached to the anti-IgG immobilized. This developed platform can be applied for
several immunoassay systems due to rapid and low cost advantaging.

Keywords:biosensor,silicon wafer,immunodiagnosis
Supported-by:CNPq,FACEPE,UPE
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Study of self-assembled monolayers of thiols on gold electrodes for immunosensors

Alessandra B. Mattos"; Tatianny A. Freitas®®; Renata F. R. Santos';
M2 Mascena D. Maia®; Rosa F. Dutra®3 ;Valdinete L. Silva*
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The immobilization step of the molecule is a particularly demanding aspect in the fabrication of the
immunosensors. As the immobilization procedure must maintain the biorecognition molecule close to
the transducer surface, while retaining its biological activity, a reproducible manner. The use of Self-
Assembled Monolayers(SAMs) can potentially provide a reproducible and robust method of fabrication
immobilized antibodies layers. In this work, two methods of SAM of thiols were tested for the
immobilization of immunoglobulin G(IgG) aiming their use in a piezoelectric immunosensor. The
electrodes consisted of a quartz crystal wafer sandwiched by two gold contacts (0.78cm®). Two
methods of immobilization were tested: via 3-mercaptopropionic acid(MPA) mixed to 11-
Mercaptoundecanoic acid(11-MUA) and via Aminoethanothiol(AET). In the first method, the electrodes
were immersed in a mixture equimolar of 3-MPA and 11-MUA (10mM), followed by incubation with N-
hydroxysuccinimide 0,2M/ 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 0,1M(1:1). In second
method, the electrodes were immersed in a solution of 25mM of AET, followed by glutaraldehyde
2.5%(v/v). After the SAM obtained, an IgG solution were incubated for 1h. Studies of concentration of
immobilized antibodies, pH stability and blocking agent were carried out. As comparing the two
methods, the via AET immobilization showed more sensitivity and reproducibility than the mixed via 3-
MPA and 11-MUA.

Keywords:immunosensor,SAM,gold electrode
Supported-by FINEP and FAPESP.
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