PONTIFICIA UNIVERSIDADE CATOLICA DO RIO GRANDE DO SUL
FACULDADE DE BIOCIENCIAS

PROGRAMA DE POS-GRADUACAO EM BIOLOGIA CELULAR E MOLECULAR

LAURA SCHIRMBECK MARDER

PRODUGAO DA PROTEINA RECOMBINANTE ANEXINA V HUMANA EM CULTIVOS DE
Escherichia coli EM BATELADA ALIMENTADA

Porto Alegre

2013



LAURA SCHIRMBECK MARDER

PRODUCAO DA PROTEINA RECOMBINANTE ANEXINA V HUMANA EM CULTIVOS DE
Escherichia coli em BATELADA ALIMENTADA

Dissertacdo apresentada ao Programa de Pods-
Graduacdo em Biologia Celular e Molecular da
Pontificia Universidade Catdlica do Rio Grande
do Sul como requisito para a obtenc¢do do titulo
de Mestre em Biologia Celular e Molecular.

Orientador: Prof. Dr. Didgenes Santiago Santos

Porto Alegre

2013



LAURA SCHIRMBECK MARDER

PRODUCAO DA PROTEINA RECOMBINANTE ANEXINA V HUMANA EM CULTIVOS DE
Escherichia coli em BATELADA ALIMENTADA

Dissertacdo apresentada ao Programa de Pods-
Gradua¢dao em Biologia Celular e Molecular da
Pontificia Universidade Catélica do Rio Grande
do Sul como requisito para a obtengao do titulo
de Mestre em Biologia Celular e Molecular.

Aprovado em de de

BANCA EXAMINADORA:

Prof. Dr. Jarbas Rodrigues Oliveira— PUCRS

Profa. Dra. Giandra Volpato— IFRS

Prof. Dr. Rodrigo Guerino Stabeli — FIOCRUZ

Porto Alegre

2013



Dedico este trabalho aos meus pais,

Osvaldo e Magda Marder, que sempre

me apoiaram e me incentivaram em

todos os momentos.



AGRADECIMENTOS

Agradeco ao meu orientador Prof. Didgenes Santiago Santos por ter acreditado em mim e
me proporcionado essa oportunidade, pelos ensinamentos e pelo apoio dispensado na

realizacdo deste trabalho.

A equipe da QuatroG P&D e aos colegas do Centro de Pesquisas em Biologia Molecular e
Funcional pelo carinho, amizade, ajuda e forca nos momentos dificeis que foram

fundamentais para a realizagdo deste trabalho.

Ao José Eduardo Sacconi Nunes, a Diana Carolina Rostirolla e ao Prof. Cristiano Valim
Bizarro, pelos conselhos, pela ajuda, apoio, atengdo e ensinamentos durante a execugao

deste trabalho.
Ao Programa de Pés-Graduacdo em Biologia Celular e Molecular da PUCRS.
A CAPES pela bolsa fornecida durante o curso de Mestrado.

Um agradecimento em especial aos meus pais, Osvaldo e Magda e ao meu namorado,
Alexander, pelo carinho, companheirismo, conforto e compreensao que foram essenciais

para esta conquista.

Agradeco, enfim, a todos que de alguma forma, contribuiram ndo sé para a realizacdo deste

trabalho, como também para a minha formacao pessoal e profissional.

Muito Obrigada a todos!!



RESUMO

A Anexina V é uma proteina humana enddgena dependente de Ca*?, com peso molecular de
35,8 kDa, amplamente distribuida intracelularmente em altas concentragdes na placenta e
em concentracdes mais baixas nas células endoteliais, renais, miocardicas, epiteliais,
esqueléticas musculares, eritrécitos, plaguetas e mondcitos. Apresenta como principal
caracteristica a capacidade de se ligar a fosfatidilserina, um fosfolipideo presente na camada
interna da bicamada lipidica, que durante a apoptose celular é translocada para a camada
externa da membrana celular. Apesar de ser uma proteina de tamanho relativamente
grande, a Anexina V apresentou a capacidade de penetrar em sitios de injuria isquémica
tanto miocardica quanto cerebral, atravessando a Barreira Hemato-Encefalica, sendo cada
vez mais utilizada para detecdo de apoptose em diversas doengas como Alzheimer e
Isquemia e em monitoramento de drogas anticancer. Por esses motivos, se torna relevante a
producdo da proteina Anexina V humana através da técnica do DNA recombinante em larga
escala para que possa ser comercializada no Brasil, aumentando e facilitando o acesso de
laboratérios de pesquisa e induUstrias farmacéuticas na aquisicdo deste produto.
Desenvolvemos um protocolo para cultivoem biorreator de grandes quantidades de Anexina
V recombinante, no qual aproximadamente 20 mg de proteina recombinante podem ser
obtidos a partir de 3 g de célula umida de E. coli BL21(DE3). As andlises porsequenciamento
N-terminal de aminodcidos e espectrometria de massas proveram evidéncias para a
identidade e pureza da proteina recombinante, assim como um desenvolvimento de um kit
para marcagao de apoptose in vitro apresentou muita semelhanga com outro kit importado

ja comercializado no Brasil.

Palavras-chave:Anexina V humana recombinante; Escherichia coli; deteccdo de apoptose;

cultivo em biorreator;



ABSTRACT

Annexin V is an endogenous human protein Ca*? dependent, with a molecular weight

kDa, widely distributed intracellularly, with very high concentrations in the placenta and
lower concentrations in endothelial cells, kidneys, myocardium, skeletal muscle, skin, red
cells, platelets and monocytes. Annexin V binds preferably to phosphatidylserine, a
phospholipid commonly present on inner leaflet of lipid bilayer, which during cell apoptosis
is translocated to outer leaflet of cell membrane. Despite of Annexin V is a relatively large
protein, it was shown early on that the protein can be internalized at sites of ischemic injury
both in the heart and in the brain and cross the intact blood-brain barrier, being increasingly
used as a tool to detect apoptosis in several diseases such as Alzheimer and Ischemia and in
drug. Therefore, production of recombinant human Annexin V using recombinant DNA
technique along with High Cell Density Culture and protein purification becomes applicable
to commercialize it in Brazil, increasing and facilitating the access of pharmaceutical
industries and research laboratories in purchase product. We developed a protocol to
produce recombinant human annexin V in large scale, in which approximately 20 mg of
recombinant protein was yielded from 3 g of E. coliBL21(DE3) wet cells. N-terminal amino
acid sequencing and massspectrometry analysis provided evidence for the identity and
purity of therecombinant protein, as well as an apoptosis/necrosis in vitro detectionkit

produced performed similarities with an imported commercialized kit in Brazil.

Keywords: human recombinant Annexin V; Escherichia coli; apoptosis detection; bioreactor

cultivation
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1

INTRODUCAO

1.1 Membrana Plasmatica

As membranas bioldgicas variam na sua composicdo, portanto, existem
diversas atividades e propriedades comuns a todas elas, desempenhando quatro
fungdes principais na célula: primeiro, e mais importante, envolvendo toda a célula,
definindo o seu limite e agindo como uma barreira de permeabilidade que limita o
movimento de substancias para dentro ou para fora delas. Em eucariotos, além da
membrana plasmatica, existem ainda as membranas que revestem organelas como
as mitocondrias e o nucleo, atuando como barreiras para que ndo haja troca de
contetdos com o citoplasma [1].

Segundo, as membranas organizam e compartimentalizam atividades especificas
dentro e ao redor das células através da sua associagdo com proteinas especificas.
Terceiro, regulam o transporte tanto ativo quanto passivo de moléculas para dentro
e para fora das células e entre as organelas e o citoplasma. Essa atividade é regulada
por proteinas especificas embebidas na membrana e que permitem a passagem
seletiva de ions, glicose e outras moléculas pequenas [1,2].

Quarto, a membrana plasmatica recebe sinais externos, principalmente de outras
células. Na maioria dos casos, sdo sinais extracelulares na forma de pequenas
moléculas ou proteinas que sdao detectadas por receptores presentes na membrana,
resultando em mudancas na célula [1].

A membrana plasmatica, por sua vez, é constituida de duas camadas de
moléculas lipidicas intercaladas com proteinas responsaveis pela fungao celular, com
espessura aproximada de 7,5 nm a 10 nm e funciona como uma barreira de
permeabilidade, permitindo a célula manter um meio quimico apropriado para seus
processos metabdlicos, regulando o volume citoplasmatico e transferindo
informacgdes sob a forma de sinais quimicos e elétricos [3].

Todas as membranas bioldgicas sdo formadas por uma dupla camada de

fosfolipideos e por proteinas unidas por ligacdes covalentes que se comportam
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segundo o modelo de Mosaico Fluido, descrito por Singer e Nicolson, em 1972 (Figura

1) [4].

Figura 1. Visualizagdo da membrana plasmatica celular.
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Fonte: http://fisiando.blogspot.com.br/search/label/Fisiologia%20Humana

Todas as membranas celulares, incluindo a membrana plasmatica, organelas
celulares e vesiculas intracelulares sdo compostas pelo mesmo material. O
componente principal de todas as membranas celulares sdo lipideos e proteinas.
Diferentes formas de lipideos existem para fornecer suporte, estrutura e funcdo para

a membrana [3].

1.1.1 Bicamada Lipidica

A bicamada lipidica fornece a estrutura basica de todas as membranas
celulares, sendo esta estrutura atribuida exclusivamente pelas propriedades especiais

das moléculas lipidicas, as quais sdo dispostas em bicamadas, até mesmo em simples

condig¢Oes artificiais [5].
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As moléculas lipidicas presentes na membrana plasmatica sdo de carater
anfifilico, ou seja, possuem uma parte da molécula hidrofilica polar e outra parte
hidrofébica, apolar. Os lipideos mais abundantes da bicamada lipidica sdo os
fosfolipideos, que possuem uma cabeca polar e duas caudas de hidrocarbonetos
apolares. Uma cauda, tipicamente possui uma ou mais ligacdes insaturadas (duplas)
do tipo cis, enquanto que a outra cauda ndo possui esse tipo de ligagcdo, sendo
saturada. Cada ligacdo cis cria uma pequena tor¢cdo na cauda (Figura 2).Por isso,
diferengas no comprimento e na saturagao das cadeias lipidicas influenciam no modo
como as moléculas fosfolipidicas se acoplam umas com as outras, contribuindo para

a fluidez da membrana [5].

Figura 2. Partes de uma molécula de fosfatidilcolina
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tridimensional; e (D) representagdo simbdlica.
Fonte:Alberts, 2002.

Como mencionado anteriormente, os principais lipideos presentes na
membrana celular sdo os fosfolipideos, como por exemplo, o colesterol e os
glicolipideos, apresentando distribuicdo assimétrica na bicamada lipidica.
Dentreosfosfolipideos, os mais abundantes sdo os ligados a colina, como a
fosfatidilcolina e a esfingomielina e ainda os aminofosfolipidios, como a
fosfatidilserina e fosfatidiletanolamina. O fosfatidilglicerol, o fosfatidilinositol e a
cardiolipina sdo também importantes, porém estdo presentes em menores

guantidades [6]. As duas metades da bicamada frequentemente possuem
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composicles diferentes de moléculas de fosfolipideos e glicolipideos (Figura 3) [5].
Na camada externa da bicamada lipidica, pode-se encontrar principalmente
fosfolipideos como a fosfatidilcolina e a esfingomielina, enquanto que na camada
interna, encontram-se glicolipideos, fosfatidiletanolamina e fosfatidilserina [7]. Ja as
proteinas, sdo embebidas na bicamada com orientacdes especificas cruciais para a
sua funcdo. A assimetria dos lipideos é estabelecida durante a sua producgdo, para
gue a membrana cres¢a por igual, sendo para isso, uma proporcao dos lipideos
recém-sintetizados, transferida para a monocamada oposta. Essa transferéncia é
catalisada por enzimas chamadas flipases, que transferem seletivamente moléculas
de fosfolipideos para sua respectiva monocamada, fazendo com que cada uma tenha

sua concentragdo especifica de fosfolipideos [8].

Figura 3. Distribuicdo assimétrica dos fosfolipideos e glicolipideos na bicamada lipidica

Asymmetry of a Cell Membrane phosphotidyiserines @

Rannnfnnte
i i

ann
BEIEEE

Nota: Fosfolipideos e glicolipideos tém distribuicdo assimétrica na bicamada lipidica da membrana
plasmatica. As moléculas de glicolipideos encontram-se na monocamada externa da membrana
plasmatica, enquanto que os fosfolipideos como a fosfatidilserina encontram-se na monocamada interna,
e moléculas de colesterol apresentam-se distribuidos entre as duas camadas.

Fonte: PennStateUniversity, 2012.

A fluidez da membrana celular deve ser precisamente regulada, sendo
determinada por fatores como temperatura, comprimento das cadeias de dacidos

graxos, nivel de saturacdo das cadeias e presenca de colesterdis [1].

1.2 APOPTOSE
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O termo “apoptosis” foi primeiramente descrito por Kerr, Wylie e Currie, em
1972 [9], para descrever morfologicamente uma forma distinta de morte celular,
embora certos componentes relacionados a esse fendmeno passaram a ser descritos
somente anos mais tarde [9,10].

A apoptoseé um tipo de morte celular programada, considerada como uma
resposta celular fundamental que ocorre normalmente durante o desenvolvimento, o
envelhecimento e como um mecanismo homeostdtico para manter a populacao
celular adequada nos tecidos. A combinacdo de apoptose e proliferacao celular é
responsavel pelo modelamento de tecidos e 6rgaos no desenvolvimento
embrionario, como por exemplo, a apoptose localizada entre os dedos de nossas
maos e pés, que permite a sua separacgao [11].

O mecanismo apoptoético é definido como um caminho de regulagao da morte
celular que envolve a ativacdo sequencial de caspases e cys proteases e que é
controlado tanto positivamente quanto negativamente pela familia de proteinas
BCL2 [12].

Patologicamente, existem duas situacGes opostas em que pode ocorrer
apoptose: as que apresentam apoptose em excesso, levando a perda progressiva da
funcionalidade tecidual, como sdo os casos de IAM, hipdxia cerebral [13], sindrome
linfoproliferativa autoimune [14], desordens neurodegenerativas (Alzheimer,
Parkinson e Huntington), inflamacdo, rejeicdo a transplante de 6rgdos e SIDA. Por
outro lado, algumas patologias como, por exemplo, o Lupus Eritematoso Sistémico, a
Artrite Reumatdide e o cancer sdo patologias caracterizadas por apoptose
insuficiente [15,16,17].

As células cancerosas possuem um elevado nuimero de mutagdes que
permitem ignorar os sinais celulares caracteristicos, desregulando o crescimento
celular e tornando-as mais proliferativas que o normal [11]. A expansdo clonal de
uma célula cancerosa depende de um descontrole de sua capacidade proliferativa e
de uma crescente incapacidade de morrer por apoptose, sendo essa resisténcia a
apoptose, uma das caracteristicas mais marcantes dos tumores malignos [17,18].

Por esse motivo, medicamentos quimioterapicos e tratamentos

radioterdpicos resultam em danos no DNA celular, levando a morte por apoptose
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através da via dependente de p53. Alguns hormoénios, como os corticosterdides,
levam algumas células a apoptose, enquanto outras ndo sao nem sequer afetadas ou
estimuladas [10]. Ainda assim, UV, RI, temperaturas elevadas, estresse oxidativo e
reacdes imunoldgicas sdao outros fatores que podem levar a morte celular por
apoptose [10,19]. E possivel ainda encontrarmos apoptose em casos derejeicdo a
transplante de 6rgdos e medula dssea e ainda em resposta a quimioterapia e/ou
radioterapia a tumores [20,21].

As células podem morrer por dois diferentes mecanismos: apoptose ou
necrose. Em alguns casos, é o tipo de estimulo e a sua intensidade que determina por
qgual desses mecanismos a célula morrerd [10]. A apoptose ocorre de maneira
sincronizada, sendo frequentemente dependente de energia. No processo de
apoptose, podemos verificar a ocorréncia de eventos como encolhimento celular,
condensacdo do citoplasma e da cromatina, fragmentacdo do DNA e do ndcleo
celular, formacdo de bolhas (“blebbing”) na membrana plasmatica e, por ultimo,
formacdao de corpos apoptéticos perdendo a sua assimetria e sua habilidade de
atacar células de tecidos vizinhos [19], sendo estes facilmente engolfados por células
fagociticas, macréfagos e células dendriticas, que se ligam a fosfatidilserina na
superficie da membrana [3]. Os macréfagos, por sua vez, internalizam e degradam as
células apoptéticas, reduzindo assim o risco de inflamacado por morte celular [3].

Em células normais, os fosfolipideos estao distribuidos assimetricamente na
bicamada lipidica, sendo que a fosfatidilserina, um fosfolipideo anioénico, encontra-se
confinado na camada interna da membrana plasmatica [22]. Ao passo que, durante
os processos envolvidos na apoptose, a exposicao da fosfatidilserina para a camada
externa da bicamada lipidica [23] é vista como um dos principais eventos
apoptéticos, podendo ser utilizado como marcador desse tipo de célula [8,24].0
processo de translocacdo da fosfatidilserina da camada interna para a camada
externa da membrana plasmatica parece [8] ocorrer por meio de dois mecanismos
[21]:

-diminuicdo da atividade da translocase de fosfolipideos, que normalmente
transporta os lipideos da monocamada nado-citosdlica para a monocamada citosélica

[5, 24].

16



- ativacdo da scramblasedependente de calcio, que transfere os fosfolipideos de
forma inespecifica nas duas dire¢des entre as duas monocamadas [5,24].

A fosfatidilserina é mais do que um marcador celular de apoptose, ela sinaliza
células vizinhas e macroéfagos a fagocitarem as células mortas [24,25], uma vez que
passa para a camada externa da bicamada lipidica apenas em processos apoptdticos.
Além disso, esse fosfolipideo bloqueia a inflamac¢do frequentemente associada a
fagocitose: o engolfamento de células apoptéticas dependente de fosfatidilserina
inibe a producgao de proteinas sinalizadoras (citocinas) que induzem a inflamacgao por

células fagociticas [5].

1.3 ANEXINA V HUMANA

A proteina humana Anexina V foi descoberta inicialmente como um
anticoagulante in vitro [26] devido ao seu efeito inibitorio na ativacdo da
protrombina e sua habilidade em prevenir a formacdo de trombos em condi¢Ges
fisiolégicas normais [16], ligando-se fortemente a fosfolipideos [27], as plaquetas [28]
e ao coldgeno [29]. Apresentam ainda a capacidade de formar canais de voltagem
dependentes de Ca* [30], inibindo a fosfolipase A, [31] e a proteina quinase C
[32,33], representando assim um importante papel na transducdo de sinal,

inflamacao, desenvolvimento e diferenciagao celular [34].

A anexina V humana (ANXAS5), é também descrita como anexina A5, proteina
anticoagulante placentaria |, anticoagulante vascular alfa, endonexina Il, lipocortina
V, proteina placentaria 4 e ancorina Cll [16] econsiste em uma proteina enddgena
produzida pelas células epiteliais de diversos tecidos, assim como placenta, cordao
umbilical, figado, basso, rins, coracdo, utero, musculo esquelético, eritrdcitos,

leucécitos, células endoteliais e plaquetas [35].

Esta proteina faz parte de uma familia de proteinas que possuem a
capacidade de se ligarem as membranas celulares na presenca de fons Ca*?, sendo
formadas por um nucleo contendo de 4 a 8 repeticGes de uma sequéncia altamente
conservada com aproximadamente 70 aminodcidos e uma regidao N-terminal mais

variavel, que confere diferentes propriedades para cada tipo de anexina [36].
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O gene ANXAS estd localizado no brago longo do cromossomo 4 (4q27) [34]e
abrange 29 kb contendo 13 éxons, codificando uma proteina madura com 320

aminoacidos, peso molecular de 35,8 kDa e ponto isoelétrico tedrico (pl) de 4.93 [37].

Além disso, a anexina V é conhecida por se ligar seletivamente, com afinidade
nanomolar (Kg= 0.5-7.0 nM) aos residuos de fosfatidilserina da membrana
plasmatica. Essa ligacdo nao sé ocorre muito rapidamente como é fortemente

dependente da presenca de ions Ca* [16].

A proteina recombinante humana pode ser produzida por expressdo
citoplasmatica em Escherichia coli e devido ao seu baixo peso molecular, é possivel
obter-se altos rendimentos de proteina com excelente pureza, sendo muito
improvavel o desencadear de uma resposta imune [16] quando utilizada para

detecc¢do de apoptose in vivo.

1.3.1 APLICACOES DA ANEXINA V

A Anexina V tem sido amplamente utilizada como ferramenta para deteccdo
de apoptose tanto in vivo quanto in vitro. Com base em suas caracteristicas, foi
originalmente complexada com diferentes compostos fluorescentes (FITC), sendo
utilizada rotineiramente em laboratérios para identificar e quantificar células
apoptéticas in vitro. Devido a sua auséncia de imunogenicidade e toxicidade in vivo, a
Anexina V tem sido utilizada ainda no diagnéstico de apoptose in vivo através da
complexa¢dao com radionuclideos para monitoramento de terapias contra o cancer

[20,22], sendo capaz de identificar estagios iniciais de apoptose.

1.4 CULTIVOS EM BIORREATOR

Atualmente, diversas proteinas com aplicacao industrial e terapéutica estao
sendo produzidas em E. coli através da técnica do DNA recombinante. Por esse

motivo, estratégias para aumentar a producdo de biomassa e de proteina
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recombinante por meios de cultivos de E. coli em batelada alimentada empregando

biorreatores estao sendo amplamente desenvolvidas.

Proteinas recombinantes apresentam atualmente um crescimento no
mercado mundial de 5 a 15 % ao ano. E.coli tem sido o hospedeiro mais utilizado para
a producdo de proteinas recombinantes principalmente devido ao seu sistema ser

bem caracterizado e estudado até hoje [38].

As culturas em agitador orbital de bancada (shaker) sdao normalmente
realizadas em batelada, sendo todos os componentes da cultura adicionados no
inicio do cultivo, sem monitoramento nem controle de nenhum parametro como pH
ou niveis de oxigénio dissolvido. Sob tais circunstancias, altas densidades celulares
nao podem ser alcangadas, pois a taxa respiratodria das bactérias em crescimento é
muito alta e rapidamente excede a capacidade de transferéncia de oxigénio do frasco
[39].

Um dos métodos mais utilizados em cultivos de alta densidade em
biorreatores é conduzido em batelada-alimentada, sendo possivel atingir
concentracoes celulares superiores a 50 gramas de célula seca por litro (g/L) tanto
para E. coli ndo recombinante, quanto para recombinante[38].

A técnica de HCDC tem alguns problemas que devem ser superados para que
as culturas possam atingir altas densidades celulares. A limitacdao da capacidade de
transferéncia de oxigénio, a formacgao de produtos que inibem o crescimento celular,
a inibicao pelo substrato e a limitagdo da dissipa¢do de calor, s3ao alguns exemplos
[38]. Células cultivadas em batelada alimentada podem sofrer estresse devido a
elevada pressdao osmotica causada pela alimentagdo, a indugdo da expressao de
proteinas heterdlogas e a faltade nutrientes. Para isso, diversas estratégias de
alimentac¢dao tém sido desenvolvidas a fim de controlar a velocidade especifica de
crescimento, limitando os nutrientes essenciais como fonte de carbono e nitrogénio

[38].

Estratégias de alimentacdo com elevacdo gradual, linear ou em degraus da
vazado de alimentagcdo acompanham o crescimento celular quando bem ajustadas as

condicOes de cultivo. Dentre estas estratégias estdo a DO-stat, pHstat e linear. O
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método de alimentacdo DO-stat baseia-se no principio de que quando o substrato é
depletado do meio de cultura, ocorre um aumento brusco na porcentagem de
oxigénio dissolvido, fazendo com que entre nutrientes para o meio de cultivo. O
método pHstatocorre o aumento do pH a medida que aumenta a concentragao de
NH." excretado pelas células, tendo como principio a mudanca do pH quando a
principal fonte de carbono do meio estiver esgotada. A vazao linear de alimentagao,

por sua vez, é baseada na seguinte equacao:

F=at+b,
ondeF é a taxa de alimentagdo (mL/min), t é o tempo de cultivo apds o inicio
da alimentagdo (min) e, a e b sdo constantes para o perfil de alimentacgao linear.
Outro parametro a ser avaliado no cultivo de células em biorreatores é o
horario em que as células devem ser induzidas com IPTG, uma vez que pode levar a

um estresse da célula, levando a perda do plasmideo [40,41].
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11
2 JUSTIFICATIVA

Durante a apoptose, as células perdem a assimetria da bicamada lipidica, fazendo
com que fosfolipideos, como a fosfatidilserina, que localizam-se originalmente na camada
interna da bicamada lipidica, sejam translocados para a camada externa, sendo este evento
caracterizado como um dos principais ocorridos durante a morte celular programada.

A Anexina V humana é uma proteina intracelular que apresenta alta afinidade pela
fosfatidilserina, sendo considerada atualmente, um excelente marcador de apoptose tanto
in vivo, para acompanhar a eficdcia de tratamentos quimioterdpicos em Medicina Nuclear,

guanto in vitro, em laboratérios de pesquisapara estudos de viabilidade e morte celular.

Atualmente, os kits comercializados no Brasil e na América Latina para detec¢do in
vitro de células em apoptose tém sido adquiridos de representantes comerciais por precos
altos e com um prazo de entrega de 60 dias. Por esse motivo, torna-se de grande relevancia
o desenvolvimento de um protocolo para producdo em larga escala da proteina
recombinante em territério brasileiro, podendo ser marcada com fluoresceina ou com
elementos radioativos, diminuindo os custos do produto acabado e o tempo de espera para

o recebimento do pedido de compra.
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3 OBJETIVOS

3.1 Objetivo Geral

Este trabalho tem por objetivo geral o desenvolvimento de um processo eficiente e
de alto rendimento para a produgdo, em cultivos em biorreator e posterior purificagdo da
proteina recombinante Anexina V humana com alto grau de pureza, de modo a obter a
matéria-prima para a produgdo de kits para deteccdo de apoptose tanto in vivo quanto in

vitro.

3.2 Objetivos Especificos
Esse trabalho possui os seguintes objetivos especificos:

e Construcdo do gene que codifica a Anexina V humana através de Reacdo em Cadeia
da Polimerase (PCR);

e Clonagem do fragmento amplificado em vetor de clonagem procariotico;

e Subclonagem em vetor de expressao pET-30a(+);

e Testar a expressao da proteina em cepa de E.coli em agitador orbital horizontal
(shaker) para determinar a sua melhor condicdo de expressao na forma soluvel;

e A partir dos resultados obtidos nos cultivos em shaker, escalonar o crescimento da
proteina utilizando biorreator de 2 L;

e Purificacdo da proteina através da técnica de FPLC;

e Quantificacao total da proteina;

e Andlise da pureza e identidade da proteina recombinante purificada, por

espectrometria de massas e mapeamento peptidico por LC-MS/MS.
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Abstract

Background: Annexin V, a 35.8 kDa intracellular protein, is a Ca*>-dependent phospholipid
binding protein with high affinity to phosphatidylserine (PS), which is a well-known hallmark
of apoptosis. It is a sensitive probe for PS exposure upon the cell membrane, being
Production of recombinant human annexin V in large-scale is worth of effort due to its wide
use in Nuclear Medicine, radiolabeled with 99mTc, for the evaluation of cancer
chemotherapy treatments, being also used for the identification of apoptotic cells on
histologic studies. Here, we describe the high-yield production of a tag-free version of
human annexin V recombinant protein by linear fed-batch cultivation in a bioreactor.
Results: We cloned the human ANXA5 coding sequence (rhANXAS) into the pET-30a(+)
expression vector and optimized the growth conditions in shaker cultivations. Optimized
growth conditions were applied to batch and fed-batch cultures. Using the E. coli BL21(DE3)
strain in a semi-defined medium at 37 oC, pH 7 in fed-batch cultures, we obtained a 48.75
fold increase in biomass production, respective to shaker cultivations. We developed a
singlestep protocol for rhANXAS purification using a strong anion-exchange column (MonoQ
HR16/10). Using these procedures, we obtain 21 mg of homogeneous, nontagged and active
human annexin V recombinant protein from 3 g of bacterial cells from bioreactor cultures.
The identity and molecular mass of rhANXA5 was confirmed by mass spectrometry.
Moreover, the purified rhANXAS5 protein was functionally evaluated in a FITC-annexin V
binding experiment where we show that rhANXA5 detects apoptotic cells similarly to a
commercial kit. Conclusions: We describe a new fed-batch method to produce recombinant

human annexin V, being useful for several researchers and radiopharmaceuticals companies.

Keywords: recombinant human annexin V; fed-batch cultivation; large-scale; apoptosis

detection.

Background
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Annexin V, formerly known as human placental anticoagulation protein, is a member of a
calcium-dependent family of intracellular proteins and binds preferentially to
phosphatidylserine (PS), a negatively charged phospholipid located on the cytosolic face of
the plasma membrane [1], showing minimal capacity to bind to phospholipids such as
phosphatidylcholine and sphingomyelin, which are constitutively present in the outer leaflet
of plasma membranes [2].

The PS-binding activity of annexin V is widely used for detection of the initial stage of
apoptosis [3]. During the early stages of apoptosis, cells lose their phospholipid membrane
asymmetry and expose PS at the cell surface, a phenomenon described as one of the
hallmarks of apoptosis. The exposed PS residues can be bound selectively by annexin V with
nanomolar affinity (Kd ~ 0.5 — 7 nM) [4]. Apoptosis was originally described by [5] in 1972 as
a mechanism of controlled cell deletion essential for development and maintenance of
homeostasis. Cell shrinkage, cytoplasmic condensation, DNA fragmentation, chromatin
condensation, nuclear fragmentation, cytoplasmic membrane blebbing, and formation of
apoptotic bodies without initiating a systemic inflammatory response are characteristics
found in apoptotic cell death [6]. Excessive apoptosis is involved in several diseases resulting
in progressive loss in tissue functionality, as occurs in acute myocardial infarction [7],
hypoxic brain injury [8], heart failure [9], allograft rejection [10], stroke [11],
neurodegenerative disorders (e.g. Alzheimer’s, Parkinson’s and Huntington’s disease) [12-
14] and inflammation [15]. In contrast, insufficient apoptosis can result in autoimmune
lymphoproliferative syndrome [16] and cancer, where deregulation of apoptotic signaling
pathways may impair the elimination of neoplastic cells [17].

Annexin V was originally labeled with different fluorescent tags (e.g. fluorescein
isothiocyanate - FITC) and is routinely used for histological and cell-sorting studies to identify
and quantify apoptotic cells [4]. Nowadays, recombinant human annexin V (rhANXAS) is
being used as an important in vivo diagnostic tool labeled with different radionuclides, such
as iodine-123 (123l) and the metastable isotope technetium-99 (99mTc), providing a broad
range of imaging applications in apoptosis research from Single-Photon Emission Computed
Tomography and autoradiography to Positron Emission Tomography [4]. In Nuclear
Medicine, annexin V radiolabeled with 99mTc or 123l is being useful in evaluating the

efficacy of cancer therapy and disease progression or regression [18].
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Due to its widespread use as a diagnostic tool, rhANXA5 is commercially produced in
microorganisms such as Escherichia coli by using recombinant DNA techniques [19-21]. The
ANXAS gene is located on human chromosome 427 locus and spans a region of DNA 29 kb
in length containing 13 exons and 12 introns, encoding a single mature transcript of
approximately 1.6 kb and a protein product with a molecular weight of 35.8 kDa and 320
amino-acids residues [22].

To produce rhANXAS in large scale, we used Escherichia coli, the most commonly used host
for recombinant protein production [23]. In shake flask cultures, all components are already
added at the start of the cultivation, without monitoring and control of any parameter such
as pH or the level of dissolved oxygen, leading to a slow growth and a low recombinant
protein production [24]. High Cell-Density Culture techniques have been developed in order
to improve productivity and to provide advantages such as reduced culture volume,
enhanced downstream processing, reduce wastewater, lower production costs and reduced
investment in equipment [23]. Fed-batch cultivation is an effective and simple method [25],
allowing substantial concentration of glucose, an inexpensive and readily usable carbon and
energy source [26]. To our knowledge, there is currently no protocol available for a
bioreactor-based, large-scale production of rhANXAS. In this work, we describe a procedure
for the production of 21 mg of homogeneous, nontagged rhANXAS from 3 grams of bacterial
cells from bioreactor cultures. Parameters such as feeding media, fed-batch strategies and
induction time were optimized in order to improve biomass and rhANXA5 protein
production. The identity and absence of host contaminants in purified rhANXA5 was
confirmed by LC-MS/MS peptide mapping experiments. The molecular mass determination
of intact rhANXAS confirmed the integrity of the purified protein. Additionally, the produced
rhANXAS5 protein was shown to be functional in a bioassay for apoptosis/necrosis in vitro

detection where it performed similarly to a commercially available kit.

Results and discussion

Cloning and expression of rhANXAS

The human ANXAS5 coding sequence was subcloned into the pET-30a(+) expression vector
(NovagenR) (see Methods section for details). Both the identity and the absence of PCR-

introduced mutations on ANXA5 coding sequence were confirmed by automated DNA
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sequencing the pET-30a(+)::ANXA5 construct. The E. coli strains BL21(DE3) (NovagenR) and
C41(DE3) (LucigenR Corporation) were transformed by electroporation with the pET-
30a(+)::ANXA5 construct. Expression profiles were tested in lysogeny broth (LB) and in our
semi-defined medium (see Methods section).

The best results of soluble recombinant protein production from shaker cultivations were
obtained using the BL21(DE3) strain in semidefined medium induced with 1mM IPTG at 37°C

(see supplementary information).

Bioreactor cultivation

Optimized growth conditions from shaker cultivations were applied to the bioreactor batch
and fed-batch cultures. We employed our semidefined medium and a temperature of 37°C
in all experiments. Transformed E. coli BL21(DE3) was grown from a master cell bank (MCB)
under batch cultivation in 1L of semi-defined medium at 37°C monitoring glucose
consumption. Within 4 hours, glucose was depleted from media, indicating this was the right
time to start feeding. At this point, the biomass of the culture reached 5.62 grams dry cell
weight per liter of culture broth. During fed-batch cultivation, the biomass production
reached approximately 30.18 g L-1 at 30 h of cultivation, which corresponded to an
OD600nm of 89.7, in contrast with an OD600nm = 1.84 in shaker cultivation. This represents
a 48.75 fold increase in biomass. Following biomass optimization, annexin V production was
attained by induction with 1 mM IPTG. Induction after 18 hours of cultivation (biomass
concentration of 20.6 gram dry cell weight per liter of culture medium and an OD600nm of

60.50) produced higher yields (figure 1).

Purification

The overexpressed protein was purified by a single-step protocol consisting of a strong
anion-exchange column (MonoQ HR16/10). Figure 2 shows the three steps of cell
preparation. The target protein eluted at approximately 250 mM of NaCl from MonoQ HR
16/10 column and SDS-PAGE 12% analysis showed that rhANXA5 was homogeneous (Figure
3). The eluted protein was pooled and dialyzed against HEPES 100 mM NaCl pH 7.2 and
concentrated using an AMICON ultra-filtration membrane and stored at -80°C in aliquots of 1

mL. This purification protocol yielded 21 mg of recombinant protein from 3 g of cells.
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rhANXA?S identification by Mass Spectrometry

Homogeneous rhANXA5 samples were desalted, digested with trypsin, and the peptide
mixtures analyzed in LC-MS/MS peptide mapping experiments (see Methods section). A total
of 320 spectra were identified with 29 different peptides derived from rhANXA5 protein.
These peptides covered 80 % of the rhANXAS sequence.

Determination of rhANXAS5 molecular mass

The spectra of intact rhANXA5 samples were recorded with a linear ion trap analyzer (see
Methods section for details). Peaks spanning charge states 18+ to 39+ were detected (Figure
4a) and the spectra deconvoluted. We obtained a value of 35,804 Da for the average
molecular mass of rhANXAS (figure 4b), consistent with the posttranslational removal of the
N- terminal methionine (theoretical average molecular mass of 35,937 Da with methionine

and 35,805 Da without methionine).

FITC-annexin V binding test

After the disruption B16F10 melanoma cells by freezing and thawing, cells were stained with
our home-made kit and with a commercial kit from BD Biosciences, to compare the efficacy
of rhANXA5. We could verify that our kit obtained similar results to BD Biosciences kit,
particularly when we analyzed the annexin V positive population (apoptotic cells) and the
double positive population (secondary necrotic cells) (Figure 5). However when we analyzed
the cell Pl positive we found some variation that may be due to the freezingthawing
methodology.

Conclusions

Fed-batch cultivations represent an alternative to shaker cultivations allowing control of
process variables and improvement on biomass concentration and product yields [24]. We
were able to increase biomass by 165% employing a linear ascending feed strategy, which

is a simple-to-set, not dependent on any process variable feeding strategy. Although the
cultivation time increased from 6 to 30 h from shaker to bioreactor, productivity was
improved from 0.0878 g/L-h to 1.003 g/L-h (11-fold) and host protein contaminant profile

was comparable. A chimeric protein, containing the C-terminus of hirudin fused to annexin
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V, was previously expressed in large scale using fedbatch fermentation [27]. However, to the
best of our knowledge, this is the first report of a scale up of rhANXAS production.

Recombinant protein production methods have to increase continuously to meet
commercial demands [23,28]. In this work, we produced 21 mg of a purified recombinant
human annexin V from 3 g of bacterial cells obtained in fed-batch cultures induced with
IPTG. rhANXAS is a protein that could be commercially distributed to several research groups
and to radiopharmaceutical companies. The use of fluorescence-labeled annexin V to
identify apoptotic cells is currently limited to histologic and cell-sorting studies done in vitro.
Its use for in vivo imaging studies is hampered mainly by costs issues. Hence, production in
large scale may expand the commercial utilities for rhANXAS5, reducing costs and allowing a

greater access ofscientific and physician’s community to this product.

Methods

Gene synthesis, cloning and expression of rhANXA5

Oligonucleotides were designed based on the human ANXA5 coding sequence on GenBank
(Acession number: NM_001154.3) the National Institute of Health (NIH) genetic sequence
database [22]. Specific primers were designed to contain Ndel (forward primer: 5" GCG CAT
ATG GCA CAG GTT CTC AGA GGC ACT 3’) and Hindlll (reverse primer: 5° GCG AAG CTT TTA
GTC ATC TTC TCC ACA GAG C 3’) (New England BiolLabsR) restriction sites (underlined). The
human ANXA5 gene sequence was PCR-amplified from a human blood cDNA sample. The
amplified ANXA5 coding sequence was cloned into the PCRBlunt R vector (Invitrogen),
cleaved with Ndel and Hindlll restriction endonucleases and subcloned into the pET-30a(+)
expression vector (NovagenR), previously digested with the same restriction enzymes. The
cloned ANXAS5 sequence was confirmed by automated DNA sequencing. Electrocompetent E.
coli strains were transformed with pET-30a(+)::ANXA5 recombinant vector by
electroporation and selected on Lysogeny Broth (LB) (tryptone, 10 g L-1; yeast extract, 5 g L-
1; NaCl, 10 g L-1) agar plates containing 30 ug mL-1 kanamycin [29]. The same strains were
transformed with pET-30a(+) vector as control. Aliquots of a 5 mL cell culture grown from a
single colony were used to inoculate 500 mL of LB pH 7.2 or a semi-defined media (NaCl, 0.5
g L-1; NH4Cl, 1 g L-1; yeast extract, 20 g L-1; Na2HPO4 6 g L-1, KH2PO4, 3 g L-1; glucose, 500
g L-1; MgS04, 0.1 g L-1; 1 mL of trace solution (FeSO4, 2.8 g L-1; MnCI2, 2 g L-1; CaCl2, 2 g L-
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1; CuCl2, 0.26 g L-1; ZnS04, 0.3 g L-1); thiamine, 1 g L-1) supplemented with 30 pg mL-1
kanamycin, grown at 37°C and 180 rpm to an optical density (OD600nm) of 0.4-0.6. At this
growth stage, the protein expression was carried out using 1 mM isopropyl-B-D-
thiogalactopyranoside (IPTG) induction. Six hours after induction, cells were harvested by
centrifugation (11,800 g) for 30min at 4°C and the pellet was stored at — 20°C. The
expression of the recombinant soluble protein was confirmed by 12% sodium-dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) stained with CoomassieR Brilliant
Blue R-250 staining.

Bioreactor cultivation

A master cell bank (MCB) was prepared in 50% glycerol and stored at -20°C. The pre-
inoculum medium was prepared with 250 mL of LB, 30 ug mL-1 kanamycin added with 150
pL of MCB. The culture was grown overnight in shaker at 180 rpm, 37°C. This culture was the
used to inoculate the bioreactor at final OD600=0.1. Batch and fed-batch culture
experiments were conducted in a BIOSTATR B Plus bioreactor (Sartorius Stedim, Germany)
with two 2 L stirred tanks, filled with 1 L of semi-defined media each, at 37°C, pH 7 and
supplemented with kanamycin. For pH control, 12 % (v/v) ammonium hydroxide and 10 %
(v/v) phosphoric acid were employed. The bioreactor was equipped with two Rushton
turbines, and with agitation, aeration, temperature and pH controllers. A polarographic
electrode was used to measure the dissolved oxygen concentration (DOC) in the culture. The
pO2, pH, stirrer speed, base and acid consumption and aeration rate were measured online
and were recorded by an external data acquisition and control system (Sartorius Stedim,
Germany).

In the batch culture, the DOC was maintained at 30 % by cascading agitation (400-1000 rpm)
with constant aeration rate (1 vvm) and the process was finished when the biomass reached
stationary phase. Fed-batch cultivations were started as batch cultures with feeding starting
at 4 hours of cultivation (approximately OD600nm 16.0) containing 2 X semi-defined
medium, 300 g L-1 glucose, 40 mM MgS04 and 30 pug mL-1 kanamycin. Different feeding
strategies were tested for additional 26 h. In the fed-batch cultures, the agitation was
maintained at 800 rpm and DOC was kept in cascade agitation. For linear ascending feeding
profile we used the following equation:

F=at+b
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where F is the feeding rate (mL min-1), t the cultivation time after initiation of the fed-batch
culture (min) and, a and b are constants for the linear ascending feeding profile.

After selecting the feeding strategy, different induction times were tested (12, 18 and 24
hours after start of cultivation) using 1 mM of IPTG. Thereafter, the resulting biomass was
collected by centrifugation at 38,900 g and 4°C for 30 min and was stored in aliquots at -

20°C.

Analytical methods

Samples were withdrawn periodically for quantitative analysis along the cultivation. Cell
growth was monitored by measuring the optical density at 600 nm (OD600nm ) in a
spectrophotometer. One optical density unit was found to be equivalent to 0.32 g L-1 of dry
cell weight. Glucose concentration in the medium was measured with a glucose analyzer
(model 2700 select, Yellow Springs Instruments, USA). Acetate concentration was
determined by high performance liquid chromatography (Akta Purifier, GE, Sweden)
equipped with an Aminex HPX-87H column (Bio-Rad Laboratories, USA), using 0.005 M
H2S04 as mobile phase. The protein expression was analyzed by SDS-PAGE 12% stained with
CoomassieR Brilliant Blue R-250 staining.

The annexin V protein produced was quantified using QubitR Protein Assay Kit (Invitrogen™)

and a QubitR 2.0 Fluorometer (Invitrogen™).

Purification

ANXAS recombinant protein was purified using a Fast Performance Liquid Chromatography
(FPLC) AKTA Purifier System (GE HealthCare c). All chromatographic steps were carried out at
4°C.

Sample elution was monitored by UV detection at 215, 254 and 280 nm and fractions were
analyzed by SDS-PAGE 12%. According to [30] frozen cells (3 g) were suspended in 30 mL of
buffer A (50 mM Tris HCl, 10 mM CaCl2 pH 7.2) and incubated with 1 mM of
phenylmethanesulfonylfluoride for 30 min at 4°C. The cells were disrupted by sonication
(eight pulses of 10”) and centrifuged at 38,900 g for 30 min. The supernatant was discarded
and the pellet was completely dissolved in 30 mL of buffer B (50 mM Tris HCI, 20 mM EDTA
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pH 7.2) and stirred for 30 min at 4°C and clarified by centrifugation at 38,900 g for 30 min at
4°C. The supernatant was dialyzed against 20 mM Tris HCl pH 8.0 (3 x 2 L, 3 h each). Residual
precipitate was removed by centrifugation (38,900 g for 20 min) and the supernatant was
loaded on a MonoQ HR 16/10 anion exchange column (GE Healthcare) previously
equilibrated with 20 mM Tris HCI pH 8.0. Protein was eluted with 25% linear gradient of 20
mM Tris HCI, NaCl 1 M pH 8.0 at 1 mL min-1 flow rate. Homogeneous rhANXA5 was eluted at
approximately 250 mM NaCl. Fractions containing homogeneous rhANXA5 were pooled,
dialyzed against 20 mM N-2-hydroxyethylpiperazyne-N’-2-ethanesulfonic Acid (HEPES), 100
mM NaCl pH 7.2 and concentrated using an AMICON (Millipore Corporation, Bedford, MA)
ultra-filtration membrane (MWCO = 10 kDa), and stored at -80°C. Protein concentration was
determined with QubitR Protein Assay Kit (Invitrogen™) using a QubitR 2.0 Fluorometer

(Invitrogen™).

rhANXA?S identification by mass spectrometry

rhANXAS preparations (1nmol) were desalted and subjected to proteolytic degradation using
trypsin. The resulting peptides were separated by chromatography using 15 cm capillary
columns (150 um i.d., Kinetex C18 core-shell particles — Phenomenex, Inc.) and a nanolLC
Ultra 1D plus equipment (Eksigent, USA). Separated peptides were analysed using an LTQ-
Orbitrap hybrid mass spectrometer (Thermo Electron Corporation). The chromatographic
method used a step gradient from mobile phase A (0.1% formic acid in water) to mobile
phase B (0.1% formic acid in acetonitrile): 0—2% B over 5 min; 2—-10% B over 3 min; 10—-60% B
over 60 min; 60—80% B over 2 min; 80% B isocratic for 10 min; 80—-2% B over 2 min; and 2% B
isocratic for 8 min. We performed MS/MS fragmentation using collision-induced dissociation
(CID) with an activation Q of 0.250, an activation time of 30.0 ms, and an isolation width of
1.0 Da. Using the Proteome Discoverer software (v. 1.3), we compared experimentally
obtained MS and MS2 spectra with the in-silico trypsin digestion of the human proteome.
We allowed a precursor tolerance of 10 ppm, a fragment tolerance of 0.8 Da, static
carbamidomethylation on cysteines, and oxidation on methionine residues. We restricted
our analysis to matches with a Xcorr score > 2.0 for doubly charged ions and Xcorr score >

2.5 for triply charged ions.
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Determination of rhANXAS molecular mass

Purified rhANXAS5 samples were desalted, reconstituted in acetonitrile 50%/MilliQ-water
49%/formic acid 1% and directly injected using a 500 pL syringe (Hamilton Company, USA) in
a static mode into an lonMax electrospray ion source. The electrospray source parameters
were as follows: positive ion mode, 4.5 kV of applied voltage to the electrospray source, 5
arbitrary units (range 0-100) of sheath gas flow, 45.6 V of capillary voltage, 250 °C of
capillary temperature, and 238.8 V of tube lens voltage. Full spectra (600 — 2000 m/z range)
were collected on a Thermo Orbitrap Discovery XL in profile mode using the linear ion trap
analyzer (ITMS mode). The average spectrum was processed with the software MagTran [31]
for charge state deconvolution.

FITC-annexin V binding test

To confirm whether the recombinant annexin V produced binds to PS and detects cells
undergoing apoptosis, we produced a home-made kit labeling rhANXA5 with FluoroTag™
FITC Conjugation Kit (SigmaAldrich R Co.). Our home-made kit also contained Propidium
lodide (PI) solution (Sigma-AldrichR Co.) and a 10 x binding buffer (HEPESNaOH 0.1 M pH 7.4,
NaCl 1.4 M, CaCl2 25 mM). B16F10 melanoma cells, a kind gift from Dr. Peter Henson
(National Jewish Center for Immunology, Denver, CO, USA) were cultured in Dulbecco's
Modified Eagle's Medium (DMEM) supplemented with 10% fetal bovine serum (FBS),
Gentamicin 80 mg L-1 (Novafarma, Anapolis, Brazil), and Fungisone, 5 mg L-1 (Bristol Myers
Squibb, New York, NY, USA). Cells were disrupted by freezing and thawing, stained at the
concentration of 10 5 cells ml-1 in 100 ul of 10 X Binding Buffer using 5 ml of annexin-FITC
and 5 ml of Pl from BD Bioscience FITC Annexin Apoptosis Detection kit Il (San Diego, CA,
USA) and compared with our produced kit. All data were collected in a FACS Canto Il flow

cytometer (BD Bioscence), and analysed using FlowJo software (Tree Stat, San Carlos, CA).

List of abbreviations

DOC, dissolved oxygen concentration; FITC, fluorescein isothiocyanate; HEPES,
hydroxyethylpiperazyne-N’-2-ethanesulfonicAcid; LB, lysogeny broth; MCB, master cell bank;
Pl, propidium iodide; PS, phosphatidylserine; rhANXAS5, recombinant human annexin V; TB,

terrific broth.
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Figure 1: Expression of rhANXAS at different induction times.

Bacterial culture cells transformed with pET-30a(+)::ANXA5 were induced with 1mM IPTG at
different times after the start of cultivations. Protein extracts were subjected to SDS-PAGE
(12%) analysis. M corresponds to Unstained Protein MW Marker (Fermentas); Lane 1
corresponds to an OD600nm = 2 of a 30 h cultivation induced at 12h of culture. Lane 2
corresponds to an OD600nm = 2 of a 30 h cultivation induced at 18 h of culture; Lane 3

corresponds to an OD600nm = 2 of a 30 h cultivation induced at 24 h of culture.
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Figure 2. SDS-PAGE analysis of rhANXA5 purification protocol steps. SDS-PAGE (12%)
analysis of fractions from different steps of rhANXAS5 purification. M corresponds to
Unstained Protein MW Marker (Fermentas); Lane 1: cells treated with buffer A; Lane 2 cells

treated with buffer A and buffer B (followed by sonication and centrifugation; Lane 3

dialyzed rhANXAS against 20 mM HEPES, 100 Mm NaCl, pH 7.2.
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Figure 3. SDS-PAGE analysis of eluted fractions from rhANXAS purification. Eluted fractions
from MonoQ HR16/10 were analysed by SDS-PAGE (12%). M corresponds to Unstained
Protein MW Marker (Fermentas); Lane 1 corresponds to crude extract; Lanes 2-12

corresponds to MonoQ HR16/10 elution fractions.
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Figure 4. Determination of rhANXA5 molecular mass by mass spectrometry. a) ESI-FTMS
spectra of rhANXA5 showing charge state distribution spanning from 18+ to 39+. b)
Experimentally determined value of 35,804 Da for rhANXAS5 average molecular mass after

spectra deconvolution.
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AMNEXIM Y

AMMEXIN Y

Figure 5. Analysis of apoptosis in B16F10 cells. Flow cytometric analysis of apoptotic cells

stained with annexin V FITC and PI using BD Biosciences kit or a home-made kit. Dot plots

graphs show in the xaxis the annexin V-positive population and in the y-axis the PI

population.
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5 CONSIDERAGOES FINAIS

A anexina V recombinante estd sendo amplamente utilizada para a deteccao de
apoptose tanto in vitro quanto in vivo, pois se liga fortemente aos residuos de
fosfatidilserina expostos pela membrana plasmatica celular durante o processo de apoptose.
Porém, os kits de Anexina V para detecgdo in vitro de apoptose comercializados no Brasil sdo
importados, resultando em um alto custo do produto e um maior tempo de espera para a

chegada da encomenda.

Assim, visando o desenvolvimento de um protocolo para a produ¢do dessa proteina foi
realizada a construcdo do gene que codifica a proteina ANXAS5, através de um método
baseado na patente desenvolvida pela empresa QuatroG Pesquisa & Desenvolvimento LTDA
em parceria com a PUCRS [42]. Como produto final das reacdes de PCR obteve-se um
fragmento de DNA de 962 pb. Este fragmento de DNA foi clonado no vetor pCR-Blunt® e
subclonado em vetor de expressdao pET-30a(+). A identidade, a integridade do gene e a
auséncia de mutacdes foram confirmadas por sequenciamento automatico de DNA da

sequéncia do plasmideo recombinante em cepas de E. coli.

A ANXAGS foi expressa em células de E. coli BL21(DE3) na frag¢do solivel com aparente
massa molecular de 35.8 kDa a 37°C em um meio semi-definido em nosso laboratério (NaCl,
0,5 g/L; NH4Cl, 1 g/L; extrato de levedura, 20 g/L; Na,HPO,4 6 g/L, KH,PO,4, 3 g/L; glucose,
500g/L; MgS0Qq,, 0,1 g/L; tiamina, 1 g/L; 1 mL de solugdo traco (FeSQq, 2,8 g/L; MnCl,, 2 g/L;
CaCl,, 2 g/L; CuCly, 0,26 g/L; ZnS04, 0,3 g/L)), com inducdo de IPTG e coletadas apds 6 h de

inducao.

Apds a expressao da proteina em shaker, protocolos de purificacdo foram testados a fim
de determinar um protocolo eficiente de purificacdo através da técnica de FPLC
(FastProteinLiquidChromatography) AKTA Purifier System (GE HealthCare®©). A proteina
homogénea foi obtida através de um simples protocolo, descrito por [43], baseado em um
tratamento da amostra com CaCl, e EDTA e posterior aplicacdo da amostra em um coluna
cromatografica de troca aniénica (MonoQ HR 16/10). A proteina eluiu em aproximadamente

0,250 M de NaCl.
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Para os cultivos em biorreator, testamos diferentes estratégias de cultivo, como por
exemplo, pHstat, método pelo qual o pH do cultivo varia quando a principal fonte de
carbono presente no meio é depletada; DO stat, no qual o oxigénio dissolvido no meio
aumenta consideravelmente quando o substrato é depletado do meio;e estratégia de
alimentacao linear, método pelo qual a vazao de alimentacdo independe do andamento do
cultivo, sendo baseado em uma taxa de crescimento linear pré-estabelecido. Outro
parametro testado foi o melhor horario para adi¢do de IPTG no cultivo, 12 h, 18 hou 24 h. O
cultivo com alimentagdo linear e induzido apds 18 h de cultivo mostrou uma biomassa
maxima de 30.18 g/L apds 30 h de cultivo. Quando comparada a diferenga de crescimento
celular em shaker e em biorreator, obtivemos um aumento de 48,75 vezes na ODggonmoObtida

em cultivos em biorreator.

Depois de estabelecidos os parametros de cultivo celular em biorreator, o mesmo
protocolo de purificacdo estabelecido para células cultivadas através de shaker foi
comparado, obtendo-se um rendimento de 20 mg de proteina homogénea tanto a partir das

células cultivadas em shaker quanto a partir das células cultivadas em biorreator.

Para avaliarmos se a nossa proteina produzida realmente liga nos residuos de
fosfatidilserina e tem a capacidade de marcar células em processo de apoptose, conjugamos
a proteina com um composto fluorescente FluoroTag™ FITC Conjugation Kit (Sigma-Aldrich®
Co.). Células B16F10 de melanoma cutivadas em DMEM com 10% FBS, Gentamicina 80mg/L
(Novafarma, Anapolis, Brasil) e Fungisona, 5mg/L (Bristol Myers Squibb, New York, NY, USA)
foram rompidas pelo método de congelamento e descongelamento marcadas com o kit BD
Bioscience FITC AnnexinApoptosisDetection kit Il (Cat 556570) e com o kit
Apoptosis/NecrosisDetection Kit fromQuatroG P&D LTDA., produzido e comercializado em
nosso laboratoério. Todos os dados foram coletados em um Citémetro de Fluxo FACS Canto Il
(BD Bioscience) e analisados através do software FlowJo (TreeStat, San Carlos, CA). Os
resultados obtidos utilizando-se os dois kits foram os mesmos, tendo apenas alguma

pequena varia¢do devido a metodologia utilizada para morte celular.

Esta é a primeira vez na literatura, até onde sabemos, que a proteina rhANXA5 é
produzida em grandes quantidades em batelada alimentada através de cultivos de E. coli por

biorreator , sendo possivel obtermos o mesmo rendimento de proteina homogénea.
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A Anexina V esta sendo utilizada atualmente na deteccdo de apoptose em pacientes com
cancer, sendo possivel avaliar mais precocemente, através de exames de cintilografia em
Medicina Nuclear, a eficacia de determinados tratamentos quimioterdpicos, uma vez que

estes medicamentos tem como principio a morte das células cancerosas por apoptose.

O avancgo cientifico tem permitido o emprego industrial de microrganismos ou células
modificadas geneticamente objetivando a produgdo de proteinas de interesse em
diversasareas e, em especial, na saude humana. A realizacdo de experimentos para
aperfeicoar a producdao em larga escala da proteina rhANXAS visa futuramente suprir a
demanda do mercado nacional. Sendo assim, a realizacdo deste projeto tem como objetivo a
producdo nacional com tecnologia de ponta desta proteina. Com isso, este trabalho
pretende contribuir para a sensivel reducdo de custos com importacdo e o fornecimento do

produto a um nimero maior consumidores brasileiros.
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9 ANEXO

9.1 ANEXO |

Homo sapiens annexin A5 (ANXA5), mRNA
NCBI ReferenceSequence: NM _001154.3
CDS:

FASTAGraphics

Go to:

LOCUS NM_OOll54 963 bpmRNA linear PRI 24-JUL-2011
DEFINITION Homo sapiens annexin A5 (ANXA5), mRNA.

ACCESSION NM 001154 REGION: 166..1128

VERSION NM 001154.3 GI:186680508
KEYWORDS
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 963)
AUTHORS Siedlinski,M., Cho,M.H., Bakke,P., Gulsvik,A., Lomas,D.A.,
Anderson,W., Kong,X., Rennard,S.I., Beaty,T.H., Hokanson,J.E.,
Crapo,J.D. and Silverman,E.K.
CONSRTM the COPDGene Investigators and ECLIPSE Investigators
TITLE Genome-wide association study of smoking behaviours in patients
with COPD
JOURNAL Thorax (2011) In press
PUBMED 21685187
REMARK Publication Status: Available-Online prior to print
REFERENCE 2 (bases 1 to 963)
AUTHORS Irman,S., Skarabot,M., Musevic,I., Rozman,B. and Bozic,B.
TITLE The use of atomic force microscopy to study the pathologic effects
of anti-annexin autoantibodies
JOURNAL J. Autoimmun. 36 (2), 98-105 (2011)
PUBMED 21185149
REMARK GeneRIF: Data show that annexin A5 autoantibodies from patients
produced a significant disruption of incomplete annexin A5
crystalline shield on phospholipid bilayer.
REFERENCE 3 (bases 1 to 963)
AUTHORS Ungethum, L., Kenis,H., Nicolaes,G.A., Autin,L., Stoilova-McPhie, S.
andReutelingsperger,C.P.
TITLE Engineered annexin A5 variants have impaired cell entry for
molecular imaging of apoptosis using pretargeting strategies
JOURNAL J. Biol. Chem. 286 (3), 1903-1910 (2011)
PUBMED 21078669
REMARK GeneRIF: The anxA5 variants with impaired internalization are
superior molecular imaging agents in pretargeting strategies as
compared with wild-type anxA5.
REFERENCE 4 (bases 1 to 963)
AUTHORS Faria,D., Dahimene,S., Alessio,L., Scott-Ward,T., Schreiber,R.,
Kunzelmann, K. and Amaral,M.D.
TITLE Effect of Annexin A5 on CFTR: regulated traffic or scaffolding?
JOURNAL Mol. Membr. Biol. 28 (1), 14-29 (2011)
PUBMED 21067452
REMARK GeneRIF: annexin A5 has multiple effects on CFTR, so that the net
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effect observed is cell system-dependent
REFERENCE 5 (bases 1 to 963)
AUTHORS Markoff,A., Gerdes,S., Feldner,S., Bogdanova,N., Gerke,V. and
Grandone, E.
TITLE Reduced allele specific annexin A5 mRNA levels in placentas
carrying the M2/ANXAS5 allele
JOURNAL Placenta 31 (10), 937-940 (2010)
PUBMED 20805002
REMARK GeneRIF: The M2 allele of ANXAS5 can be linked to reduced mRNA
levels in heterozygous placentas and could result in more confined
protein levels (lowered expression dynamics) of annexin AS5.
REFERENCE 6 (bases 1 to 963)
AUTHORS Kirsch,T. and Pfaffle, M.
TITLE Selective binding of anchorin CII (annexin V) to type II and X
collagen and to chondrocalcin (C-propeptide of type II collagen).
Implications for anchoring function between matrix vesicles and
matrix proteins
JOURNAL FEBS Lett. 310 (2), 143-147 (1992)
PUBMED 1397263
REFERENCE 7 (bases 1 to 963)
AUTHORS Dawson,S.J. and White,L.A.
TITLE Treatment of Haemophilusaphrophilus endocarditis with
ciprofloxacin
JOURNAL J. Infect. 24 (3), 317-320 (1992)
PUBMED 1602151
REFERENCE 8 (bases 1 to 963)
AUTHORS Schlaepfer,D.D., Jones,J. and Haigler,H.T.
TITLE Inhibition of protein kinase C by annexin V
JOURNAL Biochemistry 31 (6), 1886-1891 (1992)
PUBMED 1310621
REFERENCE 9 (bases 1 to 963)
AUTHORS Huber,R., Berendes,R., Burger,A., Schneider,M., Karshikov,A.,
Luecke,H., Romisch,J. and Paques,E.
TITLE Crystal and molecular structure of human annexin V after
refinement. Implications for structure, membrane binding and ion
channel formation of the annexin family of proteins
JOURNAL J. Mol. Biol. 223 (3), 683-704 (1992)
PUBMED 1311770
REFERENCE 10 (bases 1 to 963)
AUTHORS Tait,J.F., Frankenberry,D.A., Shiang,R., Murray,J.C., Adler,D.A.
andDisteche,C.M.
TITLE Chromosomal localization of the human gene for annexin V (placental
anticoagulant protein I) to 4g26----9g28
JOURNAL Cytogenet.Cell Genet. 57 (4), 187-192 (1991)
PUBMED 1683830

COMMENT REVIEWED REFSEQ: This record has been curated by NCBI staff. The
reference sequence was derived from AK312644.1, J03745.1 and
BC001429.2.

On Apr 25, 2008 this sequence version replaced gi:4809273.

Summary: The protein encoded by this gene belongs to the annexin
family of calcium-dependent phospholipid binding proteins some of
which have been implicated in membrane-related events along
exocytotic and endocytotic pathways. Annexin 5 is a phospholipase

A2 and protein kinase C inhibitory protein with calcium channel
activity and a potential role in cellular signal transduction,
inflammation, growth and differentiation. Annexin 5 has also been
described as placental anticoagulant protein I, vascular
anticoagulant-alpha, endonexin II, lipocortin V, placental protein
4 and anchorin CII. The gene spans 29 kb containing 13 exons, and
encodes a single transcript of approximately 1.6 kb and a protein
product with a molecular weight of about 35 kDa. [provided by
RefSeq].

Publication Note: This RefSeq record includes a subset of the
publications that are available for this gene. Please see the Gene
record to access additional publications.

COMPLETENESS: full length.
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PRIMARY REFSEQ SPAN PRIMARY IDENTIFIER PRIMARY SPAN COMP

1-101 AK312644.1 1-101
102-1275 J03745.1 96-1269
1276-1624 BC001429.2 1181-1529
FEATURES Location/Qualifiers
source 1..963

gene<l..>963

/organism="Homo sapiens"
/mol type="mRNA"
/db_xref="taxon:9606"
/chromosome="4"
/map="4927"

/gene="ANXA5"

/gene_ synonym="ANX5; ENX2; PP4"
/note="annexin A5"

/db xref="GeneID:308"
/db_xref="HGNC:543"
/db_xref="HPRD:00568"

/db_xref="MIM:131230"

exon<l..9

/gene="ANXA5"

/gene_synonym="ANX5; ENX2; PP4"

CDS

/inference="alignment:Splign"
/number=2
1..963
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/note="endonexin II; anchorin CII; lipocortin V; placental

anticoagulant protein I; CBP-I; PAP-I; VAC-alpha; annexin

V; annexin-5; calphobindin I; thromboplastin inhibitor;

vascular anticoagulant-alpha; placental anticoagulant

protein 4"

misc feature

recorded"

UniProtKB/Swiss—

misc_ feature

recorded"

misc feature

recorded"

UniProtKB/Swiss-—

/codon_start=1

/product="annexin A5"

/protein id="NP 001145.1"

/db_xref="GI:4502107"

/db xref="CCDS:CCDS3720.1"

/db_xref="GeneID:308"

/db_xref="HGNC:543"

/db_xref="HPRD:00568"

/db_xref="MIM:131230"
/translation="MAQVLRGTVIDFPGFDERADAETLRKAMKGLGTDEESILTLLTS
RSNAQRQEISAAFKTLFGRDLLDDLKSELTGKFEKLIVALMKPSRLYDAYELKHALKG
AGTNEKVLTEIIASRTPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQRMLVVLLQAN
RDPDAGIDEAQVEQDAQALFQAGELKWGTDEEKFITIFGTRSVSHLRKVEDKYMTISG
FOQIEETIDRETSGNLEQLLLAVVKSIRSIPAYLAETLYYAMKGAGTDDHTLIRVMVSR
SEIDLFNIRKEFRKNFATSLYSMIKGDTSGDYKKALLLLCGEDD"

/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details

/note="N-acetylalanine; propagated from
Prot (P08758.2); acetylation site"
70..252
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details

/note="propagated from UniProtKB/Swiss-Prot (P08758.2);
Region: Annexin 1"
208..210
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details

/note="N6-acetyllysine; propagated from
Prot (P08758.2); acetylation site"
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misc feature

recorded"

UniProtKB/Swiss-—

misc feature

recorded"

UniProtKB/Swiss-—

misc feature

recorded"

UniProtKB/Swiss—

misc feature

recorded"

misc feature

recorded"

UniProtKB/Swiss-—

misc feature

recorded"

UniProtKB/Swiss—

misc_ feature

recorded"

misc feature

recorded"

exon

exon

exon

226.

.228

/gene="ANXA5"
/gene_ synonym="ANX5; ENX2; PP4"

/experiment="experimental evidence, no additional details
/note="N6-acetyllysine; propagated from

Prot (P08758.2); acetylation site"

235..237
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="N6-acetyllysine; propagated from

Prot (P08758.2); acetylation site"

280..282
/gene="ANXA5"
/gene_synonym="ANXS5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="Phosphotyrosine; propagated from

Prot (P08758.2); phosphorylation site"

286..468
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="propagated from UniProtKB/Swiss-Prot (P08758.2);
Region: Annexin 2"

289..291
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="N6-acetyllysine; propagated from

Prot (P08758.2); acetylation site"

301..303
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="N6-acetyllysine; propagated from

Prot (P08758.2); acetylation site"

538..720
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="propagated from UniProtKB/Swiss-Prot (P08758.2);
Region: Annexin 3"

763..945
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/experiment="experimental evidence, no additional details
/note="propagated from UniProtKB/Swiss-Prot (P08758.2);
Region: Annexin 4"

10..94
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=3

95..189
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=4

190..303

/gene="ANXA5"
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exon

exon

exon

exon

exon

exon

exon

exon

/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=5

304..394
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=6

395..474
/gene="ANXA5"
/gene_synonym="ANXS5; ENX2; PP4"
/inference="alignment:Splign"
/number=7

475..531
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=8

532..625
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=9

626..721
/gene="ANXA5"
/gene synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=10

722..780
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=11

781..903
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/inference="alignment:Splign"
/number=12

904..>963
/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"

/inference="alignment:Splign"

S

S

ORIGIN

TS

TS

/number=13

938..>963

/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/standard name="SHGC-67991"
/db_xref="UniSTS:72449"
961..>963

/gene="ANXA5"
/gene_synonym="ANX5; ENX2; PP4"
/standard name="WI-18730"
/db_xref="UniSTS:60538"

1 atggcacaggttctcagaggcactgtgactgacttccctggatttgatgagcgggctgat

61
121
181
241
301
361
421
481
541
601
661
721
781

gcagaaactcttcggaaggctatgaaaggcttgggcacagatgaggagagcatcctgact
ctgttgacatcccgaagtaatgctcagcgccaggaaatctctgecagecttttaagactectyg
tttggcagggatcttctggatgacctgaaatcagaactaactggaaaatttgaaaaatta
attgtggctctgatgaaaccctctcggctttatgatgecttatgaactgaaacatgcecttg
aagggagctggaacaaatgaaaaagtactgacagaaattattgcttcaaggacacctgaa
gaactgagagccatcaaacaagtttatgaagaagaatatggctcaagcctggaagatgac
gtggtgggggacacttcagggtactaccagcggatgttggtggttctccttcaggctaac
agagaccctgatgctggaattgatgaagctcaagttgaacaagatgctcaggectttattt
caggctggagaacttaaatgggggacagatgaagaaaagtttatcaccatctttggaaca
cgaagtgtgtctcatttgagaaaggtgtttgacaagtacatgactatatcaggatttcaa
attgaggaaaccattgaccgcgagacttctggcaatttagagcaactactccttgctgtt
gtgaaatctattcgaagtatacctgcctaccttgcagagaccctctattatgctatgaag
ggagctgggacagatgatcataccctcatcagagtcatggtttccaggagtgagattgat
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841 ctgtttaacatcaggaaggagtttaggaagaattttgccacctctctttattccatgatt
901 aagggagatacatctggggactataagaaagctcttctgctgctctgtggagaagatgac
961 taa
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