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I. Resumo

Staniocalcinas (STCs) representam uma pequena familia de hormonios glicoprotéicos,
encontrados em todos os vertebrados e composta por STC1 e STC2, que foram inicialmente
implicados na homeostase de calcio e recentemente também foram implicados em varios outros
processos. Stanniocalcina-1 (STC1), o primeiro membro encontrado, foi originalmente
descoberto em peixes dsseos e posteriormente identificado em humanos onde parece ter um
papel, embora ainda obscuro, na carcinogénese e angiogénese. Nos seres humanos STC1 pode
ser encontrado em duas formas: um dimero ou um grupo de variantes de alto peso molecular
coletivamente chamados bigSTC. Uma vez que ambas as células leucémicas e os tumores
sdlidos dependem vascularizacao, a angiogénese é um passo fundamental na interacdo tumor-
hospedeiro e essencial para a progressao do cancer. Analises prévias de microarray resultaram
na identificacdo de varios genes ativados em células endoteliais da medula dssea (BMEC)
modulados pela presenca de células leucémicas. Apresentamos aqui STC1 como um marcador
microambiente de medula déssea (BMM) durante leucemia linfoblastica aguda (LLA) pela
validacdo dos dados prévios de microarray através de PCR em tempo real quantitativos. Em
vista da falta de informacgdes funcionais e estruturais sobre STC1 realizamos: (1) um screen no
sistema de duplo hibrido em levedura, a fim de encontrar algumas das proteinas que interagem
com a STC1 humana, e (2) uma caracterizacao estrutural inicial a baixa resolugdo desta
proteina. Fomos capazes de construir um mapa interacdo proteina-proteina, obtido a partir dos
22 interactantes encontrados em screen de duplo hibrido em levedura. As proteinas encontradas
apresentam-se em varios compartimentos celulares nos quais STC1 ja foi demonstrada para
estar presente, e essas novas informagdes podem ajudar a esclarecer como e qual o papel STC1
desempenha nesses locais. A fim de fornecer informacao estrutural sobre STC1, realizamos
analises bioquimicas e estruturais da proteina recombinante STC1 com 6xHis tag produzida em
células de inseto utilizando o sistema baculovirus. A analise de dicroismo circular confirmou a
predicao in silico do elevado conteldo de alfa-helices. A andlise por espectrometria de massas
forneceu os dados experimentais que confirmaram o padrao conservado de pontes dissulfeto
anteriormente descrito para STC1 de peixes. Finalmente, os dados de espalhamento de raios-X
a baixo angulo demonstraram que, STC1 adota uma estrutura dimérica, ligeiramente alongada
em solugdo fornecendo deste modo os primeiros dados estruturais a baixa resolugdo desta
familia de proteinas. Além disso, foi possivel obter proteina suficiente e de elevado grau de
pureza para realizar ensaios cristalizagdo que resultaram em cristais os quais difrataram a boa

resolucao.
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II. Abstract

Staniocalcins (STCs) represent a small family of glycoprotein hormones found in all
vertebrates composed by STC1 and STC2, which have been initially implicated in calcium
homeostasis and also recently implicated in several other processes. Stanniocalcin-1 (STC1), the
first member found, was originally discovered in bony fishes and later identified in humans were
it seems to have a role, although still unclear, in carcinogenesis and angiogenesis. In humans
STC1 can be found in two forms: a dimer or a group of higher molecular weigh variants
collectively called bigSTC. Since both leukemic cells and solid tumors depend on vascularization,
angiogenesis is a fundamental step in tumor-host interaction and essential to the cancer
progression. Previous microarray analysis resulted in the identification of several activated genes
in bone marrow (BM) endothelial cells (BMEC) modulated by presence of leukemic cells. Here we
present STC1 as a BM microenvironment marker during acute lymphoblastic leukemia (ALL) by
validating previous microarray data by quantitative RealTime-PCR. In view of the lack of
functional and structural information on STC1 we performed (1) a yeast two hybrid screen in
order to find some of the human STC1 interacting proteins and (2) a initial structural low-
resolution characterization of this protein. We were able to construct a protein-protein
interaction map, derived from the 22 interactants found in our yeast two-hybrid screen. The
proteins found are located in several cellular compartments in which STC1 has already been
shown to be present, and the new information might help to clarify how and which role it
performs at these sites. As a means to provide structural information about STC1, we performed
biochemical and structural analyses of recombinant STC1 6xHis tagged protein produced in
insect cells by using the baculovirus system. Circular dichroism analysis confirmed the /n sifico
predicted high alpha-helical content. By mass spectroscopy analysis we provided experimental
data that confirmed the conserved disulfide pattern previously described for fish STC1. Finally
Small Angle X-ray Scattering data demonstrated that STC1 adopts a dimeric, slightly elongated
structure in solution, providing there by the first low resolution structural data of this family of
proteins. Additionally, we could obtain enough protein of high purity to perform crystallization

trials that resulted in crystals diffracting at good resolution.
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III. Introducao

A.  CELULAS, GENES E CANCER

O crescimento e a diferenciacdo celular sdo processos altamente regulados, que sao
direcionados por um programa genético e modificados por estimulos ambientais. O nimero de
células em um organismo adulto € mais ou menos constante, mantendo-se estavel devido a
processos de divisao e morte celular (homeostase). A vida média dos diferentes tipos celulares
do corpo humano varia desde poucos dias, no caso de gldbulos brancos, até varios anos, no
caso das células do sistema nervoso central (Spalding et a/., 2005).

Defeitos adquiridos no material genético que afetam a expressao ou o funcionamento
de genes envolvidos na regulacdo do crescimento e diferenciacdo celular causam o cancer. As
células cancerosas, quando comparadas as células normais, apresentam trés diferengas: ndo
sdo limitadas no seu crescimento e divisdo celular, ndo se diferenciam normalmente e nao
morrem de acordo com o programa normal de morte celular. Certas células que acumulam
mutagles podem ganhar vantagens de crescimento e podem finalmente escapar do controle da
homeostase celular de um organismo saudavel. Trés grupos de genes sao afetados por
mutagdes e contribuem para o processo de carcinogénese: oncogenes, genes supressores de
tumor e genes envolvidos no processo de programa de morte celular conhecido como apoptose
(Vogelstein & Kinzler, 1993).

Proto-oncogenes sofrem freqlientemente mutagdes pontuais ou tém sua expressao
alterada, tornando-se versbes mutadas de genes normais envolvidos no processo de
crescimento celular, ou também chamados oncogenes. Tais modificacdes podem promover um
ganho de fungdo para o produto génico, que por sua vez, proporciona vantagem de crescimento
celular (Bishop, 1991). Por outro lado, mutacdes nos genes supressores de tumor ou genes
envolvidos no processo de apoptose, podem causar a perda de suas fungOes, e deste modo
também contribuir para o progresso do desenvolvimento tumoral. Os genes envolvidos na morte
celular podem ser divididos em dois grupos: os pro-apoptdticos e os anti-apoptoticos. Super-
expressdo de proteinas anti-apoptdticas, assim como, reducdo da atividade ou supressdo das
pré-apoptoticas, podem tornar as células resistentes a apoptose e, conseqiientemente,
resistentes a um grande numero de drogas que induziriam a apoptose em células normais
(Martin & Green, 1995).

B. MARCADORES MOLECULARES

Canceres sdo classificados pelo tipo de célula que se assemelha ao tumor e, por

conseguinte, o tecido que se presume ter sido a origem do tumor. Alteracoes génicas podem



resultar em diferencas entre o0 mesmo tipo de cancer gerando perfis distintos de agressividade,
proliferacdo e invasividade em fungao do tipo de proteina afetada ou da severidade funcional da
alteracdo ou dos mecanismos que esta proteina afetada controla ou regula.

Marcadores moleculares de cancer sao genes ou proteinas que apresentam expressao e
ou funcao alterada em células cancerosas, em comparacao com células normais (Sidransky,
2002). Estes marcadores podem ser detectados, por exemplo, por biopsia do tecido tumoral
seguida da analise deste tecido com anticorpos especificos ou métodos moleculares baseados
em oligonucleotideos de DNA; como também podem ser detectadas em fluidos corpéreos tais
como: sangue, urina e liquido cerebro-espinal. A identificagdo e deteccdo de novos marcadores
moleculares sdao de suma importancia para o diagndstico, acompanhamento da resposta a
terapia, predicdo do prognédstico, além de possibilitar o desenvolvimento de novas drogas
antitumorais. Além disso, a selecdo de marcadores especificos para um dado tipo de cancer pode
permitir a classificacdo de pacientes em diferentes grupos de risco de acordo com o grau de
progressao do cancer, permitindo a adequagdo, ja antes do inicio do tratamento, do nivel de
agressividade do regime terapéutico a ser adotado (Caldas & Ponder, 1997; Golub et a/, 1999;
Vickers et al., 2008). A identificacdo de novos marcadores tumorais é feita, principalmente, com
0 uso de técnicas que permitem um alto fluxo (high through put) de amostras, tais como micro-
arranjos de DNA (“"DNA microarray”) e espectroscopia de massas de proteinas ou “protedmica”
(Verma et al, 2001). A técnica de micro-arranjos de DNA permite a andlise simultdnea dos
niveis de expressdo de milhares de genes expressos (transcriptoma), enquanto que a
espectrometria de massa (MS) analisa a populacdo protéica (proteoma) da amostra em estudo,

qualitativamente e quantitativamente.

C. ESTUDOS DE ESTRUTURA E FUNCAO DOS MARCADORES TUMORAIS

A elucidagao da estrutura tridimensional dos componentes protéicos envolvidos nos
processos carcinogénicos (marcadores tumorais) tem papel chave para o entendimento dos seus
mecanismos moleculares e sua regulacdo, servindo como base para o desenho racional de
drogas e outras moléculas antitumorais.

Varios exemplos bem sucedidos ja estdo documentados na literatura, como por
exemplo, o que envolve os receptores de tirosina-quinases (TKR). Os TKRs sdo proteinas com
papel crucial na transducdo de sinais celulares e frequentemente apresentam expressao
descontrolada, ou mesmo hiperativada, em células cancerosas, contribuindo para o crescimento
desregulado do tumor. Exemplos de sucesso no desenvolvimento de moléculas antitumorais
envolvendo TKRs sdo: (i) o trastuzumab, um anticorpo monoclonal que interfere com os

receptores HER2/neu (conhecido como Herceptin), (ii)) o imatinib, um derivado de 2-



phenylaminopyrimidine que é um potente inibidor especifico das TKRs (comercializado pela
Novartis sob o nome de Gleevec) e (iii) o gefitinib, outro inibidor seletivo de receptores
HER1/ErbB-1 (comercializado pela Teva com o nome de Iressa) (Ghosh et al, 2001;
Bennasroune et al., 2004).

Outro exemplo é a fosfatase PRL-3, descoberta durante uma busca por marcadores
moleculares associados a progressdao de cancer coloretal do estagio primario ao metastatico,
cuja expressdo € mais elevada neste ultimo estagio (Saha et a/., 2001). A resolucdo da estrutura
da proteina PRL-3 possibilitou a identificacdo de caracteristicas estruturais Unicas nao
encontradas nas demais fosfatases (Kim et a/., 2004; Kozlov et al., 2004), bem como permitiu o
desenho de inibidores desta (Park et a/., 2008).

O desenho de inibidores de kinases tem se beneficiado imensamente de dados
cristalograficos para a elucidacdo de modos de ligacdo e de rearranjos conformacionais
inesperados induzidos por inibidores. De fato, a maioria das descobertas de inibidores de
quinases acontece muito mais em conseqiiéncia do desenho racional de drogas do que via
screenings em larga escala e otimizacdo empirica com base nos ensaios de atividades/funcionais
(Zhang et al., 2009).

D. LEUCEMIA

Leucemia é um termo que abrange um amplo espectro de doengas, que por sua vez faz
parte do grupo de doencas ainda maior chamado neoplasias hematoldgicas. A palavra leucemia
tem origem grega (leukos /Aeukog/, "branco"; aima /aipa/, "sangue") e é usada para definir o
cancer do sangue ou medula Ossea, caracterizado por uma proliferacdo anormal de células
sanguineas, geralmente leucécitos (células brancas do sangue). A Leucemia é classificada de
acordo com dois aspectos clinico-patologicos. O primeiro aspecto leva em conta o grau de
diferenciacdo da célula que originou o cancer podendo ser dividida em aguda e cronica (Figura
1). A Leucemia aguda é caracterizada pelo rapido aumento de células sanguineas imaturas e
essa forma de leucemia € a forma mais comum de leucemia em criancas. Ja a leucemia cronica
¢ distinguida pelo excessivo acumulo de células sanguineas relativamente maduras, mas ainda
anormais, levando tipicamente levando meses ou anos para progredirem; todavia estas células
sao produzidas a uma velocidade muito mais elevada que as células normais, resultando em um
numero elevado de gldbulos brancos no sangue. Deste modo este subtipo de leucemia acomete
principalmente pessoas mais velhas porém pode acometer qualquer faixa etaria. O segundo
aspecto leva em conta qual a linhagem sanguinea afetada, linfoide e mieldide. Combinando
esses dois aspectos obtem-se quatro principais categorias: Leucemia linfdide (ou linfoblastica ou

linfocitica) aguda (LLA), Leucemia linféide cronica (LLC), Leucemia mieldide (ou mielogénica)



aguda (LMA) e leucemia mieldide cronica (LMC) (Misaghian et a/,, 2009). Destas, a LLA € o tipo
mais comum de leucemia em criangas jovens, podendo afetar também adultos, especialmente
aqueles maiores de 65 anos. O tratamento padrao envolve quimioterapia e radioterapia. Os
subtipos de LLA podem incluir LLA tipo B, LLA tipo T, leucemia de Burkitt, e leucemia aguda

bifenotipica.

NORMAL CRONICA AGUDA

- 3 Célula tronco
0 A Hematopoiética

Célula progenitora
multipotente
(linfoide ou mieloide)

Célula madura

Figura 1. Desenvolvimento das células normais em comparacao com os tipos de leucemia
crénica e aguda. Modificado a partir de http://stemcells.nih.gov/info/2006report .

Segundo dados da Organizacao mundial da saude, a cada ano aproximadamente
250.000 criangas e adultos sdo diagnosticados com um tipo de leucemia, o que representa cerca
de 2,5% de todas as pessoas diagnosticadas com cancer. Todavia, o progresso no diagnostico e
tratamento da leucemia infantil tem transformado essa doenga, antes fatal, em um grupo de
malignidades que agora sdo curadas em muitas criancas. Esse progresso ocorreu devido ao
esforco conjunto de investigacGes cientificas e o trabalho de grupos de triagem clinica em
cooperacdo nacional e internacional. Os avangos nas técnicas de citogenética, imunofenotipicas
e analises de genética molecular permitiram a identificagdo de marcadores clinicos em células
leucémicas. Esses novos conhecimento tém contribuido para o desenvolvimento de protocolos
de tratamento designados para sub-grupos especificos de pacientes com leucemia infantil
(Colby-Graham & Chordas, 2003).



E. INTERAGAO LEUCEMIA, MICROAMBIENTE TUMORAL E ANGIOGENESE

O desencadeamento da angiogénese € um processo fundamental da interacdo tumor-
hospedeiro e essencial para a progressao do cancer (Folkman, 1995). As leucemias, bem como
os tumores solidos, sdo dependentes de vascularizacao e apresentam um aumento significativo
de angiogénese estimada pela densidade da microvasculatura (DMV), demonstrando o papel
importante da angiogénese na medula dssea durante a patogénese e progressao de neoplasias
hematoldgicas (Hussong et &/, 2000; Negaard et al, 2009). Apesar do fato de que as
leucemias ndo apresentam uma associacdo direta entre a DMV e o progndstico dos pacientes
(Pule et al., 2002), inibidores de angiogenese mostraram-se eficazes como agentes anti-
tumorais em modelos animais, indicando a dependéncia da angiogenese nas leucemias (Iversen
et al., 2002; Schuch et al., 2005).

As células endoteliais da medula 6ssea (BMEC, bone marrow endothelial cells) formam
microcapilares e vasos sangiiineos, e tém um papel importante no desenvolvimento do estroma
da medula dssea como também na sustentacdo, estimulagdo e sobrevivéncias das células da
leucemia. De fato a LLA esta associada a um aumento significativo da angiogénese na medula
Ossea e dos niveis séricos de fatores de angiogénese (VEGF, TNF-alfa entre outros). Por outro
lado, as BMEC promovem a sobrevivéncia das células da LLA e a interacao entre esses dois tipos
de células confere vantagens proliferativas e adaptativas as células leucémicas.

O grupo do Prof. Dr. José Andrés Yunes (Centro Boldrini) vem estudando esse tipo de
interacdo a fim de entender o papel do microambiente medular, e principalmente do endotélio,
para a progressao das células tumorais leucémicas. Este grupo levanta a hipdtese que o “grau
de ativacao” das células endoteliais seja importante para o progresso/agressividade da
leucemia. Eles realizaram estudos de micro arranjos de DNA (Yunes, comunicacdao pessoal) e
identificaram um grande conjunto de genes que sdo super expressos em células BMEC apds sua
interacdo/incubacdo, ou com células leucémicas, ou com plasma de criancas com leucemia.
Dentre os genes encontrados por Yunes estdao Dickkopf-1 (DKK1), Stanniocalcina-1 (STC1) e a
proteina do Mammalian Gene Colection (Strausberg et a/., 1999) CGI-109; cujas quantidades de
mRNA aumentaram 3, 4 e 8 vezes, respectivamente, nas células tratadas. Esses dados indicam
que estas proteinas sdo super expressas no tecido endotelial do microambiente medula dssea
tomada pela leucemia e que estas proteinas tém potencial de marcadores moleculares da
angiogénese em curso. A seguir daremos énfase as familia das Stanniocalcinas, visto que a
proteina Stanniocalcina 1 foi por nos selecionada e validada como marcador de microambiente

de leucemia (vide Artigo I na segdo resultados).



F. A FAMILIA DE PROTEINAS DAS STANNIOCALCINAS

As Stanniocalcinas (STC) representam uma pequena familia de hormonios glicoprotéicos
secretados, composta pelas proteinas STC1 e STC2 as quais compartilham seqiiéncias de
aminoacidos altamente conservadas desde vertebrados aquaticos até os terrestres (Wendelaar
Bonga et al., 1989; Pandey, 1994; Wagner et al., 1995; Tanega et al., 2004; Hang & Balment,
2005; Shin et al., 2006; Wagner & DiMattia, 2006).

O gene STC1 de mamiferos foi originalmente identificado e clonado durante uma
pesquisa de genes relacionados com cancer (Chang et al., 1995). Acreditava-se inicialmente que
a STC1 de mamiferos apresentaria uma conservacdo da funcao apresentada na STC1 de peixes,
atuando na homeostase mineral como um hormonio anti-hipercalcémico (Lafeber et a/., 1988;
Olsen et al., 1996; Wagner et al., 1997; Madsen et a/,, 1998). Além disso Zhang e colaboradores
(1998a) mostraram que tanto a proteina STC1 humana produzida em baculovirus como em
células de hamster (CHO) produzem o mesmo efeito inibitdrio do transporte de calcio em
brénquias de peixes que a proteina obtida de peixes, mostrando a alta conservagdo da sua
funcdo. Contudo, fica cada vez mais claro que as STCs tenham expandido seus papéis em
mamiferos, sendo esta suposicdo baseada no fato de que as STCs, em humanos, além de
possuirem um padrdo de expressao abrangente em diversos tecidos normais adultos (Chang et
al., 1995; Varghese et al.,, 1998; Worthington et a/., 1999; Paciga et al/.,, 2002; Serlachius et al.,
2002; Yoshiko & Aubin, 2004; Wagner & DiMattia, 2006), também apresentam uma expressao
diferencial durante a embriogénese (Zhang et a/, 1998b; Franzen et al., 2000; Jiang et &/,
2000; Yoshiko et al., 2003; Serlachius et al., 2004; Serlachius & Andersson, 2004). Existem cada
vez mais evidéncias de um papel da STCs no cancer, tendo ambas proteinas sido relacionadas
com carcinomas de mama (Bouras et al, 2002; Welcsh et al, 2002; Wascher et al., 2003;
Yamamura et a/.,, 2004; Joensuu et al., 2008; Raulic et a/., 2008), colon (Fujiwara et a/., 2000;
Gerritsen et al., 2002; Yeung et al., 2005; Law et al,, 2008b; Law et al., 2008a), naso-faringeo
(Yeung et al., 2005), ovariano (Ismail et a/., 2000; Yeung et al., 2005) e leucémico (Tohmiya et
al., 2004), dentre outros (para revisao Fujiwara et a/., 2000; Chang et al., 2003; Wascher et al.,
2003).

O genoma humano e o de rato codificam proteinas STC1 de 247 aminoacidos (Chang et
al., 1996; Chang et al., 2003). Os primeiros 204 aminoacidos apresentam 92% de similaridade
com a seqiiéncia da STC1 de salmdo, incluindo o sitio de N-glicosilacao do tipo Asn-x-Thr/Ser
(NXT/S) (Hulova & Kawauchi, 1999; Chang et a/., 2003). Entretanto existe pouca conservacao
nos ultimos 43 residuos do C-terminal comparando-se a STC1 de peixe com as STC1 e STC2
humanas (Figura 2), sugerindo que a principal atividade bioldgica das STCs deva ser mediada

através da sua porcao N-terminal (Ishibashi & Imai, 2002; Gerritsen & Wagner, 2005).
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Figura 2. Alinhamento entre sequencias de STC 1 e 2 humanas e a STC de truta arco-iris
(Oncorhynchus mykiss, familia Salmonidae). Marcacdes em tons de cinza indicam
conservacdo (de acordo com a matriz de substituicdo PAM250), em verde: peptideo sinal,
vermelho: pro-peptideo e laranja: sitio de N-glicosilacdo.

Ja o cDNA da STC2 codifica uma proteina de 302 aminoacidos (55 aminoacidos mais
longa do que a STC1 humana) que possui 34% de identidade com STC1 humana e de enguias,
sendo os residuos de 24 a 101 (N-terminal) a por¢do mais idéntica (50% de identidade e 73%
de similaridade com a STC1 humana). A porcdo da proteina STC2 apds a posicdo 101 apresenta,
no entanto, menor identidade (23%) para com a STC-1 humana (Moore et a/, 1999). Uma
caracteristica conspicua da proteina STC2 é a presenca de 15 residuos de histidina, ou seja,
cinco vezes o numero observado na STC1 de enguia e mais do dobro do nimero encontrado na
STC1 humana. Quatro destes residuos de histidina apresentam-se agregados em dois pares na
regido C-terminal da proteina e podem interagir com ions metalicos bivalentes, como Zn**, Co**,
Ni**e Cu®* (Ishibashi & Imai, 2002), tendo este cluster de histidinas sido utilizado para purificar

STC-2 em uma coluna de Ni** (Moore et al, 1999). Considerando-se o alto grau de conservagdo



da porcao N-terminal e no padrdo de residuos cisteina conservados (Gagliardi et al., 2005)
torna-se tentador assumir que STC1 e STC2 apresentem, pelo menos em parte, sobreposi¢ao de
funcoes.

Em mamiferos parece existirem duas formas diferentes de STC1: (1) a forma
convencional, também conhecida como STC50, que se apresenta como um dimero de 56 kDa
constituido por monémeros de ~28 kDa, e (2) um nimero de variantes de maior peso molecular
de STC coletivamente referidos como "bigSTC" (Paciga et a/.,, 2002; Paciga et a/., 2003; Paciga
et al., 2004; Paciga et al., 2005a; Paciga et a/., 2005b; Hasilo et al., 2005). Pelo menos trés
pesos moleculares de bigSTC foram descritos (84, 112 e 135 kDa) e tém sido relatados
expressos em adipdcitos, células adrenocorticais (Paciga et al., 2005a; Paciga et al., 2005b) e
ovarios (Paciga et al., 2002; Paciga et al., 2003; Paciga et al., 2004). A fim de explicar o ‘ganho
de massa’ nas bigSTC tem se sugerido que estas possuam algum tipo de modificacdes pds-
traducionais como glicosilacdo (Paciga et al., 2002; Chang et al., 2003) ou fosforilacdo (Jellinek
et al., 2000), bem como a existéncia de exons adicionais ainda nao caracterizados (Paciga et al.,
2005a). Um fato em cocordancia com a hipétese dos exons alternativos é que a forma
monomeérica da bigSTC1 apresenta cerca de ~10 kDa a mais que o mondmero de STC50. Outra
possibilidade é a formagao de tri-(84 kDa), tetra-(112 kDa), ou mesmo pentameros (140 kDa),
embora neste caso estejamos levando em conta somente os valores obtidos para o mondmero
de STC50 (~28 kDa), e ndo o tamanho observado do monémero de bigSTC (~38 kDa). Cabe
ainda destacar que a variante de bigSTC de 135-kDa encontrada em células adrenocorticais é
resistente a redugdo quimica, tal qual a STC50 derivada da matriz mitocondrial (Paciga et al.,
2005a), sugerindo talvez uma estruturagdo quaterndria da proteina que a torne menos
susceptivel a reducao quimica. Ademais em peixes mais primitivos o Ultimo residuo de cisteina
no C-terminal de STC1, supostamente envolvido na sua dimerizacdo, ndo é conservado sendo
substituido por residuos de arginina ou histidina, dando assim origem a uma forma estritamente
monomérica dessa proteina (Amemiya et al., 2002; Amemiya et al., 2006). Finalmente, embora
as formas diméricas de STC1 tenham sido descritas (Wagner et al, 1992; Yamashita et a/.,
1995; Hulova & Kawauchi, 1999), a questao de sua multimerizacdo e a ocorréncia de diversas
formas de peso molecular mais elevado em certas circunstancias ainda permanecer para ser

esclarecida.



IV. Objetivos

A.

OBJETIVO GERAL

Este estudo teve como objetivo central selecionar e validar proteinas candidata a

marcadora de microambiente de leucemia infantil e realizar estudos funcionais e estruturais

mais aprofundados com uma delas.

B.

OBJETIVOS ESPECIFICOS

1. Selecao e validacdo de proteinas candidatas a marcadora de microambiente
de leucemia infantil.

1.1. Selecionar, a partir de dados prévios, proteinas candidatas a marcadora de
microambiente de leucemia infantil preferencialmente de funcao e estrutura
desconhecidos.

1.2. Verificar ativagdo trancripcional perante estimulo com células leucémicas por
gPCR a fim de validar os potenciais marcadores.

2. Caracterizacdo funcional e estrutural de uma proteina marcadora validada.

2.1. Amplificacdo e clonagem do cDNA da proteina marcadora selecionado em
vetores de expressdo e em vetor especifico para analise de duplo-hibrido em
levedura.

2.2. Expressdo e purificacdo da proteina para estudos estruturais (CD, SAXS,
Cristalizacdo / Difracao de raios-X, etc.).

2.3. Screening através de duplo-hibrido em levedura a fim de mapear interagGes e

obter pistas sobre a fungdo da proteina.



V. Resultados

A. ARTIGO I:

CHARACTERIZATION OF HUMAN
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Abstract

Stanniocalcin-1 (STC1) is an endocrine hormone originally discovered in bony fishes and later
identified in humans were it seems to have a role in carcinogenesis and angiogenesis, although
still unclear. The leukemia and solid tumors are dependent on vascularization and showed a
significant increase in angiogenesis, estimated by the density of microvessels (DMV)
demonstrating the important role of angiogenesis in the bone marrow in the pathogenesis and
progression of hematological malignancies. Triggering of angiogenesis is a fundamental process
to tumor-host interaction and essential to cancer progression. Some angiogenesis inhibitors
showed effective anti-leukemia activity in animal models of human leukemia, indicating leukemia
dependence on angiogenesis. Previous microarray analysis resulted in several activated genes in
bone marrow (BM) endothelial cells (BMEC) modulated by leukemia presence. In view of the
lack of information about molecular partners and STC1’s actual role we present STC1 as a BM
microenvironment molecular marker during acute lymphoblastic leukemia (ALL) validating
previous microarray data by RealTime-PCR and performed yeast two hybrid screenings looking
for some of the human STC1 proteins interactions providing a protein-protein interaction map,
originally derived from the 22 interactants found on our yeast two-hybrid screenings. The
proteins found are located in compartments where STC1 has been show to be present and

might help to clarify how and which role it performs on these sites.

Background

STC1 is an endocrine hormone originally discovered in bony fishes and later identified in
humans by mRNA differential display of genes related to cellular immortalization, a key aspect of
the cancer cell phenotype [1]. Different of its role in fish, human STC1 seems to play diverse
roles in numerous developmental, physiological, and pathological processes including cancer,
pregnancy, lactation, angiogenesis, organogenesis, cerebral ischemia, and hypertonic stress [2].
The precise role of STC-1 in carcinogenesis is still unclear, and in particular, the involvement of
cancer cells in the differential STC-1 expression remains to be determined. STC-1 mRNA was

present in the bone marrow and blood of breast cancer patients, whereas no STC-1 mRNA was
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evident in healthy volunteers [3], suggesting STC-1 as a novel molecular marker for human
breast cancer. Tumor vasculature may also be responsive for the increased expression of STC-1
[4;5]. The fact that VEGF induces STC-1 expression supports this assumption [6;7]. Studies also
indicate that STC1 modulates inflammation, inhibiting mouse macrophages and human
monoblasts chemotaxis [8] and decreasing macrophages and T-lymphocytes transmigration
across endothelial cells [9]. Albeit STC1 has been implicated in so many processes, neither its
receptor or other molecular partners nor its exact role in such processes are known yet.
Triggering of angiogenesis is a fundamental process to tumor-host interaction and essential
to cancer progression [10]. Solid tumors, as well as leukemias, benefit from this new
vascularization by obtaining oxygen, nutrients and growth factors. Some angiogenesis inhibitors
showed effective anti-leukemia activity in animal models of human leukemia, indicating leukemia
dependence on angiogenesis [11]. Leukemic cells are able to modulate its bone marrow (BM)
microenvironment in its own benefit [12]. Microarray analysis (unpublished data), carried out in
order to characterize leukemia-modulated genes in BMEC, by stimulation either with primary ALL
cells or with the patient’s plasma, resulted in several activated genes. While validating potential
BM microenvironmental markers by Quantitative Real-Time PCR (qPCR) we found stanniocalcin-
1 (STC1) as one highly activated gene in BMEC after 6 hours stimulus with plasma of children
with ALL, as presented here. Also, in view of the lack of information about molecular partners
and STC1's actual role we performed yeast two hybrid screenings looking for some of the

human STC1 proteins interactions.

Results

Validation of STC1 as BM microenvironment molecular marker in ALL

Among proteins selected for validation are: ALL1 fused gene from chromosome 1q (AF1Q),
CGI-109 which has been recently renamed to transmembrane emp24 protein transport domain
containing 7 (TMED7), t-complex-associated-testis-expressed 1-like (TCTE1L or also known as
dynein light chain Tctex-type 3 [DYNLT3]), dickkopf homolog 1 (DKK1), and STC1. All proteins
had altered expression in previous microarray analysis but from those only two presented
differential expression in our RealTime-PCR validation, being DKK1 expression downregulated
and STC1 expression upregulated. Previous microarray data showed around 8 fold increase of
STC1 on BMEC when treated with ALL plasma. We had confirmed STC1 mRNA up regulation
during co-culture bone marrow estromal cells with leukemic blasts by RealTime Quantitative PCR
(gPCR) and found a similar increase (~7 fold) in estromal cells co-cultured with 3 different
patients ALL cells after 24 hours of treatment (Figure 1), unexpectedly after six hours of
treatment STC1 mRNA was ~5.4 fold below its initial level (0Oh).
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Identification of STC1 interacting proteins by yeast two hybrid

Before the yeast two-hybrid screening the construction of LexA-STC1ANterm was tested for
autonomous activation of reporter genes (HIS3 and LacZ) and no activation was detectable (not
shown). We then employed yeast two hybrid system for screening of three human cDNA
libraries: fetal brain, bone marrow and leucocyte. LexA-STC1ANterm construct was used as bait,
and a total of about 1.5x10° co-transformed clones in the three screenings were assayed for
both reporters. A total of 22 proteins were identified and their retrieved fragments and domain
composition as well as their cellular compartment/location according to GeneOnthology [13] are
presented on Table 2.

Proteins were grouped according to its cellular compartment in seven groups, although some
are present in more than one group: nuclear (LMNA, MAPK14, FUS, QRICH1, SAP18, SP100 and
SUMO1), endoplasmic reticulum (ERN1, JSRP1, TMEM132A and FLJ20254), mitochondria
(MTND1 and ALAS2), cytoplasm (ALDOA, FTL, MAPK14 and SUMO1), plasma membrane
(ANPEP, CMTM3, DAGLB, FNDC4 and TMEM132A), extracellular/secreted (ELA2) and red blood
cells (HBA1/2). Although QRICH1 and FLJ20254 had no GeneOnthology information about their

location we used prediction of PSORT II program [14] to infer their possible localization.

Confirmation of interactions by pulldown assay

To confirm interactions observed in the yeast two hybrid screenings we performed a
pulldown assay, using preys proteins (retrieved from the screenings) fused to a GST-tag and a
His-tagged STC1 (STC1-HT) produced in insect cells (Trindade et al., submitted)®. However only
eleven of them could be subcloned into GST-tag expression vector and, from those, only six
presented soluble expression in bacteria (SP100, FUS, JSRP1, SUMO1, TMEM132A and LMNA),
for FNDC4 protein primers were designed to amplify only the extracellular portion (mainly
comprising its fibronectin type III domain[FNIII]) excluding its carboxyl-terminal end
(transmembrane and intracellular portion). Recombinant STC1-HT was capable to bind to all
seven GST-tagged proteins but not with GST alone demonstrating the specificity of the

interaction (Figure 3).

Mapping interactions
We further generated two constructs of STC1 fused to LexA DNA binding domain splitting

STC1 in two halves (an amino and a carboxyl end construct, named LexA-N STC1APS and LexA-

! Trindade, D.M.; Silva, J.C.; Navarro, M.S.; Torriani, I.C.L; Kobarg, 1. Low-resolution structural studies of human
Stanniocalcin-1. Submitted for publication on March 2009.
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C STC1) in the only region in which disulfide bonds didn't cross in the primary sequence (Figure
2), and both constructs were tested against prey constructs retrieved from yeast two hybrid
screenings (Figure 4). Some proteins did not interacted with any of the partial constructs of
STC1 (ANPEP, FLJ20254, FTL, HBA1/2, MTND1 and SUMO1), all others interacted with the
amino terminal of STC1 but not with the carboxyl terminal end, except that TMEM132A
presented higher interaction with N-terminal end than with the full length construct and FNDC4
interacted with both ends of STC1. Interestingly, in previous SAXS experiment (Trindade et a/,
submmited) we had speculated that STC1 forms an anti-parallel dimer by its carboxyl terminal
end leaving both its amino-termini exposed, which might, at least in part explain this result.
During the mapping of interaction of ZBTB16 on STC1 N and C terminal constructs the prey also
presented B-galactosidase activity with LexA-only construct, perhaps because it has been a

transcription regulator [15;16], and thus was disconsidered from the mapping.

Discussion

Although STC1 is becoming more and more evidently involved in many cellular processes, its
molecular partners have not yet been exploited or characterized. This is the first work looking
after protein interactions of STC1 in order to better understand its roles in this variety of cellular
processes. Among all retrieved interactants there are proteins from different compartments as
nucleus, cytoplasm, mitochondria, endoplasmic reticulum (ER) / Golgi complex, plasma
membrane and also extracellular ones. Despite STC1 has been characterized to be a secreted
hormone, that is present in all secretory compartmens from ER through Golgi complex and
extracellular space, it has also been shown to have high affinity ‘receptors’ at the plasma and
mitochondria membranes [17], and was found at mammary gland alveolar cells nuclei [18].

Following we will address the possible implications of STC1 in each of the compartments found.

Nuclear proteins

The interphase nucleus is a highly compartmentalized organelle, in which chromosomes
occupy discrete territories and various regulatory proteins are present in specific nuclear bodies
and/or are diffusely distributed throughout the nucleoplasm [19]. The lamins, which belong to
the intermediate filament family of proteins, are the major components of a filamentous network
underlying the inner nuclear membrane, termed the nuclear lamina. Among roles attributed to
lamins are maintenance of nuclear envelope integrity, chromatin anchoring sites supply and

determination of interphase nuclear architecture. Lamins A/C (encoded by LMNA gene) seems to
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have a role in spatial organization of the speckles, one of the ever-increasing number of nuclear
bodies, where it seems to organize RNA splicing factors and polymerase II transcription [20-22].
FUS, also known as TLS, is member of the FET family of RNA binding proteins, which also
includes EWS and TAF15 (TAFII68, TAF2N, RBP56) proteins that had been found in the nucleus
as well as in the cytoplasm and shown to shuttle between these locations. FET proteins are
targeted to stress granules induced by heat shock and oxidative stress and FUS required its RNA
binding domain for this translocation [23]. Also, the small nuclear ribonucleoprotein (snRNP)-
associated protein of 69 kDa (69KD), a protein that shares structural similarity with members of
FET (TLS and EWS, 95% and 65% identity, respectively), has been shown to be present in
speckles [24]. Interestingly FUS was one of the most abundant proteins retrieved in our STC1
yeast two hybrid screenings. STCs are implicated stresses situations like hypoxia [25] and
oxidative stress [26], so its likely that it could be found in stress granules together with FUS.
Another nuclear subdomain are the promyelocytic leukemia (PML) nuclear bodies (NBs)
which recruit and locally accumulate an amazing number of proteins, many of which are key
regulators of various processes. PML is present both in the nucleoplasm and in NBs, which also
are nuclear matrix associated [27], and play a role in the organization of these NBs, targeting
proteins such as Sp100, CBP, or Daxx onto these domains [28]. Sumoylation was first proposed
to target PML toward NBs, behaving as an NB-targeting signal but now sumoylation is seen
clearly not an NB-targeting signal, but maybe a consequence of the NB localization, although the
functional significance of the presence of so many sumoylated proteins in NBs remains to be
understood [27;28]. Interestingly, most of PML-NB proteins are transiently residents and are
recruited or released upon different cellular stress signals. An example is p53 protein that during
many kinds of stress is stabilized and activated at the PML-NB and then can induce the
transcription of its targets genes leading to cell cycle arrest, senescence or apoptosis [29;30].
Also, exposure of cells to high concentrations of heavy metal affects SP100 and PML proteins of
PML-NB altering their number and distribution within the cell [31]. Although ZBTB16 has been
disconsidered during mapping experiments it also seems to colocalize with PML-NBs [32] and
may bind to STC1 direct or indirectly. Some PML proteins (e.g. Daxx, PIASx, HIPK2, Topors),
had been shown to have a SUMO interacting motif (SIM) [33] providing a non-covalently bind to
SUMO enable binding to other sumoylation proteins and consequently affecting its cellular
location. As presented here STC1 interacted both with SP100 and SUMO1, so we speculate that
STC1 would have a structural SIM. In addition STC1 presented in its sequence three putative
sites for sumoylation (Trindade et al., submitted)*. Another evidence linking STC1 to PML-NB is
that during cell death generated by iodoacetamide-induced oxidative stress, p53 is stabilized,
acetylated and furthermost activates STC1 expression [34]. Also, Law and co-workers [35],

using trichostatin A (an inhibitor of Histone deacetilases [HDACs]), reported hyper acetylation of
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STC1 promoter region, together with the recruitment of NFkB, to be involved in the activation of
STC1 gene expression.

Another STC1 yeast two hybrid retrieved protein, SAP18 (Sin3-associated polypeptide of 18
kDa), has been shown to play a key role in gene-specific recruitment of the HDAC complex by a
number of transcription factors, acting as a protein-protein adapter module bridging the Sin3-
HDAC complex to transcription factors, which is supported by its ubiquitin-like fold [36;37].
Recently HDAC7 has been shown to act as a SUMO E3 ligase promoting PML sumoylation, in a
deacetilase independent fashion, and playing an important role in regulation of PML-NB
formation [38;39].

Endoplasmic reticulum proteins

Among the four ER retrieved proteins two are related to unfolded protein response (UPR):
the UPR transducer ERN1; TMEM132a, which had been renamed to HSPA5 binding protein
(HSPA5BP) by its high homology to its rat ortholog [40]. The UPR is activated by a variety of
insults that disrupt protein folding in the ER lumen thus preventing accumulation of unfolded
proteins in the ER lumen. Among these insults are changes in intralumenal calcium, altered
glycosylation, nutrient deprivation, pathogen infection, expression of folding-defective proteins,
and changes in redox status [41]. The mammalian UPR has been shown to be activated by three
interconnecting signaling proteins: activating transcription factor 6 (ATF6), IRE1 (first identified
in a yeast mutant with inositol-requiring phenotype, and also known as ERN1), and double-
stranded RNA-activated kinase (PRK)-like ER kinase PERK. Each of these proteins is localized to
the ER membrane bounded to glucose-regulated protein 78 (Grp78, also known as BIP and
HSPAS), a soluble ER-resident molecular chaperone, that upon ER stressing conditions is
released from the trio of UPR transducers [42]. Even more interesting is that the other member
of STC family of proteins, STC2, has been shown to be induced by ER and oxidative stress
agents, and its knockdown accentuated N2a cell death induced by thapsigargin, an inhibitor
SERCA (sarco / endoplasmic reticulum Ca** ATPase) via UPR [26].

The other two ER retrieved proteins are the junctional sarcoplasmic reticulum protein 1
(JSRP1), and the FLJ20254 protein (recently named TMEM214) of unknown function. JSRP1 plays
a modulatory role in calcium turnover in muscle, as shown by its interaction to both,
dihydropyridine receptor (DHPR) voltage sensors and, inside sarcoplasmic reticulum’s lumen binds
to calsequestrin which in turn is linked to Ryanodine receptors family of calcium release channels
of the reticulum [43;44]. In fish STC1 has been well characterized to play roles in calcium and

phosphate homeostasis [45-47]. As for human STC1 there is a Japanese group that has shown
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evidences for STC1 in stress related to calcium-overload [48-50] so we may speculate that STC1
might inhibit JSRP1 by interacting with it.

Mitochondrial proteins

STC1 has been previously found confined within the mitochondrial matrix, having
concentration-dependent stimulatory effects on NADH oxidation [17] which was shown to be
attenuated upon occupancy of the ATP binding cassette by purine nucleotides such as ATP and
GTP [51]. STC1 effect on the electron transport chain could be mediated by its binding to
MTND1, possibly enhancing its activity. Other proteins related to electron transport chain were
initially retrieved from the STC1 yeast two hybrid screen (data not shown) but when co-
transformed with STC1 did not confirmed to be directly interacting. However their retrival in the
first place may have occurred in the form of a complex and there fore reinforces the presence of

STC1 in these protein complexes.

Red blood cell and secreted proteins

The second more abundant protein retrieved from the STC1 yeast two hybrid screens were
the two hemoglobin beta chain genes (HBA1 and HBA2), which code for the same protein.
Circulating STC1 is usually not detected, except in pregnancy [2], however James and coworkers
[52] demonstrated high binding of STC1 to red blood cells postulating that the inability of STC1
detection in serum could be due its sequestration by red blood cells which either could represent
a mechanism of delivery or removal of STC1 from blood and in both cases HBA1/2 could serve
as this unknown capture protein. Another erythroid related protein found was 5-Aminolevulinate
synthase 2 (ALAS2) one of the existing two ALAS isozymes that catalyzes the first and rate-
limiting step of heme synthesis, and in the case of ALAS2, which is expressed exclusively in
erythroid cells is responsible for the synthesizes of heme specifically for haemoglobin [53].
Interestingly ALAS2 transcription is hypoxically induced in an HIF-1-independent manner,

leading to an increase in heme content [54].

Membrane proteins

Aminopeptidase N (ANPEP or also called CD13) is a broad specificity aminopeptidase that
plays a role in the final digestion of peptides generated from hydrolysis of proteins by gastric
and pancreatic proteases. In addition ANPEP serves as receptor for human conavirus and
cytomegalovirus infections, as well as for tumor-homing peptides, more specifically NGR

peptides, and has also been pointed as an important regulator of endothelial morphogenesis
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during angiogenesis [55;56]. Chemokine-like factor superfamily 3 (CKLFSF3, or also known as
CMTM3 which stands for CKLF-like MARVEL transmembrane containing motif protein 3), belongs
to a novel family of proteins that plays important roles in the immune system and participate in
tumorigenesis, in particular, CMTM3 is highly expressed in the testes along with leukocytes and
placenta [57;58]. Fibronectin domain containing protein 4 (FNDC4 or FRCP1) is strongly
expressed in brain and liver, and like fibronectin type III (FNIII) and Arg-Gly-Asp (RGD)
containing plasma membrane proteins might serve either as cell adhesion molecules or as
receptors with no identified ligant. Taking into account that STC1 does not have a characterized
receptor it would be interesting to perform further experiments in order to confirm that any of
these candidates would fulfill the role for STC1 receptor and current work is being done in that

direction by us.

Other (Cytoplasmatic) proteins

Mitogen-activated protein kinase 14 (MAPK14 or p38aMAPK) is a key kinase that responds to
activation by environmental stress and pro-inflammatory cytokines by phosphorylating a number
of transcription factors and several downstream kinases. Another branch of the mitogen
activated protein kinases are the extracellular signal-regulated kinases (ERKs) 1 and 2 (ERK1/2),
which are also known as the classical mitogen kinase cascade, acting in signaling cascades that
regulates various cellular processes such as proliferation, differentiation, and cell cycle
progression [59]. Holmes & Zachary [60] recently proposed that STC1 expression induced by
VEGF-A165 would be mediated primarily by PKC, ERK and calcium signalling pathways. We
could speculate that STC1 might then act in a modulatory fashion inhibiting the stress-related
via of MAPK by binding to its most abundant isoform, p38aMAPK (MAPK14).

Frutose-biphosphate aldolase A (ALDOA) have been show to be activated by HIF-1a [61], as
well as STC1 [25], and recently activation of an HIF-la-regulated glycolysis have been
suggested to be related to the aggressive phenotype of cancer [62].

Although Sn1-specific diacylglycerol lipase beta (DAGLB) is a transmembrane protein the
majority of it is oriented to the cytoplasm, so it will be analyzed here. DAGLB catalyzes the
hydrolysis of diacylglycerol (DAG) to 2-arachidonoyl-glycerol (2-AG), the most abundant
endocannabinoid in tissues, being stimulated by glutathione and calcium [63].

In Conclusion our yeast two hybrid screenings provided a first glance to what might be a
clearly multifunctional protein as shown by the protein interaction map (Figure 5). Although
future and more detailed studies must be performed in order to clarify the pathways and which
role STC1 plays in all these processes this first study in this scale to date shed some light in the

function of this protein.
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Methods

Co-culture Assay for validation of molecular marker candidate diferential expression
in BM stromal cells (Validation of microenvironment markers)

In order to validate previous microarray data we performed co-culture of BM stromal cells
with leukemic blasts. BM stromal were cultured in DMEM media with 10% FCS in six-well plates
until reach around 70% of confluency, at this point the media was changed either to fresh
media (control) or fresh media containing 3x106 leukemic blasts (three patient samples were
used in parallel experiments). Samples from non-treated BM stromal cells (Oh), or treated with
fresh media containing, or not, leukemic blasts (Figure 1A). Cells were washed with HBSS 1x in
order to separate leukemic blasts (non adherent) from adherent stromal cells, which were then

trypsinized and the total RNA extracted.

Real-Time Quantitative PCR (qPCR)

For gPCR, total RNA was extracted from samples of treated or untreated stromal cells using
TRIZOL reagent (Invitrogen) according to the manufacturer’s protocol and quantified by
spectrophotometrical methods.

Two micrograms of total RNA was treated with DNase (GE Healthcare) and then transcribed
into first strand cDNA using First Strand cDNA Synthesis Kit (Amersham Biosciences / GE
Healthcare) modified according to previously described [64]. Briefly, RNA was treated with 20U
of DNase I (Amersham Biosciences / GE Healthcare) in Tris-HCI 40 mM pH 7.5, MgCl2 6 mM
buffer, after 15 minutes DNase was inactivated by heating at 80°C for 10 minutes. For the cDNA
synthesis, we proceeded similar to manufacturer’s protocol except that 500ng of random
hexamers were used.

For gPCR assays were performed using the Applied Biosystems 7500 Systems (Applied
Biosystems) and each sample was run in triplicate to ensure quantitative accuracy. All PCR
reactions were carried out in a final volume of 25ul containing 1X of SYBR Green PCR Master Mix
(Applied Biosystems), a previously determined concentration of each gene specific primers
(Table 1), 1 pL stromal cell cDNA, and sterile deionized water. The standard cycling condition
was 50 °C for 2 min, 90 °C for 10 min, followed by 40 cycles of 95 °C for 15 s and 60 °C for 1
min. Data were analysed on 7500 System SDS software (version 1.3) by relative quantification
(2722 using GADPH as endogenous control and non-treated BM stromal cell cDNA as calibrator

sample.
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Plasmid Constructs

In order to obtain all STC1 constructs we used pGEM-STC1 (Trindade et al, in press)
construct as template and PCR amplified products were cloned into pUC18 or pGEM plasmids, as
follows: for pUC18-STC1 ANterm (STC1 lacking the first 22 aminoacids) were used STC1 ANterm
F (5' aaggatccCAGAATGACTCTGTGAGCCC 3') and STC1 R (5' ccgaattCCTCTCCCTGGTTATGCAC
3") primers and the PCR product inserted into pUC18 Smal site in order to obtain two EcoRI
sites (one from the insert and another from the vector) on each end of the insert; for pGEM-N
STC1 APS (STC1 N terminal fragment lacking the signal peptide sequence, residues 18 to 134)
and for pGEM-C STC1 (C terminal of STC1 consisting of residues from 129 to 247) were used
the following primers pairs STC1APS F2 (5' gaattcACCCATGAGGCGGAGCAG 3") and

NSTCl+stop R2 (5 ggatccttaCACATTCAGCTTGCTGTAG 3), CSTC1 F2 (5
gaattcTACAGCAAGCTGAATGTGTG 3") and CSTC1 R2 (5' ggatccTTATGCACTCTCATGGGATG 3'),
respectively. Capital letters indicate sequence identical to STC1 cDNA, small caps letters indicate
sequence non-identical to template. All pGEM and pUC18 constructs were verified by DNA
sequencing in order to ascertain the correct nucleotide sequence. pUC18-STC1ANterm was
digested with EcoRI and both pGEM-N STC1 APS and pGEM-CSTC1 were digested with EcoRI
and BamHI and these inserts were cloned into the same sites of pBTM116 resulting in a protein
fused with LexA DNA binding domain (Figure 1).

In order to obtain constructs used on the pull down assay all nucleotide sequences encoding
the proteins identified to interact with the STC1, except that encoding FNDC4 , were subcloned
from the vector pACT2 to the modified bacterial expression vector pET28a-GST-Tev [65]
resulting on GST fusion recombinant proteins constructs which were all verified by DNA
sequencing in order to ascertain the correct nucleotide sequence. On the other hand FDNC4
sequence was PCR amplified from the pACT2 vector with the following specific primers (5'
a2aggatccCGGCCTCCCTCTCCTGTG 3' and 5' gggaattcACTCAAACGTCGATGGTGTTG 3') and the
obtained construct [GST-FNDC4(FIII)] lacks the original carboxyl terminus portion which

encodes its transmembrane and cytoplasmic domains.

Yeast Two-hybrid Screen and DNA Sequence Analyses

The yeast two-hybrid screenings of human cDNA libraries (Clontech) from fetal brain, bone
marrow and leukocytes were performed using the yeast strain L40 (trp1-901, his3del200, leu2-
3, ade2 LYS2::(lexAop)4-HIS3 URA3::(lexAop)8-lac GAL4) and STC1ANterm as a bait in
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pBTM116 vector. L40 were transformed according to the protocols supplied by Clontech and
HIS3 and LacZ reporters were assayed as previously described [66].

The screening was performed on Synthetic Dropout minimal medium plates (SD) without
tryptophan, leucine, and histidine according to the library screening protocols supplied by
Clontech. Recombinant pACT2 plasmids of positive clones for both reporters were isolated and
their inserts sequenced with a DNA ABI PRISM 377 Genetic Analyser (Applied Biosystems). The
obtained DNA sequence data were annotated using Basic Local Alignment Search Tool (BLAST)
web interface [67] and clones aligning to genomic contigs or untranslated regions were

discarded.

Protein Expression, Purification and Pulldown assay

Bacterial expression of yeast two hybrid retrieved proteins was obtained expressing GST
fusion protein constructs in Escherichia coli BL21 (DE3) pRARE cells at the following conditions:
(1) 37 °C using 0.5 mM isopropyl 1-thio-B-D-galactopyranoside (IPTG) for 4 h [GST-
FNDC4(FIII), GST-JRSP1 and GST-SUMO1], and (2) 25 °C using 10mM lactose for 16 hours
[GST-FUS, GST-LMNA, GST-SP100 and GST-TMEM132A]. For each construct 25mL of
transformed E coli BL21(DE3) pRARE culture were harvested by centrifugation at 4,500x g for
10 min, and the cell pellet was resuspended and incubated for 1 hour on ice in 1mL of lysis
buffer (PBS [137mM NaCl, 2.7mM KCI, 10mM Na2HPO4, 1.8 mM KH2PO4, pH 7.4] containing
0.2 mg/mL lysozyme, 1 pg/mL DNasel, 1 pg/mL RNAse and 6 mM MgCI2) and lysed by
sonication. Samples were centrifuged at 20,000x g for 30 min at 4 °C and the supernatant used
as soluble total lisate. STC1-HT was expressed in insect cells and purified as previously
described (Trindade, et al., submitted).

One milliliter of total lisate of all GST tagged constructs or of GST alone was allowed to bind
to 25 pL of Glutathione-Uniflow Resin (Clontech) for 1 h at 4 °C. After incubation, the beads
containing bound recombinant proteins were washed three times with ice cold PBS. Twenty five
micrograms of purified STC1-HT protein were added to the resins containing GST fusion proteins
or GST alone and further incubated in 0.1 mL of PBS for 4h at 4 °C to allow protein-protein
interactions to occur. Beads were then washed three times with 0.5 mL of PBS, followed by
three washes with 0.5 mL of PBS containing 0.2% Triton X-100, then three washes with 0.5 mL
of PBS without Triton X-100. Resin-bound protein complexes were resolved on two separate
12,5% SDS-polyacrylamide gels and after electrophoresis, the proteins were transferred to
PVDFmembranes by semi-dry electroblotting. Membranes were blocked with 5% BSA in TTBS
(0.15M NaCl, 20mM Tris-HCI, 0.05% Tween-20, pH7.2) for 1 hour, then incubated either with a

mouse anti-His tag (1:5000; QIAgen) or mouse monoclonal anti-GST [68] in blocking solution
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for 1 h. After three washes with TTBS membranes were incubated with the HRP-conjugated
anti-mouse antibody (1:5000; Santa Cruz Biotechnology) for 1 h and washed again three times

with TTBS. Blots were developed by Luminol reagent (Santa Cruz).

Protein-protein interaction network construction

Osprey program [69] was used either for STC1 interaction network construction as well as on
already known interactions by search on the Biological General Repository for Interaction
Datasets (BioGRID) [70;71].
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Tables
Table 1 - Primers sequences and concentrations used at the qPCR.
GenBank Primer Prgtd Y Concentration in
Accession Primer Sequence (5™-3") - qPCR reaction
name size
Number (bp) (nM)

NP_006809 AF1Q-F GGCCTGGGTCTGTCAGATACA 72 400

AF1Q-R TGCTTGCCCGATCATTTTG

CGI109-F  AGGGAGGAAGAAAATTGCCTTT
NP_861974 CGI109-R TCCATAAAACTGAACAGTGCAGAATA % 400

DKK1-F AGGAAGCGCCGAAAACG
NP_036374 DKK1-R TTTGATCAGAAGACACACATATTCCA 88 400

STC1-F TGAGGCGGAGCAGAATGACT
NP_003146 STC1-R CAACGAACCACTTCAGCTGAGT 8 100

TCTEIL-F  ATGCTGAGGAAGCCCACAAT
NP_006511 TCTE1L-R  TTATAGGCTTTTCCCAACTTAACCA 148 250

GAPDH-F  ATGGAAATCCCATCACCATCTT
NP_002037 GAPDH-R  CAGCATCGCCCCACTTG 68 400

28



Table 2 - Proteins retrieved from yeast two hybrid screenings

cDNA Library Official Simbol (Entrez Protein Fragment Domain(s) Component/Compartment
(n°. of clones) GenelD) 72 o present according to GeneOntology !
- nucleus
BM (9) FUS (2521) 381-526 (526) ZnF RBZ - membrane
- cellular component unknown
BM (8) HBA1/2 (3039/3040) 1-142 (142) G - hemoglobin complex
BM (5) JSRP1 (126306) 1-314* (331) -undetermined
BM (4) FLJ20254 (54867) 601-689 (689) DUF2359 -undetermined
L4 SAP18 (10284) 81-153 (153) - histone deacetylase complex
- mitochondrial respiratory chain
complex I
FB (1) &L (1) MT-ND1 (4535) 9-60 (318) NADHdh - integral mitochondrial inner
membrane
FB (2) FNDC4 (64838) 15-234 (234) FN3 - integral to plasma membrane
- integral to endoplasmic reticulum
L(2) ERN1 (2081) 1-59 (977) PQQ membrane
LQ) CMTM3 (123920) 34-182 (182) - extracellular space
- integral to plasma membrane
- cytoplasm
L(2) MAPK14 (1432) 1-38 (360) - nucleus
- spindle pole
- cytoplasm
- integral to plasma membrane
L(2) ANPEP (290) 875-967(967) “ER-Golgi intermediate
compartment
- cell surface
BM (2) ELA2 (1991) 190-267 (267) Tryp SPc - extracellular region
- nucleus
L(2) SP100 (6672) 704-852 (879) HMG, CC - PML body
- chromatin / chromosome
- nucleus
BM (1) LMNA (4000) 439-572 (572) IF tail - nuclear lamina intermediate
filament
BM (1) ALDOA (226) 89-364 (364) FBP Ala -undetermined
BM (1) FTL (2512) 1-175 (175) - ferritin complex
- nucleus
- nuclear speck
BM (1) ZBTB16 (7704) 55-176 (673) BTP - PML body
- transcriptional repressor complex
- endoplasmic reticulum
- mitochondrial matrix
24 () AU () kil L (Bl AAT L PLP - integral to mitochondrial inner
membrane
L(1) QRICH1 (54870) 502-667* (776) - intracellular
- cytoplasm
- membrane
- nucleus
L(1) SUMO1 (7341) 1-101 (101) UBQ - nuclear pore
- nuclear membrane
- nuclear speck
- endoplasmic reticulum
FB (1) TMEM132A (54972)  808-932* (1024) cc - Golgi apparatus _
- integral to endoplasmic reticulum
membrane membrane
L (1) DAGLB (221955) 613*-668 (672) - integral to plasma membrane

BM: Bone Marrow; FB: Fetal Brain; L: Leucocyte; AAT I PLP: Aspartate aminotransferase superfamily (fold type I)
of pyridoxal phosphate; BTP: Bromodomain transcription factors and PHD domain containing proteins; CC: coiled coil;
DUF2359: Uncharacterised conserved protein; FBP Ala: Fructose-1,6-bisphosphate aldolase Ia; FN3: Fibronectin type
III; G: Globin; HMG: high mobility group; IF tail: Intermediate filament tail; NADHdh: NADH dehydrogenase;
PQQ: Beta-propeller repeat occurring in enzymes with pyrrolo-quinoline quinone; Tryp SPec: Trypsin-like serine
protease; UBQ: Ubiquitin homologues; ZnF RBZ: Zinc finger domain in Ran-binding proteins.
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Figure 1. Analysis of candidate gene expression by Quantitative Real-
Time PCR (qPCR).

(A) BM stromal cells were cultured until reach confluence and then subjected
to co-culture with leukemic blast from different patients for different periods of
time. BM stromal cells were separated and processed for RNA extraction, cDNA
synthesis and RealTime Quantitative PCR (gPCR). (B) mRNA expression of
different candidate genes in BM stromal cells either cultured in fresh media
without fetal calf serum (FCS) during 6 hours and 24 hours (both with or
without FCS), or stimulated by co-culture with primary leukemic blasts of three
different ALL patient’s (Sample 1, 2 and 3) in fresh media without bovine fetal
serum (BFS). The same sample of BM stromal cells before experiments (Oh)
was used as calibrator. Bars indicate standard error with 95% of confidence.
DKK1 presented reduction in expression level as STC1 presented initially
reduction, after 6 hours of co-culture, and than, after 24 hours, a great
increase in expression level.
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Figure 2. Schematic representation of full-length human STC1 and different
constructs with LexA DNA binding domain herein used.

It is shown a linear representation of STC1-HT amino acid sequence with assignment of its
different portions (signal peptide [SP] in white, pro-peptide [PP] in dark gray, and mature
protein chain in black), and its disulfide bonds intra- (brackets) and inter-chain (Dimer box).
All constructs produced chimeric proteins with LexA DNA binding domain (LexA) the one
coding for LexA-STC1ANm was used as bait in the yeast two-hybrid and all three constructs
were used for mapping interactions in yeast. Light gray bar indicates a linker region.
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Figure 3. In vitro confirmation of STC1 and selected retrieved proteins interactions.
Pull down assay between STC1-HT produced in baculovirus system and fragments of selected
prey proteins retrieved from yeast two-hybrid screening. All preys are GST fusion recombinant
proteins. Asterisks indicate expected GST fusion recombinant protein sizes, arrow head
indicates GST size. INPUT indicates GST input in the upper western-blot (WB: anti-GST) and
STC1-HT in the lower western-blot (WB: anti-His).
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Figure 4. Mapping of STC1 interactions by yeast two-hybrid.
Colony lift B-galactosidase assay of yeast L40 strain co-transformed with pBTM116 constructs
expressing LexA DNA binding domain fusion baits (top) and Gal4 activation domain fusion preys
(right). Proteins that only interacted to STC1AN constructs are not presented here.
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Figure 5. Yeast two hybrid interaction map of human STC1 against Bone Marrow,
Leucocyte and Fetal brain.

Diagram showing the simplified network of proteins found by two hybrid screenings. Lines
indicate interactions and each color is indicative of published data about the interaction (present
work findings indicated yellow connecting STC1 to its preys, except ZBTB16). Each protein is
represented by a different color assigned by Osprey program [69] according to GeneOnthology.

33



B.

ARTIGO II:

LOW-RESOLUTION STRUCTURAL STUDIES OF
HUMAN STANNIOCALCIN-1

Daniel M. Trindade, Julio C. Silva, Margareth S. Navarro, Iris C. L. Torriani & Jorg Kobarg

(Artigo Submetido a revista BioMed Central Structural Biology)

35



Low-resolution structural studies of human Stanniocalcin-1

Daniel M Trindade'?, Jalio C Silva', Margareth S Navarro?, Iris C L Torriani'3, J6rg Kobarg'2$

! aboratério Nacional de Luz Sincrotron (LNLS), Campinas, SP, Brazil

’Instituto de Biologia, Departmento de Bioquimica, Universidade Estadual de Campinas, Campinas, SP, Brazil
*Instituto de Fisica “Gleb Wataghin”, Universidade Estadual de Campinas, Campinas, SP, Brazil
S$Corresponding author

Email addresses:
DMT: danielmt@Inls.br; JCS: jsilva@Inls.br; MSN: msugano@Inls.br; ICT: torriani@Inls.br; JK: jkobarg@Inls.br

Abstract

Background: Staniocalcins (STCs) represent small glycoprotein hormones, found in all
vertebrates, which have been functionally implicated in Calcium homeostasis. However,
recent data from mammalian systems indicated that they maybe also involved in
embryogenesis, tumorigenesis and in the context of the latter especially in angiogenesis.
Human STC1 is a 247 aminoacids protein and a predicted molecular mass of 27 kDa, but
preliminary data suggested its di- or multimerization. The latter in conjunction with
alternative splicing and/or post-translational modification gives rise to forms described as
“big STC”, which range from 56 to 135 kDa. Results: In this study we performed a
biochemical and structural analysis of STC1 with the aim of obtaining low resolution
structural information about the human STC1, since structural information in this protein
family is scarce. We expressed STC1 in both E. coli and insect cells using the baculo virus
system with a C-terminal 6xHis fusion tag. From the latter we obtained reasonable amounts
of soluble protein. Circular dichroism analysis showed STC1 as a well structured protein with
52% of alpha-helical content. Mass spectroscopy analysis of the recombinant protein
allowed to assign the five intramolecular disulfide bridges as well as the dimerization
Cys202, thereby confirming the conservation of the disulfide pattern previously described for
fish STC1. SAXS data also clearly demonstrated that STC1 adopts a dimeric, slightly
elongated structure in solution. Conclusions: Our data reveal the first low resolution,
structural information for human STC1l. Theoretical predictions and circular dichroism
spectroscopy both suggested that STC1 has a high content of alpha-helices and SAXS
experiments revealed that STC1 is a dimer of slightly elongated shape in solution. The
dimerization was confirmed by mass spectrometry as was the highly conserved disulfide

pattern, which is similar to that found in fish STC1.

Background
Stanniocalcins (STCs) represent a small family of secreted glycoprotein hormones consisting

of STC1 and STC2 in which amino acid sequences are highly conserved among aquatic and

terrestrial vertebrates [1-7]. However, the lack of homology with other known proteins has

37



hampered the understanding of their functions. Initial evidence suggested that mammalian
STC1 would parallel the function of fish STC1, which has been implicated in mineral
homeostasis [8-10]. It is tempting to assume that the functions of STC1 and STC2 overlap
at least in part, since they share high similarity in their primary amino acid sequence
especially at the N-terminus and the pattern of cysteine residues is completely conserved
[11].

However, there are also several differences between STC1 and STC2, including the fact that
STC2 has 55 additional amino acids, the majority of which are located at its C-terminus [12-
14]. Furthermore their expression patterns are different[1,14-17] and STC2 is unable to
displace STC1 from its putative receptor [18,19], indicating that both molecules may have
distinct receptors.

Although STC1 functions as an anti-hypercalcemic hormone in fish [20-22], it is becoming
increasingly clearer that it may have expanded roles in mammals. Such assumption is based
on its wide expression pattern in adult normal tissues[1,16,23-27], tumors [17,28,29] and
also during embryogenesis [30-35]. Further support for a complex function of STC1 in
mammals comes from studies that show its varying sub- cellular localizations [18,19] and of
a gain-of-function phenotype observed in transgenic mouse [36,37].

Relatively little is also known about STCs molecular structure. The human and mouse
genomes encode a 247 amino acid STC1 protein [17,38]. The first 204 amino acids show
92% sequence similarity to salmon STC1 and include a conserved N-linked glycosylation site
of the type Asn-X-Thr/Ser (N-X-T/S) [17,39]. Compared to the fish STC1 however, the last
43 residues at the C-terminus are poorly conserved in human STC1 (and STC2), suggesting
that the main biological activity of the STCs is mediated through its N-terminus [40,41].

In ancient fish, the last conserved cysteine residue in the C-terminal of STC1, which is
supposedly involved in its dimerization, is replaced by arginine or histidine residues, thereby
giving rise to a strictly monomeric form of the protein [42,43]. Although dimeric forms of
STC1 have been described [39,44,45] answers to the question of its potential
multimerization and modification to diverse higher molecular weight forms under certain
circumstances remain elusive.

STC1 however, seems to exist in two different forms, the conventional dimeric 56 kDa form,
consisting of two ~28 kDa monomers, also known as STCsy, and a number of higher
molecular weight STC variants, collectively referred to as “big STC” [19,25,46-49]. At least
three molecular weights: 84, 112, and 135 kDa have been described and big STC1 has been
reported to be expressed in adipocytes, adrenocortical cells [47,48] and ovaries [19,25,49].
In order to explain the increased mass of big STC1 it has been suggested that either distinct

post-translational modifications, including glycosylation [17,25] or phosphorylation [50]
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occur in big STC or additional but yet uncharacterized exons [48] are being employed. In
agreement with the latter, the monomeric form big STC1 is about ~10 kDa larger than the
theoretically predicted monomer. Another possibility is the formation of tri- (84 kDa), tetra-
(112 kDa) or even pentamers (140 kDa) of STC1, although in this case obtained values only
add up for the theoretically predicted monomer (~28 kDa) but not for that observed for the
big STC monomer (~38 kDa). It is however noteworthy that the 135-kDa variant of big

STC1 found in adrenocortical cells is resistant to chemical reduction, just like STCs, from the

mitochondrial matrix [48], thereby suggesting the formation of a more stable and maybe
durable quaternary structure.

In this paper we present structural information about the human STC1 protein. We
expressed human STC1 in insect cells using a bi-cistronic baculovirus construct. After affinity
purification we collected SAXS data for STC1 in solution. Data analyses are indicative of a
dimeric protein in solution. Furthermore, we were able to confirm the formation of the

conserved disulfide bridges, previously reported in fish STC1, by mass spectrometry.

Results and Discussion
STC1 is predicted to be dimer and to possess a high content of alpha-helices

By analysing the human STC1 amino acid sequence using six different secondary structure
prediction databases, we created a secondary structure consensus and scored it by the
number of times (one to six times) the predicted secondary structure element scored
positive (Fig. 1). Prediction programs used were: PredictProtein/PROF [51], PsiPRED
[52], Predator [53], SOPMA [54], SSPro [55] and JCFO [56].

In summary, the secondary structure analysis suggested that about 34% of the amino acid
sequence of STC1 may form alpha-helices. Such a relatively high content is supposed to be
readily detected by circular dichroism spectroscopy of the protein. As we will show further
down, a high alpha-helical content was confirmed experimentally later on.

We further performed some predictions about ordered or disordered regions within the
sequence using FoldIndex [57] and DisEMBL [58]) as well as GlobPlot [59] as a
predictor for more globular regions (Fig.1). The first two programs both predicted that the
pro-peptide region and possibly the C-terminal region, this last one which contains the Cys
disulfide mediated dimerization region, to be highly disorder or a region with high loop/turn
content.

We analyzed and plotted (Fig.1) the conserved cysteine residues as well as the
experimentally determined disulfide bridges from the salmon sequence determination [39],

the signal peptide, pro-peptide and mature protein sequence as annotated at
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UniProtKB/Swiss-Prot database (Swiss-Prot:P52823), and we also emphasize a previously
described nucleotide binding domain (NBD) [60].

Additionally, some predictions about post-translational modifications were performed and
compared to published experimental data. A N-glycosylation site which had already been
characterized for STC1 [17,41,61] was also predicted by NetGlyc [62] (Fig.1.)

For phosphorylation analysis we combined prediction data from NetPhos [63] and
NetPhosK [64] together with /in vitro phosphorylation data [50] to annotate tyrosine,
threonine and serine residues as putative phosphorylation sites (Table 1). Most of the
kinases that were found to phosphorylate STC1 by the in vitro phophorylation screening of
Jellinek and coworkers were predicted by both prediction programs (Tab.1), except
calmodulin-dependent protein kinase (CaMPK-II) and casein kinase II (CK2).

Analysis by PredictProtein/PHD Acc [51] revealed that some of the residues such as S;s

and T,y6, are predicted to be exposed to the solvent and therefore more likely

to suffer phosphorylation. Indeed, both residues refer to STC1 kinase sites found to be
phosphorylated by Jellinek and co-workers [50].

In order to screen for lysine residues predicted which may be sumoylated in STC1 we used
SUMOplot™ (http://www.abgent.com/tools/sumoplot) and found three putative sumoylated
residues (data not shown). The one having the highest score is located at the end of the
NBD and the sumoylated residue (Kgs) is also predicted by PredictProtein/PHD Acc to be
exposed to solvent. Most interestingly, we found that STC1 interacted with the SUMO1
protein in a yeast two hybrid screen (unpublished data). These data suggest that further
experiments should be performed to test if sumoylation of STC1 may occur in vivo, in

human cells.

Optimization of the expression and purification of STC1

Our first attempt to produce STC1 in £. co/i using the HT-STC1ANterm construct (Fig. 2A)
resulted in completely insoluble expression (Fig. 2B). Even splitting the protein in two halves
using His-tag fusion did not make any difference in solubility, since both parts still
expressed in insoluble form (data not shown). Only together with the use of GST-tag (GST-C
STC1) we could obtain some soluble expression, however at very low amounts. The highest
rate of soluble expression could be obtained with GST-C STC1 (Fig. 2C and D).

On the other hand, using a modified bi-cistronic vector of the baculovirus expression system
we could obtain milligrams per liter of the soluble full-length his-tagged STC1 (STC1-HT)
secreted into the media (Trindade et al., unpublished data). The amount of virus and of
infected cells could be easily optimized, since the recombinant bi-cistronic baculo virus

promotes production of endogenous GFP protein, turning infected cells green.
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Purification was obtained by a three step chromatography of the media: cation exchange
followed by metal-affinity and size exclusion chromatographies (Fig. 2E). Several milligrams
of protein were routinely obtained per liter of culture supernatant and the obtained protein

was used for subsequent experiments.

Confirmation of disulfide bonds by mass-spectrometry

By analysing the recombinant human STC1-HT produced in the baculovirus system by
ESI/Q-TOF analysis we were able to identify and assign the peptides that resulted from
enzymatic digestion either with trypsin or chymotrypsin in the oxidized and/or reduced
forms (Table 2, supplementary Figure S1). In brief, the data show the existence of peptides
having mass compatible with the presence of the previously predicted disulfide bonds for
the salmon STC1. In Table 2 the first column gives the disulfide bridge in question and the
last four columns give respectively the expected and experimentally determined peptide
masses. In conclusion, all disulfide bridges except for one could be directly demonstrated.

Still Cys45-Cyssg could be evidenced indirectly, since the mass of the peptide shown in line

one of Table 2 is compatible with this interpretation. Furthermore, after chemical digestion

with formic acid, Cys,o, could be unambiguously assigned as the Cys residue responsible for

the dimerization of human STC1 (Table 2, supplementary Figure S1).

Analysis of secondary structure

The content of secondary structure elements in recombinant human STC1-HT was
determined by circular dichroism spectroscopy. Figure 3 shows the spectrum of purified
STC1 recorded at 4 °C. Purified protein presents negative ellipticity in the near-UV, with
minima at 208 (-17.2 x10° deg cm’dmol™®) and 222 nm (-12.8 x10° deg cm’dmol™).
Deconvolution of the CD spectrum lead to the following estimation of the content of
secondary structural elements: ~52% of a-helices, ~19% of B-sheets

strands, ~11% of turns and ~18% unordered (NRMSD=0,009) using the CDSSTR algorithm
on the Dichroweb web server [65]. Consensus predictions of secondary structures shown in
Fig. 1 give values of about 37% of helix, 2.5% of strands and 65.5% of other structures
(37% of coils and 28.5% of non-determined). Secondary structural predictors like PSIPRED
are based on neural networks trained on known folds, and thus tend routinely to
underestimation of the true helical and strand content, due to the fact that the reference
databases are not complete. A more critical issue is the fact that no other protein of the

family of STCs has its structure resolved. In conclusion both the prediction and the
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experimentally determined data are in reasonable agreement, since they demonstrate a

relatively high content of alpha-helices in human STC1.

STC1 is a compact, slightly ellipsoidal dimer in solution

Dynamic Light Scattering (DLS) data of the recombinant STC1 sample showed a single and
narrow peak, a predicted mass and a percentage of poly-dispersity indicative of a
monodisperse solution of dimers.

The corrected and normalized experimental SAXS data are shown in Figure 4A, together
with the GNOM curve fitting. The Guinier region providing an Rg value of 27.4 + 0.8 A is
shown in the inset. The p(r) function resulting from these calculations is shown in Fig. 4B,
with an inset showing the Kratky representation of the intensity curve. The Kratky plot
indicates a slightly compact conformation for STC1 in solution. The maximum dimension
(Dmax) Value obtained was 90 A and the Rg value, calculated from the p(r) function, was
27.8 0.4 &, in close agreement with that calculated from the Guinier approximation. As it
can be noted from the p(r) function shape, STC1 has a slightly elongated shape.

Using BSA as a reference sample, the molecular mass for STC1 HT, estimated from the
SAXS data, was ~ 54 kDa. This value is in agreement with the prediction of the protein
being a dimer, since the theoretically calculated molecular mass of the monomer was ~27
kDa (calculated from the aminoacids sequence using ProtParam tool [66]).

The dimerization was also confirmed both by mass spectrometry (see above) and by size

exclusion chromatography (data not shown).

Low resolution ab initio SAXS-based models for STC1

The low resolution models for STC1 are presented in figure 5. Those models were derived
from the experimental SAXS data imposing a 2 point symmetry constraint (P2). Additional
models calculated without symmetry constraint (P1) presented very similar molecular
envelopes. The calculated values of the Normalized Spatial Discrepancy (NSD), which is
indicative of the difference between models, gave values ~0.6 for P1 vs. P2 DAMMIN
models and ~0.8 for P1 vs. P2 GASBOR models, indicating a low discrepancy. In view of this
result, all model calculations were performed using a 2 point symmetry constraint. After
several runs performed with the program DAMMIN, the averaged and filtered (with the
corrected excluded volume) dummy atom model for STC1 is shown in figure 5(A). The NSD
values for the set of 10 models ranged from 0.60 to 0.69, which are considered reasonable
values [67]. This low resolution model shows the expected elongated shape for the protein

dimer. The most typical and recurrent dummy residue model resulting from the calculation
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with the program GASBOR is shown in figure 5(B). The NSD values for this set of 10
calculations ranged from 0.82 to 0.87, which are also quite reasonable. This last approach
produced an improved molecular envelope for STC1. Comparing the results, both molecular
envelopes obtained for STC1 presented a similar shape and confirmed the elongated

conformation for the dimer.

Conclusions
Our data provided the first low resolution 3D structure of human STC1 protein in solution.

SAXS experiments indicated that STC1 forms a dimer of slightly elongated shape in solution.
Circular dichroism spectroscopy confirmed the prediction of a high alpha-helical content and
we could also confirm by mass spectrometry the highly conserved disulfide pattern,
previously described in fish STC1[39]. Disulfide bonds are formed between the same 10 of
the 11 conserved Cys, in the same fashion, leaving the C-terminal Cys 202 free to engage in
dimer formation. None of our data explain the composition or structure of “bigSTC1”
previously reported to appear in certain tissues [19,25,46-49] . Indeed, our results only
show the formation of dimers (STCsy), by several independent methods. In human cells
however, we may have additional contributions from possible post-translational
modifications or alternative splice variants of the pre-mRNA encoding STC1, which may
contribute to the appearance of the higher molecular weight forms. Further experiments are
required to characterize big STC1 at the molecular level and point out its differences with

the canonical dimeric human STC1.

Methods

In silico sequence analysis

We analyzed the human STC1 sequence as a query in six different secondary structure
prediction databases (PredictProtein/PROF [51], PsiPRED [52], Predator [53], SOPMA [54],
SSPro [55] and JCFO [56]). We also performed some predictions about ordered or
disordered regions within the sequence using FoldIndex [57] and DisEMBL [58]) as well as
GlobPlot [59], a predictor for globular regions.

Additionally, some predictions about post-translational modifications were done and
compared to previous published data. N-glycosylation sites were predicted by NetGlyc [62].
For phosphorylation we combined prediction data from NetPhos [63] and NetPhosK [64].
With PredictProtein/PHD Acc [51], we predicted whether residues are exposed to solvent or
buried. Finally, in order to screen for lysine residues predicted which may be sumoylated in

STC1 we used SUMOplot™ (http://www.abgent.com/tools/sumoplot).
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Cloning of STC1 cDNA

Full-length STC1 (Genbank NM_003155) gene was amplified from normal bone marrow
stromal cells using primers STC1 F (5' aaggatccAGAATGCTCCAAAACTCAGC 3") and STC1 R
(5' ccgaattCCTCTCCCTGGTTATGCAC 3") and cloned into vector pGEM resulting in plasmid
PGEM-STCL1. In order to obtain all constructs we used pGEM-STC1 as template and cloned
PCR amplified products into pGEM plasmid: for pGEM-STC1 ANterm (STC1 lacking the first

22 aminoacids) we used primers STC1 AN F (5' aaggatccCAGAATGACTCTGTGAGCCC 3"

and STC1 R; for pGEM-STC1 full without stop (STC1 without stop-codon) we used
primers STC1 F and STC1 no stop R (5' acaagcttCCTCTCCCTGGTaATGCAC 3'); for pGEM-
CSTC1 (C terminal of STC1 consisting of residues from 129 to 247) were used primers
CSTC1 F (5" ggatccTACAGCAAGCTGAATGTGTG 3') and CSTC1 R (5
gaattcTTATGCACTCTCATGGGATG 3'). Capital letters indicate sequence identical to STC1
cDNA, small caps letters indicate sequence non-identical to template. All pGEM constructs
were verified by DNA sequencing in order to ascertain the correct nucleotide sequence.
pPGEM-STC1 ANierm and pGEM-CSTC1 were digested with BamHI and EcoRI and the resulting

inserts were cloned into pET28a-His-Tev or pET28a-GST-Tev [68] previously digested with
the same endonucleases. This resulted in pET-HT-STC1 ANterm, PET-HT-CSTC1, and the pET-
GST-CSTC1 constructs. pGEM-STC1 full without stop was digested with BamHI and HindIII
and cloned into a pFastBAC Dual+EGFP (pFBDg), which had the EGFP cDNA cloned under
pl0 promoter, digested with same endonucleases to insert STC1 under polyhedron
promoter. Subsequently a pair of oligos
(5'AGCTTGGAAAACCTGTATTTTCAGGGCCATCACCATCACCATCACCGG 3 and
5'AGCTCCGGTGATGGTGATGGTGATCGCCCTGAAAATACAGGTTTTCCA 3’) previously annealed
was added to generate a linker consisting of a TEV protease site and a 6xHis-tag (HT) at the
C-terminal, resulting in the pFBDg-STC1-HT construct. Other constructs mentioned in the

text were generated by using the same methodology.

Expression and purification of STC1

Production of the recombinant 6xHis- or GST-STC1 fusion constructs in £. colf BL21 strain
and subsequent purification trials were performed as described previously for other
recombinant proteins [69,70].

High Five™ (Invitrogen) cells were adapted to grow in suspension culture in Express Five™

serum free media (Gibco) supplemented with 20mM L-Glutamine (Gibco) and 1x PenStrep
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(Gibco). The stock cell culture was maintained and passaged in a 28 °C incubator

(ThermoForma). For STC1-HT production High Five cells were scaled up from the stock

culture to a cell density of 1x106 in two 2L Erlenmeyer flasks containing 500 mL each and
incubated at a shaker at 26 °C at 140 rpm. Twelve hours post inoculation, the cells were
infected with the recombinant baculo virus, at a multiplicity of infection (m.o.i.) between 3
and 4 plaque-forming unit (pfu) per cell.

Baculovirus-infected High Five culture media were harvested after 48 hours post-infection by
centrifugation at 500 x g for five minutes and cell-free supernatant containing secreted
STC1-HT was used for purification. To the baculovirus supernatant a 1M MES stock solution
was added to bring the solution to a final concentration of 50 mM MES pH 6.5 (IEX buffer)
The solution was filtered through a 0.45 ym MCE membrane (Fisherbrand) and loaded onto
a water-jacketed chilled (4 °C) XK26/20 (Pharmacia Biotech/GE) column previously packed
with SP Sepharose FF (Pharmacia Biotech/GE) at a flow rate of 1mL/min using a peristaltic
pump (Biologic LP — Biorad). Column was transferred to a AKTA FPLC system (GE) for
protein elution using a 0-1 M gradient of NaCl in IEX buffer. Fractions eluted from a
conductivity of 30 mS/cm onward, contained most of stanniocalcin 1 protein and were
pooled. This pool was directly loaded onto a pre-packed HisTrap crude FF 5 mL (GE)
column, equilibrated with 50 mM MES pH 6.5, 500 mM NaCl (affinity buffer). After injection
of sample the column was washed with six column volume (CV) of affinity buffer, with three
CV of affinity buffer containing 250 mM Imidazole and finally with four CV of affinity buffer
containing 1M Imidazole. This last pool of fractions containing most of stanniocalcin was
concentrated using an Amicon Ultra-15 Centrifugal Filter Unit with Ultracel-10 membrane of
5,000 NMWL (Millipore) on a swing-rotor at 4 °C and then 500 pL applied to a water-
jacketed chilled (4 °C) Superdex 200pg 16/60 (GE) column, pre-equilibrated with 60 mM
MES 600 mM NaCl pH 6.5 (SizeEx buffer) with a flow rate of 0.5 mL/min. Protein eluted at a
single peak between 70 and 80 mL, was analyzed by SDS-PAGE, pooled, concentrated and
kept in SizeEx buffer at 4 °C.

Disulfide bond and molecular mass analysis

Samples digested by trypsin or chymotrypsin, treated or not with dithiotreitol and
iodoacetamide, were analyzed by using ultra-performance liquid chromatography (UPLC
NanoAcquity, Waters) coupled with eletrospray ionization quadrupole time-of-flight tandem
mass spectrometer (ESI-QTOF Ultima, Waters/Micromass). Samples chemically digested by

formic acid [71], treated or not with dithiotreitol and iodoacetamide, were analyzed using
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MALDI-QTOF (Q-Tof Premier, Waters/Micromass). Data were analyzed by the MassLynx

software package.

Circular Dichroism

Circular dichroism spectra were recorded at 4 °C between 190 and 260nm on a J-810 Jasco
spectropolarimeter equipped with a Peltier-type system PFD 425S using a quartz cuvette of
10mm path length, with a 50 nm/min scanning speed and a band-width of 0.5 nm. Twenty
spectra of purified STC1-HT at 2.77 uM in dilution buffer (10mM MES 33.3 mM NaCl pH6.5)
were averaged and corrected from the baseline for buffer solvent contribution. Experimental

data were analyzed using CDSSTR on Dychroweb web server [65].

Small Angle X-Ray Scattering and Analysis

Before the analysis, the sample was inspected by dynamic light scattering (DLS) to test the
monodispersity of the solution. After that, the sample was centrifuged at 20.000xg for 30
min at 4 °C to remove any possible aggregates. The small-angle X-ray scattering
experiments were performed at the D02A-SAXS2 beam line at LNLS. The measurements
were performed at 4 °C under temperature-controlled conditions (via water circulation)
using a 1 mm path length cell with mica windows and a monochromatic X-ray beam
(wavelength of A = 1.488 R). The X-ray patterns were recorded using a two-dimensional
position-sensitive MARCCD detector and a sample-to-detector distance of 902 mm, resulting
in a useful scattering vector range of 0.0158* < q < 0.25 &, where q is the magnitude of
the q-vector defined by q=(4n/A)sinB (26 is the scattering angle). Three successive frames
of 300 seconds each and one frame of 30 minutes were recorded. The measurements were
performed with two different concentrations for the sample in MES buffer (60mM MES
200mM NaCl pH 6.5): 0.15 and 0.18 mg/mL, both measured using the BCA™ Protein Assay
Kit (Pierce). The buffer scattering curves were recorded keeping the same conditions used
for the sample. The intensity curves were individually corrected for detector response and
scaled by the incident beam intensity and sample absorption. Subsequently, buffer
scattering was subtracted from the corresponding sample scattering. The resulting curves
were inspected for radiation-induced damage, but no such effect was observed. After
scaling the curves for concentration, no concentration effect was observed. A 10 mg/ml BSA
(66 kDa) solution in the same sample buffer was used as molecular mass standard sample
to estimated the molecular mass of STC1-HT. This value was inferred from the ratio of the
extrapolated values of the intensity at the origin, I(0), from both sample and BSA solutions
scattering [72,73].
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The first analysis was the evaluation of the radius of gyration (Rg) using the Guinier
approximation: 7(q) = I(0)exp(- g*°Rg?/3) for gRg < 1 [74-76]. The Rg was also
calculated from the pair distance distribution function, p(r), which was obtained by indirect
Fourier transform of the intensity curve using the program GNOM [77]. The p(r) function
also provided the maximum dimension (Dna.x) of the molecule, Moreover, a Kratky
representation [75,76] of the intensity curve (¢°I(g) vs. g) was used to analyze the

compactness of the protein conformation.

Ab initio SAXS-based modeling

The low resolution models for STC1 were restored from the SAXS intensity curves using two
different approaches. In the first one, implemented by the program DAMMIN [78], the
protein was represented as an assembly of densely packed spherical beads (dummy atoms).
Using simulated annealing, the program starts from a random configuration of beads and
searches for a configuration that best fits the experimental pattern. Ten calculations were
performed and normalized spatial discrepancies (NSD) [67] values among them were
evaluated using the DAMAVER suite. When the NSD values are not so different, an averaged
and filtered model structure (with the correct excluded volume) emerges from this
calculation. The second approach, in which generally a better model is obtained, was
implemented using the program GASBOR [79]. In this approach, the protein is represented
as a chain of dummy residues (DRs). The number of DRs is usually known a priori from the
protein amino acid sequence. Starting from a randomly distributed gas of DRs inside a
spherical volume of diameter D, a simulated annealing routine was employed to find a
chain-compatible spatial distribution of DRs which would fit the experimental scattering
pattern. Ten different calculations were also performed and the NSD values were evaluated.
In this case, there is no advantage in obtaining an average model because the GASBOR
program uses a predefined number of DRs, which makes the average routine little effective
in achieving an improvement of the model resolution. So, we present the most typical model
(with the lowest NSD value). In both approaches, the models calculated with 2 point-
symmetry constraint were very similar to those calculated without these constraints. For this
reason, the results presented here are from the calculation with 2 point-symmetry

constraint.
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(€ previous page) Figure 1 - Prediction of secondary structure and putative post-
translational modification sites in the human STC1 amino acid sequence.

Linear representation of STC1-HT amino acid sequence with assignment of its different regions from
N- to C-terminus: signal peptide (purple), pro-peptide (dark gray), mature protein (black), linker
regions (light grey), TEV protease cleavage site (green) and 6xHis-tag (light blue). In the amino acid
sequence relevant residues are emphasized by the following color code: Cys: red, Asp predicted to
be N-glycosylated: green, Lys predicted to be sumoylated: magenta, Ser, Thr e Tyr residues
predicted to be phosphorylated: blue. The conserved pattern of experimentally determined disulfide
bridges from salmon STC1 is indicated by black horizontal brackets. Similarly the homo-dimerization
Cys is indicated in black (dimer). Below the sequence there is a schematic representation of the
predicted consensus secondary structure, obtained by six different prediction programs (red: alpha
helix, yellow: beta-sheet, green: coil regions, black: not assigned). The numbers below the
secondary structure represent the score (1-6, indicating how many of the six programs predicted the
respective secondary structure element). Furthermore, in a second line, a prediction indicates
whether a residue is exposed (e) or buried (b). At the bottom, predictions of three programs for
ordered/disordered regions are given: FoldIndex (red: unfolded, green: folded), GlobPlot (green:
globular, blue: disordered) and DisEMBL (blue: loops or coils, red: hot loops, green: missing
coordinates).

(next page ) Figure 2 - Large scale STC1 expression in E. coli and in insect cells and
its purification.

(A) Tested STC constructs (from top to bottom): an amino-6xHis tagged STC1 without the N-
terminal portion which includes the signal peptide (HT-STC1ANterm), an amino-GST tagged C-
terminal fragment of STC1 (GST-C STC1) and a full length carboxy-6xHis tagged STC1 (STC1-HT). At
the right side of each construct is shown the aminoacid residues from native STC1 present on that
construct. (B) Expression test of HT-STC1ANterm. Comassie-blue stained SDS-PAGE of soluble (S)
and insoluble (I) fractions expressed in BL21DE3 non-induced (NI) or induced for indicated periods
with 0.5 mM IPTG in LB at 37 °C. (C) GST-C STC1 purification by affinity chromatography using
glutathione sepharose beads. Comassie-blue stained SDS-PAGE of insoluble (I), soluble (S), flow-
through (FT), wash (W) and elution (E1-E3) fractions. (D) Western blot anti-GST of E2 fraction of
purification shown in C. Black arrow heads at right indicate expected recombinant protein size and
red arrow head indicates un-fused GST protein. (E) Expression and purification of STC1-HT from
insect cells (using the baculo virus system): comassie-blue stained SDS-PAGE of peak-fractions after
cation exchange, metal affinity and Size Exclusion chromatography. Arrow head indicates expected
size of recombinant expressed protein. Invitrogen Bench Marker protein ladder (M).
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Figure 3 - Circular Dichroism spectra of STC1-HT and deconvolution
Graph of the wavelength plotted against the mean residue elipticity of a sample at 5,5 mM in 10
mM MES; 33,3 mM NaCl pH 6,5 at 4 °C. Data were deconvoluted with the CDSSTR program on
the Dichroweb server. Note the two minima at 208 and 222 nm, which are typical of alpha-helix
containing proteins. Reconstructed data are those derived from the Dichroweb database.
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Figure 4 - Experimental Small Angle X-ray Scattering (SAXS) curves for recombinant
STC1-HT protein.
(A) Experimental scattering curve of STC1-HT (open circles) and the theoretical fitting (solid
line) by using the program GNOM. Inset. Guinier Region. (B) Pair distance distribution function
p(r). Inset. Kratky representation of the intensity curve.
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Figure 5 - Low resolution ab initio model of STC1-HT derived from SAXS data.
(A) Three selected views of the average and filtered dummy atoms model (DAMMIN). (B) Three
selected views of the dummy residues model (GASBOR). The models were displayed by the

PyMOL program [80].
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Tables

Table 1 - Prediction of putative post-translational modification sites in human STC1.
High score predictions of glycosylation, sumoylation and phosphorylation on STC1 sequence are
presented. Predicted modifications within the pro-peptide region were excluded. Putative
phosphorylated residues shown here are only those that were both predicted with the highest
scores by the NetPhos server and additionally were predicted by NetPhosK, which suggests a
specific kinase for the same site. References are related to additional experimental support for
the predicted modification, if available.

Burried/
Residue Modification Exposed Predictor (Score) Ref.
Residue®"!
Ne  N-glycosylation nd NetGlyc (0.61) [‘117 ’gf]’
Kss Sumoylation E SUMOplot™ (0.79) $

Sos PKC* phosphorylation B NetPhos (0.844) / NetPhosK (0.630) [50]
PKC* phosphorylation nd NetPhos (0.788) / NetPhosK (0.722) [50]
Sii5 PKA* phosphorylation nd NetPhos (0.788) / NetPhosK (0.841) [50]
RSK* phosphorylation nd NetPhos (0.788) / NetPhosK (0.601) Nd
Yis9 INSR* phosphorylation nd NetPhos (0.929) / NetPhosK (0.539) Nd
Si76 PKC* phosphorylation E NetPhos (0.938) / NetPhosK (0.630) [50]
Ti77 PKC* phosphorylation nd NetPhos (0.983) / NetPhosK (0.640) [50]
Sis PKA* phosphorylation nd NetPhos (0.993) / NetPhosK (0.647) [50]
T PKC* phosphorylation nd NetPhos (0.606) / NetPhosK (0.815) [50]
25 Cdc2* phosphorylation nd NetPhos (0.606) / NetPhosK (0.509) [50]
Tos PKG* phosphorylation E NetPhos (0.817) / NetPhosK (0.600) [50]
S GSK3* phosphorylation nd NetPhos (0.986) / NetPhosK (0.508) [50]
235 Cdk5* phosphorylation nd NetPhos (0.986) / NetPhosK (0.551) [50]
Sos7 PKC* phosphorylation nd NetPhos (0.531) / NetPhosK (0.647) [50]
Tosn PKG* phosphorylation nd NetPhos (0.523) / NetPhosK (0.693) [50]

*as predicted by NetPhosK; nd = not determined; $ = unpublished data; protein kinase A C or G (PKA; PKC
and PKG); 90-kDa Ribosomal S6 Kinase (pp90~s¢ or RSK); Insulin receptor (INSR); cell division cycle 2 (cdc2
or p34 protein kinase); ciclin dependent kinase 5 (cdk5); Glycogen synthase kinase 3 (GSK3).
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Table 2 - Identification of signature peptide sequences of STC1l-HT for the
assignment of the intra- and intermolecular disulfide bonds. Samples were digested by
trypsin or chymotrypsin with or without dithiotreitol and iodoacetamide, separated by UPLC and
analyzed by ESI-QTOF; or digested with formic acid and analyzed by MALDI-QTOF. The
presented mass is the monoisotopic. Dimer disulphide bond is indicated by asterisk (*). (See
spectra in supplementary figure S1).

Mass

Disulfide Sequence of Observed

Bond peptides FIEEEED Theoretical (Expected)
[M+2H]  [M+3H]  [M+4H]

Cu5-Cso;
"Ussi G sLNSAL...IDCKs . 996.22
ST Gy STFQRyg Trypsin 3981.51 (996.38)
65"\“114

) Qs1VGCGAFAs; . 69595  464.24

Css-Cra D5ICKSF7 Chymotrypsin -~ 138961 ea5'81)  (464.21)
] ENSTC...GMY5, . 72936  547.26
CeCie A JRRCSTF,,  Chymotrypsin  2184.89 (729.30)  (547.23)
) Cos ANGVTSKi 06 . 77373 580.56
Cor-Cios M1 AE..CYSKyy,  |YPSI D108 (773.69)  (580.52)
] KorCIA. .. SKVF s . 92117  691.14
CoCizs o RMIA. EECY,, Crymotrypsin  2761.32 (921.45)  (691.34)
) L15NVCSIAK a6 . 809.12  607.08
CiCm g 1IEC.. . TIRu Rl B (809.07)  (607.05)

Mass

Disulfide Sequence of Chemical Observed

Bond peptides Reagent Theoretical (Expected)

[M+H]

* DpooHCAQTHPR Az — 2268.11

Coo-Cong Doy HCAQTHPR A Formic acid 2266.98 (2267.99)
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Additional files

Supplementary figure 1 — Original UPLC-ESI-QTOF and MALDI-QTOF data of the data
presented in Table 2.
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Supplementary figure 2 — Size Exclusion and semi-native SDSPAGE confirm dimer.
(A) UV profile of STC1-HT of semi-analitical size exclusion chromatography. Arrow heads
indicate marker proteins and bluedextran (void). Due the high concentration of imidazole in the
sample its possible to see a peak at the end of the run. (B) Comassie blue stainned SDS-PAGE of
some samples of the semi-analitical size exclusion chromatography. Samples related to the
STC1-HT peak are shown under brackets. (C) semi-native SDS-PAGE of STC1-HT with growing
concentrations of DTT (0, 10, 50, 100, 500, 1000 and 5000 nM) prepared adding or not the
beta-mercaptoetanol (B-ME) in the sample buffer.

62



C. RESULTADOS COMPLEMENTARES

1.  Modificacdo do sistema de expressdo de baculovirus

A determinagdo do titulo viral no sistema de baculovirus normalmente é um processo
um tanto quanto longo e arduo em grande parte devido ao ensaio de placa (plague assay) o
qual demanda grande habilidade por parte do pesquisador para a sua realizagao. Visando
simplificar o processo de determinagdo do titulo viral para baculovirus recombinantes,
construimos, utilizando os vetores pEGFP (Clontech) e pFastBac Dual (Invitrogen), um novo
vetor, o pGreenBac (Figura 2) de modo a proteina fluorescente verde (GFP) funcionar como
reporter de infecgdo. Deste modo tanto as col6nias (no ensaio de placa para titulacdo) como
as células infectadas sdo facilmente detectadas devido a expressdo da EGFP, em

transiluminador UV ou microscépio de fluorescéncia invertido (Figura 3).

il pFastBac™Dual
g 5238 bp s

Apo
Ml Kma |/ Gma |
Dra I i16ss Xbal

Figura 2. Mapa da criagdo do vetor pFastBacEGFP C-HT. Mapa mostrando a subclonagem da
sequéncia codificadora da versdao mais brilhante da proteina verde fluorescente (EGFP), apds retirada
parte do polylinker do vetor pEGFP-C3 (I), no polylinker do vetor pFastBac™Dual sob controle do
promotor do gene p10 (P,10) (II), e da insergdo do linker contendo o sitio de TEV e o 6xHis tag no
sitio de Hind 111 do polylinker do mesmo vetor sob controle do gene da poli hedrina (Ppy) (III).

Além disso, com base em uma estratégia muito semelhante a de Philipps e
colaboradores (2005) otimizamos também o tempo de producao de um estoque de alto titulo
de baculovirus. Normalmente os virus sdo coletados entre trés a quatro dias apds a
transfeccao sem que as células sejam alimentadas ou subcultivadas e sdo necessarias outras
duas ou trés infecgbes a fim de produzir um sobrenadante com alto titulo viral. Uma vez que
durante a transfeccdo inicial apenas cerca de 10% das células sao transfectadas, pelo menos
90% das células ainda sdo susceptiveis de infeccdo e a principio podem dividir-se, contudo

isso ndo ocorre devido a alta confluéncia. Contudo, fazendo o subcultivo das células, apds dois
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dias de transfeccao, para uma area maior e acrescentando meio de cultura novo as células
infectadas continuam a produzir virus os quais infectam as demais células aumentando o titulo

produzido nesses trés ou quatro dias de infeccdo inicial.

>

High Five™

Sf9

Figura 3. Detecgao de infecgdo por baculovirus através da expressao da EGFP. (A) Sdo
mostradas placas do ensaio de placa para as linhagens Sf9 e High Five™ em diferentes
concentragdes de virus sobre um transiluminador UV. NI indica as placas controle ndo infectadas e
os valores indicam o fator a diluigdo do estoque de virus inicial. No Inset é possivel notar as varias
colonias (plague forming unit [pfu]). (B) Imagens das células das placas mostradas em A em
microscopio invertido de fluorescéncia. A seta na diluigio 107 indica uma ‘plaque’.

Utilizando o pGreenBac a quantidade de virus e de células infectadas puderam
facilmente ser otimizadas e foi possivel obter, secretados no meio de cultura, ~3 miligramas
da proteina recombinante STC1 com tag de histidina C-terminal (STC1-HT) por litro de
expressdo. A purificacdao foi obtida por cromatografia liquida em trés etapas a partir do meio
de cultura como mostrado na Figura 4: primeiramente uma cromatografia de troca catiénica
(SP Sepharose) seguida por uma cromatografia de afinidade a metal (Ni-NTA) e por Ultimo

uma cromatografia de exclusdo molecular (Superdex 200), sendo que a proteina foi entao
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mantida no tampao da cromatografia de exclusdao molecular (60 mM MES, 600 mM NaCl pH
6,5) a 4°C.

10 > SN

Figura 4. Expressao e purificagdo da proteina recombinante STC1-HT utilizando o sistema de
baculovirus. SDS-PAGE de amostras do meio de cultura poés-infeccao, e dos eluatos das cromatografias
de troca ibnica, de afinidade a metal e de exclusao molecular. Cabega de seta a direita indica tamanho
esperado da proteina recombinante expressa. Tamanhos indicados a esquerda sdo relativos ao marcador
de proteina BENCHMark ladder

2. (ristalizacdo e andlises inicias de difracdo de STCI1

De posse da proteina pura e em quantidades suficientes para estudos estruturais foi
realizado um screening inicial de cristalizacdo utilizando-se a proteina a 1 mg/mL em (10 mM
MES, 100 mM NaCl pH 6,5). Foram testadas 544 condicdes pelo método de difusdo de vapor em
gota sentada. Foram obtidos cristais de proteina em forma de bastonete alongado (Figura 5) em
trés condicOes:

3F10 [100mM Bis-tris propano pH 6,5; 20% PEG3350, 200mM Na,HPO4/KH,PO,];

3F01 [100mM Bis-tris propano pH 6,5; 20% PEG3350, 200mM NaF]; e

4C11 [100mM Bis-tris pH 5,5; 25% PEG3350; 200mM MgCl,]).

Apesar dos cristais submetidos a difracao de raios X serem pouco volumosos (ndo ideal
para nossas condicoes de difracdo presentes no LNLS) e provenientes de screening inicial foi
possivel coletar dados de difracdo com resolucdo méxima de ~3,5 A (Figura 6). Todavia, ndo foi
possivel a indexagao dos dados devido irregularidade do padrdao de difracdo e valores de

I/o<I>. pouco significativos.
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Figura 5. Cristais da STC1-HT submetidos a difracao de raios-X. Sao apresentadas fotos
de trés condigOes diferentes de cristalizagao, os quais foram submetidos a difragdo de raios X. As
imagens estdao em ordem de melhor qualidade de difragao para pior. (A’, A” e A™") fotos do cristal
obtido na condicdo de cristalizagdo 3F10 [100mM Bis-tris propano pH 6,5; 20% PEG3350,
200mM Na,HPQO./KH,PO,] em diferentes planos de foco e em (a) Foi feita uma sobreposicao das
imagens A’, A” e A™. (B) foto dos cristais obtidos na condigao de cristalizagao 4C11 [100mM Bis-
tris pH 5,5; 25% PEG3350, 200mM MgCl,]. (C) foto do cristal obtido na condigao de cristalizacao
3F01 [100mM Bis-tris propano pH 6,5; 20% PEG3350, 200mM NaF]. As condicdes de
cristalizagao estao descritas no texto. Escala 1 unidade = 5um.
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Figura 6. Padrao de difracdo de raios X do cristal obtido na condigdao 3F10. O cristal
difratou a resolucdo de 3,5 A utilizando um comprimento de 1,45 & na linha de luz MX2 do
Laboratdrio Nacional de Luz Sincrotron.
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VI. Conclusoes e Perspectivas futuras

Ao final deste estudo conseguimos selecionar e validar STC1 como uma proteina
marcadora de microambiente de leucemia infantil, e dar inicio a estudos funcionais e estruturais
desta proteina. Apesar do pequeno tamanho amostral (n=3) dos nossos dados de validagdo por
gPCR, recentemente STC1 foi encontrada em analises de secretoma em fibroblastos associados
a melanma bem como em fibroblastos de mieloma multiplo, contudo, ndo foi encontrada em
fibroblastos sadios, leucdcitos, células endoteliais e epteliais (Paulitschke et al, 2009),
reforcando assim nossos resultados. Além disso, Block e colaboradores (2009) também
demonstraram que células multipotentes do estroma secretam STC1 com o objetivo de reduzir a
apoptose em células lesionadas, assim como em células epiteliais de cancer de pulmao.

O processo de producdo da proteina recombinante STC1-HT foi grandemente facilitado
pelo uso do sistema por nds modificado de baculovirus, tendo-se em vista a, ja previamente
citada, dificuldade de titulacdo bem como de otimizacao da proteina nesse sistema. Ademais, a
obtencao da proteina nesse sistema nos permitiu realizar andlises espectroscopicas, bem como a
caracterizacao estrutural em solugao (SAXS) da proteina STC1-HT. Os dados obtidos nos
estudos espectroscopicos estdo em acordo com as analises in silico realizadas, bem como o
padrao intercalado de pontes dissulfeto, que sdo tipicos de proteinas secretadas, que por sua
vez sdo compactas, como o envelope compacto e levemente alongado observado nas analises
de SAXS. Todas as evidéncias estruturais aqui apresentadas apontam para informagGes sobre a
composicdo da forma STC50 de STC1, e, embora estes ndo indiguem uma solugdo para a
existéncia da forma bigSTC, deixam em aberto possibilidades para a resolucdo de tal problema,
como por exemplo a predicdo de sitios de sumoilagdo na proteina STC1 o que resultaria no
tamanho esperado do mondmero da forma bigSTC.

Cabe salientar ainda que os screenings por duplo hibrido em levedura resultaram na
recuperacao de uma amostra significativa das proteinas que interagem com STC1 e que,
interessantemente, localizam-se em locais onde STC1 ja havia sido encontrada. Podemos citar,
por exemplo, as proteinas mitocondriais que participam da fosforilacao oxidativa, processo este
gue STC1 também foi implicada, bem como as proteinas nucleares que abrem um novo campo a
ser explorado, uma vez que apesar de ter sido encontrada em nucleo de células alveolares da
glandula mamaria nenhuma fungdo foi atribuida a STC1 neste compartimento. Além disso, o
fato de encontrarmos uma das proteinas chave da resposta a proteinas desenoveladas, ERN1,
dentre as interacdoes vem reforcar o papel desta familia de proteinas como sensores de stress
podendo proteger bem como levar a morte celular. De um modo geral nossas analises mostram,
como vem cada vez mais sendo mostrado na literatura, que STC1 é uma proteina multifuncional

atuando em diversos processos celulares dentro do nicleo, mitocréndria e extracelularmente,
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bem como, mostra-se claramente envolvida em processos esséncias para o desenvolvimento e
progressao da leucemia.

Sdo necessarios e pertinentes mais estudos aprofundados com o intuito de esclarecer as
vias € 0 modo de acdo da STC1 em todos estes processos como, por exemplo, o modo de
internalizacdo ou de re-direcionamento da proteina da via de secrecdo para dentro da
mitocondria e nlcleo, bem como estudos mais aprofundados sobre a estrutura desta proteina
que possam possibilitar o desenho de drogas contra esse marcador de microambiente de
leucemia. Pretendemos agora entdo realizar estudos cristalograficos para STC1, além de
estender os estudos ao outro membro da familia das STCs, STC2, e buscar por mais evidéncias
de quais modificagGes possam levar a formagdo da forma bigSTC; bem como direcionar esforcos
na caracterizacdo de um potencial receptor, e quem sabe um mecanismo de internalizacdo ou

redirecionamento de STC1 para outras vias que nao a de secrecao.

70



VII. Referéncias Bibliograficas

AMEMIYA Y., IRWIN D.M. & YOUSON J.H. (2006) Cloning of stanniocalcin (STC) cDNAs of
divergent teleost species: Monomeric STC supports monophyly of the ancient
teleosts, the osteoglossomorphs. Gen.Comp Endocrinol. 149, 100-107.

AMEMIYA Y., MARRA L.E., REYHANI N. & YOUSON 1J.H. (2002) Stanniocalcin from an ancient
teleost: a monomeric form of the hormone and a possible extracorpuscular
distribution. Mol.Cell Endocrinol. 188, 141-150.

BENNASROUNE A., GARDIN A., AUNIS D., CREMEL G. & HUBERT P. (2004) Tyrosine kinase
receptors as attractive targets of cancer therapy. Crit Rev.Oncol.Hematol. 50, 23-
38.

BISHOP J.M. (1991) Molecular themes in oncogenesis. Ce// 64, 235-248.

BLOCK G.J., OHKOUCHI S., FUNG F., FRENKEL J., GREGORY C., POCHAMPALLY R.,
DIMATTIA G., SULLIVAN D.E. & PROCKOP D.J. (2009) Multipotent stromal cells are
activated to reduce apoptosis in part by upregulation and secretion of stanniocalcin-
1. Stem Cells 27, 670-681.

BOURAS T., SOUTHEY M.C., CHANG A.C., REDDEL R.R., WILLHITE D., GLYNNE R.,
HENDERSON M.A., ARMES J.E. & VENTER D.J. (2002) Stanniocalcin 2 is an
estrogen-responsive gene coexpressed with the estrogen receptor in human breast
cancer. Cancer Res. 62, 1289-1295.

CALDAS C. & PONDER B.A. (1997) Cancer genes and molecular oncology in the clinic.
Lancet 349 Suppl 2, SII16-SII18

CHANG A.C., DUNHAM M.A., JEFFREY K.]J. & REDDEL R.R. (1996) Molecular cloning and
characterization of mouse stanniocalcin cDNA. Mol.Cell Endocrinol. 124, 185-187.

CHANG A.C., JANOSI J., HULSBEEK M., DE JONG D., JEFFREY K.J., NOBLE J.R. & REDDEL
R.R. (1995) A novel human cDNA highly homologous to the fish hormone
stanniocalcin. Mol.Cell Endocrinol. 112, 241-247.

CHANG A.C., JELLINEK D.A. & REDDEL R.R. (2003) Mammalian stanniocalcins and cancer.
Endocr.Relat Cancer 10, 359-373.

COLBY-GRAHAM M.F. & CHORDAS C. (2003) The childhood leukemias. J.Pediatr.Nurs. 18,
87-95.

FOLKMAN J. (1995) Angiogenesis in cancer, vascular, rheumatoid and other disease.
Nat.Med. 1, 27-31.

FRANZEN A.M., ZHANG K.Z., WESTBERG J.A., ZHANG W.M., AROLA J., OLSEN H.S. &

ANDERSSON L.C. (2000) Expression of stanniocalcin in the epithelium of human
choroid plexus. Brain Res. 887, 440-443.

71



FUJIWARA Y., SUGITA Y., NAKAMORI S., MIYAMOTO A., SHIOZAKI K., NAGANO H., SAKON
M. & MONDEN M. (2000) Assessment of Stanniocalcin-1 mRNA as a molecular
marker for micrometastases of various human cancers. Int.J.Oncol. 16, 799-804.

GAGLIARDI A.D., KUO E.Y., RAULIC S., WAGNER G.F. & DIMATTIA G.E. (2005) Human
stanniocalcin-2 exhibits potent growth-suppressive properties in transgenic mice
independently of growth hormone and IGFs. Am.J.Physiol Endocrinol.Metab 288,
E92-105.

GERRITSEN M.E., SORIANO R., YANG S., INGLE G., ZLOT C., TOY K., WINER 1J.,
DRAKSHARAPU A., PEALE F., WU T.D. & WILLIAMS P.M. (2002) In silico data
filtering to identify new angiogenesis targets from a large in vitro gene profiling data
set. Physiol Genomics 10, 13-20.

GERRITSEN M.E. & WAGNER G.F. (2005) Stanniocalcin: no longer just a fish tale.
Vitam.Horm. 70, 105-135.

GHOSH S., LIU X.P., ZHENG Y. & UCKUN F.M. (2001) Rational design of potent and selective
EGFR tyrosine kinase inhibitors as anticancer agents. Curr.Cancer Drug Targets. 1,
129-140.

GOLUB T.R., SLONIM D.K., TAMAYO P., HUARD C., GAASENBEEK M., MESIROV J.P., COLLER
H., LOH M.L., DOWNING J.R., CALIGIURI M.A., BLOOMFIELD C.D. & LANDER E.S.
(1999) Molecular classification of cancer: class discovery and class prediction by
gene expression monitoring. Science 286, 531-537.

HANG X. & BALMENT R.J. (2005) Stanniocalcin in the euryhaline flounder (Platichthys
flesus): primary structure, tissue distribution, and response to altered salinity.
Gen.Comp Endocrinol. 144, 188-195.

HASILO C.P., MCCUDDEN C.R., GILLESPIE J.R., JAMES K.A., HIRVI E.R., ZAIDI D. &
WAGNER G.F. (2005) Nuclear targeting of stanniocalcin to mammary gland alveolar
cells during pregnancy and lactation. Am.J.Physiol Endocrinol. Metab 289, E634-
E642

HULOVA I. & KAWAUCHI H. (1999) Assignment of disulfide linkages in chum salmon
stanniocalcin. Biochem.Biophys.Res.Commun. 257, 295-299.

HUSSONG J.W., RODGERS G.M. & SHAMI P.J. (2000) Evidence of increased angiogenesis in
patients with acute myeloid leukemia. Blood 95, 309-313.

ISHIBASHI K. & IMAI M. (2002) Prospect of a stanniocalcin endocrine/paracrine system in
mammals. Am.J.Physiol Renal Physiol 282, F367-F375

ISMAIL R.S., BALDWIN R.L., FANG J., BROWNING D., KARLAN B.Y., GASSON J].C. & CHANG
D.D. (2000) Differential gene expression between normal and tumor-derived ovarian
epithelial cells. Cancer Res. 60, 6744-6749.

IVERSEN P.O., SORENSEN D.R. & BENESTAD H.B. (2002) Inhibitors of angiogenesis

selectively reduce the malignant cell load in rodent models of human myeloid
leukemias. Leukemia 16, 376-381.

72



JELLINEK D.A., CHANG A.C., LARSEN M.R., WANG X., ROBINSON P.]J. & REDDEL R.R. (2000)
Stanniocalcin 1 and 2 are secreted as phosphoproteins from human fibrosarcoma
cells. Biochem.J, 350 Pt 2, 453-461.

JIANG W.Q., CHANG A.C., SATOH M., FURUICHI Y., TAM P.P. & REDDEL R.R. (2000) The
distribution of stanniocalcin 1 protein in fetal mouse tissues suggests a role in bone
and muscle development. J.Endocrinol. 165, 457-466.

JOENSUU K., HEIKKILA P. & ANDERSSON L.C. (2008) Tumor dormancy: elevated expression
of stanniocalcins in late relapsing breast cancer. Cancer Lett. 265, 76-83.

KIM K.A., SONG 1.S., JEE J., SHEEN M.R., LEE C., LEE T.G., RO S., CHO J.M., LEE W.,
YAMAZAKI T., JEON Y.H. & CHEONG C. (2004) Structure of human PRL-3, the
phosphatase associated with cancer metastasis. FEBS Lett. 565, 181-187.

KOZLOV G., CHENG J., ZIOMEK E., BANVILLE D., GEHRING K. & EKIEL I. (2004) Structural
insights into molecular function of the metastasis-associated phosphatase PRL-3.
J.Biol.Chem. 279, 11882-11889.

LAFEBER F.P., FLIK G., WENDELAAR BONGA S.E. & PERRY S.F. (1988) Hypocalcin from

Stannius corpuscles inhibits gill calcium uptake in trout. Am.J. Physiol 254, R891-
R896

LAW A.Y., LAI K.P., IP C.K., WONG A.S., WAGNER G.F. & WONG C.K. (2008a) Epigenetic
and HIF-1 regulation of stanniocalcin-2 expression in human cancer cells. Exp.Cel/
Res. 314, 1823-1830.

LAW A.Y., LAI K.P., LUI W.C., WAN H.T. & WONG C.K. (2008b) Histone deacetylase
inhibitor-induced cellular apoptosis involves stanniocalcin-1 activation. Exp.Cell Res.
314, 2975-2984.

MADSEN K.L., TAVERNINI M.M., YACHIMEC C., MENDRICK D.L., ALFONSO P.J., BUERGIN
M., OLSEN H.S., ANTONACCIO M.]., THOMSON A.B. & FEDORAK R.N. (1998)
Stanniocalcin: a novel protein regulating calcium and phosphate transport across
mammalian intestine. Am.J.Physiol 274, G96-102.

MARTIN S.J. & GREEN D.R. (1995) Apoptosis and cancer: the failure of controls on cell
death and cell survival. Crit Rev.Oncol.Hematol. 18, 137-153.

MISAGHIAN N., LIGRESTI G., STEELMAN L.S., BERTRAND F.E., BASECKE J., LIBRA M.,
NICOLETTI F., STIVALA F., MILELLA M., TAFURI A., CERVELLO M., MARTELLI A.M.
& MCCUBREY J.A. (2009) Targeting the leukemic stem cell: the Holy Grail of
leukemia therapy. Leukemia 23, 25-42.

MOORE E.E., KUESTNER R.E., CONKLIN D.C., WHITMORE T.E., DOWNEY W., BUDDLE M.M.,,
ADAMS R.L., BELL L.A., THOMPSON D.L., WOLF A., CHEN L., STAMM M.R., GRANT
F.J., LOK S., REN H. & DE JONGH K.S. (1999) Stanniocalcin 2: characterization of
the protein and its localization to human pancreatic alpha cells. Horm.Metab Res.
31, 406-414.

NEGAARD H.F., IVERSEN N., BOWITZ-LOTHE I.M., SANDSET P.M., STEINSVIK B.,
OSTENSTAD B. & IVERSEN P.O. (2009) Increased bone marrow microvascular

73



density in haematological malignancies is associated with differential regulation of
angiogenic factors. Leukemia 23, 162-169.

OLSEN H.S., CEPEDA M.A., ZHANG Q.Q., ROSEN C.A. & VOZZOLO B.L. (1996) Human
stanniocalcin: a possible hormonal regulator of mineral metabolism.
Proc.Natl.Acad.Sci.U.S.A 93, 1792-1796.

PACIGA M., DIMATTIA G.E. & WAGNER G.F. (2004) Regulation of luteal cell big
stanniocalcin production and secretion. Endocrinology 145, 4204-4212.

PACIGA M., HIRVI E.R., JAMES K. & WAGNER G.F. (2005a) Characterization of big
stanniocalcin variants in mammalian adipocytes and adrenocortical cells.
Am.J.Physiol Endocrinol.Metab 289, E197-E205

PACIGA M., JAMES K., GILLESPIE J.R. & WAGNER G.F. (2005b) Evidence for cross-talk
between stanniocalcins. Can.J.Physiol Pharmacol. 83, 953-956.

PACIGA M., MCCUDDEN C.R., LONDOS C., DIMATTIA G.E. & WAGNER G.F. (2003) Targeting
of big stanniocalcin and its receptor to lipid storage droplets of ovarian steroidogenic
cells. J.Biol.Chem. 278, 49549-49554.

PACIGA M., WATSON A.J., DIMATTIA G.E. & WAGNER G.F. (2002) Ovarian stanniocalcin is
structurally unique in mammals and its production and release are regulated through
the luteinizing hormone receptor. Endocrinology 143, 3925-3934.

PANDEY A.C. (1994) Evidence for general hypocalcemic hormone from the stannius
corpuscles of the freshwater catfish Ompok bimaculatus (Bl). Gen.Comp Endocrinol.
94, 182-185.

PARK H., JUNG S.K., JEONG D.G., RYU S.E. & KIM S.J. (2008) Discovery of novel PRL-3
inhibitors based on the structure-based virtual screening. Bioorg.Med.Chem.Lett.
18, 2250-2255.

PAULITSCHKE V., KUNSTFELD R., MOHR T., SLANY A., MICKSCHE M., DRACH J., ZIELINSKI
C., PEHAMBERGER H. & GERNER C. (2009) Entering a new era of rational biomarker
discovery for early detection of melanoma metastases: secretome analysis of
associated stroma cells. J.Proteome.Res. 8, 2501-2510.

PHILIPPS B., ROTMANN D., WICKI M., MAYR L.M. & FORSTNER M. (2005) Time reduction
and process optimization of the baculovirus expression system for more efficient
recombinant protein production in insect cells. Protein Expr.Purif. 42, 211-218.

PULE M.A., GULLMANN C., DENNIS D., MCMAHON C., JEFFERS M. & SMITH O.P. (2002)
Increased angiogenesis in bone marrow of children with acute lymphoblastic
leukaemia has no prognostic significance. Br.J.Haematol. 118, 991-998.

RAULIC S., RAMOS-VALDES Y. & DIMATTIA G.E. (2008) Stanniocalcin 2 expression is
regulated by hormone signalling and negatively affects breast cancer cell viability in
vitro. J.Endocrinol. 197, 517-529.

SAHA S., BARDELLI A., BUCKHAULTS P., VELCULESCU V.E., RAGO C., ST CROIX B.,
ROMANS K.E., CHOTI M.A., LENGAUER C., KINZLER K.W. & VOGELSTEIN B. (2001)

74



A phosphatase associated with metastasis of colorectal cancer. Science 294, 1343-
1346.

SCHUCH G., OLIVEIRA-FERRER L., LOGES S., LAACK E., BOKEMEYER C., HOSSFELD D.K.,
FIEDLER W. & ERGUN S. (2005) Antiangiogenic treatment with endostatin inhibits
progression of AML in vivo. Leukemia 19, 1312-1317.

SERLACHIUS M., ALITALO R., OLSEN H.S. & ANDERSSON L.C. (2002) Expression of
stanniocalcin-1 in megakaryocytes and platelets. Br.J.Haematol. 119, 359-363.

SERLACHIUS M. & ANDERSSON L.C. (2004) Upregulated expression of stanniocalcin-1
during adipogenesis. Exp.Cell Res. 296, 256-264.

SERLACHIUS M., ZHANG K.Z. & ANDERSSON L.C. (2004) Stanniocalcin in terminally
differentiated mammalian cells. Peptides 25, 1657-1662.

SHIN J., OH D. & SOHN Y.C. (2006) Molecular characterization and expression analysis of
stanniocalcin-1 in turbot (Scophthalmus maximus). Gen.Comp Endocrinol. 147,
214-221.

SIDRANSKY D. (2002) Emerging molecular markers of cancer. Nat.Rev.Cancer 2, 210-219.

SPALDING K.L., BHARDWAJ R.D., BUCHHOLZ B.A., DRUID H. & FRISEN J. (2005)
Retrospective birth dating of cells in humans. Ce//122, 133-143.

STRAUSBERG R.L., FEINGOLD E.A., KLAUSNER R.D. & COLLINS F.S. (1999) The mammalian
gene collection. Science 286, 455-457.

TANEGA C., RADMAN D.P., FLOWERS B., STERBA T. & WAGNER G.F. (2004) Evidence for
stanniocalcin and a related receptor in annelids. Peptides 25, 1671-1679.

TOHMIYA Y., KOIDE Y., FUJIMAKI S., HARIGAE H., FUNATO T., KAKU M., ISHII T.,
MUNAKATA Y., KAMEOKA J. & SASAKI T. (2004) Stanniocalcin-1 as a novel marker
to detect minimal residual disease of human leukemia. 7ohoku J.Exp.Med. 204,
125-133.

VARGHESE R., WONG C.K., DEOL H., WAGNER G.F. & DIMATTIA G.E. (1998) Comparative
analysis of mammalian stanniocalcin genes. £ndocrinology 139, 4714-4725.

VERMA M., WRIGHT G.L., Jr., HANASH S.M., GOPAL-SRIVASTAVA R. & SRIVASTAVA S.
(2001) Proteomic approaches within the NCI early detection research network for
the discovery and identification of cancer biomarkers. Ann.N.Y.Acad.Sci. 945, 103-
115.

VICKERS A.J., JANG K., SARGENT D., LILJA H. & KATTAN M.W. (2008) Systematic review of
statistical methods used in molecular marker studies in cancer. Cancer 112, 1862-
1868.

VOGELSTEIN B. & KINZLER K.W. (1993) The multistep nature of cancer. Trends Genet. 9,
138-141.

WAGNER G.F. & DIMATTIA G.E. (2006) The stanniocalcin family of proteins. J.Exp.Zoolog.A
Comp Exp.Biol. 305, 769-780.

75



WAGNER G.F., DIMATTIA G.E., DAVIE J.R., COPP D.H. & FRIESEN H.G. (1992) Molecular
cloning and cDNA sequence analysis of coho salmon stanniocalcin. Mol.Cel/
Endocrinol. 90, 7-15.

WAGNER G.F., GUIRAUDON C.C., MILLIKEN C. & COPP D.H. (1995) Immunological and
biological evidence for a stanniocalcin-like hormone in human kidney.
Proc.Natl.Acad.5ci.U.5.A 92, 1871-1875.

WAGNER G.F., VOZZOLO B.L., JAWORSKI E., HADDAD M., KLINE R.L., OLSEN H.S., ROSEN
C.A., DAVIDSON M.B. & RENFRO J.L. (1997) Human stanniocalcin inhibits renal
phosphate excretion in the rat. J.Bone Miner.Res. 12, 165-171.

WASCHER R.A., HUYNH K.T., GIULIANO A.E., HANSEN N.M., SINGER F.R., ELASHOFF D. &
HOON D.S. (2003) Stanniocalcin-1: a novel molecular blood and bone marrow
marker for human breast cancer. Clin.Cancer Res. 9, 1427-1435.

WELCSH P.L., LEE M.K., GONZALEZ-HERNANDEZ R.M., BLACK D.]J., MAHADEVAPPA M.,
SWISHER E.M., WARRINGTON J.A. & KING M.C. (2002) BRCA1 transcriptionally
regulates genes involved in breast tumorigenesis. Proc.Natl.Acad.Sci.U.S.A 99,
7560-7565.

WENDELAAR BONGA S.E., SMITS P.W., FLIK G., KANEKO T. & PANG P.K. (1989)
Immunocytochemical localization of hypocalcin in the endocrine cells of the
corpuscles of Stannius in three teleost species (trout, flounder and goldfish). Ce//
Tissue Res. 255, 651-656.

WORTHINGTON R.A., BROWN L., JELLINEK D., CHANG A.C., REDDEL R.R., HAMBLY B.D. &
BARDEN J.A. (1999) Expression and localisation of stanniocalcin 1 in rat bladder,
kidney and ovary. Electrophoresis 20, 2071-2076.

YAMAMURA J., MIYOSHI Y., TAMAKI Y., TAGUCHI T., IWAO K., MONDEN M., KATO K. &
NOGUCHI S. (2004) mRNA expression level of estrogen-inducible gene, alpha 1-
antichymotrypsin, is a predictor of early tumor recurrence in patients with invasive
breast cancers. Cancer Sci, 95, 887-892.

YAMASHITA K., KOIDE Y., ITOH H., KAWADA N. & KAWAUCHI H. (1995) The complete
amino acid sequence of chum salmon stanniocalcin, a calcium-regulating hormone in
teleosts. Mol.Cell Endocrinol, 112, 159-167.

YEUNG H.Y., LAI K.P., CHAN H.Y., MAK N.K., WAGNER G.F. & WONG C.K. (2005) Hypoxia-
inducible factor-1-mediated activation of stanniocalcin-1 in human cancer cells.
Endocrinology 146, 4951-4960.

YOSHIKO Y. & AUBIN J.E. (2004) Stanniocalcin 1 as a pleiotropic factor in mammals.
Peptides 25, 1663-1669.

YOSHIKO Y., MAEDA N. & AUBIN J.E. (2003) Stanniocalcin 1 stimulates osteoblast
differentiation in rat calvaria cell cultures. Endocrinology 144, 4134-4143.

ZHANG J., ALFONSO P., THOTAKURA N.R., SU J1., BUERGIN M., PARMELEE D., COLLINS

A.W., OELKUCT M., GAFFNEY S., GENTZ S., RADMAN D.P., WAGNER G.F. & GENTZ
R. (1998a) Expression, purification, and bioassay of human stanniocalcin from

76



baculovirus-infected insect cells and recombinant CHO cells. Protein Expr.Purif. 12,
390-398.

ZHANG J., YANG P.L. & GRAY N.S. (2009) Targeting cancer with small molecule kinase
inhibitors. Nat.Rev.Cancer 9, 28-39.

ZHANG K.Z., WESTBERG J.A., PAETAU A., VON BOGUSLAWSKY K., LINDSBERG P.,
ERLANDER M., GUO H., SU J., OLSEN H.S. & ANDERSSON L.C. (1998b) High
expression of stanniocalcin in differentiated brain neurons. Am.J.Pathol. 153, 439-
445,

77



VIII.

ANEXO

79



DECLARACAO

Declaro para os devidos fins que o conteido de minha dissertagdo/tese de
Mestrado/Doutorado intitulada  “Estudos estruturais e funcionais da proteina

stanniocalcina-1 humana, um novo marcador de microambiente de leucemia’:

() nao se enquadra no § 3° do Artigo 1° da Informagdo CCPG 01/08, referente a bioética
e biosseguranga.

() esta inserido no Projeto CIBio/IB/UNICAMP (Protocolo n° ), intitulado

() tem autorizagio da Comissiio de Etica em Experimentacio Animal/IB/UNICAMP
(Protocolo n® );

( ) tem autorizagio do Comité de Ktica para Pesquisa com Seres
Humanos/FCM/UNICAMP (Protocolo n° );

( X ) tem autorizagdo de comissdo de bioética ou biosseguranga externa 8 UNICAMP.
Especificar: Comissdo Interna de Biosseguranga da ABTLus — Associag¢do Brasileira de
Tecnologia de Luz Sincrotron (Processo n° JK07.01).

Ml dihcili

Al}/no Dariel Maragno Trindade

7 U :‘(ruv;u
Orie‘lﬁtador: Jorg Kobarg

Para uso da Comisséo ou Comité pertinente:
(X) Deferido () Indeferido

i YRR\

Nome:
Fung:ao
ﬂ/ Profa. Dra. HELENACOUTINHOF DE OLIVEIRA
Presidente
Comissao Interna de Biosseguranca
CIBio/IB - UNICAMP 81



Uso exclusivo da CIBio:

|-I -ﬁ-s.'»- .,-".s-_\.,vd@'

rﬂﬂ}é AR e

REES

Formulario de encaminhamento de projetos de pesquisa para analise pela CIBio - Comissio
Interna de Biosseguranca da ABTLuS — Associaciio Brasileira de Tecnologia de Luz Sincrotron

Titulo do projeto: SELECAO E VALIDACAO DE PROTEINAS MARCADORAS DE LEUCEMIA INFANTIL PARA
ESTUDOS ESTRUTURAIS E FUNCIONAILS

Pesquisador responsavel: Jorg Kobarg
Experimentador: Daniel Maranho Trindade

Nivel do treinamento do experimentador: [ ]-Iniciagdo cientifica, [ ]-mestrado, [ x ]-doutorado,
[ ]-doutorado direto, [ ]-pos-doutorado, [ ]-nivel téenico, [ J-outro, especifique:

Res jeto:

Apesar dos avancos das ultimas décadas, que tém possibilitado melhorias significativas no diagndstico e
tratamento das criangas com cfincer, alguns tipos dessa doenga ainda sfio refratirios ao tratamento. Grande parte deste
sucesso terapéutico foi derivado da implantagio de protocolos investigacionais multicéntricos, que permitiram maior
racionalizagio na defini¢io das estratégias quimio, radioterdpica e cirlirgica. A disponibilidade de novas ferramentas
biolégicas, quimicas e fisicas, como por exemplo o seglienciamento do genoma humane, a geragio de anticorpos
monoclonais como ferramentas moleculares, os métodos de andlise de proteinas e dcidos nucléicos, e a sintese de
bibliotecas de drogas através da quimica combinatorial, abrem novas possibilidades ao melhor entendimento do
ciincer, ao diagndstico mais preciso, 4 avaliagio molecular da eficicia do tratamento, como também & obtengio de
novas drogas ou imunotoxinas baseadas em anticorpes. No presente projeto propomos selecionar e analisar
marcadores moleculares da leucemia infantil através de trabalho integrado, visando utilizar as capacidades téenico-
cientificas complementares do Laboratério MNacional de Luz Sincrotron ¢ do Centro Infantil Boldrini. Os objetivos
pringipais deste projeto de doutorado incluem: 1) a selegio e “validagio” de marcadores moleculares candidatos da
literatura e dos bancos de dados, 2) a caracterizacio funcional e estrutural de | marcador tumoral protéico “validade”.

A CIBio analisou este projeto em reuniio realizada no dia: 170 3* Lo ﬁ?‘

final: [/]-projeto aprovado, [ ]-projeto recusado, [ ]-projeto com deficiéncias, favor
comentarios abaixo:

Presidente de CIBio - ABTLuS %.C,
Prof. Dr. Jorg Kobarg ‘\

LSS uecticts

Membro da CIBio - ABTLuS
Prof. Dr. Celso Eduardo Benedetti

Membro da CIBio - ABTLuS
Prof. Dr. Nilson Ivo Tonin Zanchin

83



	Para refletir ...
	 Lista de abreviaturas e siglas
	I.  Resumo 
	II. Abstract
	III. Introdução
	A. Células, genes e câncer
	B. Marcadores moleculares
	C. Estudos de estrutura e função dos marcadores tumorais
	D. Leucemia 
	E. Interação leucemia, microambiente tumoral e angiogênese
	F. A Família de proteínas das Stanniocalcinas

	IV. Objetivos
	A. Objetivo Geral
	B. Objetivos Específicos

	V.  Resultados
	A. Artigo I: Characterization of human Stanniocalcin-1 protein interactions
	B. Artigo II: Low-resolution structural studies of human stanniocalcin-1 
	C.  Resultados Complementares
	1. Modificação do sistema de expressão de baculovírus 
	2. Cristalização e análises inicias de difração de STC1


	VI.  Conclusões e Perspectivas futuras
	VII.  Referências Bibliográficas

