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Resumo

Para que a divisao celular ocorra é necessario que uma célula passe por algumas etapas que
possibilitem esta divisdo. Ao conjunto destes processos denomina-se ciclo celular. A regulacdo espacial
e temporal destes processos € fundamental para a preservacdo celular e do material genético. Falha
neste processo pode levar a morte celular ou a alteracdes genéticas causando divisdo desregulada e
crescimento de tumores.

Dentre diversas proteinas envolvidas no ciclo celular, encontram-se as septinas. Até o momento,
foram encontrados em humanos 14 diferentes genes para septinas. Septinas sdo proteinas ligadoras de
GTP, primeiramente caracterizadas em leveduras, que estdo associadas a eventos bioldgicos
importantes em eucariotos.

Neste trabalho foram selecionadas trés septinas humanas para estudos funcionais e estruturais:
septina 6, septina 8 e septina 10. Nossos resultados deram origem a trés artigos que descrevem: I)
estratégias de clonagem, expressio, purificagdo e caracterizacdo preliminar da septina humana 8; II) a
capacidade das septinas 2, 6, 8 e 11 em ligar e hidrolisar GTP, mas com diferentes niveis de atividade
GTPiésica, sendo a septina 2 humana capaz de hidrolizar GTP mais rapidamente que as demais septinas
e III) a interac@o entre a septina 10 humana e a proteina Promyelocytic leukemia zinc finger (PLZF),
cuja expressdo em linhagens celulares hematopoiéticas resultam na supressdo do crescimento e
interrup¢ao do ciclo celular. A interacdo da septina 10 com a proteina PLZF foi confirmada in vitro por
experimento de pull-down e a localizacdo celular da septina 10 mostra que esta septina é expressa no
citoplasma da célula.

Além disso, resultados preliminares mostram a relagdo da ligacdo de GTP e formacdo de
filamentos pela septina 6 e diversas estratégias para a cristalizacio das septinas estudadas como: micro-
seeding, streak-seeding, variagdes de pH, precipitantes e aditivos, metilacdao de lisinas e screening de

tampdes, cujos resultados nao foram satisfatérios para a resolu¢do de uma estrutura de septina humana.

Xiii



Summary

A cell passes through some steps to enable for cell division and all these processes are called
Cell Cycle. The spatial and temporal regulation of this process is crucial to maintaining cellular and
genetic material. Failure in this process can lead to cell death or genetic changes causing division and
unregulated growth of tumors.

Among several proteins involved in cell cycle, there are the septins. To date, 14 different human
genes coding for septins were found. Septins are GTP binding proteins first characterized in yeast,
which are associated with important biological events in eukaryotes.

In this study we selected three human septins to study functionally and structurally: septin 6,
septin 8 and septin 10. Our results led to three articles that describe: i) strategies for cloning,
expression, purification and preliminary characterization of human septin 8; ii) the ability of septin 2, 6,
8 and 11 to bind and hydrolyze GTP, but with different levels GTPase activity, human septin 2 is
capable of hydrolyzing GTP faster than the other septins and III) the interaction between the human
septin 10 and promyelocytic leukemia zinc finger protein (PLZF), whose expression in hematopoietic
cell lines results in growth suppression and cell cycle arrest. The interaction between septin 10 and
PLZF was confirmed by in vitro pull down assay and the cellular localization of septin 10 shows that
this septin is expressed in the cell cytoplasm.

Furthermore, our studies preliminary results show the relation of GTP binding and filament
formation of the septin 6 and several strategies for the crystallization of septins as micro-seeding,
streak-seeding, variations in pH, precipitants and additives, methylation of lysine and screening of

buffers, but the results were not satisfactory for the resolution of a human septin structure.
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Introducdo

I INTRODUCAO

1. Ciclo celular em eucariotos

O ciclo celular compreende uma série de eventos pelo qual uma célula passa durante a divisdo
celular e é formado pelas fases S e M. Durante a fase S, também chamada fase de sintese de DNA,
ocorre duplicagdo do genoma. Na fase M, ocorre segregacdo cromossomal, divisdo nuclear (mitose) e
divisdo citoplasmadtica (citocinese). As células somadticas contém fases adicionais denominadas “fases
de intervalos”, conhecidas como G1, que conecta o término da fase M ao inicio da fase S do proximo

ciclo e a fase G2 que separa as fases S e M (Figura 1).

Ciclo celular
(células somaticas)

Figura 1. Representacio do ciclo celular. Ciclo celular tipico (células somdticas) que pode ser
dividido em quatro fases sequénciais: G1, S, G2 e M.

Devido a sinais ambientais, células em Gl podem, temporariamente ou permanentemente,
deixar o ciclo celular e entrar numa fase quiescente denominada GO. Sinais extracelulares e

informagdes intrinsecas determinam quando as células devem entrar no ciclo de divisao. Em geral,
1



Introducdo

sinais externos afetam estd decisd@o apenas na etapa G1, a partir da progressao do ciclo celular o
controle € realizado intrinsecamente pela maquinaria do ciclo celular e seus componentes bdsicos sdo
conservados em todos os eucariotos (Van den Heuvel, 2005).

No final da fase M ocorre a divisdo citoplasmdtica cujo objetivo final € comum a todos os
organismos: separar fisicamente a célula-mde em duas células-filhas. O mecanismo pelo qual isto

acontece difere entre 0s organismos, mas os eventos principais sdo universais (Figura 2).

SITIO PRE- PROFASE FRAGMOPLASTO PAREDE CELULAR
v v Y

PLANTAS

P > 0 > | > 0|0 >
B

5 \ !

LEVEDURAS { & 3

(BROTAMENTO)
C SEPTODEDIVISAQ

Y

LEVEDURAS |

FISSAO X ( —{ ) |

BINARIA) 1

SULCO DE
CLIVAGEM
D Y
)
O -
ANTMATLS : :
i Anel
Cromatina actomiosina
microtubulo Vesiculs

Figura 2. Mecanismo geral da citocinese em eucariotos. Apesar de o processo resultar na divisdo fisica de uma célula-
mae em duas células-filhas, os acontecimentos que ocorrem para a divisdo celular diferem entre os varios organismos. A —
Plantas superiores, apds a separacdo do nicleo, direcionam vesiculas para a regido equatorial da célula. As vesiculas se
fundem para formar o fragmoplasto, que através da fusdo continua de vesiculas, cresce até o cértex celular construindo uma
barreira entre as células filhas chamada parede celular. B, C, D — Fungos e células animais se dividem através da formagao
de um anel contratil de actomiosina. B — Em células de leveduras que se multiplicam por brotamento, o anel € posicionado
na interface entre a célula mae e o broto em crescimento. C e D — Em leveduras que se dividem por divisdo celular e células
animais, o anel contritil € formado no centro da célula. Em leveduras ocorre a formagao de um septo de divisdo préximo a
borda anel contritil, que € eventualmente degradado, resultando na divisdo celular. D — Em animais, o anel de actomiosina
se contrai, gerando uma barreira entre a regifo citoplasmdtica das duas células filhas. O ingresso da maquinaria contrai
componentes do eixo mediano em uma estrutura conhecida como sulco de clivagem.
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Nas células animais, o sitio de divisdo celular € primeiramente escolhido e subsequentemente, a
maquinaria de clivagem é montada no sitio de divisdo. A maquinaria de divisd@o contém actina, miosina
e outras proteinas que se organizam em um anel contritil denominado anel de actomiosina. Este anel se
contrai gerando uma barreira entre a regido citoplasmatica das duas células filhas. O ingresso da
maquinaria contrai componentes do eixo mediano em uma estrutura conhecida como sulco de
clivagem. O evento final da citocinese compreende a separacdo das duas cé€lulas-filhas com o corte e

ligacdo da regido de divisdo pela maquinaria de divisdo celular (Figura 2D) (Guertin et al, 2002).

Embora a escolha do sitio de clivagem compreenda mecanismos distintos entre leveduras e
células animais, a formacao do anel de actomiosina € essencial para a citocinese em ambos. A presenca
de actina e miosina sdo fundamentais na composi¢do deste anel. No entanto, outras proteinas, como

algumas proteinas G, sdo necessdrias para a sua montagem (Tabela I).

1.1 Proteinas G

As proteinas G compartilham um cerne estrutural comum e uma identidade de sequéncia
significante, sugerindo que estas proteinas tenham uma origem evoluciondria comum (Bourne et al,
1990; Kjeldgaard et al, 1996). Proteinas G ligam e hidrolisam nucleosideos trifosfatos e sdo cruciais

para quase todos os aspectos da vida.

Estruturalmente, o enovelamento do dominio de ligacdo ao nucleotideo de guanina das
proteinas G consiste de uma folha P central composta de seis fitas rodeada por hélices a. Os cinco loops
que formam o sitio de ligacdo ao nucleotideo de guanina sdo os elementos mais conservados neste
dominio e definem a superfamilia de proteinas G. O cinco loops sdo designados G-1 a G-5 (Kjeldgaard

et al, 1996) (Figura 3).
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TABELA L. PROTEINAS CONSTITUINTES DO ANEL DE ACTOMIOSINA

Familia

Nome da proteina

Organismos

Cadeia pesada de Miosina II

Miosina RLC

Miosina ELC

Septina

Proteina Cdc15-like

IQGAP

Pequenas GTPase

Formina

Myo2
myo2
myo3/myp3
Miosina II

MYOl1
RMLC

rlcl

Spaghetti squash
ELC

cdc4

MLCI
CDC3, -10, -11, 012

Peanut, Sepl, Sep2
Nedds5, HS, Diff6
Spnl-6

Unc-59, unc-61
cdcl5

imp2
HOF1/CYK2

PSTPIP/PSTPIP2
IQGAP

IQGAP1

CYK1/1QG1
Rho
Cdc42

racE

Diaphanous
BNI1

cdcl2

sepA

cyk-1

D. discoideum

S. pombe

S. pombe
Echinoderm embryos

S. cerevisiae

D. discoideum
S. pombe

D. melanogaster

D. discoideum
S. pombe

S. cerevisiae

S. cerevisiae

D. melanogaster
Camundongo

S. pombe

C. elegans
S. pombe

S. pombe
S. cerevisiae

Camundongo

Bovinos
Humano

S. cerevisiae
X. laevis, camundongo, echinoderm

X. laevis

D. discoideum

D. melanogaster
S. cerevisiae

S. pombe

A. nidulans

C. elegans

Fonte: Guertin et al, 2002
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Figura 3. Estrutura de proteinas G. Primeira proteina G cuja estrutura foi resolvida em 1988: Fator
de elongacdo EF-TU de Escherichia coli (PDB ID:1ETU, La cour et al, 1985). Observar o cerne
conservado e formado por seis fitas rodeada por hélices-a. Regides conservadas do dominio GTPase
G1- G5 estdo destacadas em azul.

O loop de ligacdo ao nucleosideo (P-loop ou Gl box), possui a sequéncia consenso de
GXXXXGK(S/T), conecta a fita B1 a helice al e interage com os fosfatos a e B do nucleotideo de
guanina. A conexao entre a hélice al e a fita f2 (G-2) contém um residuo de treonina envolvido na
coordenacdo do ion Mg2+. A sequéncia DXXG (G-3) localiza-se no N-terminal da hélice o2 e liga os
subsitios para a interacdo do fon Mg** e o fosfato y do GTP. O reconhecimento do anel de guanina é
realizado, em parte, pela sequéncia conservada NKXD (G-4) que liga a fita BS a hélice a4. G-5 estd

localizado entre a 36 e a hélice a5 e estabiliza G-4 (Figura 3).
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A superclasse GTPase das proteinas G pode ser dividida em duas classes: TRAFAC (translation factor
related) e SIMIBI (signal recongnition particle, MinD and BioD). A classe TRAFAC inclui enzimas
envolvidas na traducgdo (iniciacdo, elongacdo, e fatores de liberacdo), transdugdo de sinais, mobilidade
celular e transporte intracelular (Leipe er al, 2002). Dentro da superfamilia de fator de traducdo

encontramos uma familia de proteinas denominada septinas.

2. Septinas

Septinas compreendem uma familia de proteinas assim denominadas devido ao seu papel na
septacdo e divisdo celular. Foram primeiramente observadas no sitio de divisdo celular em
Saccharomyces cerevisiae (Figura 4) (Hartwell, 1971) e sdo encontradas em fungos, animais e
microsporideos. Apesar do genoma de Chlamydomonas codificar um gene relacionado as septinas,
estas proteinas estdo ausentes em plantas. O nimero de diferentes septinas em cada organismo varia

desde duas septinas em Caenorhabditis elegans a catorze em humanos (Weirich et al, 2008).

Figura 4. Septina em S. cerevisiae. Septinas (em verde) no sitio de divisdo celular em S. cerevisiae.
Fonte: Philippsen Lab, Biozentrum Basel. Barra: 10 um.
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As septinas possuem massa molecular entre 40 e 60 kDa, possuem os dominios N e C-terminal
varidveis e um dominio central conservado caracteristico de GTPases. Na por¢ao
C-terminal existe a presenca de um dominio coiled-coil que pode estar envolvido em interagdes

proteina-proteina (Longtine et al., 1996) (Figura 5).

N-terminal variavel dominio conservado C-terminal variavel

P-LOOP coiled-coil

Figura 5 - Ilustraciao esquematica da estrutura primaria e de dominios das septinas.

As septinas estdo envolvidas em processos tais como: citocinese, formagdao de barreiras de
difusdo, manutencdo e determinagcdo da polaridade celular, movimento celular, trafico vesicular,

exocitose e apoptose (Hall & Russel, 2004; Martinez & Ware, 2004).

As septinas se localizam na célula basicamente em trés regides principais: (a) projecoes
celulares; (b) particdes entre células; (c) por toda a célula (na periferia ou citoplasma) em padrdes
filamentosos ou pontuais (Figura 6).

Dados experimentais parecem sugerir uma relaciao entre a funcio e a localizacdo das septinas

(Tabela II).
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TABELA II - LOCALIZACAO E FUNCAO DAS SEPTINAS

Localizacao Funcao
Projecdes celulares Barreira de difusio

Coordenagdo do ciclo celular
Parti¢des Compartimentalizagdo do citoplasma

Coordenagdo do ciclo celular

Periferia celular ou citoplasma em padrdes pontuais Trafego de membranas,

Desenvolvimento de organelas

Periferia celular ou citoplasma (filamentos) Co-localizac¢do com actina ou tubulina

Organizacdo do cito-esqueleto ou séio organizadas por ele

(Lindsey e Momany, 2006).

(a) projecoes celulares

Y S ————
S :]:_f

C—>
) )

(b) Particoes
T

(c) céhula

Figura 6. Localizacao das septinas. As septinas se localizam em trés regides principais na célula de
fungos e animais. (a) na ponta, na base ou em toda a projecao celular; (b) em parti¢des entre células e
(c) na periferia celular, por todo o citoplasma ou em padrdes filamentosos ou pontuais no citoplasma.
Fonte: Lindsey e Momany, 2006 com modifica¢des.
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O papel das septinas na manutencao e determinacdo da polaridade celular, citocinese, formacao

de barreiras de difusdo, sinalizacdo celular serd detalhado nos tépicos seguintes.

2.1. Septinas na polaridade celular
O papel das septinas na polaridade celular em leveduras € evidente. Nestes organismos, as

septinas contribuem para os eventos de polarizacdo celular e delimitam onde ocorrerd o crescimento do

broto no processo de divisao celular (Figura 7A).

A B

Figura 7. Localizacdo de septinas durante a divisao celular em S. cerevisiae. A — Anel de septinas
no broto incipiente B — C — duplo anel de septinas, um anel por célula filha D — O anel de septinas se
matem visivel por um periodo apds a citocinese. Fonte: Longtine ef al, 1996 com modificacdes.

Em leveduras, septinas sdo recrutadas para o sitio de crescimento do broto onde polimerizam e
formam uma rede bem ordenada de filamentos, os anéis de septina (Byers & Goetsch, 1976; Hartwell,
1971; Longtine et al, 1996). Temporalmente, a montagem deste anel estd associada especificamente aos
sinais da fase G1 e é regulado por moduladores de sinais Ras like (Gladfelter et al, 2002; Longtine &
Bi, 2003).

Em S. cerevisiae, um anel de septina forma-se no futuro sitio de brotamento aproximadamente

15 minutos antes que a emersdo do broto seja observada (Ford & Pringle, 1991; Haarer & Pringle,

1987; Longtine et al, 1996). Com o progresso do processo de brotamento, as septinas passam a ter um



Introducdo

papel essencial na citocinese.

O anel de septinas persiste durante o ciclo celular, atuando na localiza¢do apropriada de muitas
proteinas necessdrias para o crescimento polarizado da membrana, posicionamento do fuso, citocinese,
sintese da parede celular e a sele¢do de novo sitio de crescimento do broto apds a divisdo celular (Faty

et al, 2002; Gladfelter et al, 2001, Kusch et al, 2002).

2.2 Septinas na citocinese

As septinas s30 necessdrias para uma citocinese apropriada tanto em fungos quanto em animais.
Seu papel na citocinese parece estar dividido em duas etapas: no inicio, as septinas funcionam como
um esqueleto para o recrutamento e estabilizacdo da maquinaria contratil; ja no término da citocinese,
as septinas ajudam a limitar os fatores associados a membrana a regido de clivagem através da
formacdo das barreiras de difusdo (Scmidt & Nichols, 2004a; Scmidt & Nichols, 2004b, Caudron &
Barral, 2009).

Com o progresso do brotamento, o anel de septinas estende-se em células filhas e forma uma
estrutura similar a uma ampulheta que € usualmente descrita como colar (Figura 7 B-C). O colar passa
de um estado fluido, onde existe troca das subunidades de septinas que formam o anel, para um estado
congelado durante as fases S, G2 e M, onde as subunidades das septinas sdo estdveis (Caviston et al,
2003; Dobbelaere et al, 2003). Estudos ultraestruturais sugerem a possibilidade dos filamentos de
septina serem mais compactos no estado congelado (Rodal et al, 2005).

O estado congelado nos estadgios G2/M do ciclo celular de leveduras favorece a fungdo das
septinas como barreiras de difusdo para a compartimentalizacio da membrana celular (Caviston et al,
2003; Dobbelaere et al, 2003).

Durante a citocinese, com a contracdo do anel de actomiosina, o anel de septinas € quebrado e

10
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seu estado torna-se fluido novamente (Dobbelaere et al, 2003; Lippincott et al, 2001). O anel de
septinas rompido adquire um estado congelado novamente e depois é desmontado para que suas
subunidades estejam disponiveis na fase G1 para o proximo ciclo celular.

O periodo de alternancia entre estados fluidos e congelados permite que o anel de septinas altere
sua forma de acordo com as mudangas na morfologia do broto durante a sua emergéncia e citocinese
(Douglas et al, 2005). Esta troca é coordenada por proteinas quinases e fosfatases, o que indica que o
estado de fosforilagdo das septinas pode regular a polimerizacdo em estruturas bem ordenadas
(Dobbelaere et al, 2003). Nas células de mamifero, os filamentos e anéis contendo septina 2 sdo
estruturas altamente dindmicas que exibem rédpida troca com moléculas de SEPT2 citoplasmatica
(Schimidt & Nichols, 2004b).

Septinas de mamiferos se localizam ndo apenas na membrana plasmdtica, mas também no
citoplasma com o microtibulo e citoesqueleto de actina (Figura 8). Estudos sugerem que as septinas
de mamiferos funcionam como um esqueleto para a ligacdo de proteinas ligadoras do citoesqueleto
(Spiliotis & Nelson, 2006).

O anel serve como um molde para a organizacao de miosina tipo II, Myol, em um segundo anel
(Epp & Chant, 1997; Bi et al, 1998; Lippincott & Li, 1998). A estrutura da miosina € requerida para o
recrutamento de filamentos de actina durante a mitose para formar o anel contritil de actomiosina (Bi
et al, 1998). A contracdo deste anel permite que a citocinese acontega (Bi et al, 1998; Lippincott & Li,
1998). As septinas ndo sdo requeridas para a manutengdo do anel de actomiosina durante a citocinese e
sua subsequente contragdo, mas sao necessdrias para a sua correta excisdo (Dobbelaere & Barral,

2004).

11
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Figura 8. Papel das septinas humanas na citocinese. Septina 2 humana (verde) colocalizando com a
actina (vermelho) (A) Fonte: Scmidt & Nichols, 2004b.
Proteinas adicionais, como algumas quinases dependentes de septinas, estdo associadas com o

anel de septinas e serdo detalhadas no tépico seguinte.

2.3 Septinas na sinalizacao celular

Em leveduras, septinas recrutam e ativam quinases dependentes de septinas (SDKs) (Barral et
al, 1999, Hanrahan & Snyder, 2003; Keaton & Lew, 2006), que promovem a sinalizagdo a partir de
septinas para outros fatores regulados por elas. SDKs atuam como sensores para a correta montagem
do «colar de septinas sobre o sitio de crescimento do broto e para sinalizar o
posicionamento do microtibulo durante o eixo de crescimento.

As quinases Hsll e Gind (Growth inhibitory protein 4) interagem fisicamente com as septinas e
sdo estritamente dependentes da localizacdo e atividade das septinas para sua fungdo (Carroll et al,
1998; Longtine et al 1998a, Barral et al, 1999). Por isso sdo chamadas de quinases dependentes de
septinas. Hsll, e possivelmente Gin4, estdo envolvidas no controle da transi¢do da fase G2 para M
(Barral et al, 1999).

As proteinas Nim1 (Mitosis inducer protein kinase cdrl) e MARK (microtubule affinity

12
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regulatory kinase), encontradas em S. pombe e eucariotos superiores (Kanoh & Russel, 1998; Barral et
al, 1999), sao homdlogas de SDKs e estdo envolvidas com o controle da dindmica do microtubulo
(Drewes et al, 1998; Barral et al, 1999) e posicionamento do eixo (Guo & Kemphues, 1995). Com base
nesta homologia, Hsl1 e Gin4 podem também ter funcdo relacionada as das proteinas Nim1 e MARK.
O papel das septinas na sinalizagdo celular para a coordenacdo dos eventos nucleares e
citoplasmadticos na divis@o celular estd esquematizado na figura 9. As septinas estdo envolvidas em pelo
menos trés processos independentes: (1) recrutamento de Bnrl e Myol (Type II myosin), proteinas
envolvidas com a citocinese; (2) recrutamento e ativagdo de Hsll e Gin4 e (3) captura dos microtubulo
dependente de kar9 (Karyogamy protein). A captura e contragdo do microtibulo sdo necessdrias para o
posicionamento do eixo relativo ao aparato de clivagem. Apds a correta segregacao cromossomal, a

rede de sinais para a saida da mitose (MEN) induz a citocinese.

l \r<:|9
Hsl1 e Gind

Figura 9. Papel das septinas na sinalizacdo celular. Trés processos independentes que sao
dependentes de septinas e induzem a citocinese: (1) recrutamento de Bnrl e Myol; (2) recrutamento e
ativacdo de Hsll e Gin4 e (3) captura dos microtiibulo dependente de kar9.
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2.4 Septinas Humanas

Existem 14 septinas humanas, denominadas SEPT1-14, que sdo expressas em todos os tecidos.
Algumas septinas mostram uma super expressdo no tecido linféide (SEPT1, 6 e 9) ou no sistema
nervoso central (SEPT3, 4, 5, 7, 8, 11) (Hall er al., 2005). Muitos genes de septinas geram um ou mais
polipeptideos por splicing alternativo e/ou multiplos sitios de iniciacdo da tradugdo. O numero de
variantes ainda ndo estd estabelecido para muitos dos genes (Kinoshita, 2003), sendo que algumas
variantes de splicing alternativo parecem ser tecido especifico (SEPT8 e 11) (Hall et al., 2005) (Figura

10).

Ex 12

Ex1l
Exlla Eillb

Exl Exl Ex3-Ex10

SEFTS_v1 (KIAAD20Z 5) SEPT3_v2 (KIAA0202 b) SEPTS_vi* (KIAAC202 ¢) SEPTS_v3 (KIAA 0202 d)
4344 bp 2891 bp 2206 bp 2041 bp
58 kDA 64 kDa 58 kDa 52 kDa
Préstata Polo occipital
Testiculo Lobulo frontal e

temp oral
Ovario
Putamen

Figura 10. Splicing alternativo em septinas humanas. Organizacdo gé€nica da septina 8§ humana
capaz de gerar diferentes transcritos que codificam para proteinas com massas moleculares distintas e
sdo expressas em diferentes regides do organismo. Fonte: Bléser et al., 2003
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Segundo Hall et al (2005), as septinas humanas podem ser divididas em quatro grupos de
acordo com a sua estrutura primdria. A figura 11 mostra a divisdo dos grupos feita através do
alinhamento e comparagdo de suas estruturas primdrias com o programa ClustalW2 (Larkin et al,
2007). As septinas selecionadas para este estudo pertencem ao grupo II das septinas: grupo de septinas

com dominio C-terminal extenso.

ept1
_| ’ septd

) : - Grupo Il
sept2
H 1 sept? sept13 Grupo IV
sept3
4‘_[ septd —|Grupol
sept12
 ———
| sept11
septd Grupo il
sept10
septid

Figura 11. Subgrupos de septinas humanas. Filograma obtido através de alinhamento das seqiiéncias
primdrias com o programa ClustalW2 (Larkin et al, 2007), mostrando a relagdo de grupos entre as
septinas humanas.

Andlise filogenética de todas as septinas que possuem sua sequéncia conhecida sugere a divisdo
em cinco grupos baseados na sua similaridade sequencial: grupos I e II alocam septinas encontradas em
fungos e animais, grupos III, IV e V, septinas encontradas apenas em fungos (Weirich et al, 2008)
(Tabela III).

A expansdo do numero de septinas nos grupos IA, IB e IIA aliado a diversifica¢do da fun¢do das
septinas em mamiferos, como fungdes especializadas em células que ndo estdo em processo de divisao
celular, sugerem que estas proteinas fornecem uma ampla gama de funcdes organizacionais (Weirich et

al, 2008).
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Dentre as fungdes especializadas das septinas humanas em células que ndo estdo em processo de
divisdo celular podemos citar o papel das septinas 2, 4, 5, 6, 7 na exocitose e trafego vesicular (Hsu et
al, 1998) e a capacidade de um transcrito de SEPT4 denominado ARTS de induzir apoptose (Larish et
al, 2000). Devido ao seu papel em processos importantes como ciclo celular, apoptose e trafego
vesicular, 0 mau funcionamento das septinas pode estar associado a doengas auto-imunes, crescimento
de tumores (Ihara et al, 2007) e doengas neurodegenerativas (Ihara er al, 2003; Kuhlenbaumer et al,

2005).

TABELA II1. SEPTINAS EM ORGANISMOS MODELOS

Organismo Grupo Grupo Grupo GrupoIIB  GrupoIll GrupolV GrupoV
1A 1B I1A
Saccharomyces Cdcl10 - Cdc3 - Cdcll1 Cdc12 -
cerevisiae Shsl Spr3
Spr28
Schizosaccharomyces Spn2 - Spnl - Spn3 Spn4 -
pombe Spn5 Spn6
Spn7
Candida albicans Cdc10 - Cdc3 - Cdcll Cdc12 -
Sep7 Spr3
Spr28
Eremothecium Hyp3 - Hypl - Hyp4 Hyp2 -
gossypii Hyp6 Hyp5
Hyp7
Aspergillues nidulans AspD - AspB - AspA AspC AspE
Neurospora crassa Hyp3 - Hypl - Hyp4 Hyp2 Hyp5
Hyp6
Caenohabditis elegans - UNCe61 - UNC59 - - -
Drosophila - SEP2 Pnut - - -
melanogaster SEPS SEP1
SEP4
Xenopus laevis Hypl - - SEPT?2 - - -
Maniferos SEPT3 SEPT6 - SEPT1 - - -
SEPT9 SEPTS SEPT2
SEPT12 SEPT10 SEPT4
SEPT11 SEPT5
SEPT14 SEPT7
SEPT13

Fonte: Weirich et al, 2008.
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Estudos mostram que a septinas humanas podem formar homo- e hetero-filamentos de septinas
(Figura 12 A e E). A estrutura de complexos de septina de diferentes organismos parece ser conservada.

Quando observado por microscopia eletronica, complexos de septina aparecem como filamentos
de 7-9 nm em largura e diferentes comprimentos (Frazier et al, 1998, Field et al, 1996; Field &
Kellogg, 1999). Filamentos formados por septinas de Drosophila mostram uma periodicidade de 26 nm
no comprimento (Figura 12C), indicando que estes filamentos sdo possivelmente formados por um
complexo compreendido de duas copias de cada uma das trés septinas presente neste organismo (Fied
et al, 1996).

Em leveduras, as subunidades formadoras de filamentos de septinas t€m 32 nm de comprimento
(Figura 12B e D), em ratos, 25 nm e em humanos, 32 nm (Figura 12A), de acordo com dados de

miscroscopia eletronica (Hsu et al, 1998, Sirajuddin et al, 2007).

A

Figura 12. Complexo formado pelas septinas. A — humanas (sept2, sept6 e sept7, B e D — leveduras
(Cdc3, Cdc 12, Cdcll1 e Cdc 10), C — Drosophila (Put, sepl e sepl) e E — septina humana 2.
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Com a resolugdo da estrutura da septina 2 humana (Figura 13A) e de um complexo composto
pelas septinas humanas 2, 6 e 7 (Figura 13B) (Sirajuddin et al, 2007) foi possivel verificar que a
interacio entre as septinas ocorre por duas interfaces distintas: uma interface
composta pelo N- e C-terminal (interface NC) e outra pelo dominio GTPase (interface G) (Figura 13).
Na estrutura resolvida foram encontradas moléculas de GDP ligadas as septinas 2 € 7 , e no sitio de

ligacdo da septina 6 encontrou-se uma molécula de GTP.

C

Figura 13. Estrutura da septina 2 humana e do complexo formado pelas septinas 2, 6 ¢ 7
humanas. Fonte: Sirajuddin et al, 2007.
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Apesar dessas duas possiveis interfaces, foi verificado que em solucdo a septina 2 humana se
dimeriza atravé da interface G, similarmente a outras GTPases da classe TRAFAC.

O Alinhamento seqiiencial e estrutural de SEPT2, SEPT6 e SEPT7 com outras GTPases, mostra
que as septinas possuem os motives ligadores de nucleotideos denominados: G1, G2, G3, G4, G5
(Figura 14 e 15). Estas regides sdo criticas para a troca de GTP por GDP, mudangas conformacionais

induzidas por GTP e hidrélise de GTP (Bourne et al, 1991).

Figura 14. Alinhamento estrutural entre septinas e outras GTPases. H-Ras (PDB ID:1QRA,
Scheidig et al, 1999), Elongation factors Tu (PDB ID:10B2, Nielsen et al, 2009)ref??) and G (PDB
ID:1DAR, Al-karadaghi et al, 2006), SEPT2, 6 and 7 (PDB ID:2QAG, Sirajuddin et al, 2007).

A regidao G1 dispde de um loop que interage com os fosfatos a e f de GTP e GDP. Esta regido,
também conhecida como P-loop, é bem conservado entre todas as GTPases. As 14 septinas humanas
possuem a seqiiéncia conservada G1: G(E/Q)(S/T)G(I/L)GKST.

Através da estrutura de SEPT2 de camundongo (PDB ID: 3FTQ) € possivel verificar que os fosfatos 3
e v sdo cercados pelo motivo P- loop (GxxxGKS/T). Os residuos, Lys-50 e Ser-51, estdo em contato
com os fofatos f e y e o fon Mg2+, respectivamente. A Thr-52, que € totalmente invaridvel em septinas e

faz uma ligacdo de hidrogénio com o fosfato a (Figura 16).
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O subgrupo II das septinas humanas € o Gnico grupo que possui um residuo de treonina em vez
de um residuo de serina na seqii€éncia do P-loop. Exceto pela septina 6, este grupo é também o tnico
que tem um residuo de isoleucina em vez de uma serina na seqiiéncia P-loop (Figura 15). No

entanto, apesar das mutacdes encontradas no subgrupo II as caracteristicas quimicas do P-loop sdo

preservadas.

septd D LTDLYRDP\KLLGAEERIPEQTUEITI'HAUDIE E
septd D LTDLYEDRELLEAEERIGOTVEILRHTVDIEREE:
septl D LTHNLYEDROVEEAZARLTOTLATERRCVETIERS
septi E LTDLYPERVIPGAAERTIERTVOIELA ST VETEME!
sept? E LTDLY 3P-EYPGESHRIEETVOVEDEEVLIESS
septé i HTEFEZE PATHTQEGVOLOQENTYDL o
septll C HNTEFESD PATHNEPGVRLEARSYELCES
septl = HNTTFETE —BEASHHEACVRLRPOTYDLOES
septlo Ci LTHFEDY ESSHFTEPNVELELOTYEL a
septld D EEOVEREARSWNREERIFETVETIEAT-HUVIER >
sept? E FEEISRESVOPTSEERIFETIEIRSITHD IEEE
septlz E ESREVWE- SNEPPELEVETHOTLOLHELTHVIERE:
Clustal Cons : H HH

septd HNTECWEEVAEY IDOOF) =l HE@MPE L@ VEFMEATHC [LTEEEVDHEEREIREETIEHF
septs NTECWEEITDY VDOOF) [=lean HE@PEVBVEFMEALHE CLVESEBIRELEERIREEIDEF
septl CEDCWLEVVRF IEECF] [=l=an RGP ELEVAFLRAVHE LIMEC@T OATRORTRDOLEEER
septl CRODCFETITISYIDEOF] [=l=an HEMEE L# VA FIMEATHI [LTLEERERLEERILDEIEEH
sept? HNENCWOEVIDY IDEEF) SRV HEEEFLETEFMERLHE [LTEPE@C OOFEEQIMEETICEH
septh EEDEYEFIVEFIDACQE] LET HEEESLELVTMERELD S LISESELTEFEIRITEELVEN
septll EDDEYRPIVEY IDAQE) LET HEEEZLELVTMEELD 2 [TARNEBLHEFEZEIMZELVEI
septs EDESYREIVDY IDAQE) LET HEEESLELVTMERELD S [TEES@LHEFEIRIMEELWVEN
septll EEESYQFIVDY IDAQE) LET HEEETLELLTMENLD S [VEETEL OEFEIRLMEELWVEN
sept3 HNENCWEEIERYINEC [VIIT HEEREFLELEFMEHLSE [MTLE@ESEFRORVREELEWVI
sept? NENCWOEIMEF IHDC W IIT HEBREFLBIEFMERLEER [LTLE@RVHFEKORITADLL SN

septlz NDHNCWDEILGY INEC LLIT| HCEPEL@TEFLORLCRT FLTMERREAFRRRTOONLRTH
Clustal Cons P T I rovioavy HE s N HY

septd CFEDCDEDEDEDFELODOALEESR FHNTVVELRBRR- VR
septd CFEFECDEDEDEDFROODRELEESA FHTVVEARGOR- VR
septl CFEFECDEDEDEDFERODAEMEES FCEVVRDSENRE VR
septZ HLEDAESDEDEDFRECTRLLEAS FIHOLTIEARGRE- VR
sept? EFFETDDEEENELVEE---TIKDRI FHTIIEVHEER- VR
septé (OFE----TDDESVAETINGTMINAHL FTEELE- ISIMEMM
septll QFEF—----TDEETVAEINATMIWVHI FTEEVE- IGITEMA
septld OFP—----TDDEAVAETNAVMNAHT FTEEVE-VGIELWY.
septll (QFE--—--TDDDTITARVIAAMNGOL FMDEVE- VEIEMY
sept3 EOREFD-EDLEDETENDEIROE SN FDEEY OVIEER- VL
sept? EOREFD-EDSEDRLVIERFR-EM FDHEY QWVHGER-TL
septlz ECMCFD-EDINDEILNSELR- DR = DB HLM *RC—UL 5

Clustal Cons

Figura 15. Alinhamento seqiiencial de SEPT1-SEPT12. As caixas indicam as regides conservadas
G1-Gs.
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Figura 16. Analise dos residuos presentes no sitio ativo de SEPT2. Detalhes do sitio de ligacdo ao
nucleotideo, mostrando GppNHp e os residuos ao redor.

G2 inclui o N-terminal da segunda fita f do dominio GTPase e o loop que a precede. Em
algumas proteinas G, a ligacdo de GTP modifica a conformacdo deste loop, em parte por mudar a
orientacdo de um residuo de treonina que constitui o dominio G-2 (Bourne et al, 1991). Este residuo é
importante para posicionar o fon Mg**, que é indispensével para a hidrlise por outras proteinas G. Na
seqiiéncia das septinas humanas 2 e 7 observa-se a presen¢ca de um residuo de treonina em G2, mas
esse residuo ndo estd visivel na estrutura tridimensional destas proteinas (PDB ID = 2QAG, 2QNR,
2QAS). Ja a septina 6 e outras septinas do subgrupo II como SEPTS, SEPT10 e SEPT11 ndo possuem
este residuo importante para o posicionamento do ion Mngr (Figura 15).

A sequéncia G3 em septinas humanas, possui 0 motivo conservado D(T/A)(P/V)G(F/Y)GD,
sendo o primeiro aspartato deste dominio ndo encontrada na septina 6 e 10.

Recentemente a estrutura de ANSEPT2 de camundongo complexada a um nucleotideo G
modificado, GppNHp, foi resolvida com resolucio maxima de 2.9 A. Em contraste com as estruturas

de septinas humanas, as regides G2 e G3 estio ordenadas e visiveis e um ion de magnésio € observado.
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Embora a estrutura geral de septina ligada a GTP e GDP pareca semelhante, a sobreposicao das
estruturas revela diferengas importantes (Figura 17). Considerando que as hélices a permanecem
inalteradas, a folha  central mostra uma diferenca angular de = 20°. O maior efeito é sobre as fitas 2
e B3, que estdo inclinadas em 20 ° no que diz respeito as fitas da estrutura com GDP (Figura 17).

Ha um movimento parcial da metade N-terminal de B1 para manter a ligacdo de hidrogénio com
B3. Devido a B2 e B3 estarem em estreita proximidade com as regides switch (G2 e G3), e porque as
estruturas de SEPT2 e ANSEPT? ligadas a GDP (PDB ID: 2QNR) ndo exibem essa diferenca angular, o
fosfato y, e ndo a exclusdo do N-terminal, parece ser a for¢a motriz para a tor¢ao de fitas § (Figura 17).

Thr-78 em G2 coordena o ion Mg2+ e forma uma liga¢do de hidrogénio com o fosfato y. Esta
treonina (Thr-78), juntamente com a glicina invariante (Gly-104) do motivo G3, mediam o mecanismo

de switch universal.

Figura 17. Estrutura de SEPT2:GppNHp. (A) Modelo de SEPT2 dimerizada através do sitio de
ligacdo de nucleotideo. Os novos elementos observados estdo marcados. GppNHp e fon Magnésio
estdo coloridos em marrom. (B) Sobreposicdo de SEPT2-GppNHp (laranja) com estruturas prévias de
SEPT2-GDP [PDB ID: 2QAS (ciano) e 2QNR (cinza). Fonte: Sirajuddin M et al; 2009.
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Introducdo

A regido G4 estabiliza o anel de guanina do GTP/GDP e possui a seqiiéncia conservada AKAD.
O aspartato deste motivo € o elemento mais importante na especificidade guanina-versus-adenina. A
regido G5, P(F/L)(A/S)V(I/V)G, é responsavel por estabilizar a regido G4.

Apesar de existirem estruturas tridimensionais de septinas humanas (PDB ID = 2QAG, 2QNR,
2QAS, 3FTQ), a resolucdo destas estruturas ndo fornece informacdes sobre alguns dtomos que sdo
essenciais para interagdo com nucleotideo, tornando dificil garantir quais mudangas na conformacdo
ocorrem quando a GTP ou GDP estdo ligados as septinas e o papel de todos os residuos presentes na
interface de ligacdo de nucleotideos, incluindo os residuos que desempenham um papel importante na
catdlise de septinas.

Desta forma a resolucdo de novas estruturas de septinas a mais alta resolug@o, ensaios de
atividade GTPdsica e ensaios que visam compreender o comportamento das septinas in vivo se fazem

necessdrios para o melhor conhecimento da fungdo destas proteinas em humanos.
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Objetivos

II. OBJETIVOS

Os objetivos gerais s@o o estudo funcional e estrutural das septinas humanas 6, 8 e 10.

Como objetivos especificos tém-se:

I. Clonagem e a expressdao de construcdes dos genes sept6, sept8 e septl0; purificacdo das

proteinas que forem expressas na forma soluvel para estudos estruturais (dicroismo circular,

espalhamento dindmico de luz, difracdo de raios X, emissdo de fluorescéncia, microscopia

eletronica de transmissio).

II. Testes de atividade do dominio GTPase das septinas 2, 6, 8 e 11.

III. Ensaio de duplo hibrido para verificar parceiro de interagdes com a septina 10.
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Resultados

ITI. RESULTADOS

3.1 Artigo I:

Overexpression, purification and oligomerization studies of human septin 8
Souza, TA.CB'?& Barbosa, J.AR.G?

Institute of Biology CP 6109, State University of Campinas — UNICAMP, 13083-970, Campinas, SP,

Brazil.

Center for Molecular and Structural Biology, Brazilian Synchrotron Light Laboratory, Campinas, SP,
13083-970, Brazil.
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Abstract

Mammalian septins comprise a family of 14 genes that encode GTP-binding proteins involved in
important cellular processes such as cytokinesis and exocytosis. Expression of three different
constructions encoding human septin 8 were analyzed and the results show that SEPT8GC, a clone
expressing the conserved domain plus C-terminal domain of human septin 8 yields the highest amount
of recombinant protein. A screening among different buffers shows that SEPT8GC purified in a
solution containing 10 mM tris-HCl pH 8.0, 10 mM MgCl, and 40 uM of GTP has a lower degree of
aggregation. This protein was purified by affinity and gel filtration chromatography. CD spectrum of
SEPT8GC is characteristic of folded proteins and it presents a transition profile with a Ty, of 54 °C.
Fluorescence emission spectra, analytic gel filtration and DLS reflect the sample oligomeric
heterogeneity with the predominance of dimers in solution. Homology models indicate clearly that the

preferred dimer interface is the one comprising the GTP binding site.

Keywords: SEPTS; septin 8; purification; expression; cell cycle, Homo sapiens
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Introduction

Septins are proteins found in fungi, animals and microsporidia that were identified more than 30
years ago in budding yeast (Saccharomyces cerevisiae) [1]. The primary structure of septins is
characterized by variable N- and C-termini and a conserved central domain. In the central domain, a P-
loop signature allocates septins in the P-loop GTPase family. Septins are members of TRAFAC
subclass of P-loop family which is characterized by the substitution of asparagine for an alanine or
glicine in the NKXD motif (i.e. AKAD or GKAD) [2].

Humans have 14 septin genes (septl-septl4) that code for proteins with a predicted molecular
mass ranging from 40 to 60 kDa. A number of alternative splicing events occur with these 14 septin
genes and lead to a much greater number of septin proteins. Septins seem to be essential for
cytokinesis, cellular polarity, cellular movement, vesicular traffic, exocytose and apoptosis [3, 4]. In
platelets and neurons, septins are related to exocytose [4].

The central domain (GTP binding) is highly conserved with 58% of similarity [3] and shares a
minimum of 35% sequence similarity to yeast septins [4]. Based on sequence similarity, human septins
can be separated in four groups [3, 5, 6]. Septin 8 belongs to group II constituted by septins with a long
C-terminal.

A very important feature of septins that is often related to their functionality is their ability to
form stable heteromeric complexes. Filaments and rings have been observed both in vivo and in vitro
[6, 7, 8, 9, 10]. SEPT8’s yeast paralog, Cdc3 (Spnl) [5], can self associate [11]. SEPT2 also form
dimers in solution [10]. Together, these data indicate that self-association may also occur in group II
mammalian septins.

Understanding the molecular mechanism underlying septin oligomerization and ring formation
by human septins is important once those proteins are involved in several cell processes and their

improper function has been implicated in some pathologies such as Alzheimer’s disease [12], Down’s
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syndromes [13, 14], Parkinson’s disease [15] and breast [16, 17], ovarian [18], brain [19, 20], and other
tumors [21]. The best way for that would be the structure elucidation of homo and hetero-oligomers of
human septins; however until now just the tridimensional structures of septin 2 and a trimer composed
of septins 2, 6 and 7 are available.

These structures were solve by X-ray crystallography to low resolution and the final models
show that the filament in the crystal consists of an assembly of G domains. The N and C-terminal
domains are not seen in the structures. The G domains interact with each other via two interfaces: one
that contains the GTP binding site, called the G-interface, and another that contains the connections to
the N- and C-terminal domains of the protein [10]. The lack of information about the N- and C-
terminal domains indicates that they are mobile with respect to the filaments. The C-terminal domains
are expected to for coiled coils between monomers of a filament, thus having a role in the stabilization
of this superstructure.

Crystals with a diffraction pattern of good quality are not easily obtained, improvement in
recombinant protein production are required to overcome this problem. Here we present different
strategies to improve recombinant septin expression, its purification and the characterization of a
truncate construction of septin 8 by mass spectroscopy, circular dichroism (CD), intrinsic emission
fluorescence and gel filtration chromatography. Finally, the oligomerization is analyzed based also on

homology models based on the structures available.

Materials and methods

Cloning of genes encoding human septin 8

The coding sequence of three different constructions of human septin 8 (Figure 1) were
amplified by PCR using the following oligonucleotide primers: SEPT8I F (§'

GAATTCCGGCGGGGCTCCGGCTGCGCT), SEPT8I_R (S'CTCGAGTTAATTCTT
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CTTGTCCTTGTC), SEPT8GC_F (5° CATATGTCCAGCTTCAACATCCTCTGT, SEPT8GC_R (5’
CTCGAGTTAATTCTTCTTGTCCTTGTC), SEPT8G_F (5
CATATGTCCAGCTTCAACATCCTCTGT) and SEPT8R_R
(CTCGAGTTATTGGCCTCGTATGTCTCT) with appropriate restriction sites in their sequences. The
PCR reaction was carried using 60°C, 62°C and 64°C as annealing temperatures for sept8I, sept8GC
and sept8G amplification respectively. The amplified products were purified using Qiagen Gel
extraction kit (Qiagen), cloned into pGEM-T-easy vector and validated by sequencing. The following
cloning vectors: sept81_pGEM, sept8GC_pGEM and sept8G_pGEM were digested by appropriate
enzymes and the fragment corresponding to septin sequences were gel extracted and subcloned into
pET28a expression vector (Qiagen). Positive clones were used to transform E. coli BL21 (DE3) ASlyD

cells [22].

Protein expression

The cells were grown in Luria Broth (LB) medium containing kanamicin (100 pg/mL) at 37 °C,
200 rpm, for 16 h. The aliquots of 5 mL of overnight cultures of E. coli BL21(DE3)ASIyD cells were
used to inoculate 500 mL of the same medium and cells were grown at same conditions until Agyy ~ 0.7.
1 mL of non-induced cells were aliquoted and expression was induced by adding isopropyl-B-D-
thiogalactopyranoside (IPTG) to a final concentration of 0.4 mM into log-phase cultures incubated at
20 °C, 30 °C and 37 °C for 4 hours. The culture incubated at 20°C was grown for 16 hours. Cells were
centrifuged for 10 minutes at 2600 g and suspended in a buffer containing 50 mM Tris-HCI pH 8.0, 50
mM NaCl, 5 % glycerol and 100 uM GTP (buffer A). The cell suspension was sonicated with Branson
Sonifier 450 and the supernatant separated through centrifugation 20000 g for 15 minutes. The
supernatant was aliquoted and submitted with non-induced aliquots to SDS-PAGE for solubility

analysis.
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Purification

After lyses, soluble SEPT8GC was purified by nickel affinity using 1 mL HiTrap Chelating
column (Amersham Bioscience) and a FPLC system (Fast Performance Liquid Chromatography -
Amersham Bioscience). The column was loaded with 100 mM NiSOy and equilibrated with buffer A.
For purification a gradient of 0-100 % of the buffer B (buffer A plus 0.5 M imidazol) was used. The
fractions from the chromatography were analyzed by SDS-PAGE.

For gel filtration chromatography, the samples from the affinity chromatography containing the
protein of interest were concentrated by filtration. The solution was placed on filter Amicon Ultra
MWCO 10000 (Milipore) and centrifuged at 4000 rpm at 4 °C until it reached the concentration of 10
mg/mL. The experiment was performed in a FPLC system (Amersham Biosciences), using a Superdex
200 HR 10/30 column (Amersham Biosciences) and a buffer containing 20 mM Tris-HCI1 pH 8.0, 10
mM MgCl, and 5% glycerol. Fractions from chromatography were analyzed by SDS-PAGE.

Sample homogeneity evaluated by DLS analysis was used to screen for the best buffer by
varying the constituents of buffer A. 10 mM Tris-HCI pH 8.0, 10 mM MgCl, and 40 uM GTP was

chosen as buffer A in further experiments. Purity of proteins was analyzed by SDS-PAGE.

1 Determination of protein concentration
The concentration of SEPT8GC and SEPTSI were determined by UV-vis spectroscopy [23]

applying their respective calculated molar absorption coefficients (€259): 0.587 and 0.377 M'em™.

Dynamic light scattering (DLS)
The experiment was conducted on Dynapro Molecular Sizing instrument at 10°C. The samples

were previously centrifuged for 20 minutes at 20000g, at 4°C. The data was collected with intervals of
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2.5 s with at least 100 acquisitions.

Circular Dichroism (CD)
1. The purified protein was dialyzed against a buffer containing 10 mM NaH,PO. pH 8.0
and 10 mM MgCl,. The CD measurements were recorded on a Jasco spectropolarimeter Jasco
J-715 (Jasco Corporation, Tokio, Japan), at 4 °C with temperature controlled by a Peltier Type
Control System PFD 425S. Data were collected from 190 nm to 260 nm with a scan rate of 100
nm/min in 1 mm path length cuvettes. The values obtained in mdeg were converted to molar
ellipticity by residue ([0] MRW), mdeg.cmz.dmol'l, as defined by [24].
The thermal denaturation was performed varying the temperature from 4 °C to 90 °C and
tracking the CD signal at 222 nm, and getting a spectrum (from 190 nm to 260 nm) to each variation of

10 °C. T, was the temperature at the midpoint of the unfolding transition.

Fluorescence spectroscopy

Fluorescence measurements were performed in a spectrofluorimeter steady-state K2 ISS
coupled to a refrigerator using a 1x1 cm path length cuvette. Excitation of tryptophan was held at 295
nm and emission was measured from 310 to 450 nm. The data was analyzed using ORIGINLAB Data
analysis and graphing software (OriginLab, Northampton, MA) and Vinci™ Multidimensional

Fluorescence Spectroscopy (ISS Inc, USA).

Mass Spectrometry (MS-MS)
The proteins in the gel fragments were reduced with 10 mM DTT for 1 h at 56°C and alkylated
with 55 mM iodoacetamide for 45 min at room temperature. The reduced and alkylated peptides were

digested with 20 ng/ul trypsin (Sequence grade modified, Promega, WI, USA) for 16h at 37°C in 25
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mM NH4HCOs;, pH 8.0. The reaction was stopped by acidification with 5% trifluoroacetic acid (Fluka,-
Buchs, Germany). The tryptic peptide digests of the proteins were submitted spectrometer MALDI-
QTof Premier (Micromass, Manchester) analysis. The digested protein solution was mixed with an acid
solution of matrix a-cyano 4-hydroxycinnamic 5 mg / mL (water: acetonitrile: TFA 1:1:0.01 v/ v / v)
and applied to the plate. The spectra of PMF (peptide mass fingerprinting) were acquired with the
following conditions: the full ratio of mass to charge 800-3000, laser energy 225, collision energy 4.0

eV.

Homology modeling

The alignments were carried out using CLUSTALW [25] and the best alignments were
selected based on the alignment score. They were used to construct homology models of SEPT8. For
the model building process, default parameters included in the “automodel” class were used. An
ensemble of 50 models was built, from which the best final model was selected based on evaluation of
the objective function from MODELLER (copyright © 1989-2010 Andrej Sali), which uses the stereo

chemical values, and by visual inspection.

Results and discussion

Septin comprises a family of proteins of guanine nucleotide-binding proteins composed of a
conserved central core domain (GTPase domain) flanked by N-termini and C-termini. The GTPase
domain has 3 characteristic motifs, G1, G3 and G4, which are similar to those of the Ras family. The
G4 motif is strictly conserved with a unique septin aminoacid consensus: AKAD. In the C-terminal
domain of most septins a coiled-coil region is predicted, which in some cases is necessary for
intermolecular interactions [12], [26]. A fundamental problem in studying septins has been the

difficulty to express them in bacteria in a soluble and stable form. Studies have been done trying to
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overcome this problem and one strategy is the expression of different septins in bicistronic vectors [8].
In this work, three different regions of the coding sequence of human SEPTS: sept8GC, septSI
and sept8G were cloned into pET28a expression vector (Qiagen) and used to transform E. coli
BL21(DE3)ASIlyD cells in order to optimize the chance of expression success. The start and end of each
domain of septin 8 was chosen based on conserved regions mapped by PFAM [27] and other
alignments produced with the amino acid sequence of human SEPT8 (ncbi ID: 27448550).
Oligonucleotides were synthesized for the amplification of sepr8I (corresponding to residues 1-508),
sept8GC (residues 120-508) and sept8G (residues 120-406) based on the sept8 sequence (ncbi ID:
27448550, figure 1). We have successfully cloned these three genes in pGEM-T-easy vector, from
where they were recovered by Ndel and Xhol treatment and inserted into the Ndel and Xhol sites of

pET28a to originate sept8GC-pET28a, sept8I-pET28a, sept8G-pET28a expression vectors.

A
N- TERMINAL GTPASE DOMAIN C-TERMINAL
1 SEPTSI 508
120 —— SEPT8GC 508
120 SEPTSG 406
B
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RRGSGCARGRAGRGGRSRGRGOQGRLRGFSRRRROGEFPGSGHIGST
QPOQPPGRSASRSRLVPVAAPALVPAHPPGAELAMAATDLERF SNAE
PEPRSLSLGGHVGFDSLPDQLVSKSVTQ@FSFNILC?GETGIGKST
IMNTLENTTFETEEASHHEACVRLRPOTYDLOESNVOQLKLTIVDAV
GFGDQINKDESYRPIVDYIDAQFENYLOEELKIRRSLFDYHDTRIH
VCLYFITPTGHSLKSLDLVTMKKLDSKVNIIPITAKADTISKSELH
KFKIKIMGELVSNGVQIYQFPTDDEAVAETINAVMNAHLPFAVVGST
EEVKVGNKLVRARQY PWGVVQVENENHCDFVKLREMLIRVNMEDLR
EQTHSRHYELYRREKLEEMGFQDSDGDSQPFSLQETYHAKRKEFLS
ELORKEEEMROMFVNKVKETELELKEKERELHEKFEHLKRVHQEEK
RKVEEKRRELEEETNAFNRRKAAVEATQSQATHATSQQPLRKDKDK
KN

Figure 1. A: Schematic view of three different constructions expressing recombinant human septin 8.

SEPTSI - the entire protein, SEPT8G - the construction expressing the central GTPase domain and

SEPT8GC - the construction expressing GTPase domain plus C-termini. B: Sequence of human septin

8 (ncbi ID: 27448550). The box encloses the GTPase domain while peptides marked with a gray
background correspond to those found by MS fingerprinting.

Expression was induced by adding IPTG to a final concentration of 0.4 mM into log-phase
cultures and the results show a high level of expression for sept8GC-pET28a, a medium level of
expression for sept8I-pET28a and no soluble expression for sept8G-pET28a at all temperature tests
(Figure 2). In order to improve the soluble fraction of sept8I-pET28a and sept8G-pET28, other
expression tests were performed with GST-fused constructions and other E. coli strains: BL21
(Stratagene) previously transformed with pRARE vector (rare codon translation capability) and strain

C43 [28]. Unfortunately, no improvement was observed (data not shown).
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SEPT8GC and SEPTS8I were purified on a HiTrap Chelating column. SEPTS8I was purified
without contaminants but SEPT8GC required further purification and was submitted to gel filtration
chromatography. After the second chromatography, both proteins were in a satisfactory degree of purity
(Figure 2). The yield of purified proteins was 3.6 mg of SEPT8GC and 0.5 mg of SEPTS8I per litre of
induction. As shown in figure 2, the recombinant proteins migrate in SDS-PAGE to bands
corresponding to molecular weights of about 45 and 60 kDa which are in agreement with the predicted

values of 45444.5 Da and 58001.6 Da, of SEPT8GC and SEPTRSI, respectively.

A B C
M NI Py, Szn P30S30P37 S37 M P3y S20P30 S30P37 S5 M S,, PP
?- ! 'I-' [ '__'_-";— Y
i ) — E : = & g —
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=% = == = ~
- o -
I - — — - ‘ -‘
- - e
M FT PP
- = -
=
- — —

Figure 2. Expression and purification of human septin 8. A-B: Expression tests at different
temperatures (20, 30 and 37°C) for SEPTSI (A), and SEPT8G (B). C: SEPT8GC after purification of
the soluble fraction induced at 20°C through affinity chromatography and gel filtration. * indicates the
presence of an overexpressed band, M indicates the Unstained Protein Molecular Weight Marker
(Fermentas), PP indicates purified protein, FT indicates the flowhthrough of purification, NI indicates

non-induced sample, I and S indicate the insoluble and the soluble fractions after induction,

respectively.
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Due to the best results obtained with SEPT8GC construction, we used the recombinant protein
produced by this clone in the following experiments. To confirm that recombinant septin corresponds to
a truncated form of human septin 8, SEPT8GC was submitted to MS-MS analysis. The fragments
found by fingerprint analysis belong only to GTPase domain and C-termini, no fragment from N-
termini of human septin 8 was obtained confirming the expression of the truncated SEPT8 (Figure 1B).

The CD spectrum of SEPT8GC is characteristic of folded proteins. SEPT8GC is predicted to be
composed of 49 % alpha helix and 15 % beta sheet. Figure 3A shows the CD spectra recorded in the
range 197-260 nm of SEPT8GC. The CD spectra of SEPT8GC is in accordance to a structure
predominantly composed of helices as observed by the minimums at 208 and 222 nm (Figure 3A). Data
deconvolution by CDNN [28] shows that SEPT8GC spectrum corresponds to 34 % of alpha helix and
16 % of beta sheet.

To assess the stability of SEPT8GC, we examined their thermal denaturation by monitoring the
CD intensity at 222 nm (Figure 34B). SEPT8GC revealed a one state transition profile with Ty, of 54
°C. Protein instability at body temperature can result in some diseases and while investigating septin 8
thermal denaturation, it was observed that SEPT8GC begins to lose secondary structure signal at 40 °C.
Although SEPT8GC does not represent the entire protein found in vivo, it contains about 75% of the
protein and the biggest GTP-domain. Thus, the stability at normal body temperatures and instability in
some pathological circumstances when 40 °C is achieved can have some significance. Probably, this
stability could be improved by GTP binding to SEPTS8 since GTP binding is essential for stability of
human SEPT4 [30], SEPT2 [31] and in SEPT2 from Xenopus laevis. Indeed, it is reported that GTP

binding can trigger folding of GTPase domain [32].
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Figure 3. Circular dichroism experiments. (A) Residual molar ellipticities of SEPT8GC were measured

from 197 to 260 nm. (B) Thermally induced unfolding of SEPT8GC from 15 to 90 °C.
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SEPT8GC has 1 tryptophan at position 218. In order to monitor the structure surrounding the
tryptophan residue, we excited the sample at 295 nm and recorded the fluorescence emission spectra
from 310 to 400 nm. SEPT8GC spectrum shows a characteristic fluorescence emission maximum at
340 nm and a shoulder of fluorescent emission in 356 nm (Figure 4). Once septin 8 has just one
tryptophan in its structure, the two maximum of fluorescence emission reflect the sample heterogeneity,
which could be caused by an equilibrium between different oligomeric states since other septins are

able to form homo-oligomers [8], [10].
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Figure 4. Fluorescence emission spectra of SEPT8GC. Proteins were excited at 295 nm and emissions
were recorded from 310 to 450 nm. Samples consisted of 50 uM protein in 10 mM Tris-HCI pH 8.0

and 10 mM MgCl,.

Analytic gel filtration was used in order to evaluate the formation of different oligomers of
SEPT8GC. The results show 2 different peaks, the first peak represents high molecular weight
molecules once bluedextran, a void volume marker of 2000 kDa, is eluted with the same volume. The

second peak has a maximum that predicts a mass of 81 kDa, corresponding to a dimer of SEPT8GC.
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The second peak is broad and has a shoulder corresponding to 57 kDa indicating that a equilibrium

between monomers and dimers might occur (Figure SA-B). DLS assays show a high polidispersivity of

59 % and a molecular weight prediction of 119 kDa. The high polidispersivity indicates the presence of

different oligomers in the sample and suggests that SEPT8GC can also be found as trimers in solution

(figure 5C). SEPT8GC has a long C-terminal with a coiled coil domain, the structure of human septin 8

is not available and tridimensional structures of other septins suggest that SEPT8GC might have an

elongated shape that could interfere in DLS measurements which uses a spherical model for estimating

the molecular weight, thus suggesting a trimer in solution where a dimer is present.
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Figure 5. Gel Filtration chromatography of SEPT8GC. (A) Chromatogram indicating the presence of

two peaks and a shoulder: 1 (void), 2 and 3. (B) Predicted molecular weight of peak 1, 2 and 3.

Calibration was performed using aldolase (158 kDa), ovalbumin (43 kDa) and ribonuclease A (13.7
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kDa). (C) Results of DLS analysis.

A model of SEPT8 GTPase domain was constructed based on its homology to SEPT2
homodimer and SEPT6/7 hetorodimer whose structures are available (PDB code 2QA5 and 2QAG,
respectively) (Figures 6 and 7). The G-dimer has a buried interface of about 2168 A? which is much
bigger than the NC-dimer interface of about 837 A%, The residues found in the interfaces are more
similar to SEPT6, which belongs to the same group as SEPTS, than to the others septins with known
structure (Figure 8). The resolutions of the structures used as template for the molecular modeling
does not allow a detailed description of all residues interacting in the interface and consequently which
interface is predominant. However, it is possible to suggest that, as found for SEPT2, the G-dimer is

more stable and may be the one found in vivo.
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Figure 6. Analysis of the G-dimer SEPT8 interfaces. (A) Model of SEPT8G G-dimer and (B) details of

the residues buried in the dimer interfaces
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Figure 7. Analysis of the NC-dimer SEPTS interfaces. (A) Model of SEPT8G NC-dimer and (B)

details of the residues buried in the dimer interfaces.

42



10 20 30 40 50 &0 J0 a0 100

TP TT BATORe [FOUIC) I Pv B, o DOomrs Py Ty TP DTy Rrrre EowUn [nrrie Moy s oy r*“ “....;
SEPT2 GFANLPHQVIRKSVKKGFEF TLMVVGESGLGKS TLINSLFLTDLYPERVIPGAAEKIERTVY IEJ'J.ST‘.I"EIEERIm]lL!mli’ ¥ D.DIHCRDCI 'KTI
SEPT7 ~FARLPHOVYRESVERGFEF TLMVVUES LGRS TLINSLELTDLY SP-EYPCPSHRIKKTV{VE SKVLIKEGGVOLLLT WD'II':-I' GDAVDHSHCHOPY
SEPTB - =GP SFNILCVEETGIGCKS TEMHTLFNT TFETE =~~~ RSHHEACVRLRP(TYDLQESHV(LKLT IVDAVGE SDQINKDESYRP T
SEPT6 GECFHILCVGET CLGRSTIMD TLFHTKEEGE-----PATHTQPL *ul'uLuwr,hLuh\r'\rRL:lﬂ_alvwv FEDOQINKEDSYKPI
Clustal Conzensus LA B R AL RS ER AL L L F RN L - g 5 BEL, o FEE S S5 B L S LEE L N O 1 R

110 12 140 150 160 170 180 190 ZUD

..‘.|,...1....|...H +H. R U TR U S T RO (| | W S © R S
SEPT2 ISYIDEQFERYLHDES! Lr!'R——RHI.IDHRViiCC‘ (FISPFGHGLEKPLDVAFHEAR IH]-W!FLVWINR DTLTLRER!:RL!GCRILDE.ILEHNIKI1JiLl—'Du
SEPT7 IDY IDSKFEDYLHAESRVHR--RIMPDHRV{ CCLYF IAPSGHGLKPLD TEFMERLHEKVHI IPLIAKAD TL TPEEC) (FKKOIMKEI(EHKIKIYEFPET
SEPTS VPYIDAQFENYLOEELKIRRSLED YHD TRINVCLYFITP TOHSLESLDLVTHRELD SKVHIIP I IAKAD TISKSELHRFRIKIMCELVSHEVOIYQEP TD
SEPT6 VEFIDAQFEAYLQEELKIRRVLHTYHDSRINVCLYFIAP TCHSLKSLDLVTMEELD SKVHITIPIIAKADAI SKSELTKFKIKITSELVSHOVQIY(QFP TD
Clustal Consensus :.:%& ;&& &&; & ; & o lsg Mokldkod Rk ok ik Rk o ARk RRRAR o b ok ok R L ik, ok

210 220 230 240 250 260 270 280 250

I O [P T D Y D TR TR T T M R [ * TR R TR
SEPT2 ESDEDEDFKE(TRLLEASIPF SYVGSH)LIEAKGCKKVRGRLYPH GVVEVENPEHNDFLKLRTML I - THM(DLQEVT(DLHYEHFRSERLERGG
SEPT? D-DEEE--HKLVEKIKDRLPLAVVGSHT IIEVHGKRVRGR) YPHOVAEVEHGEHCD P T ILREML IRTHM( DLEDV THHVHYENYRSRELAAVT
SEPTS8 D-~~--EAVAE THAVMHAHLP FAVV (S TEEVEV GHKLVRARQ YPH GVVVENENHCD FVKLREML IRVNMEDLRE ) THSRHYEL YRRCKLEEM
SEPT6 D---~ESVAETHEG THHANLP FAVIGSTEELRI GHEMMRARD YPHE TVIVEHEAHCD FVELREML IRVIMEDLRE ) THTRHYEL YRRCKLEEM
Clustal Consensus : * : B e L I L B L T L LT FR L S

Figure 8. Sequence alignment of GTPase domain of septins 2, 6, 7 and 8. Vertical arrows indicate

residues buried in the G- and NC-interface of SEPTS8 dimer.

Conclusion

We have cloned three different constructions of septin 8, and expressed two of them in the
soluble fraction using E. coli cells. The recombinant protein constituted by the GTPase domain and C-
termini of human septin 8 (SEPT8GC) was purified in large scale quantities, confirmed by mass
spectrometry and characterized by circular dichroism, fluorescence spectroscopy, analytic gel filtration
and DLS. The recombinant protein is folded and stable until 40 °C. SEPT8GC can be denatured at high
temperatures and presents a Ty, of 54 °C. The emitted fluorescence of the tryptophan residue in
SEPT8GC exhibited two maximum peaks of emission, which may suggest the presence of different
oligomers in the sample. Analytic gel filtration and DLS results show the presence of different
oligomers in solution and this suggests that SEPT8GC can form dimers or trimers in solution through
its G- or NC-interface. Homology modeling shows that the dimer formed by the G-interface shall have
a much greater buried surface which could stabilize this dimer formation further than the one created

by the NC-interface.
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Abstract
Septins are GTP binding proteins that belong to TRAFAC subclass of the P-loop family. They were
first identified in yeast at the mother bud neck. In humans 14 septins are known and named SEPT1-14.
They play a role in several cell processes. The 14 human septins are divided in 4 subgroups based on
their primary sequence. Sept 6, 8, 10 and 11 belong to subgroup II; this group has a threonine instead of
a serine in the P-loop sequence. The influence of this polymorphism in GTPase activity is not known.
Some mutations in GTPases lead to lack of activity and some reports associate the expression of such
proteins to tumor. Once little is known about the binding and hydrolyzes of GTP by human septin, we
analyzed the GTP binding and hydrolysis activity of septins 6, 8 and 11 belonging to subgroup II and
septin 2. We observed that septin 6, 8 and 11 are able to bind GTP at different temperatures. Those
proteins also have low GTPase activity with binding and hydrolysis levels lower than the rates

observed for human septin 2.
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Septin, GTPase activity, GTP binding, P-loop mutation
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Introduction

G proteins are a super family of proteins that bind and hydrolyze GTP. Those proteins are
involved in most of the cellular processes and include RAS and its close homologues, and hetero-
trimeric G proteins. GTPase fold is well conserved among GTPases, five polypeptide loops forms the
guanine nucleotide binding site. These loops are the most highly conserved elements in this domain and
define the G protein super family [1].

Septins belong to TRAFAC subclass of P-loop family [2] and were first identified in yeast at the
mother bud neck [3]. In humans 14 septins are known and named SEPT1-14. They play a role in cell
cycle and vesicular traffic, and are associated with some diseases such as Alzheimer’s disease [4, 5],
Down’s syndrome [6, 7 and 8], Parkinson’s disease [9] and to breast [10, 11], ovarian [12], brain [13,
14], and other tumors [15].

Human septins can form homo and hetero-oligomers. This oligomerization is regarded as
important for the functionality of septins and is related to each septin’s ability to bind and hydrolyze
GTP. For instance, the hetero-oligomer of human SEPT6 and SEPT7 is able to hydrolyze GTP [16].
Human SEPT?2 binds and hydrolyses GTP in vitro but with an extremely slow nucleotide exchange rate.
Furthermore, it seems that filament formation by SEPT?2 is related to nucleotide binding [17, 18 and
19]. Xenopus SEPT2 expressed in E. coli is able to bind and hydrolyze GTP but is not able to bind
GDP. GTP binding induces filament assembly of 7 pm in length [20]. A complex formed by three
septins from Drosophila, Pnut, Sep2 and Sep!, bind and hydrolyze GTP [21]. GTP binding does not
seem only related to filamentous structures but also to phosphatidylinositol polyphosphate binding by
mammalian SEPT4 [22].

It is suggested that guanine nucleotide plays a structural role in the yeast septins once in vivo
septins do not turnover GTP and the rate of GTP turnover in vitro is very slow when compared to the

duration of cell cycle [23].
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The 14 human septins are divided in 4 subgroups based on their primary sequence [24, 25].
Septins 6, 8, 10 and 11 belong to subgroup II and little is known about the binding and hydrolyzes of
GTP by this subgroup. We analyzed the GTP binding and hydrolysis activity of septins 6, 8 and 11 and
compared their activity to human SEPT2. We observed that septins 6, 8 and 11 are able to bind GTP at
different temperatures. Those proteins also have GTPase activity, however the level of binding and

hydrolyzes are lower than the rates observed for human SEPT?2.

Materials and Methods

Cloning of recombinant septins - Human septin 6 (37-303 aa), 8 (121-508 aa) and 11 (39-429 aa) were
amplified by PCR using Hela cells cDNA as a probe and specific primers that were construct based on
sequences available at GeneBank. The amplified gene sequence was inserted into pGEM T-easy vector
(Promega) and the recombinant vector was sequenced in 3130xl Genetic Analyser (Applied
Biosystems). Vectors with the correct insert were digested with appropriate enzymes and the resulting
fragment was inserted into pET28a expression vector (Qiagen). Positive clones were selected by PCR
and used to transform E. coli BL21(DE3)ASlyD cells. Recombinant SEPT2 (1 — 323 aa) was gently

provided by Julio Cesar Pissuti Damlio.

Recombinant proteins expression and purification — Human septins cloned into pET28a vector were
used to transform E. coli BL21(DE3)ASIlyD cells. Expression was induced by adding isopropyl-3-D-
thiogalactopyranoside (IPTG) to a final concentration of 0.4 mM into log-phase cultures incubated at
20°C overnight. The cells were centrifuged at 2600g for 10 minutes and suspended in binding buffer
containing 10 mM Tris-HCI1 pH 8.0, 5 mM MgCl,. The cell suspension was sonicated with Sonics

Vibracell and the lysate centrifuged at 20000g for 15 minutes to remove unbroken cells, cellular debris
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and insoluble proteins. The supernatant was aliquoted and submitted to purification. All purification
steps were done under 16°C. The proteins were purified on a 1 mL HiTrap Chelating column
(Amersham Bioscience) using a FPLC system (Fast Performance Liquid Chromatography - Amersham
Bioscience). The column was loaded with 100 mM NiSO, and pre-equilibrated with buffer containing
10 mM Tris-HCI pH 8.0, 5 mM MgCl, . A gradient of 0-100% of the elution buffer (10 mM Tris-HCl
pH 8.0, 5 mM MgCl, 0.5 M imidazol) was used for protein elution. The fractions from the
chromatography were analyzed by SDS-PAGE.

In vitro nucleotide binding assay - Proteins purified at a concentration of 20 uM were incubated with
a GTP solution at a concentration of 60 uM diluted in the same buffer at different temperatures: 4, 18,
22, 37 and 42°C for 60 minutes. Subsequently, the samples were washed by centrifugation (at 4°C)
using Millipore concentrators (10 kDa cut-off) as described by [26, 27]. The filter was washed with 10
volumes of the filtrate. The protein retained in the filter was precipitated as described by [28]. The
absorption spectrum of the filtrate was measured at 254 nm using a Beckman Coulter DU 640
spectrophotometer to assess its nucleotide content. Buffer incubated at the same condition with GTP
solution was used as control.

Nucleotide content analysis - The purified septins at a concentration of 20 uM were incubated with a
GTP solution at a concentration of 60 uM at 22 °C for 30, 60, 120, and 180 minutes and subsequently
washed (at 4°C) using concentrators with 10 kDa cut-off (Millipore) as described by [26, 27]. The
protein retained and the filtrate were denatured as described by [28]. The pooled filtrate and the flow-
through were analyzed by ion exchange chromatography through Protein Pak DEAE 5 PW (Waters)
column at Alliance 2695 HPLC (Waters). The elution was done through a 0 -1 M NaCl gradient at a
flow rate of 1 mL/min. Peak areas were analyzed using ORIGINLAB (OriginLab, Northampton, MA).
Standards were a mixture of 60 uM of GDP and 60 uM GTP used in a separate run identical to one

from the samples being analyzed.
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Results

Cloning, expression and purification — The encoding sequences for human septins or for its
domains, described in figure 1A, were cloned in pET-28a vector (Novagen) for expression E. coli.
Recombinant proteins were purified by affinity chromatography to nickel (Figure 1B) and used for the
subsequent tests.

Nucleotide binding by septins 2, 6, 8 and 11 - Considering that Mg2+ is known to be a co-factor
for GTP binding proteins and its presence enhances the nucleotide exchange level by SEPT2 [17], we
added 5 mM of MgCl, in all buffers used in this work. 20 pM of septins were incubated with 60 uM of
GTP for 60 minutes in different temperatures.

On average, SEPT?2 binds GTP more efficiently than the others septins followed by SEPTS. The
optimum temperature for SEPT2 and SEPTS activities is 22°C, for SEPT6 is 18°C and for SEPT11,
4°C. At 22°C, it was found approximately 0.7 mol of nucleotide per mol of SEPT2. These results are
lower that the result reported by [17] where SEPT2 binds approximately 1.3 mol of nucleotide in one
hour at room temperature. This difference may be due to the lack of the C-terminal in our structure. We
were not able to produce a homogeneous sample of the entire SEPT2 and chose the clone containing
the n-terminal and GTPase domain based on its stability.

At room temperature, SEPT6, SEPT8 and SEPT11 present a binding stoichiometry of 0.36 +

0.01,0.51 £0.01 and 0.3 = 0.03 mol of GTP per mol of septin (Figure 1C).
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Sept2NG (BC033559.1) |

1 323
SeptéG (BAAD9477) |
37 306 - da |
—
Sept8GC (BAA13193) |
121 506
Sept11GC (NP_060713) |
39 429
(1
Temperature (°C) SEPT2 SEPT6 SEPTS SEPTI11
4 0.39£0.06 0.33£0.03 0.55£0.01 0.52 £0.05
18 0.33 £0.01 0.42 £ 0.01 0.41 = 0.01 0.405 £ 0.05
22 0.68 £ 0.05 0.36+0.01 0.51 £ 0.01 0.3+£0.03
37 0.58 £ .06 0.33 £ 0.01 0.42 £ 0.03 0.41£0.01
average 0.495 £ 0.04 0.36 + 0.01 0.47 £ 0.01 0.41 + 0.01

Figure 1. Purification of recombinant septins and analysis of GTP binding by them . A- Scheme
representing the constructions of septins used in this work. B- SDS-PAGE analysis of the recombinant
septins expressed in E. coli and purified by affinity chromatography (a- SEPT2, b- SEPT6, c- SEPTS
and d- SEPT11. C- GTP binding by SEPT2NG, SEPT8GC, SEPT6G and SEPT11GC. 20 pM of
recombinant proteins were incubated with a GTP solution at a concentration of 60 pM diluted in the
same buffer at different temperatures: 4, 18, 22, 37 and 42 °C for 60 minutes and subsequently
centrifuged (at 4 °C) using Millipore concentrators (10 kDa cut-off). The absorption spectrum of the
filtrate was measured at 254 nm using a Beckman Coulter DU 640 spectrophotometer to assess its

nucleotide content. Buffer incubated at the same condition with GTP solution was used as control.

GTP hydrolysis by SEPT 2, 6, 8 and 11 - SEPT2, SEPT6, SEPT8 and SEPT11 are able to bind

and also hydrolyze GTP as shown in figure 2. After 3 hours of incubation with GTP, the nucleotide
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content was analyzed by ion exchange chromatography. The peaks intensities reveal that SEPT2 has the

highest concentration of bound GDP, followed by SEPT6 and SEPTS. SEPTI1 has the lowest

concentration of GDP and GTP bound to protein after 3 hours of incubation (Figure 2).
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content analyzed by ion exchange chromatography. GDP are eluted first in the GTP/GDP

chromatography (E).
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Analyzing the total amount of GTP hydrolyzed by septins (GDP bound to protein and GDP
present in the supernatant), we found that the rate of GTP — GDP conversion by SEPT2NG is
significantly higher than the hydrolysis rate by the other septins. After 3 hours of incubation with GTP,
SEPT2NG has hydrolyzed 30.4% + 1.0 of the total amount of nucleotide available (Figure 3). SEPT6
and SEPT8 have hydrolyzed approximately 12% of the GTP available and SEPT11 hydrolyzed just
6.5% after 3 hours of incubation with GTP. The GTP incubated with the buffer was hydrolyzed in a rate

of 0.2% of its initial content after 3 hours.
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Figure 3. Time-dependent analysis of GTP hydrolysis by SEPT2, 6, 8 and 11. Purified proteins

were incubated for 3 hours. Through a filter-binding assay it was possible to analyze the nucleotide
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content bound or not to septin at 0.5, 1, 2 and 3 hours. All samples were monitored by ion exchange
chromatography at an Alliance 2695 HPLC (Waters). Total amount of GDP was measured and divided

by the total amount of GTP available in solution. ADD GTP CURVE

Discussion

Human septins comprise a family of 14 proteins that can be separated in different subgroups
based in their primary sequence. SEPT6, 8 and 11 belong to subgroup II, the group of septins with large
C-terminal domains. SEPT?2 is a protein allocated in subgroup III together with SEPT 1, 4 and 5 [23,
24, 29]. Although GTPase activity of human SEPT2 is well documented [17, 18, 19]; little is known
about GTPase activity of SEPT 6, 8 and 11. In this work we observed that SEPT2, 6, 8 and 11 were

able to bind and hydrolyze GTP with different intensities.

The optimum temperature of GTP binding differs among septins tested in this study. However
the maximum difference in the binding rate, when considering the temperature variation, is not higher
than 0.3 mol of nucleotides per mol of septin.

The amount of GTP hydrolyzed by SEPT6, SEPT8 and SEPT11 with 3 hours equals to the
amount produced in approximately 70 minutes by SEPT2. All the expressed constructions have the
conserved GTPase domain but SEPT?2 lacks the C-terminal, SEPT6 lacks the N- and C-termini, SEPTS
and SEPTI1I lacks the N-terminal. The different constructions were selected based on the solubility of
recombinant protein; our preliminary results show that aggregated samples do not present hydrolytic
activity and there are observations that isolated septins have a low affinity for nucleotides and that no
nucleotide dissociation is detected in the septin oligomers [30, 31]. Although the constructions are not
entire identical, they have in common the GTPase domain, homogeneity and are not in an aggregate

stated and this characteristic contributed to GTPase activity.
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A hydrolytic activity can be influenced by lower affinity to ligand. If SEPT6, 8 and 11 take
more time to bind an equal amount of GTP comparing to SEPT2, this can result in a lower GTPase
activity. It is known that enymatic activity can be influenced by temperature and pH. pH of 7.5 were
used to prevent auto-hydrolisys of GTP and the differences presented by temperature to nucleotide
binding are not high enough among septin tested, mainly when SEPT8 and SEPT2 are compared. So
other hypothesis to explain the lower activity of SEPT6, SEPT8 and SEPTI1 as: 1) need of nucleotide
exchange factors; 2) different rates of nucleotide release, 3) conformational changes for GTPase
activity, 4) that recombinant proteins are not perfectly folded.

Previous studies report that GTPase activity in monomers of sept6 was not detected [16].
However, stable dimers of SEPT6/7 can bind GTP and hydrolyze it at rate that is equal or greater than
the rate of dimer formation [16]. DLS analysis suggested that recombinant septins tested in this work
appear as dimers or trimers in solution. It is possible that the dimers interface is necessary to GTP
hydrolysis (data not shown).

The tridimensional structure of a complex formed by human SEPT2, 6 and 7 [32] shows SEPT2
and SEPT7 bound to GDP and SEPT6 bound to GTP. This can be considered an indication of the lower
hydrolytic activity by SEPT6. The hydrolytic rates per hour of 0.12, 0.12 and 0.065 mol of nucleotide
per mol of SEPT6, SEPT8 and SEPT 11, respectively, are about 60 times lower than hydrolytic rates by
other signaling GTPases as RAS [33]. This fact and the suggestion that GTP binding is needed for
protein stability [27] implicates a structural role of GTP binding by SEPT6, SEPTS8 and SEPT11.

Subgroup II of septins has a threonine instead of a serine in the P-loop sequence (GETGLK is
observed and not GESGLK found in other septins). This mutation is found only in this group and could
affect the hydrolytic activity. Those residues (Ser or Thr) from the P-loop are involved in hydrogen
bonding with the oxygen of the y-phosphate [19]. Mutation of Ser-46, a correspondent residue to

threonine found in SEPT6, SEPT8 and SEPT11, to a threnonine in SEPT?2 does not affect the catalytic
58



activity of this septin [19]. However the mutation of Thr-78 found in SEPT2 affected its GTPase
activity [19]. Interestingly, this residue is not found in the SEPT6 subgroup of septins and can be
influence in this insignificant catalytic activity. Some mutations in the Glycine-12 of H-Ras, residue
corresponding of threonine found in SEPT6, SEPTS, SEPT10, SEPT11, SEPT14, lead to lack of
activity [34].

It would be interesting to analyze the hydrolytic activities of other septins of the same subgroup
of SEPT2 as well as structural studies of the influence of GTP in septin behaviour. In this article, we
analyze the capability of SEPT6, SEPT8 and SEPT11, members of subgroup II, to binding and
hydrolyze GTP, showing that all of them have the enzymatic capacity but in a much lower rate then

SEPT2.
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Abstract

Septins are a family of proteins involved in some important cellular processes such as
cytokinesis, vesicle trafficking and exocytosis. Mammalian septins comprise a family of 14 genes
named septl-14. An increasing body of data implicates the septin family in the pathogenesis of diverse
disease states including neoplasia, neurodegenerative conditions and infections. Human septins share a
highly conserved structure comprising a variable N- and C-terminal and a conserved domain related to
those found in small GTPases, and septins have been shown to bind and hydrolyze GTP. Human septin
10 (SEPT10) is highly expressed in heart, kidney, placenta, skeletal muscles, liver and lung. Here we
introduce Promyelocytic Leukemia Zinc Finger Protein (PLZF) as new interaction partner of Septin 10.
PLZF is a phosphoprotein whose expression blocks the myeloid proliferation and differentiation

through target gene silencing as cell cycle regulators.

Key words: PLZF, SEPT10, septin, protein interaction
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Introduction

Septins are GTP-binding proteins found in a wide range of organisms including fungi,
Drosophila and mammals. There were first identified in yeast at the emerging bud neck (Hartwell,
1971) where they may coordinate microtubule and actin functions during cell division and DNA
damage arrest in yeast (Kremer et a/, 2007). In mammals, septins have a role in mitosis and cytokinesis
(Kinoshita et al, 1997; Longtine et al, 1996; Spiliotis et al, 2005) spermorphogenisis (Ihara et al, 2005,
Kissel et al, 2005), and regulated exocytosis (Spiliotis & Nelson, 2006; Xue et al, 2004), however the

exact mechanism remains unclear.

Mammalian septins comprise a family of 14 genes named sept/-14 that can yield more than 14
septins by alternatively splicing. Human septin 10 (SEPT10) was first cloned and characterized from
dendritic cells. SEPT10 is highly expressed in heart, kidney, placenta, skeletal muscles, liver and lung
(Sui et al, 2003) and is up-regulated in tumors (Hall et al, 2005). Two different transcripts from gene
septl0 are known so far. One transcript is predominantly expressed in normal kidney’s tissue,
adenocarcinome, HeLa cells, chronic myeloid leukemia, pulmonar carcinome and melanome; the other
transcript is expressed in lymphoblastic leukemia Molt-4 and Burkitt Raji Linfome (Sui et al, 2003).
PLZF is a phosphoprotein whose expression blocks the myeloid proliferation and differentiation
through target gene silencing as cell cycle regulators (Melnick et al, 2000; Shaknovich et al, 1998;
Yeyati et al, 1999). This gene is found in translocations with RARA gene (retinoic acid receptor alpha)
in promyleocytics leukemia patients (Melnick et al, 1999). The structure of PLZF consists of: (1) a
BTB domain-type, responsible for PLZFs dimerizations (Ahmad et al, 1998), (2) an unstructured
central domain and (3) a series of C2H2-Kruppel-type zinc fingers. BTB domain is found in more than
200 mammalian proteins (Stogios et al, 2005; Collins et al, 2001), some involved in cytoskeleton
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dynamics (Stogios et al, 2005). The central domain is responsible for molecule flexibility and C-
terminal domain is able to interact with DNA molecules when PLZF is previouslyrylated by Cdc2. The
specificity of DNA binding may be regulated by sequences upstream of the zinc fingers and post

translational modifications as phosphorylation (Ball ez al, 1999).

PLZF was found as a partner of SEPT10. The interaction was mapped and it suggests that the
interaction occurs between SEPT10 and zinc finger domain of PLZFE. Co-localization of endogenous
SEPT10 and PLZF was analyzed using specific antibodies and results show that SEPT10 and PLZF co-

localize in the cytoplasm of HeLa cells.

The interaction among septins and proteins involved in cell cycle were previously described for
SEPT2, SEPT6, SEPT7, SEPT9 and SEPT11 (Kinoshita et al, 1997; Joberty et al, 2001; Kinoshita et
al, 2002; Surka et al, 2002 ; Sheffield et al, 2003; Vega & Hsu, 2003; Nagata et al, 2004; Spiliotis et al,

2005; Kremer et al, 2005; Nagata & Inagaki, 2005, Low & Macara, 2006; Kremer et al, 2007).

In this work we used SEPT10 as bait to screen a human fetal brain (HFC) and leukocytes
(Leuk) cDNA libraries. We found that Promyelocytic Leukemia Zinc Finger protein (PLZF) is a new
partner of SEPTI10. The interaction was confirmed by in vitro and in vivo assays.
Immunocytochemistry reveals that these proteins colocalize in HeLa cells. We mapped the PLZF

regions necessary for interaction.

Experimental procedures
Plasmids constructions

The entire coding sequence of human septin 10 gene, amplified by PCR using a specific primer

set: GAATTCATGGCCTCCTCCGAGGTGGCG, GTCGACGTTACAAAAAATTGGAGTT

67



CTTACGGTCM, was cloned into pGEM-T-easy vector and subcloned into EcoRI and Sall restriction
site in vector pPBTM116 for two-hydrid assay. For yeast expression, this sequence was subcloned into
pYEXA4T1 vector (Clontech) into EcoRI and Xhol restriction site. Several sets of oligonucleotides were
designed for PCR amplification of complete PLZF or truncate constructions (Figure 2), which were

inserted in vector pACT?2 (Clontech) in fusion with Gal5 activation domain.

For pull-down assay, full-length PLZF was amplified by PCR using the following set of

oligonucleotides: GAATTCATGGATCTGACAAAAATGGGC, CTCGAGCGTCTTCATCCCACT

GTGCAG, cloned into pGEM-T-easy vector and subcloned into pET28a vector (Qiagen). SEPT10 was

cloned fused to GST into pET29 vector (Qiagen).
Yeast Two Hybrid Screen

The yeast two hybrid screen (MacDonald, 2001) of human fetal brain cDNA and leukocytes
libraries (Clontech, Palo Alto, CA) was performed by using the yeast strain L40 (trp1-901, his3A200,
leu2-3, ade2 LYS2::(lexAop)4-HIS3 URA3::(lexAop)8-lac GAL4) and human septin 10 as bait fused
to the yeast LexA DNA binding domain in vector pBTM116. Yeast cells were transformed according to
the protocols supplied by Clontech. The screening was performed in selective medium plates

containing 5 mM 3AT and without tryptophan, leucine and histidine.
Assay of p-Galactosidase Activity in Yeast Cells

For [-galactosidase activity filter assay, the colonies grown in selective medium were
transferred to filter paper, permeabilized in liquid nitrogen, and incubated with Z buffer (87 mM
Na,HPO4, 97 mM NaH;PO4, 19 mM KCl, 1.38 mM MgSO4, 0.02% beta-mercaptoethanol) plus 1

mg/mL X-GaL at 37°C for 1 hour.
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Mapping the Protein Interaction Sites

The clones named PLZF1-5 were transformed in Saccharomyces cerevisiae strain 140
previously transformed with septlO-pBTM116. The growth under interaction-selective conditions
(medium without tryptophan, leucine and histine) was analyzed and co-transformants colonies

submitted to -galactosidase activity assay.
Pull-down assay

Sept10-pYEX4T1 was transformed into L40 yeast strain and cupper inducible expression was
performed at 30°C as describe by fabricant (Clontech). SEPT10-GST was purified by affinity

chromatography using a GStrap column (Invitrogen).

The plzf-pET28a was used to transform BL21(DE3)AslyD E. coli strain and the induction was
performed at 37°C with 0.4 mM of IPTG. Purified SEPT10-GST was incubated with soluble extract of
PLZF induction. After 2 hours, the sample was purified by affinity chromatography using a GStrap

column (Invitrogen), and the fractions submitted to western blot analysis.
Western blot analysis

Proteins were separated by electrophoresis in 13% SDS-polyacrylamide gel and electro
transferred into PVDF (polyvinylidene difluoride) (Hybond®-PVDF - Amersham Biosciences). The
membranes were blocked by incubation in 2% skim milk powder in TBS (25 mM Tris, 150 mM NacCl,
2 mM KCl, pH 7.4). The blots were probed using 1:3500 dilution of mouse monoclonal anti-His (Anti-
His Antibody Mouse, Amersham) or monoclonal anti-GST antibody 5.3.3 (hybridoma supernatant 1:5).
Bound antibodies were detected with 1:300 dilutions of anti-mouse IgG Alkaline Phosphatase-
Conjugated (Sigma), NBT (Nitro-Blue Tetrazolium Chloride) (Promega) and BCIP (5-Bromo-4-

Chloro-3'-Indolyphosphate p-Toluidine Salt) (Promega).
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In vivo analysis of Sept10 and PLZF localization

HeLa cells were cultivated in 24-well plates containing DME medium, 10% FCS and penicillin
and streptomycin at a concentration of 10000 cells/well at 37 °C and 5% CO, atmosphere. Endogenous
proteins were probed using rabbit monoclonal anti-SEPT10 (1:100) (Genetex, Inc.) and mouse
polyclonal anti-PLZF (1:100) (Santa Cruz Biotechnology). The cells were incubated at room
temperature for 1 h with anti-SEPT10 or anti-PLZF and subsequently, the cells were incubated at room
temperature for 1 h with a TRITC conjugated mouse anti-rabbit IgG (1:200) (Santa Cruz
Biotechnology) and a FITC conjugated bovine anti-mouse (1:200) (Santa Cruz Biotechnology).
Hoechst 33258 (1 pg/mL) dye was used to stain the nuclei. Cells were examined with Nikon
fluorescence microscope. Confocal microscopy analyses were performed on a Carl Zeiss SLM 510

META microscope.

Results

Two Hybrid screen

The construction encoding the entire SEPT10 was tested for autonomous activation of the genes
reporter: HIS3 and LacZ prior to two hybrid screen. Reporter gene HIS3 confers the ability for the
yeast to grow in a medium lacking tryptophan, histidine and containing 5 mM of 3AT, an inhibitor of
HIS3. Reporter gene LacZ is able to degrade x-GAL thus producing blue colonies in the [-
galactosidase filter assay. SEPT10 was not capable of autonomous activation, and was used as bait to
screen HFC and Leuk libraries. Three colonies show positive results in HIS3 and LacZ tests. Their
plasmids were extracted and sequenced. The nucleotide sequence corresponds to different regions of
zbtb16 gene (ncbi GenelD: 7704) (Figure 1A). Extracted plasmids were used to transform L40

previously transformed with sept10-pBTM116 and the interactions were confirmed in yeast cells and in
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[B-galactosidase filter assay (Figure 1).

A BTB domain Unstructured  Zinc finger B- Gal
Domain Domain transactivation
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24 126 461 596
Clone 1 [T +
30 673

Clone 2 [ N

152

[P +
Clone 3

290

His? transctivation assay

Clone 2

Clone 3

Negative control Positive control

4
Figure 1 — SEPT10 interacts with PLFZ. A — Schematic view of full length PLZF and the

constructions observed as SEPT10 partner in two hybrid assay. All clones present positive results in [3-
Gal (A) and His3 (B) transactivation assay. LexA-Fez(1-392) was used as positive control and empty

vector pBTM116 as negative control.
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Mapping the regions of interaction

DNA sequence of three positive clones of PLZF shows that all clones obtained in the two hydrid
assay contains the zinc finger domain in their structure (Figure 1). Therefore, zinc finger should be the
region where the interaction takes place and in order to evaluate this hypothesis, we construct different

clones to map the regions of interaction (Figure 2).

All constructions were tested for autonomous activation of the genes reporter: HIS3 and LacZ
prior to conformation assays.We found that PLZF 2-3-4-5-6 do not present autoactivation activity

which is observe for construction PLZF-1.

We found that all the clones that have the zinc finger domain, except for PLZF-4, present
positive results in activation test of the HIS3 genes reporter. The absence of interaction between PLZF-
4 and SEPT10 could be due to the presence of the unstructured domain that blocks PLZF and SEPT10

interaction (Figure2).

The necessity of zinc finger domain for PLZF and SEPT10 interaction is confirmed by no
positive results detected in assays with PLZF-1. PLZF-3and PLZF-5 seem to interact very weakly with

SEPT10 once it was not detected in filter B-galactosidase assay (Figure 2).
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Figure 2 — Mapping the regions needed to the interaction using different PLZF deletion constructs
fused to pACT. Schematic view of full lenght PLZF and truncate constructions tested for interaction

with septin 10 and results of three different transactivation assays.

In vitro confirmation of interaction of PLZF and sept10

The interaction between human septin 10 and PLZF was confirmed by pull down assay. Figure
3 shows a positive band in western blot assay performed with anti-HIS. This positive band was found
in the lane representing proteins eluted in GSTrap column. The presence of HIS-PLZF in the eluted
fraction from a GST affinity chromatography is possible due to the interaction between both proteins.
The presence of recombinant SEPT10 in the same lane was confirmed by anti-GST western blot

analysis.
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Figure 3. In vitro confirmation of the interaction between PLZF and SEPT10 by pull down assay
between full-lenght 6xHis-PLZF and GST-SEPT10. Purified SEPT10-GST was incubated with
soluble extract of PLZF induction. The sample was purified by affinity chromatography using a GStrap
column (Invitrogen), and the fractions submitted to western blot analysis. Positive band was found in
the lane representing proteins eluted in GSTrap column. Western blot using mouse anti-HIS (A) or anti-

GST (B) as primary antibody. (C) shows a control sample.
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Septin 10 is a cytoplasmatic filamentous protein and co-localizes with PLZF in HeLa cells.

Using tree cell lineages to study the cellular localization pattern of SEPT10, we detected
endogenous SEPT10 only in HeLa cells, and not in COS7 cells or HEK293 cells.
Immunocytochemistry assays reveal that the endogenous PLZF and SEPT10 are located mainly in the
cytoplasm and show perfect merge (Figure 4). In some cells the existence of small SEPT10 filaments
are observed, as showed in figure 4A. Co-localization of both proteins in cytoplasm and in a

perinuclear dot is shown in Figure 4E.

Discussion

Human septin 10 belongs to septin family and as such presents a GTPase domain flanked by a
N-terminal and a long C-terminal with a coiled-coil domain. In this work we show that SEPT10 is able
to form filamentous structure in cytoplasm. Homo filaments of septins were previously described for
SEPT11 (Hanai et al, 2004), SEPT2 (Huang et al, 2006), SEPT12 (Ding et al, 2007), SEPT4 (Garcia et
al, 2007) and SEPT6 (Ding et al, 2007). Filaments composed of different septins such as SEPT2-
SEPT6-SEPT7 (Sirajuddin et al, 2007; Low & Macara, 2006) and SEPT7-SEPT9-SEPT11 (Nagata et
al, 2004) were also described but the exactly role of septin filaments are not known yet. What seems
common to all the filaments observed is the interdependence between GTP binding and filamentous
formation.

The septins are located in three main regions in the cell of fungi and animals: (a) projection at
the tip, base, or throughout, (b) partitions between cells and (c) whole cells in the periphery or
throughout in a punctate, filamentous or cytoplasmic pattern (Lindsey & Momany, 2006). Septins
found in filamentous pattern in the cytoplasm are thought to co-localize with actin or tubulin; and to
have a role in cytoskeleton organization (Lindsey & Momany, 2006).
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Even if SEPT10 is expressed in filamentous pattern in the cytoplasm, this protein seems, at least
in the conditions tested in this work, to not interact neither with actin nor tubulin. SEPT10 interacts
with ZBTB16 also named as Promyelocytic leukemia zinc finger (PLZF) protein. PLZF is

A

B . c
Septin10
E Merge
L
¥

Figure 4. Subcellular localization of endogenous Septl0 and PLZF in HeLa cells. A - Sept 10

cellular marcation reveals small filaments. B - Septinl10 colocalizes with PLZF in the cytoplasm of

Hela cells. Nucleus was counterstained with Hoechst (blue).
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a sequence specific transcriptional repressor whose functions are not fully understood. The repression
activity is mediated by BTB and central repression domains (Li et al, 1997; Melnick et al, 2000)
through direct or indirect interaction with NcoR, SMRT, HDAC and mSin3 (David et al, 1998; Hong et
al, 1997; He et al, 1998; Grignani et al, 1998; Guidez et al, 1998; Lin et al, 1998) .

PLZF down-regulates the mitogen-activated protein kinase (MAPK) pathway (Shi & Vogt,
2009). Mitogen-activated protein kinases (MAPK) are a family of Ser/Thr protein kinases widely
conserved among eukaryotes and are involved in many cellular processes such as cell proliferation, cell
differentiation, cell movement and cell death. Recently, the first report linking human septins and
MAPK pathway shows that up-regulation of SEPT9_vl1 stabilizes JNK by delaying its degradation,
suggesting a novel functional role of SEPT9_v1 in driving cellular proliferation of mammary epithelial
cells (Gonzalez et al, 2009). In yeast cells, Shslp, homolog to human septin 1 and Cdc10p, a homolog
to SEPT7, are able to interact with Ssk2p, a mitogen-activated protein kinase kinase (MAPKK)
(Yuzyuk & Amberg, 2003).

PLZF repression is regulated by CDK2, which trough phosphorylation of PLZF triggers its
ubiquitination and subsequent degradation (Costoya et al, 2008). Cdc?2 is another protein that is able to
bind PLZF trough its zinc finger domain. Cdc2 is able to phosphorylate PLZF and may promote
transcriptional repression or DNA binding though PLZF’s Zinc Finger Domain (Ball et al, 1999).

Mapping the regions of PLZF that could be the site of interaction with SEPT10, we found that
zinc finger domain is essential to PLZF interact with SEPT10. PLZF and SEPT8 shares hPFTAIRE1
protein, a Cdc-2 related kinase family highly expressed in post mitotic cells, as partners (Yang et al,
2002; Gao et al, 2006). PLZF might be a substrate of hPFTAIRE]1 (Gao et al, 2006) and SEPT8 may
play important roles in functional regulation of hPFTAIRE!1 (Yang et al, 2002).

The exact role of PLZF in SEPT10 behavior, or vice-versa, is not known. Co-localization assays

of PLZF and SEPT10 provide some insights about the probable role of PLZF in SEPT10 behavior.
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SEPT10 in punctuate pattern in the cytoplasm of the cell is able to co-localize with PLZF. Interestingly,
SEPT10 in filamentous pattern do not co-localize with PLZF in vivo. So PLZF might regulate SEPT10
polymerization in vivo. Some interactions among septins and other proteins are important to maintain
septin filaments. SEPT9 binds directly to polymerized tubulin and this interaction is important for the
formation of septin filament structures containing SEPT9 (Nagata et al, 2003). Conditions that disrupt
the microtubule network also disrupted the SEPT9-containing filament structure, resulting in a
punctuate cytoplasmic pattern. Spiliotis et al showed that SEPT?2 fibers distribution is dependent on
microtubule structural integrity (Spiliotis et al, 2008). In other cases septin filaments are necessary for
the binding of other proteins as for Borg3 that binds specifically to a septin heterodimer SEPT6-SEPT7
(Sheffield et al, 2003).

Two hybrid screen using septins as bait were previously performed for SEPTS (Blaser et al,
2006), SEPTS8 (Blaser et al, 2004), SEPT9 (Nagata & Inagaki, 2005), SEPT14 (Peterson et al, 2007)
but there was no report of an interaction with SEPT10. This is the first time that a protein is found as a
partner for SEPT10. In this work we have mapped the interaction between SEPT10 and PLZF in vitro
and also done co-localization assays in vivo. We speculated about the possible roles of this interaction
suggesting that PLZF could regulate SEPT10 polymerization. However further studies are necessary
for understanding the functions of SEPT10 in human cells as well as the PLZF influence in SEPT10

behavior.
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IV. RESULTADOS COMPLEMENTARES

4. Ensaios de cristalizacao

Com o objetivo de aumentar as chances de cristalizacdo das septinas estudadas, trés diferentes
construgdes de um mesmo gene de septinas foram clonadas e expressas em E. coli. As construcdes que
foram expressas na forma soluvel foram submetidas a testes para avaliar a estabilidade e enovelamento
da amostra como dicroismo circular, emissdo de fluorescéncia e espalhamento dindmico de luz e
posterior testes de cristalizagdo.

A tabela IV resume os resultados obtidos para cada constru¢do de septina 6, 8 e 10 testada.

TABELA IV. RESUMO DOS TESTES REALIZADOS COM SEPT6, SEPT8 e SEPT10

Proteina Clonagem Expressio Purificacio Dicroismao Dynamic Fluorescéncia Cristalizagdo
circular Light
- scattering
PGEM PET
Septina 61 X X Solavel X X X X X
Septina X X Solavel X X X X
6GC
Septina 6G X X Sohivel X X X X X
Septina 81 X X Soluvel X
Septina X X X X X X X
8GC
Septina 8G X X Insolivel
Septina 101 X X Nio
expresson
Septina X X Nio
10GC expressou
Septina X X Nio
10G expressou

*X representa teste realizado, Septina nl representa septina inteira, Septina nG representa dominio GTPase e

Septina nGC representa dominio GTPase + C-terminal.
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Os resultados obtidos pelas técnicas espectroscOpicas mostraram que as amostras possuem uma
heterogeneidade que pode influenciar na etapa de cristalizacdo. Para evitar a presenca deagregados, as

amostras submetidas a cristaliza¢do foram previamente centrifugadas a 110000 rpm por 60 minutos.

4.1. Testes de cristalizacio com septina 6

Testes iniciais de cristalizagdo com as constru¢des SEPT6I (8 mg/mL, 4 mg/mL), SEPT6GC (3
mg/mL) e SEPT6G (10 mg/mL, 6 mg/mL, 3 mg/mL) foram realizados com seis kits diferentes
disponiveis no ROBOLAB do LNLS.

Trés condi¢des mostraram a presenca de cristais nos testes de cristalizacdo com SEPT6I, no
entanto, apos a analise de difracdo no gerador de raios X de anodo rotatério (RAR), foi observado que
apenas um cristal poderia ser de proteina (padrdo sem difracio), os outros eram cristais de sal. Esta
condicdo foi refinada (tabela V) a fim de obter um padrao de difracdo que possibilite a resolu¢io da
estrutura. Cristais bem formados e de tamanho adequado apareceram na seguinte condi¢do, 500.000
mM Sodium/Potassium phosphate/Sodium/Potassium phosphate pH: 7.5 e 35.000 %v/v PEG-400, mas

quando levado a linha MX1 do LNLS estes cristais ndo difrataram (Figura 18).

TABELA V. REFINAMENTO I DE CRISTAIS DE SEPT61

K2H phosphate/ Na H2 PEG 400

phosphate

Refinamento 1 SEPT61 50-600 mM 0-35%
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Figura 18. Cristais de septina 6.

Um refinamento mais minucioso desta condicao foi realizado segundo os parametros indicados
na tabela VL.

TABELA VI. CONDICOES DE REFINAMENTO DE SEPT6I.

PEG K2H  phosphate/ pH
Na H2 phosphate
Refinamento II | 33-38% 400 mM-550mM  74-17.5

SEPT6I

Cristais cresceram em diversas condi¢des e eles foram levados a linha MX2 do LNLS e seu
padrao de difragc@o era condizente com um cristal de sal.

Ap6s o teste inicial de cristalizacdo de SEPT6G, oito condi¢des que produziam cristais foram
observadas. Quando levados a linha MX1 do LNLS, apenas trés cristais ndo difrataram e cinco
apresentaram padrdo de difracdo condizente com um cristal de sal. Os trés cristais que nao difrataram
foram refinados para obten¢do de melhores cristais.

Com o refinamento, cristais maiores foram obtidos, levados a linha MX1 do LNLS e difrataram,
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mas eram cristais de sal.

Durante o desenvolvimento deste projeto de doutorado, a estrutura da septina 6 em complexo
com a septina 2 e 7 foi resolvida a 4.0 A de resolucdio por Sirajuddin et al, 2007. A esta resolucio, o
modelo construido ndo € de excelente qualidade, ficando alguns detalhes sem serem visualizados. Com
o objetivo de tentar obter cristais que difratassem numa melhor resolu¢cdo, uma purificagdo da
constru¢do SEPT6G em tampdo como o descrito por Sirajuddin et al, 2007 foi realizada. Testes de
cristalizacdo baseado na condi¢do de cristalizacdo da septina 2 (5% polyethylene glycol 6000, 0.1M

bicine pH 9.0 and 0.1M Glycine) (tabela VII) foram realizados apds a purificacao.

TABELA VII. REFINAMENTO DE SEPT6G

PEG 6000 Bicina pH 9,0 Glicina

Refinamento 1 0-15% 0-0.3 M 0-0,3M

Obtivemos alguns cristais, no entanto de tamanho insuficiente para serem testados na linha de

luz sincrotron ou gerador (Figura 19).

Figura 19. Cristais obtidos a partir do refinamento descrito na tabela VII.
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Um screening utilizando aditivos foi realizado utilizando como base esta condi¢do. O kit de
aditivos € uma biblioteca de pequenas moléculas que podem afetar a solubilidade e cristalizagdo de
macromoléculas bioldgicas. Essas pequenas moléculas podem perturbar e manipular as interagdes
amostra-amostra e amostra-solvente, assim como a estrutura das moléculas de dgua e assim alterar ou/e
melhorar a solubilidade e cristalizacdo da amostra. Os aditivos podem ainda estabilizar moléculas
bioldgicas através de interacdes especificas com a mesma. No entanto, a utilizagdo de kits de aditivos
ndo mostrou melhoras significativas.

Testes de cristalizagdo com aditivos foram realizados a 18 e 4°C para verificar se a baixas
temperaturas os resultados eram distintos e melhores. Mas ndo foi verificada nenhuma mudanca, ou
seja, os cristais continuaram pequenos.

Testes de cristalizacdo de SEPT6G utilizando PEG 6000 screen (Hampton Research) também
foram realizados a 4 e 18°C. Com estes testes pretendia-se verificar a influéncia da temperatura, pH e

concentracdo de precipitante na cristalizacdo da septina 6, porém, os cristais continuaram pequenos.

4.2 Testes de cristalizacao com septina 8

A partir do screening inicial de cristalizacdo de SEPT8GC, a presenca de cristais em duas
condicdes foi observada:

1) 100 mM Tris-HCl pH 8,5 / 20% PEG 2000 MME / 200 mM MgCl,,

2) 100 mM Tris HCI pH 8.5, 20% PEG 2000 MME, 200 mM Triethykamine N-oxide (Figura
20).
Izit Crystal DyeTM (Hampton Research), um produto azul que se difunde pela gota, foi adicionado a

condi¢do 2. Este corante pode entrar pelos canais de solvente presentes nos cristais de proteinas, mas
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ndo presentes nos cristais de sal. O ganho de colorag@o azul pelo cristal pode indicar que ele é formado

de proteina.

Figura 20. Cristais de SEPT8GC. Antes (a) e ap6s (b) adi¢do de Izit Crystal DyeTM (Hampton

Research).

Os cristais crescidos na condi¢do 2 se coraram pelo IZIT, indicando a presenca de cristais de
proteina. Estes cristais eram muito pequenos para andlise da difracdo no gerador ou linhas de luz
sincrotron.

O primeiro ciclo de refinamento consistiu na elaboragdo de ensaios de cristalizagdo que
permitissem a avaliacdo da influéncia da concentrag@o dos agentes precipitantes e do pH na nucleacgio,
crescimento e morfologia dos cristais. No primeiro refinamento foi variada a concentracdo de PEG,

triethylamine N-Oxide e o pH, conforme a tabela XII.

TABELA VIII. REFINAMENTO I DE SEPT8GC

PEG Triethylamine N-Oxide pH

Refinamento 10240 % 0 a 300 mM 75al10

condicao 1
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Foi observado que as condi¢des onde cresciam cristais, estes eram muito pequenos. Portanto,
técnica de “microseeding” foi utilizada com o objetivo de separar a regido de nucleagdo da regidao

metaestavel.

A técnica de “microseeding” foi aplicada em uma das condi¢des mencionadas acima (100 mM
Tris base/HCI pH 8.5, 20% PEG-200 300 mM triethylamine N-oxide dihydrate). Para tanto, cristais de
sept8GC, crescidos nessa condi¢do, foram transferidos com o auxilio de um “cryoloop” sintético
(Hampton Research) ou de um capilar de vidro (Hampton Research) para o tubo “SEED BEAD”
(Hampton Research), contendo 50 pL da condicdo de cristalizacdo (solucdo estabilizadora). Este tubo
foi vortexado por 20 min para se moer o cristal, originando, assim, um estoque de microcristais
(sementes), de acordo com o método proposto por Luft e DeTitta (Luft & DeTitta, 1999). A partir desse
estoque, realizou-se uma dilui¢do 1:10° e estas sementes foram adicionadas a gota contento solucio do
reservatorio e solugdo de proteina (10 mg/mL).

Cristais melhores formados foram obtidos, mas estes ndo tinham tamanho o suficiente para
serem submetidos a fonte de raios X. A técnica de “steak-seeding” foi realizada utilizando bigode de
gato para o espalhamento das sementes.

Nas duas técnicas ndo observamos cristais do tamanho desejado, mas pdde-se verificar que a
regido metaestavel fica por volta de 14% de PEG, portanto maiores diluicdes de sementes foram
realizadas e submetidas a esta condicao.

Apesar da diluicio da semente em ate 10” vezes ndo conseguimos obter cristais de tamanho

adequado para testes de difracdo.
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4.3 Screening de solubilidade

Para a obtengdo de cristais de boa qualidade que resultem em uma boa difracdo é necessario
aumentar a solubilidade e homogeneidade das proteinas em estudo. O fato das septinas estudadas
agregarem com facilidade ou formarem filamentos de tamanhos distintos torna o processo de
cristalizacdo bastante dificil, gerando estes cristais mal formados e pequenos.

Um screening de solubilidade foi realizado para a obten¢do de solucdes que possam melhorar a
solubilidade e interromper a formacdo de filamentos resultando em uma amostra homogénea que
facilite o processo de cristalizacdo.

Para tanto, SEPT6GC, SEPT6G, SEPTS8I e SEPT8GC foram purificadas e submetidas a um
screening de solubilidade. Neste screening, 48 condi¢des foram testadas (Tabela IX), objetivando a
busca de uma solucdo onde a proteina ficasse solivel, homogénea e monodispersa.

O resultado mais expressivo de aumento de solubilidade foi verificado com a adi¢do de 0,1% de
Nonidet-P40 a solugdao contendo SEPT6G (Figura 21). Este detergente foi adicionado a todos os
tampdes de purificacdo e a proteina purificada nesta condi¢do foi submetida a testes iniciais de
cristalizacdo, em diferentes concentracdes de proteina (10, 6 € 4 mg/mL).

Cristais cresceram em 41 condig¢des, os cristais de tamanho adequado foram levados a linha de
luz MX1 e os demais corados com IZIT, mas em nenhuma das técnicas obteve-se resultados

conclusivos.
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Figura 21. Resultado do screening de solubilidade com as septinas 6 (SEPT6G e SEPT6GC) e 8
(SEPTS8I e SEPT8GC). Os niimeros que compde o eixo X referem-se a aditivos descritos na tabela IX
e 0 eixo Y ao nimero de vezes que a amostra mostrou-se mais solivel que o controle.

Refinamentos foram realizados para a obtencdo de cristais de tamanho adequado para andlise da
difrac@o nas linhas de luz do LNLS, cristais maiores cresceram e foram levados a linha de luz MXT1 do

LNLS para testes de difracdo e mostraram padrdes de difracdo condizentes com cristais de sal.
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TABELA IX. CONCENTRACOES DOS ADITIVOS UTILIZADOS NO SCREENING DE
SOLUBILIDADE.

Aditivos Concentragdo

1 MgSO, 025M
2 (NH4),S0, 02M
3 Na2SO4 0,15M
4 NaCl 0,1M
5 NaCl 03M
6 NaCl 0,5M
7 NaCl 0,7M
8 NaCl 1,0M
9 KCl1 0,1 M
10 KCl1 03M
11 KCl 0,5M
12 KCl 0,7M
13 KCl 1,0M
14 CaCl, 0,15M
15 Urea 0,1 M
16 Urea 0,3M
17 Urea 0,5M
18 Urea 0,7M
19 Urea 1,0M
20 Glicina 1,5 %
21 L-Arginina 0,1 M
22 L-Arginina 0,5M
23 L-Arginina 1M

24 L-Arginina 2M

25 L-Arginina 3M

26 L-Arginina 4 M

27 Sucrose 0,1 M
28 Sucrose 0,3M
29 Sucrose 0,5M
30 Sucrose 0,7M
31 Glucose 0,1 M
32 Glucose 0,3M
33 Glucose 0,5M
34 Glucose 0,7M
35 Glucose 1,0M
36 Glucose 1.5M
37 Lactose 0,3M
38 Glicerol 5 %

39 Glicerol 10 %

40 Glicerol 20 %

41 Glicerol 30 %

42 Nonidet P-40 0,1 %
43 Nonidet P-40 0,5 %
44 Tween 20 1 uM
45 Tween 20 2 uM
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4.4 Metilacao redutiva de lisinas

A temperatura e pressdo constantes, a equagio que demonstra se uma dada reagdo é favoravel
ou ndo € descrita por:

AG=AH-TAS
onde AG € energia livre de Gibbs, AH € a variagdo de entalpia e AS, a variacdo de entropia.

No processo de cristalizacdo, a variagdo de entropia € determinante para que O Processo
aconte¢a, jd que durante formacdo de cristais ndo hd a formacdo de ligacdes covalentes e
conseqiientemente a variacio de entalpia € dada por valores pequenos proximos a zero. A entropia esta
relacionada com o grau de desordem das moléculas, visto que o processo de cristalizagdo nio tem
como finalidade promover a desordem da proteina, a participacdo entropica do solvente é importante
para que a variacdo de entropia seja positiva e a reacdo favordvel (AG negativo). Levando em
consideracdo a importancia de AS do solvente, podemos re-escrever a equagcdo da energia livre de
Gibbs da seguinte forma: AG= AH — T(AS solvente + AS proteina).

Foi observado experimentalmente que ao redor da proteina existe uma camada estruturada de
solvente que é perdida durante o processo de cristalizagdo com a liberagdo de moléculas do solvente
proximos a proteina para a solu¢do. Com a perda de uma molécula de d4gua, hd um ganho entrépico de
aproximadamente 22 Jmol 'K que é importante no processo de cristalizacio (Derewenda & Vekilov,
2006). Aminodcidos como lisina, dcido glutamico e glutamina possuem cadeias laterais grandes que
podem atrapalhar a estruturacdo do solvente ao redor da proteina, portanto a modifica¢do de residuos
destes aminodcidos para aminodcidos com cadeias laterais menores como alanina, por exemplo,
facilitaria a estruturacdo do solvente ao redor da proteina, aumentando o nimero de moléculas de dgua
na camada de solvatacdo. Com isso, durante o processo de cristalizagdo haveria um maior ganho

entrépico devido a um maior numero de moléculas de dgua ser deslocado favorecendo a cristalizagdo
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da proteina.

Um modelo da estrutura da septina 8 foi construido por homologia a estrutura disponivel da
septina 6 (Figura 22). A busca por residuos de lisina, arginina, dcido glutimico e glutamina
(aminodcidos com cadeias laterais extensas) foi realizada e mostrou que a estrutura da septina 8 e da

septina 6 possuem muitos destes residuos em sua superficie.

Figura 22. Estrutura de septinas humanas 8 e 6. Residuos de lisina, arginina, 4cido glutamico e
glutamina em realce. Azul: Septina 6 (PDB ID: 2QAG). Verde: Septina 8 (modelo construido por

homologia).

Para a constru¢do do modelo foi utilizado o programa MODELLER (copyright © 1989-2010
Andrej Sali), este programa ¢ utilizado para a modelagem por homologia de estruturas tridimensionais
de proteinas. O programa automaticamente constréi um modelo baseado na anélise de um alinhamento

de sequéncias entre a proteina para a qual se deseja construir o modelo e uma proteina relacionada cuja
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estrutura tridimensional ja foi resolvida A qualidade do modelo pode ser avaliada, por exemplo, através

de graficos e tabelas que analisam restricdes quimicas e fisicas de cada d&tomo constituinte do modelo.

O dominio GTPase da estrutura da septina 6 (2QNG cadeia B) foi utilizada como molde para
construcdo da estrutura da septina 8. Estas estruturas possuem 98% de similaridade entre si. O grande
numero de residuos na superficie dificulta a selecdo de sitios especificos para a mutagénese sitio
dirigida, uma vez que um maior nimero de residuos pode dificultar a cristalizacdo desta proteina. Para
resolver este problema, utilizamos a técnica de modificacdo quimica de superficie de proteinas.

Assim como a mutagénese sitio dirigida, esta técnica também € utilizada para reduzir a entropia
de superficie e foi primeiramente realizada para a cristalizacdo de um fragmento de miosina (Rayment
et al. 1993). Esta abordagem oferece vdrias vantagens: 1) a clonagem, expressdo e purificacdo da
proteina mutada ndo € realizada; 2) a alteracdo da proteina nativa evita induzir erros de enovelamento
das cadeias polipeptidicas em sintese; 3) apenas os residuos sobre a superficie exposta da proteina sdao
modificados e ndo os enterrados nas interfaces proteina-proteina. No entanto, o método pode
indiscriminadamente agir sobre residuos que possam ser cruciais para a funcao bioldgica da proteina.

Dentre as técnicas de modificagdo quimica conhecidas, a mais comum e utilizada neste projeto
¢ a metilacdo redutiva de lisinas. Diante da grande producdo de SEPT8GC recombinante em relagdo
aos demais clones, este foi selecionado para os testes iniciais de modificacdo de superficie para a
obtencdo de cristais. Esta metodologia leva a precipitacgdo de uma fragdo protéica, por isso a
necessidade de uma alta concentracio inicial de proteina.

SEPT8GC purificada foi submetida a metilacdo redutiva de lisinas e uma solucdo a 4 mg/mL foi

submetidas aos testes iniciais utilizando dois kits inicias disponiveis no LNLS. O crescimento de um
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cristal foi observado (Figura 23), mas nenhuma difracdo foi observada quando o cristal foi submetido

aos raios X na linha MX1 do LNLS.

Figura 23. Cristal obtido em testes iniciais de cristalizacao com os dominios GTPase+C-terminal
da septina 8 humana.

4.5 SAXS

As coletas de dados de SAXS foram realizadas na linha de luz D11A-SAXSI no Laboratério
Nacional de Luz Sincrotron (LNLS). O comprimento de onda utilizado em todos os experimentos foi _
=1, 488°A. O tratamento dos dados bidimensionais e integra¢do das contagens sobre a regido detectada
para obtencdo de uma curva de espalhamento unidimensional foi utilizado o programa FIT2D
[Hammersley, copyright 1987 - 2005]. O tratamento dos dados foi realizado no programa PRIMUS
[KONAREV et al., 2003]. O célculo da funcdo p(r) para todas as curvas de intensidade de
espalhamento foram obtidas utilizando o programa GNOM [SVERGUN, 1992]. Esse programa realiza
uma transformada de Fourier dos dados experimentais de espalhamento e fornece a funcdo p(r) a partir
de um ajuste da curva de espalhamento. Ele também fornece o valor do raio de giro e o valor da

maxima dimensdo da particula.
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Os dados de raio de giro e mdxima dimensao de particulas utilizando as estruturas resolvidas
2QNR.pdb e 2QAS5.pdb foram obtidos usando o programa CRYSOL(SVERGUN, BARBERATO &
KOCH, 1995). Os valores tedricos e experimentais comparados € o modelo de SAXS construido
utilizando o programa DAMMIN (SVERGUN, 1999).

Os resultados nos mostram que os envelopes de SEPT6G, SEPT8GC e SEPT11GC

correspondem a um trimero, dimero e mondmero de septinas, respectivamente (Figura 24).

SEPT6
Raio de giro experimental: 34.4
Raio de gire tedrico: 39.7
1 —"

SEPT8

Raio de giro experimental: 27.7
Raio de giro tedrico: 27.2

SEPT11

Raio de giro experimental: 17.9
Raio de giro teodrico: 21.5

Figura 24. Resultados de SAXS.

5. O papel da ligacao de GTP na formacao de filamentos de septina 6

Visando obter dados que ajudem a esclarecer o papel estrutural e funcional da ligagdo e
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hidrélise de GTP pela septina 6, os seguintes experimentos foram realizados.

A seqiiéncia inteira (SEPT61), o dominio GTPase (SEPT6G) e o dominio GTPase + C-terminal
(SEPT6GC) desta septina foram amplificadas a partir de um clone fornecido pelo Kazusa DNA
Research Institute (clone KIAA 0128). As construgdes da septina 6 (I, GC e G) mostraram-se soliveis
nos testes de expressdo em diferentes temperaturas em E. coli BL21(DE) ASLyD e foram purificadas
utilizando coluna HiTrap chelating HP (GE Healthcare Life Sciences), previamente carregadas com

solucdo de NiSO4 100 mM (Figura 25).

A B C
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Figura 25. Purificaciao de septina 6. A- SEPT6I, B- SEPT6G, C-SEPT6GC.

Devido ao alto rendimento da expressdo de SEPT6G, os testes seguintes foram realizados com

esta construgao.

5.1. Ensaio de ligacao a GMP- agarorose

Para o teste de ligacdo de septina 6 a GMP ligado a agarose, 50 uM de proteinas foram
incubados por 90 minutos com solucdo contendo GMP-agarose 4% (SIGMA ALDRICH).
Transcorridos os 90 minutos, a solu¢do foi centrifugada por 18510 g durante 30 segundos. O
sobrenadante foi aliquotado e o pellet lavado duas vezes em solu¢do contendo Tris-HCI 10 mM pH 8,0

e MgCl, 10 mM. Apds as lavagens, pellet e sobrenadante foram analisados por eletroforese em gel de
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poliacrilamida 13%. Resina incubada com solucao tampao foi utilizada como controle.

Os resultados mostram que a septina 6 € capaz de se ligar ao GMP (Figura 26). A capacidade da
septina ligar GTP e GDP ja foi demonstrada anteriormente. No entando, o papel desta ligacdo na
estrutura e/ou fungdo desta septina ndo € conhecida. A molécula de GMP difere do GTP pela auséncia
dos fosfatos B e y em sua estrutura. Desta forma estudos mostrando a estabilidade de septinas na
presenca de GMP podem sugerir o papel estrutural da ligacdo do anel de guanina presente tanto em

GTP, GDP e GMP.

Septo G

Figura 26. Ensaio de ligacdo de septina 6 ao GMP. C- reacdo controle (resina incubada com solucio
tampao), SN- proteina encontrada no sobrenadante da reagdo, AG= proteina encontrada ligada a GMP
agarose.

5.2. Espectroscopia de dicroismo circular (CD)

Para a obtencdo dos espectros de dicroismo circular, a proteina purificada foi dialisada contra
um tampdo contendo 10 mM NaH,PO4 e 10 mM MgCl,. O espectro de CD foi coletado usando
espectropolarimetro Jasco J-715 (Jasco corporation, Tokio, Japdo), sendo a temperatura mantida a 20°C
através de um Peltier Type Control System PFD425S (JASCO). Todos os dados foram coletados

usando cubeta de quartzo de 1 mm de caminho Jptico.
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Mediu-se a elipticidade em graus na regido do UV distante, no intervalo de comprimento de
onda de 260 nm a 190 nm, com uma velocidade de 100 nm/min, sendo feitas no total 20 leituras com
resposta de 1 segundo em varredura continua. Os valores obtidos em miligraus foram convertidos para
elipticidade molar por residuo ([6]MRW), em miligraus.cm2.dmol-1, de acordo com Adler et al.,1973.

A deconvolug¢do dos dados ndo mostra diferenca entre o espectro da amostra incubada com GTP
e da amostra sem nucleotideo, mas apresentam maior porcentagem de fitas f que o esperado (Figura
27). Garcia et al, 2007 mostram um intermedidrio de SEPT4G rico em fita 3 obtido na auséncia de
nucleotideo ligado e que parece formar fibras amildides. Estes resultados ndo permitem concluir que a
septina 6 € capaz de formar fibras amildides e que outros estudos sdo necessarios para esta conclusdo.
No entato, até o momento, o aumento de estruturas beta estd apenas associado a formacdo de fibras

amiloides.
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— SEPTEG
—— SEPTEG + GTP
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Figura 27. Espectro de dicroismo circular de SEPT6G purificada com (SEPT6G+GTP) e sem
(SEPT6G) GTP.

5.3. Desenovelamento térmico

A desnaturacdo térmica da septina 6 purificada com e sem GTP mostrou a que a molécula
apresenta 2 estados: enovelado e desnovelado, com estados intermedidrios ausentes.

Para a construgdo de um grafico (Figura 28) mostrando a fracdo enovelada em funcdo da

temperatura foi utilizada a seguinte equagdo:
o = (0t-6u)/( 6f-6u)
Onde a fracdo enovelada em uma dada temperatura € a, 0t € a elipsidade observada em certa

temperatura, 0f € a elipsidade da forma totalmente enovelada e Ou, a elipsidade da forma totalmente

desenovelada.
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— sept6G
—— sept6G+GTP
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Figura 28. Desnaturacio térmica de SEPT6G purificada com (SEPT6G+GTP) e sem GTP (SEPT6G).

Analisando a figura 27 vemos que SEPT6G quando ligada ao GTP € menos susceptivel a agdao
da temperatura, tendo no final do desnovelamento térmico uma maior fragdo no estado enovelado que a
septina 6 sem GTP ligado. Verifica-se também que a T, (temperatura de melting) de 37°C para
SEPT6G e 54°C para septoG+GTP. Nessa temperatura 50% das moléculas estdo no seu estado
enovelado e 50% no seu estado desnovelado.

A T, de SEPT6G € mais baixa que quando esta proteina estd ligada ao GTP, indicando que a
presenca do nucleotideo € importante no enovelamento da molécula e na susceptibilidade a

temperatura.

5.4 Espectroscopia de fluorescéncia
Medidas de emissdo de fluorescéncia foram realizadas em espectrofluorimetro steady-state K2
ISS acoplado a um refrigerador. A excitacdo de triptofano foi realizada a 295 nm. O espectro de

emissdo de triptofano foi analisado nos intervalos de 310 a 450 nm.
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As proteinas possuem trés fluoréforos intrinsecos: fenilalanina, tirosina e triptofano. Além
do rendimento quantico do triptofano ser o melhor dos trés, a septina 6 possui apenas um triptofano que
¢ uma sonda ttil para estudar sua conformacao.

Andlise da estrutura de septina 2 mostra que a regido de ligacdo entre dimeros de septina 2

ocorre numa interface onde o triptofano da molécula estd presente (Figura 28).

Figura 28. Triptofano presente na estrutura da septina 2. Fonte: Sirajuddin et al, 2007.

Portanto € de se esperar que o espectro de fluorescéncia tenha um pico em torno de 330 nm, que
corresponde ao pico de emissdo de fluorescéncia do triptofano em solvente polar quando no interior da
proteina, caso a exista oligomeriza¢do de SEPT6G. O centro de massa do espectro de fluorescéncia de
SEPT6G previamente incubada com GTP foi de 337,13 nm e para a amostra de SEPT6G sem
incuba¢do com GTP 321,8 nm.

O blue shift observado na amostra SEPT6G nao incubada com GTP pode ser devido ao fato de
que cargas negativas proximas ao terminal pirrol do anel do triptofano desviam o comprimento de onda

para comprimentos maiores, sendo que o oposto € observado para auséncia de cargas negativas
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préximas a triptofano (Vivian & Callis, 2001), por tanto a auséncia de GTP aliado a provavel formagao

de agregados de septinas na auséncia de GTP pode ser responsdvel pelo blue shift observado.

5.5. Microscopia Eletronica de Transmissao (MET)

Para analisar a formacdo de filamentos pela septina 6, foram realizados experimentos de
microscopia eletronica de transmissao. A amostra depositada em grade de cobre e carbono foi
incubada com uma solu¢do de acetato de uranila 1% por 5 minutos. Apds este periodo, a grade foi
lavada em solugdo contendo Tris-HC1 10 mM pH 8,0 e MgCl, 10 mM. As amostras foram submetidas a
andlise em microscopio Philips CM 120 na Universidade Federal de Sdo Carlos.

As imagens obtidas ndo foram satisfatdrias, pois mostram moléculas aparentemente agregadas
(Figura 29). As amostras foram congeladas antes do tratamento para microscopia eletronica e talvez

isto possa ter influenciado no estado de agregagao da amostra.
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Figura 29. Experimento de microscopia eletronica de transmissao. A- septina 6 purificada com

GTP; B- septina 6 purificada sem GTP e C- septina 6 purificada com GTP e pré aquecida a 37°C.

Algumas mudancgas no preparo das amostras para a andlise por MET foram realizadas. A
amostra depositada em grade de cobre revestida com filme de carbono foi incubada com uma solugdo
de gluteraldeido 0,05% por 5 minutos para a fixacdo da amostra. Posteriormente a grade contendo a
amostra foi incubada com solug@o de acetato de uranila 1% por 5 minutos. Apds este periodo, a grade
foi lavada em solucao contendo 10 mM Tris-HCI pH 8,0 e 10 mM MgCl,.

As amostras descritas na tabela X foram submetidas a andlise em microscépio eletronico de

transmissao Zeiss Leo 9063 na Universidade Estadual de Campinas.
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TABELA X. AMOSTRAS ANALISADAS POR MET.

Amostra Conteiido
1 Septina 6
2 Septina 6 + GTP
3 Septina 6 + 600 mM NaCl
4 Septina 6 + GTP + 600 mM NaCl

A microscopia eletronica de transmissao mostra que Septina 6 é capaz de formar fibras mesmo
na auséncia de seu dominio C-terminal (Figura 30A). A amostra sem nucleotideo apresenta agregados
de proteinas (Figura 30B).

A

Figura 30. Microscopia eletronica de transmissao. A- SEPT6G+GTP, B-SEPT6G sem incubacao
prévia com GTP.

Sirajuddin et al, 2008, mostram imagens de MET de um hexdmero composto pelas septinas 2, 6
e 7. A septina 7 estd presente na extremidade de hexdmero e ndo interage com nenhuma outra septina
apesar de possuir uma interface disponivel para interagdo. Uma das justificativas dos autores para isto
foi a presenca de 600 mM de NaCl na condi¢c@o submetida a MET, cuja alta for¢a idnica
impedia a interacdo nesta regido. Com base nestes dados, amostras de septina 6 com ou sem GTP e
contendo 600 mM de NaCl em seu tampao foram submetidas a MET mas devido a precipitag¢do salina

ndo foi possivel a obtencdo de boas imagens.
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V. CONCLUSOES

o Trés construgdes do gene sept8 foram clonadas para expressdo em E. coli. O teste de expressao
mostrou que a construcdo SEPT8GC era expressa em maior concentracdo que as demais.
SEPT8GC foi expressa em larga escala, confirmada por espectrometria de massa e caracterizada
por dicroismo circular e espectroscopia de fluorescéncia. SEPT8GC foi expressa corretamente
enovelada e mostra-se estdvel até 40°C apresentando Ty, de 54°C. O espectro de emissdo de
fluorescéncia por esta proteina mostra 2 picos de emissdo, que pode sugerir a presenca de
diferentes oligbmeros na amostra. Resultados de filtragdo em gel e DLS confirmam esta
hipdtese e sugerem que a septina 8 forma dimeros ou trimeros em solucao.

. Septinas 2, 6, 8 e 11 sdo capazes de ligar GTP em diferentes temperaturas. A taxa de ligacio
difere entre as septinas estudadas. Estas septinas também mostram a capacidade de hidrdlise de
GTP, mas a atividade GTPésica ndo ocorre com a mesma magnitude entre as septinas. As
septinas do subgrupo II que possuem um C-terminal maior, 6, 8 e 11, hidrolisam pequena
quantidade de GTP se comparados com a septina 2.

J Através de um ensaio de duplo hibrido com a septina 10 humana, a interac@o entre esta proteina
e PLZF foi encontrada. Esta interacdo foi mapeada sugerindo que a intera¢do ocorra pelo zinc
finger domain de PLZF. A interacdo foi confirmada in vitro e ensaios de localizacdo celular
mostram que ambas as proteinas se localizam no citoplasma da célula.

o Ensaios preliminares para verificar o papel da ligacdo de GTP por SEPT6G foram realizados.
Os espectros de dicroismo circular de SEPT6G mostram o enovelamento desta proteina. Os

resultados de fluorescéncia mostram o enovelamento das duas condicdes, e o red shift
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observado devido a presenca de GTP na regido do P-loop. Os resultados de desnaturacdo

térmica analisados por dicroismo circular mostram uma maior susceptibilidade

a temperatura da proteina na auséncia de GTP. Os resultados de MET mostram a formacgdo de

filamentos pela septina 6 na presenga de GTP.
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Resumo do projeto:

Para que a divisdo celular ocorra é necessario que uma célula passe por algumas
etapas que possibilitem esta divisdo. Ao conjunto destes processos denomina-se ciclo celular.
A regulacéo espacial e temporal destes processos é fundamental para a preservagéo celular e
do material genético. Falha neste processo pode levar & morte celular ou a alteragdes
genéticas causando divisdo desregulada e crescimento de tumores. Dentre diversas proteinas
envolvidas no ciclo celular, encontram-se as septinas. Até o momento, foram encontrados em
humanos 13 diferentes genes para septinas. Além do papel no ciclo celular, também estao
envolvidas em exo e endocitose, apoptose e relacionadas a algumas patologias como
parkinsonismo e leucemias. Neste trabalho foram selecionadas trés septinas para estudo
estruturais e funcionais: septina 6, septina 8 e septina 10. Os cDNA destas septinas, a
seqliéncia nucleotidica referente ao dominio GTPase das septinas e ao dominio GTPase+C-
terminal foram amplificados em nosso laboratério e estdo sendo clonados para expressao em
sistema procarioto ou eucarioto. As proteinas deverdao ser purificadas por métodos
cromatograficos para a realizagdo dos ensaios de cristalizagdo. A partir dos dados coletados
nos experimentos de difragdo de raios X sera possivel a resolugcdo e o estudo da estrutura
cristalografica. Uma vez que os mecanismos de oligomerizagdo das septinas nao estéo
definidos e nem a especificidade destas interagdes; os objetivos funcionais tém como finalidade
esclarecer estas questdes e incluem testes de atividade GTPase, ensaios de duplo hibrido e
co-expressao de septinas em E. coli.
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