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RESUMO

Em eucariotos, a iniciagdo da traducéo é um processo essencia de regulacdo pés-transcriciond
da expressio génica. Neste processo, atuam proteinas designadas elFs (fatores de iniciacéo da
traducéo). Destas destaca-se 0 complexo elFAF — elFAE, elF4A e elFAG — que permite associar o
MRNA a0 ribossomo. Identificamos no genoma de Leishmania major sequéncias que
gpresentam homologia aos componentes do elF4F. Este trabalho contempla a caracterizacdo de
um homdlogo do elF4A (LmelF4A2) e trés homdlogos elF4G (LmelF4G1-3). O gene
LmelF4A2 foi clonado, expresso e utilizado na producéo de anticorpos. Ensaios de Western-blot
sugeriram ndo haver expresso do LmelF4A2 na fase promastigota de Leishmania major. Em
seguida redizamos  congtrugbes com os LmelF4G1-3, fusonando-os a GST, permitindo a
redizacdo de ensaios de pull down visando investigar sua associagdo com as proteinas
LmelF4A1-2. O LmelF4A2 néo interage com nenhum dos LmelF4G1-3 e o LmelF4A1l interage
especificamente com o LmelFAG3. Em outra etapa produzimos anticorpos contra as proteinas
LmelF4G1-3 para avdiar sua expressdo na forma promastigota do parasta. A expressdo do
LmelFAG3 foi confirmada, todavia ndo detectamos a expresséo dos LmelF4G1-2. A interacdo
elFAG/elFAE foi invedtigada em ensaios onde homodlogos LmelF4G1-3 foram incubados a
homdlogos LmelF4E1-3, para tentar recondituir parcidmente o complexo elF4F in vitro, e
testados quanto a sua afinidade pelo cap sintético. Estes resultados se mostraram inconclusivos.
A utilizacdo de novas abordagens e a caracterizacdo dos demais fatores serd importante na
elucidacéo da traducdo nestes protozoarios.

10
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ABSTRACT

In eukaryotes, trandation initiation is a criticd process for the pod-transcriptiond control of
gene expression. In this process, act proteins cdled elFs (from “eukaryotic initiation factors’).
Within the elFs the elF4F complex — elF4E, elF4A e elF4G — dlows the recognition of the
MRNAs by the smdl ribosoma subunit. We have identified, in the Leishmania major genome,
sequences that show homology to the components of eukariotic elF4F. Here we describe the
preliminary characterization of one eF4A (LmelF4A2) and three elFAGs homologues
(LmelF4G1-3). The LmelF4A2 gene was cloned, expressed and used to produce antibodies.
Western-blot experiments indicate that there is no expresson of LmelF4A2 in L. major
promastigotes, in contrast with LmelF4A1 which is expressed as a very abundant protein. We
then subcloned previoudy clone fragments from the LmelFAG1-3 genes into the pGEX4T3
vector so as produce the corresponding proteins fusoned to GST. These proteins were used in
pull down assays to investigate their interactions with both Leishmania elF4A homologues. The
LmelF4A2 doesn't seem to bind to any of the elFAG homologues whils LmelF4A1 binds
gpecificdly to LmelF4G3. We aso produced antibodies to the LmelF4G1-3 proteins to andyze
their expresson in the paradte promastigotes. We confirmed the LmelFAG3 expresson, however
we were not able to detect the expresson of LmelF4G1-2. Finaly, the interaction elFAG/elF4E
was invedigated in assays where the LmelF4G1-3 homologues were mixed individudly with
each of the three Leishmania elF4Es avalable so as to partidly reconditute candidate
Leishmania elF4Fs in vitro. The complexes were then tested for their affinity for gnthetic cap.
These reaults so far were inconclusve. New approaches and the characterisation of others
trandation factors will be important in understanding trandation and its regulaion in this

protozoan family.

11
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|.INTRODUCAO

Os protozoarios tripanosomatideos sdo eucariotos causadores de enfermidades comuns a
muitas comunidades humanas, inclusve a braslera Edas doengas tem impacto Sgnificativo no
dstema de salde dos paises acometidos por colocarem em risco milhares de pessoas e por
levarem muitas vezes a problemas pemanentes de salde, condituindo assm também um
problema econdmico. As Tripanosomiases e as Leshmanioses infectam e matam milhares de
pessoas por ano e milhdes estdo em area de risco (www.who.org, 2002).

Este grupo de microorganismos possuem caracteristicas préprias em comparagdo aos
demais eucariotos, como a transcricdo policistronica, trans-splicing, editoramento de RNAs
mitocdndriais entre outros. A transicdo entre dois estagios evolutivos em hospedeiros especificos
requer uma intensa mudanca no repertorio de expressdo génica. Os tripanosomatideos parecem
perder a candnica regulagdo da expressdo dos genes, o controle transcriciond, tipico de
eucariotos. Portanto, o controle da expressdo genética deve acontecer predominantemente por
mecanismos pos-transcricionas, e a sintese de proteinas parece ser 0 principad advo de regulacdo
nestes parasitas (Clayton, 2002).

A traducéo é o processo pelo qud a informacdo contida na molécula de RNA é utilizada
na formagd de proteinas. Este evento acontece nos ribossomos e pode ser dividido
didaticamente em Iniciacdo, Elongacd e Terminacdo. A Iniciacdo é sem dlvida, o principd
avo de regulacdo, uma vez que condtitui uma etapa critica no qua ocorre a ligacdo do mRNA a0
ribossomo (Gingras et al., 1999 ; Prévot et al., 2003). Neste processo, encontramos Como
principa mediador um conjunto de trés fatores de iniciagdo da traducdo — elFAE, elFAG e elF4A
— Que unidos formam um complexo chamado cap binding complex ou elF4F. Este complexo
protéico, bem como 0 seu papel vém na iniciacdo da tradugdo, vém sendo estudado em
eucariotos, tais como mamiferos e leveduras, contudo, na literatura existe poucas informagoes
relaivas a esse assunto em tripanosomatideos. Num esforco de esclarecer o processo de traducdo
nestes protozodrios, NOSSO grupo procurou estudar possiveis homdlogos das subunidades do
elFAF de Leishmania major. Para td, genes que codificam homdlogos aos fatores elF4E, elF4A,
elF4G foram identificados no genoma de L. major e as respectivas proteinas estéo sendo
caracterizadas bioquimicamente.

Dentro deste contexto, este trabaho teve por objetivo inicid caracterizar homdlogos ao
fator de iniciacéo da traducdo elFAG em L.major (neste trabalho homdlogos seréo designados
por LmelFs). Inicidmente, regides consarvadas dos genes LmelF4G1-3 expressas em

Escherichia coli (Dhdia, resultados ndo publicados) foram purificadas e utilizadas para imunizar

12
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coelhos visando a obtencdo de soro policlona especifico para cada isoforma. Com a
identificacdo de um segundo homodlogo a0 elF4A em L.major (LmelF4A2), partiu-se também
para a clonagem de seu gene, expressio da proteina recombinante em bactéria e imunizagdo em
coelhos para producéo de soro policlona. De posse dos anticorpos avaliouse o pefil de
expressdo por Western-blot de agumas dessas proteinas. Também foram obtidas diferentes
congrucbes com as vaias proteinas que permitiram sua utilizacdo em ensaios de interacdo
proteina/proteina, visando investigar a capacidade de ligacdo entre as mesmas. E por fim,
redizamos um ensaio de dfinidade entre os homdlogos do elF4E (LmelF4E1-3) e o0 cap de
mamiferos na presenca de homdlogos do elF4G. Resultados deste trabaho foram utilizados na
confeccdo do artigo intitulado Trandlation initiation in Leishmania major: characterisation of
multiple el F4F subunit homologues, o qua sera submetido a revista Molecular and Biochemical

Parasitology.

13
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1. OBJETIVOS

P Objetivo Geral:

- Caracterizacdo de possiveis homdlogos aos fatores de iniciagdo da traducéo elFAG e elF4A de

Leishmania major

P Objetivos Especificos:

i)- Clonar o gene LmelF4A2;

ii)- Expressar, purificar e imunizar codhos utilizando as proteinas LmelF4A2 e Lmel FAG1-3;

iii)- Andisar a expressio das referidas proteinas na forma promagtigota de Leishmania major por
Western-blot.

iv)- Subclonar aregido central dos homologos el FAG no pGEX4T3 paraandise por pull down

v)- Andisxr ligacdo das proteinas LmelF4E1-3 a cap sintético na presenca dos homdlogos
elFAGs

14
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[11. REVISAO BIBLIOGRAFICA

1. Ostripanosomatideos, doencas eimpacto

Os tripanosomatideos sdo protozoarios flagelados da ordem Kinetoplastida, cujas
principais espécies, representantes dos géneros Trypanosoma e Leishmania, apresentam
importancia médica e veterinaria. Estes organismos s80 consderados eucariotos primitivos, por
condituirem um ramo que divergiu cedo da linhagem evolutiva que originou os demas
eucariotos. Caracterizamrse por gpresentarem  dois estégios evolutivos bem  definidos em
hospedeiros diferentes, um hospedeiro invertebrado e um hospedeiro vertebrado. S0 causadores
de enfermidades com digtribuicdo endémica em vérias regifes do mundo, tais como a doenca do
sono, doenca de Chagas e as Leishmanioses.

As Leshmanioses compreendem um grupo de doengas causadas por mas de 20
diferentes espécies e subespécies do género Leishmania. Edtas patologias gpresentam um amplo
espectro de manifestagBes clinicas, destacando-se 0s comprometimentos cuténeo e ou viscerd.
S0 encontradas de forma endémica em 88 paisess e no Ultimo levantamento sobre
Leishmanioses, a Organizacdo Mundid de Salide registrou aproximadamente 2 milhdes e 400
mil novos casos e 59000 mortes (WHO, 2002). No Brasil séo notificados aproximadamente 2000
casos anuals de Leishmaniose viscerd, sendo a maior parte dos registros de ocorréncia na regido
Nordeste (FUNASA, 2002).

Edas parastoses so de dificil controle. As drogas utilizadas no tratamento possuem
efeltos colaterals e exigem um esguema tergpéutico demorado. Um fendmeno fregqlentemente
associado atergpéutica inadequada € o mecanismo de ressténcia do parasita a droga (Leandro &
Campino, 2003). Desta forma, o entendimento de processos bioldgicos fundamentais nestes
protozodrios — como a traducdo — pode contribuir na eaboracdo de mehores dternativas de
tratamento, e identificacdo de novos avos para a acdo de quimioterdpicos.

2. Transcricdo policistronica

O aranjo de genes em tripanosomatideos se assemelha em alguns pontos aos conhecidos
operons bacterianos. Os genes deste grupo de eucariotos S0 transcritos em  unidades
policisronicas, onde um Unico promotor € utilizado na transcricdo de multiplos genes. Assm
como em procariotos, 0s genes dos tripanosomatideos ndo possuem introns, com uma Unica

excecdo até o momento (Mair et al., 2000). Todavia, diferentemente do operon encontrado em
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bactérias e nematddas, as proteinas codificadas por um mesmo policistron ndo parecem ser
relacionadas e o nUmero de sequéncias codificadoras por RNA pode ser bem maior (Blumenthal
et al., 2002). Também, ao contr&rio das bactérias esses RNAs sofrem um processo de maturacéo
aravés de um mecanismo chamado trans-splicing (Sutton et al., 1986; revisto por Campbdll,
2003). Através deste processamento segmentos do mRNA policistrénico precursor ontendo uma
Unica sequéncia codificadora sdo clivados gerando mRNAS maduros monocistronicos. Neste
processo, os diferentes RNAS mensageiros recebem em suas extremidades 3Fuma seqiiéncia de
39 nt denominada de Spliced-Leader — SL ou mini-exon (Parsons et al., 1986; revisto por
Campbell, 2003), que é caracteristica de todos os MRNAS de tripanosomatideos.

2.1 Promotores e RNA polimerases

A transcricBo em eucariotos, incluindo os kinetoplastideos, ocorre pela acdo de trés RNA
polimerases que sfo farmacologicamente identificadas com base em sua sengbilidade (RNA pol-
I) ou ressténcia (RNA pol-Il e RNA pol-1ll) a droga p-amanitina (Kooter & Borst, 1984;
Eanshaw et al., 1987). Além disso, homdlogos de subunidades da RNA polimerase também
estdo presentes em tripanosomatideos, assm como homdlogos a fatores de transcricdo (Clayton,
2002).

Nestes eucariotos, a RNA pol-I transcreve os genes que codificam para o RNA
ribossoma (rRNA) e adém disso, em Trypanosoma brucel transcreve também os genes de
antigenos de superficie estagio especificos (VSG e PARP) (Lee & Van der Ploeg, 1997). A RNA
pol-11 transcreve genes que codificam proteinas, pequenos RNAs nucleares (shRNAS) e o
principd RNA envolvido no processo de maturagdo do mRNA: o RNA-SL (Stiles et al., 1999;
Gilinger & Belofatto, 2001). A RNA pol-Ill transcreve 0 RNA transportador (tRNA), o RNA
ribossdmico 5S (rRNA 5S) e também snRNAs (Lee & Van der Ploeg, 1997).

A procura por promotores em tripanosomatideos tem sido avo de inimeras pesquisss,
porém os resultados obtidos ndo sdo plenamente satisfatorios. Assim, promotores para RNA pol-
| e para RNA pol-11l foram encontrados com éxito (Campbell, 2003). Ja promotores para RNA
pol Il anda ndo foram descritos. Entretanto, recentes evidéncias sugerem que uma regido
presente no cromossomo 1 de L.major poderia ser um promotor para RNA pol-1l (Martinez-
Cavillo et al., 2003). Todos os fatos sugerem que estes parasitas perdem a capacidade de regular
a expressdo dos genes na transcricdo, fendmeno tipico de outros eucariotos. Propdem-se que a
RNA pol-1l transcreva os genes em baixos niveis e gpés processamento e formacdo dos mRNAS

maduros, se dé o controle da expressao génica (Clayton, 2002).
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3. Trans-splicing

O trans-splicing € um mecanismo de processamento de mRNA que difere do cis-splicing
convenciona — tipico de céulas eucaridticas — pelo fao de dois exons provenientes de
diferentes transcritos serem fusonados para a formacd do mRNA maduro (Harris et al., 1995)
(Bruzik et al., 1998). Através deste evento, uma sequéncia de 39 nuclectideos (SL) € retirada da
regido 5 de um RNA precursor (RNA SL de 85 a 140 nt) e adicionada aextremidade 5¢de todos
0s MRNASs de tripanosomeatideos (Schnare & Gray, 1999).

O trans-splicing € um mecanismo de processamento de MRNA tipico da familia
tripanosoméatidee na qual foi primeiramente descrito (Nielsen, 2001). Este processo também foi
encontrado em tremaodas (Bektesh et al., 1988); nemétodas (Liou & Blumenthd, 1990;
Maroney et al., 1995); cestddeos (Brehm et al., 2000); Euglena (Frantz et al., 2000); cnidéios
(Stover & Stede, 2001); e no homem (Fouriot et al., 2002). Em peo menos dois filos,
Tremé&oda e Nematoda, 0s processos de cis-splicing e trans-splicing conhecidos coexistem nas
mesmas cdulas. Até pouco tempo julgava-se que em tripanosomatideos apenas ocorria trans-
splicing. Contudo descobriu-se que genes que codificam para a poli-A polimerase em T. brucel e
T.cruz, sofrem cis-splicing, condtituindo o primeiro caso descrito deste tipo de processamento,
nestes protozoarios (Mair et al., 2000).

Em tripanosomatideos, o processamento em trans parece ser acoplado a clivagem da
regido 3 e aos eventos de poliadenilacdo (LeBowitz et al., 1993). A poliadenilacdo tem
multiplas funcBes notadamente na estabilidade do MRNA. Um sind tipico para a poliadenilacdo
em eucariotos, a sequéncia AAUAAA, esta ausente em tripanosomatideos (Ullu et al., 1993).
Trabahos tém sugerido que trans-splicing e poliadenilacdo sfo intimamente relacionados e
acontecem acopladamente. Sequéncias presentes no RNA policistronico conhecidas como tratos
polipirimidinicos (ricas em uridinas) servem como dnas paa o trans-splicing e parecem

funcionar, na auséncia de sinais tipicos, na sindizacdo para poliadenilacdo (Clayton, 2002).
3.1 Spliced Leader e cap
Como dito anteriormente, os genes SL RNA sdo transcritos pela RNA pol-11. Existe de

100 a 200 cdpias destes genes por genoma, cuja transcrico representa 6% do total da sintese de
RNA da cdula (Campbell, 2003).
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Apés a transcricdo, o SL RNA de ~140 nt, assume uma estrutura secundaria complexa
contendo trés estruturas. Estas séo definidas pelo pareamento interno de sequiéncias
complementares intercaladas por regides ndo pareadas (al¢as) associadas a ribonucleoproteinas.
As edtruturas recebem a classficagéo de grampos, ou stem-loops, I, 11 e Il (Cross et al., 1991).
O grampo | contém a SL (extremidade 5 do RNA SL) e os grampos | e |l sfo importantes na
formacao do cap4 (Sturm & Campbell, 1999).

O cap é um nucleotideo metilado adicionado a extremidade 5 dos mMRNAs de eucariotos
com 0 objetivo de edtabilizar, trangportar e dnadizar para o inicio da traducdo (Lewis &
|zaurralde, 1997). Sua adicdo ocorre aravés da condensacdo da guanosina trifosfato (GTP) com
a terminacéo 5 trifofato do mRNA transcrito, catalisada por uma enzima nuclear denominada
guanililtransferase. De acordo com 0 grupo de eucariotos envolvidos 0 cap apresenta
modificagdes, por metilacdo, em seus nucleotideos adjacentes. Assim, o0 cap tipico de mamiferos
€ 0 cap monometilado (cap #metil-guanosing); em nematdides 0 cap presente na seqiiéncia SL é
trimetilado (2,2, 7-tri-metil-guanosing). Em  tripanosomatideos, 0 cgp € uma edtrutura complexa
denominada de cepd, que dém do radica 7-metil guanosina inclui outros 4 nuclectideos
metilados (m'guancsina (59 ppp (59 -N°, N°, 2¢O-tri-melil-adenosina-p-2¢ O-metil-adenosina-
p-2¢O-méil-dtosina-p-3,2¢ O-di- metil-uriding) (Bangs et al., 1992; Ullu & Tschudi, 1995). O
cap4 é adicionado aos pré-mRNAS juntamente com a SL aravés do trans-splicing (Campbell,
2003).

4. O processo de sintese protéca em eucariotos
4.1 Visao geral

A dintese de proteinas ou traducdo é um importante e complexo mecanismo que é
imprescindivel a todos os seres vivos, tendo um importante papel no controle da expressao
génica. A regulacdo da traducéo é clara em eventos celulares tais como crescimento, proliferacdo
e desnvolvimento (Gingras et al.,, 1999). O processo de traducdo pode ser dividido
didaticamente em trés etapas. iniciacdo, €ongacdo e terminacdo. Destes, a iniciacdo é o principa
avo de regulagdo; o ponto critico, uma vez que € nessa fase que o ribossomo ira ser recrutado ao
RNA mensageiro e posicionado de forma correta no codon de iniciacdo da traducdo, AUG
(Prévét et al., 2003).
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4.2 Iniciacdo da Traducdo

A traducdo do mRNA em proteinas se inicia apds a montagem do ribossomo 80S através
da interacdo entre tRNAI, mRNA e as subunidades 40S e 60S. O complexo processo de iniciagdo
que leva a formacd do ribossomo 80S consste em véaios edagios relacionados que Sfo
mediados pelos fatores de iniciacdo eucaridticos (el Fs) ( Pestova, et al., 2001).

O inicio da sintese de proteinas tem como componentes essenciais acidos ribonucléicos
(mRNA, tRNA) a subunidade menor ribossoma 40S e fatores de iniciacdo da traducdo (elFs).
Em mamiferos sdo descritos seis fatores: elF1, elF2, elF3, elF4, elF5 e elF6. Este complexo
processo bioguimico tem como cenario o ribossomo. Na iniciacdo da traducdo ocorre formacéo
do ribossomo 80S junto a0 mMRNA, pela unido das subunidades 40S e 60S, no correto stio de

inicio datraducdo por acéo do elFs.

As principais etapas da iniciacdo da traducéo e os fatores associados s&o:

1- Associacéo do complexo el FAF (formado pelas subunidades el FAE, elF4A e elF4G) ao
cap presente na extremidade 5 do mRNA eucaridtico.

2- Formacdo do complexo terndrio entre o tRNAI, o fator elF2 e a molécula de GTP
(elF2 / GTP / tRNAI). A associacdo destes e outros elFs, como o elF3, a subunidade ribossomal
40S forma o complexo de pré-iniciacdo 43S.

3- Recrutamento do complexo de pré-iniciacéo 43S ao cap dos mRNA por acdo das
subunidade elFAG e elF4E do elF4F e do fator elF3. Em aguns mRNASs cdulares e viras, o
ribossomo se liga diretamente a segmentos internos no MRNA (IRES — Internal Ribosome Entry
Segment), também através do el F4G.

4- Movimento do complexo ribossoma ao longo da regido 5 néo traduzida do mRNA (5
UTR), a partir do cap até o codon de iniciacdo da traducéo. Nessa etgpa atuam a subunidade
elF4A do complexo elF4F e o fator elF4B. No complexo resultante, 48S, o codon de iniciacdo
tem suas bases pareadas com as bases do anticddon do tRNAI.

5- Liberacéo dos fatores de iniciagdo associados ao complexo 48S (desencadeados pela
hidrélise de GTP, promovida pela acéo do elF5 e elF5B liberando elF2-GDP) e recrutamento da
subunidade 60S para formar o ribossomo 80S, deixando 0 tRNAI no sitio P ribossomal.

6- Regeneracdo do elF2-GTP em reacéo catalisada por elF2B. O elF2-GTP se associara
novamente ao tRNAI, recompondo o complexo ternario (elF2/ GTP/ tRNAI).
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O principa papd do elF4F é promover a ligacdo do ribossomo a0 mMRNA via interacdo
cap-elFAE-elFAG-elF3. Além disso, o fator elF4F interage com a regido 3 do mRNA via
proteina de ligacdo a cauda poli A (PABP) e este evento promove a circularizacd do mRNA
(Wedlset al., 1998).

4.3 Complexo el F4F e proteinasreacionadas

4.3.1 el FAE ou proteina de ligacdo ao cap

A proteina elFAE (24 kDa) € o fator de iniciagdo responsavel pelo reconhecimento do cap
presente nos MRNAS eucaridticos (Prévot et al., 2003). A forte ligacéo entre el F4E-cap ocorre
pela interacdo entre dois aminoacidos triptofanos atamente conservados e o radica  7-metil
guanosina (Marcotrigiano et al., 1997; Matsuo et al., 1997). Dentro do complexo elF4F, elF4E
interage com elF4G e media a traducéo cap dependente por promover a formacdo do complexo
48S no termind 5 do mRNA. O fator elF4E pode ser isolado sozinho ou fazendo parte do
complexo elF4F. Curiosamente, o complexo elF4F exibe uma &finidade dez vezes maior pelo
cap em rdacdo a0 eF4E sozinho (revisto por Prévét et al., 2003 ). Experimentos in vitro
utilizando proteinas recombinantes mostram que o elFAGI aumenta a afinidade do elF4E peo
cap, e iso poderia edtar relacionado ao fato de que elFAGI poderia se ligar diretamente ao
MRNA mensageiro viamotivos de ligagdo a RNA (RRMs) (Goyer et al., 1993).

4.3.2 el F4A

A proteina elF4A tem ddo caracterizada em diferentes organismos incluindo plantas,
mamiferos e leveduras. Provavelmente o fator de iniciacdo da traducéo elF4A € mais abundante
em uma cdula eucaridtica (von der Haar & McCarthy, 2002). Ele pode ser isolado sozinho ou
fazendo parte do complexo elF4F. Os genes para RNA helicase elF4A sdo conservados entre
epécies didtintas (Smilaridade acima de 60% entre leveduras e mamiferos). Todavia, o elF4A
de mamiferos ndo € capaz de subdtituir o homdlogo em levedura, ao contr&io de outros fatores
deiniciacdo datraducdo bem menos conservados, como o el F4E (Sonenberg et al., 2000).

O elF4A é consderado um protétipo da familia de proteinas DEAD-box, um grupo de
RNA helicases caracterizado por apresentar oito motivos, dos quais 0 mais conservado é o
dominio V conhecido como DEAD (L-D-E-A-D-X-X-L: LerAsp-Glu-Ala-Asp-X-X-Leu). As
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RNAs helicases sd0 encontradas de organismos mais smples (procariotos) a organismos mas
estruturados (eucariotos superiores). Elas est@o envolvidas em varios processos ceulares que
incdluem RNA tais como: transcricdo, splicing, turnover, editoramento, transporte e traducéo
(LUking et al., 1998).

Como mecanismo de acéo é postulado que o0 elF4A liga-se a ATP e tem a capacidade de
remover estruturas secund&ias que poderiam dificultar 0 dedocamento do ribossomo ao longo
do mRNA até o codon de iniciagdo da traducdo (Gingras et al., 1999; Hershey & Merrick, 2000).
O moddo mas aceito mostra que, inicidmente, o elF4A (no contexto do elF4F) se associa
fracamente com o ATP. Essa interagdo modifica a conformacdo do elF4A tornando-o capaz de
interagir com 0 MRNA, aumentando sua afinidede por ATP e hidrdlise deste. A hidrdlise de ATP
resulta em um aumento da &finidade do elF4A pedo mRNA, e gpos a ligacdo do elF4B tem inicio
0 processo de trandocacdo da subunidade ribossomal menor ao longo da 5-UTR do mRNA.
Acreditava-se que o0 elF4A tivesse dfinidade por RNA fita smples e 0 elF4B por fita smples e
dupla. Com base nestes fatos postulava-se que o0 papel do elF4B seria associar 0 elF4A a RNAS
dupla fita (LUking et al., 1998). Porém, evidéncias recentes mostram de forma surpreendente que
0 elF4A é capaz de remover curtos segmentos de dupla fita e RNA na auséncia do elF4B e sem
a necessdade de extremidades de RNA fita smples (Rogers et al., 1999, 2000). Assim, o pape
do elF4B na iniciacdo da traducdo de mamiferos e leveduras, bem como o mecanismo de acdo
das hdlicases, permanece uma grande incognita.

4.3.3 elF4G

O fator elFAG € uma proteina de ato peso molecular cujo pape crucid € coordenar a
formacdo do complexo de iniciacd da traducdo. Nessa tarefa ela interage, via dominios
presentes em sua estrutura, com outros elFs: el F3, el F4A, el FAE, PABP entre outros.

Genes paa o fator elFAG tem Sdo isolados e clonados em diferentes organismos
incluindo leveduras (Goyer et al., 1993), Drosophila (Zapata et al., 1994), plantas (Browning
1996) e mamiferos (Yan et al., 1992; Gradi et al., 1998; Imataka et al., 1998). Em plantas,
leveduras e mamiferos existem duas isoformas de elFAG. No homem elas sGo denominados de
elFAGI e elFAGII. Edas isoformas exibem discreta homologia entre espécies diferentes, mas
mostram semelhantes atividades bioquimicas. Todavia, dgumeas diferencas foram observadas em
leveduras (Gdlie & Browning, 2001; Tarun et al ., 1997).
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Inicidmente, o elF4GI de mamiferos foi denominado de p220, devido a co-migracéo de
quatro proteinas diferentes em SDS-PAGE, onde a maior delas correspondia aproximadamente
a0 marcador molecular de 220 kDa (Tahara et al., 1981). Porém, a clonagem de seu gene revelou
a presenca de uma sequéncia de leitura (ORF) que codificaria para uma proteina de 154 kDa
(Yan et al., 1992). Este gene esta4 presente em copia unica (Yan & Rhoads, 1995). Com a
clonagem do gene para um segundo homdlogo, o elF4GlIl, e comparando-se sua sequiéncia com a
do elF4Gl suspeitorse que esta seqiiéncia continha um intron. A homologia entre as duas
seqiiéncias parava abruptamente em um sitio aceptor de splicing no gene elFAGI (Gradi et al,
1998). Com base nestas evidéncias, utilizando-se a técnica de 5 RACE, um novo cDNA
contendo uma extensdo N-termind de 156 aminoacidos foi obtido. Esta hova seqiiéncia néo SO
era dtamente homoléga a sua congénere, como também podia se associar a PABP, tendo
funcbes na traducdo dependente de poli-A (Imataka et al., 1998). Mais recentemente, uma
sequéncia de 340 nucleotideos foi adicionada a regido 5 (Bryd, 2002). A traducdo in vitro de
RNASs construidos a partir deste novo cDNA deu origem ao conjunto de isoformas resultantes de
dternativos codons de iniciagdo da traducdo AUGs. Ede resultado foi confirmado por
espectrometria de massa, que permitiu a caracterizacéo de varias isoformas de elFAGI que se
diferenciam no tamanho de sua regido N-temind. Assm suspatase que dependendo do
requerimento celular, o gene elF4AGlI sga transcrito em diferentes tamanhos que serviriam a
funcbes especidizadas, evitando gasto de energia desnecessario na eaboracéo de uma proteina
de grande tamanho (Bryd, 2002).

O eF4G interage com varios componentes, entre ees. 1) fatores de iniciacdo da traducdo
- elF4A, elF4E, elF3 (Gingras et al., 1999); 2) CBP380 ou proteina de ligagdo a0 cap nuclear
(Fortes et al., 2000); 3) proteinas virais NS1 e NSP3 dos virus influenza e rotavirus (Aragon et
al.,, 2000; Piron et al., 1998); 4) proteina de choque térmico hsp27 (Cuesta et al., 2000); 5)
proteinas envolvidas no metabolismo de RNA como PABP (Imataka et al., 1998; Le et al., 1997;
Tarun & Sachs, 1996), Dcpl— enzima que remove 0 cap de RNAs (Vilda et al., 2000) e Mnk —
proteina quinase de elF4E (Pyronnet et al., 1999). Assm, esta proteina esta envolvida em vérios
processos celulares.

O elFAG humano pode ser dividido em trés didtintas regides de tamanhos smilares com
base em sua clivagem por proteases viras. Na regido amino-terminad ha dominios para a
interacdo da PABP e o fator elFAE, associando aregido 5 e 3 do mRNA (Imataka et al., 1998).
Uma regido minima para traducdo dependente de cap tem sido mapeada entre os residuos de
aminoacidos 550-1090 (Morino et al., 2000), este fragmento inclui o sitio de ligagdo ao fator

elF4E e o dominio centrd. O dominio central inclui conservadas repeticdbes HEAT, comuns em
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proteinas envolvidas na formacdo de complexos multiméricos e condituidas por aranjos de
cinco pares de repetiches de dfa-hélices antipardelas (Andrade & Bork, 1995). Este dominio
conditui a regid mas consarvada evolutivamente de homologos do elFAG em diferentes
organismos. Na regi&o centrd, se ligam o elF3 e 0 elF4A (Imataka & Sonenberg 1997) e possui
um motivo para ligacdo de RNA (Pestova et al., 1996). A regido carboxi-termind, ausente em
ndo metazodrios, contém um segundo sitio de ligacdo ao elF4A (Imataka & Sorenberg 1997) e
um sitio de ligacdo a uma proteina quinase que atua sobre o elF4E, a Mnk1l (Pyronnet et al.,
1999).

Em mamiferos exisem proteinas agrupadas na familia elFAG por possuirem sequéncias
homdlogas DAP-5, Paip-1 e DUG. A DAP-5 possui homologia com a regido carboxi-termind
do elFAGI (28% de identidade), assm como com o dominio centrd do elFAG (39% de
identidade). Dessa forma, a DAP-5 pode interagir com os fatores elF4A, elF3, mas perde a
capacidade de interagdo com o elF4E e PABP (Levy-Strumpf et al., 1997; Gingras et al., 1999).
Experimentos de super-expresséo da DAP-5 em cultura sugerem que a mesma aue como um
repressor da traducdo, todavia o papel desta proteina ainda ndo é plenamente conhecido (Imataka
et al., 1997; Yamanaka et al., 1997). Outras duas proteinas possuem uma regiao com homologia
a0 dominio central do elFAGI e ambas podem se ligar a0 fator elF4A. Outras duas proteinas
possuem homologia a0 dominios centrd e carboxi-termina respectivamente do elFAGI, Paip-1
(Poly A binding protein Interacting Protein-1) e DUG (Death-upregulated gene). Experimentos
evidenciam que a Paip-1 funciona como um coativador traducional. Entretanto, este papel néo é
claro, uma vez que esta proteina possui dominios de interacdo ao elF4A, PABP mas ndo possu
dominio de ligacdo a0 elF4E (Craig et al., 1998). JA DUG é descrita como uma proteina capaz de
regular a apoptose em cdlulas submetidas a diferentes condicoes de estresse (Goke et al., 2002).

4.3.3.1 Sitio deligacéo ao el F4E

Este dominio foi mapeado a partir da observacéo que o elF4E permanecia associado a
regido N-termind do elFAG apds clivagem com proteases virais (Lamphear et al., 1995) e
confirmado através da interacéo de elFAGI mutantes e elF4E em ensaios de imunoprecipitacéo e
far western blot (Mader et al., 1995). Este trabalho conduziu a caracterizacdo de uma regido de
49 amino&cidos que estd presente em mamiferos quanto em leveduras. Dentro desta regido, um
pequeno motivo YXXXXLF (onde F usudmente € uma leucing, mas pode também ser uma
metionina ou uma fenildaning), € dtamente conservado nas proteinas elFAG de levedura,

Drosophila, plantas e mamiferos. Este motivo também esta presente em uma familia de proteinas
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gue competem com o elFAGI pela interacdo com o elF4E, as proteinas ligantes de elF4AE (4E-
BPs). As 4E-BPs atuam como repressores da traducdo (Mader et al., 1995). Estudos estruturais
deste dominio mostram que 0 elF4Gl se associa a supeficie dorsd convexa do elF4E. A
edtrutura deste dominio mostra que a Tirosina 73 no elF4E interage com o peptideo presente no
elFAGI e que mutacbes nedta tirosna abolem a interacdo elFAG/elF4E no modelo humano
(Marcotrigiano et al., 1999; Pyronnet et al., 1999) e em leveduras (Ptsushkina et al., 1998).

4.3.3.2 Sitio deligacéo ao el F4A

No fator elF4GI existe dois sitios de interacdo para o fator elF4A, o primeiro dominio,
presente na regido central, tem sdo mapeado entre os aminoécidos 672-970 (Morino et al.,
2000), 672-876 (Korneeva et al., 2000, 2001) e 722-949 (Lomakin et al., 2000). Ja o segundo
dominio de interacdo a0 elF4A, regido carboxi-termind, foi mapeado no eFAGI entre os
residuos 1201-1411 (Morino et al., 2000).

Uma mutacdo pontud no elFAGI que eimina a ligacdo do elF4A a0 dominio centra
impede a traducdo, enquanto o elFAGI com uma mutacdo semelhante no sSitio no dominio
carboxi-termina  diminui a eficiéncia de traducdo em sas vezes frente ab eF4GI sdvagem
(Morino et al., 2000). Assm, o dominio carboxi-termind (ausente em leveduras) ndo é
absolutamente requerido, mas tem um papd modulatério. Ja o dominio central € critico para a
formagéo do complexo traduciona (Morino et al., 2000; Prevot et a., 2003).

Dois modelos tentam explicar como o fator elF4A interage com o fator elFAGI, devido ao
fato de exidir dois dominios de interacdo para o elF4A. Num primeiro modelo é proposto que a
interacd0 ocorra ha proporcao de duas moléculas de elF4A para uma molécula de elF4GI
(Korneeva et al., 2001). JA um segundo modelo sugere uma proporcionaidade de uma molécula
de elF4A para uma molécula de elFAG (Li et al., 2001). Em leveduras, o complexo elF4F
purificado ndo contem o elF4A, enquanto o elF4F de mamiferos purificado possui esta proteina
Isso pode acontecer porque o procedimento de purificacdo deve abolir a fraca ligagdo em
leveduras (gpenas um dominio de interacdo elF4A), porém ndo é capaz de desfazer a ligacéo
entre elF4A / el FA4G em mamiferos (dois dominios para el F4A).

4.3.3.3 Sitiodeligacdo ao el F3, el F1, el F5 e PABP

O dominio de interacdo a0 elF3 esta presente entre os aminoécidos 975-1065 do el F4GI
na regido centra. ESta regio ndo se sobrepdem ao dominio de interacdo para o fator elF4A.
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Recentemente, foi visto em leveduras que o elF4G interage com o fator elF1 e elF5 in vivo ein
vitro aravés do dominio HEAT (He et al., 2003). A interacdo com o0 elF4G parece ser
mutuamente exclusiva para os duetos elFl/elF5 e elF4A/elF1, o que poderia ser explicado pea
sobreposicdo de dominios para as respectivas proteinas (He et al., 2003). O elF1 é conhecido por
s um monitor da interacdo codon-mRNA/anticodon-Met-tRNA. Simulténeas interagbes do
elF1 com o elF4G e outros fatores sGo importantes na especifica associacéo Met-tRNA, parte do
complexo 48S, ao correto codon de iniciacéo de traducdo AUG (He et al., 2003).

No fator elFAG o dominio responsvel pela interacdo com a proteina de ligacdo a cauda
poli-A (PABP) foi mapeado naregido N-termina, precisamente entre os aminoécidos 132-160.

4.34¢€eF3

O fator de iniciagdo da traducdo elF3 é o maior dos fatores de iniciacdo encontrado em
mamiferos, consistindo de 11 subunidades cujo peso molecular variaentre 35 e 170 kDa.

S&o gpontadas trés fungdes fisiol dgicas importantes do el F3 no processo de tradugéo:

1) Edabilizacdo do complexo ternario (elF2/GTPRNAI) por associacdo fisica entre o elF3
e a subunidade menor

2) Ligacdo do mRNA ao ribossomo

3) Evitar formaco do ribossomo 80S

O complexo elF4F, via elF4G, e o fator elF3 promovem a associacdo entre a subunidade
40S do ribossomo e 0 mRNA. Interessantemente, experimentos demonstraram que oelF4A e o
el F3 incrementam mutuamente suas afinidades pelo el FAGI (Korneeva et al., 2000).

4.3.5 PABP

A PABP é a proteina que se associa a cauda poli-A presente na extremidade 3 dos
MRNAS. Todas as PABPs caracterizadas até o momento podem ser divididas em uma porcéo N-
termina condtituida de 4 dominios de ligacd a0 RNA dtamente conservados (RRMS), uma
porgdo centrad  pouco conservada e uma extremidade C-termind contendo um dominio de
interacdo proteina-proteina também conservado (Bates et al., 2000). A PABP € envolvida em
processos como estabilidade de mRNA, processamento da extremidade 3 e no processo de

traducéo. A interacdo entre as regibes 5 e 3 do mMRNA foi inicidmente descrita em leveduras,
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envolvendo a associacdo PABP-elFAG (Tarun & Sachs, 1996), que propunha um modelo de
traducdo onde o RNA mensageiro seria traduzido circularizado. Ensaios de recondtituicdo de
dstemas de traducdo in vitro, utilizando elFAE/elFAG/PABP recombinantes, demonstraram a
crcularizacdo do RNA mensageiro em cdulas eucarioticas aravés de microscopia de varredura
(Wedlset al., 1998).

4.4 Tradugdo em tripanosomatideos

Poucos trabalhos vém se detendo na caracterizacd0 de fatores protéicos necessarios a
traducdo em tripanosomatideos. O conhecimento obtido € inferido indiretamente a partir de
dados provenientes da comparacdo de proteinas destes organismos com seus homodlogos
encontrados em outros eucariotos.

Assm, entre os fatores caracterizados até o momento incluem subunidades dos fatores
de dongacdo tais como eEF1 e eEF2 (Nakamura, 1996). Homologos da PABP de T. cruz, T.
brucei e L. major também ja foram caracterizados (Batita et al, 1994; Hotchkiss et al, 1999 e
Bates et al, 2000). O fator elF4A, componente do complexo elF4F também foi identificado em
L. major (Skelky et al., 1998) e em L. brazliens's, como um antigeno que induz a producéo de
IL-12 e respodta tipo Thl em humanos (Skeiky et al., 1995). Entretanto, muito pouco €
conhecido com relacéo ao papel destes fatores na traducao.

4.5 Complexo el F4F em Leismania major

Tentando compreender 0s processos basicos da expressdo génica em tripanosomatideos
bem como estabelecer semelhancgas e diferengas no processo de iniciagdo da traducéo entre estes
e eucariotos mas complexos, 0 grupo de biossintese protéica em tripanosomatideos do
Depatamento de Microbiologia do Centro de Pesquisas Aggeu Magalhdes resolveu estudar o
complexo elF4F nestes protozoarios. Inicidlmente, tentou-se isolar, sem muito éxito, a partir de
coluna de afinidade contendo o cap o fator elF4E de tripanosomatideos. Com o advento dos
projetos de seqlienciamento do genoma de tripanosomatideos, resolvemos adotar 0 modelo da
L.major em funcdo da disponibilidade de seqiéncias de DNA geradas pelo processo de
seqlenciamento do genoma deste parasito conduzido pelo Sanger Centre (www.sanger.ac.uk).
Com base em andises de bioinformética utilizando seqiéncias descritas em vertebrados e

leveduras do complexo elF4F, foram encontradas seqiiéncias homdlogas a0 elF4E, elF4A e a0
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elFAG em L.major (as sequéncias encontradas em L.major foram denominadas a partir do
acréscimo do prefixo Lm, por exemplo Lmel F4G).

Em um primeiro momento, dew<e inicio a caracterizagdo funcionad de dois homdlogos ao
faor elFAE (LmelF4El, LmelF4E2) (Dhdia, 2001). Posteriormente induit-se neste estudo um
terceiro homologo de elF4AE identificado (LmelF4E3) e o homdlogo ao fator elF4A ja descrito
na literatura (LmelF4A1 — Skeiky, 1995). Dando prosseguimento ao processo de elucidacdo do
complexo elF4F em L.major, este trabalho se deteve na caracterizacdo de trés homologos do
elFAG (LmelF4G1, LmelFAG2 e LmelFAG3) e uma segunda sequéncia homdloga do elF4A
(LmelF4A2). Com a caracterizacdo funcional de todos os homdlogos do complexo elF4F em
L.major, esperase compreender 0s eventos que conduzem a iniciagdo da traducdo em
tripanosomatideos, ago que deve ser muito importante para esta classe de organismos devido a

ausencia de importantes pontos de controles da expressio génica como a regulagdo
transcriciondl.
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Os resultados obtidos durante o trabaho experimental dessa
dissatagdo foram utilizados na confeccdo de um  manuscrito
entitulado  “Trandation Initiation In Leishmania Major:
Characterisation Of Multiple el F4F Subunit Homologues.” Este
manuscrito, de multiplos autores, devera ser submetido ao Molecular
and Biochemicad Parastology e se encontra a seguir, ja na sua forma
semi-definitiva em inglés. Tendo em vida a necessidade de se avaiar
individuamente o trabaho experimentad redizado pelo autor desta
dissertacdo, decidimos discriminar oS experimentos  redlizados
exclusvamente pelo mesmo (exceto quando mencionado), durante o
periodo de vigéncia do Mestrado. Este trabaho estd descrito
detalhadamente no anexo dividido sob a forma de Metodologia,

Resultados e Discuss3o.
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Abstract

In yeadt, plants and animals, initiation of protein synthess dats with the binding of the
multimeric  trandation initiation complex eF4F - elF4E, elF4A and elFAG - to the
monomethylated cap present on the 5 end of MRNAs. elF4E interacts directly with the cap
nucleotide, while elF4A is a highly conserved RNA helicase and elFAG acts as a scaffold for the
complex with binding dtes for both elF4E and elF4A. To initiate protein synthess, elF4F binds
to the mRNA and recruits the smal ribosoma subunit to its 5 end. Its eF4A subunit is then
thought to met secondary sructures in the mRNA 5'UTR dlowing the smdl ribosomda subunit
to scan the mRNA and find the initiation codon. Little is known in detall of protein synthess in
the protozoan paradites beonging to the family Trypanosomatidae. However, the presence of the
highly modified cap dructure, capd, and the spliced leader sequence on the 5 ends of dl
MRNAs suggests possible differences in mRNA  recruitment by ribosomes. To invedtigate
trandaion initistion in Trypanosomatidae, we searched databases for elF4F homologues in
Leishmania major. Here we describe the identification of severad potentiad homologues. 4 elFAEs
(LmelF4E1-4), 2 elF4As LmelF4A1-2) and 5 elF4Gs (Lmel F4G1-5). We aso report the initid
characterisation of severd of these homologues (LmelF4E1-3, LmelF4Al1-2, LmelF4G3) by
different gpproaches. First we sought to quantitate the expresson of some of these proteins in L.
major promastigotes through western-blots and found out that LmelF4AL1l is very abundant (>
10° moleculescdl), LmelF4E2-3 and LmelF4G3 ae moderately abundant (10°-10°
molecules/cell) and LmelF4EL / LmelF4A2 are rare or not detected (< 10° molecules/cell). Next,
we investigated the cap-binding activity of the elFAE homologues and found that only LmelF4E2
was capable of binding to the 7#methyl-GTP-Sepharose resin, with an &finity Smilar to Xenopus
elF4E. Molecular moddling of the LmelF4E2 sructure dso confirmed thet it has dl the features
of atrue cap binding protein. Pull-down assays were then used to investigate the interaction
between the different elF4A and elFAG (melF4G1-3 only) homologues and observed that only
Lmel FA4G3 bound specificdly both to the LmelF4A1 paraste homologue as well as to the human
elF4A factor. Therefore for each factor one of the L. major forms seems to fulfil, in part a leest, the
expected characterigtics of a trandationd initiation factor. These results are conastent with roles
for these factors in parasite MRNA trandation.
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1. Introduction

Flagdlate protozoans belonging to the order Kinetoplagtida, family Trypanosomeatidae, are
responsble for a series of important diseases, such as the Leishmaniass, Sleeping Sickness and
Chagas Disease, which affect millions of people world-wide and put a great number of lives at risk
(Wwww.who.int/tdr). These are unique eukaryotes which are characterised by unusua processes in the
formation of mature mMRNAS, such as polycisronic transcription and trans-splicing (Muhich, 1988;
Ullu, 1991, for recent reviews see Campbell et al., 2003; Liang et al., 2003). These parasites are dso
distinguished by the lack of known mechanisms for the transcriptional control of the expresson of
their protein coding genes (reviewed in Clayton, 2002). After transcription, processng of the
polycistronic precursor mRNAS occurs through the trans-splicing mechanism which dlows for the
capped 39 nt long spliced leader (SL) or mini-exon sequence to be added to the 5 end of each
monocisronic mature mMRNA. The fird 4 nt of the SL sequence are subjected to various
modifications and conditute, with the 7 methyl-GTP nuclectide (cap) at its 5 end, the Structure
cdled capd (Bangs, 1992; Nilsen, 1995). Roles for the capped SL sequence in mMRNA
metabolisn have been proposed, based largdy on cap functions in metazoans in mMRNA
transport, <ability and/or trandation, but no firm conclusons have been reached yet.
Experiments usng antisense oligonucleotides complementary to the SL  sequence in
heterologous cdll-free trandation systems are suggestive of a role for this sequence in trandaion
(Pascolo, 1993; Ramazeilles, 1994). Indirect evidence from nematodes, usng message-
dependent homologous protein synthesis systems, dso reinforce a role in trandation (Maroney,
1995). Indeed recent data suggests that either the SL sequence or the cap4 is responsible for
polysome association of mRNA in L. tarentolae (Zheiner, 2003). Since the 5end of most
eukaryotic mRNASs is required for trandation initiaion (see beow), it is expected that ther
influence would be exerted at this stage of the trandation process.

In animads, yeast and plants, the highly regulated initigion Sage of proten synthess
dats with the binding of the multimeric trandation initistion complex elF4F (formed by the
trandation initiation factors elF4E, elF4A and eF4G) to the monomethylated cap present on the
5end of the mRNAs (Gingras, 1999). With the help of other initiation factors, such as elF3,
elF4F dlows the recognition of the mRNAs by the 40S ribosoma subunit and the dtart of the
trandation process. Its interaction with the poly-A binding protein (PABP), via elFAG, may aso
promote the dcircularizetion of the MRNA and enhance trandaion renitiation [reviewed in
(Hershey, 2000; Pestova, 2001; Sonenberg, 2003)]. The elF4E, the cap binding protein, is a 24
kDa polypeptide responsible for specific cap recognition. It binds to both the cap and elFAG and
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its activity can be regulated by phosphorylaion or through the eF4E interacting proteins
[reviewed in (Sonenberg, 1998; Raught, 1999; Scheper, 2002)]. The elF4A is an ATP dependent
RNA hdicase which has been dassfied as a member of the DEAD box family of RNA hdicases
[reviewed in (LUking, 1998; Tanner, 2001; Linder, 2003)]. During trandation initigtion elF4A
binds elFAG and, with the help of another trandation initigtion factor elF4B, is responsible for
melting secondary structures dong the mRNA 5UTR. This unwinding of the mRNA 5end
dlows the recruitment of the smdl ribosoma subunit which then scans the mRNA S5 UTR and
finds the trandation initiation codon. The large subunit elF4G (approx. 200 kDa — reviewed in
Prevot, 2003) provides the scaffold for the elF4F complex. Through its N-terminus elFAG binds
both elFAE [Mader, 1995] and the poly(A) binding protein (PABP) (Tarun & Sachs, 1996;
Imataka et al., 1998), providing the link between the 5'and 3 ends of the MRNA. The elF4G's
central core region includes the conserved HEAT repeat domain (Marcotrigiano, 2001), which is
respongble for the interaction with elF4A and the binding to RNA, and adso mediates the
interaction with elF3 (Korneeva, 2000; Lomakin, 2000), which recruits the 40S ribosoma
subunit. Mammdian eF4G contan a C-termind domain with a second elF4A binding Ste as
well as the binding dte for eF4E kinase Mnk. Yeast elF4G lacks this C-termind domain
(Imataka, 1997; Morino, 2000; Pyronnet, 1999).

Knowledge &bout the process of protein synthess in trypanosomatid protozoans is
inferred by indirect evidence such as sequence smilarities between individua trandation factors
with homologues from higher eukaryotes. Trandation factors characterised so far from these
organisms include subunits of eongation factors such as eEF1 and eEF2 (Nakamura, 1996) and
the PABP from T. cruz, T. brucel and L. major (Batista, 1994; Hotchkiss, 1999; Bates, 2000].
The elF4A component of the elF4F complex has aso been identified both in L. major (Skeiky,
1998) and in L. brazliensis, as an antigen that dicits IL-12 production and Thl-type response in
humans (Skeiky, 1995). However, little is known regarding the role of these factors in
trandation.

As pat of an effort to understand trandation initiation in the trypanosomatids we st out
to characterise the various elF4F subunits from L. major. We garted by using the sequences of
the known vertebrate and yeast factors in BLAST searches with the L. major genome sequences
avalable online. Rdevant L. major sequences identified in these searches were amplified, cloned
and the respective proteins subjected to functiond andyss. Multiple potentid homologues for
the three elF4F components were identified and arbitrarily named LmelF4E1-4, LmelF4A1-2
and LmelF4G1-5. These sequences show different degrees of smilarity to the vertebrate factors

a4



Reis, C.R.S. 2004 Caracterizagdo de homdlogos aos fatores de iniciagéo da traducéo...

but smilar isoforms have adso been found in T. brucel, which indicates that they dl play
conserved relevant roles in the paradtes. The multiple homologues seem to vary in different
agpects such as RNA binding affinity (for the elF4Es), levels of expresson and interaction with
other components of the elF4F factor. These results suggest a high degree of complexity in
trandation in these parasites, which may reflect an adaptation to their complex life cycle.

2. Materials and methods

2.1. Parasites

Promagtigotes of L. major, L. brazlienss and L. chagas as wdl as epimadtigotes of T.
cruz, were cultivated in modified LIT medium (0.2% sucrose wiv; 0.3% liver broth wiv; 0.1%
tryptose wihv; 0.002% haemin w/v) contaning 10% fetd bovine serum and 1%
ampicillin/gtreptomycin. Lysates were obtained from log phase haemocytometer quantified

parasite pelets.

2.2 Sequence analysis and modelling.

At the gart of this work, the complete sequences of LmelF4E1-2, a partid sequence of
LmelF4E3 as well as the published LmelF4A1 sequence (Skeiky, 1998) were available at the
NCBI database (www.nchi.nim.nih.gov). The full length LmelF4E3 ORF was a kind gift from
Al Ivens. For the other homologues initilly BLAST searches were carried out with the non
annotated draft L. major genome database (produced by the L. major Sequencing Group and
avalable a the Sanger Center Webste - www.sanger.org), usng as query the sequences from
the human and yeast (Saccharomyces cerevisae) elF4F homologues. Selected sequences and
prdiminary contigs from this database were processed when necessary in order to find the
gppropriate full length ORF encompassing the complete protein. Later, the sequence refinements
were confirmed with the availability of the Gene DB webdte of the Sanger Inditute Pathogen
Sequencing  Unit  (www.genedb.org). Similar procedures were performed to find T. brucel
homologues. Sequences were digned with the Clusa W program, from the Centre for Molecular
and Biomolecular Informatics (http:/Avww.cmbi.kun.nl/bicinf/tools /dustaw.shtml).
Occasondly manud refinement of the dignments was performed. For the elF4A sequence
andyss, the dignment produced with CLUSTAL W was followed by phylogenetic and
molecular evolutionary analyses conducted with the program MEGA verson 2.1 (Kumar et al.,
2001) usng the Neighbour-Joining method (Saitou & Nei, 1987). Gaps were treated as missng
data. Bootstrap analysis (10,000 replicates) was done by interior branch test.
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For the molecular modeling of LmelF4E2, fird a dructura aignment was performed
with the GenTHREADER program (Jones, 1999) comparing its secondary structure with that of
avalable proteins with resolved structure and the best match was the mouse elF4E bound to 7
methyl-GDP (Marcotrigiano et al., 1997). The atomic coordinates from the mouse structure were
submitted with the dignment results to the progran MODELLER (Sdi & Blunddl, 1993) in
order to produce the models The best modes were then vdidated usng the programs
PROCHECK (Laskowski et al., 1998), Verify 3D (Luthy et al., 1993) and WHAT IF (Vriend,
1990). Similar procedures were done to obtain the nodd of the LmelF4G3 HEAT domain using
the published structure from the human elFAGII HEAT domain (Marcotrigiano et al., 2001).

2.3. PCR and cloning methods for the various L. major factors.

elF4Es:

The LmelF4E1 coding sequence was amplified udng primers flanked by dtes for the
redriction enzymes Kpn I/Xba I, for the full length sequence (5 primer - CCT GGT ACC CCG
ACG CTA TGG ATC CG; 3 primer — CCC TCT AGA TCA CAC ACC TTC ATT CCT C; the
redtriction stes are underlined), or dternatively flanked by sites for BamH [/Xba | but missng
the 5 end coding for the first 7 amino acids of the protein CmelF4E1b; 5 primer - CCT GGA
TCC CCG GCG AGT GCT GTG AC; 3primer — same as above). For the full length ORFs from
LmelF4E2 (5 primer — CCT GGA TCC TCG CAT TAC AGC ATG TCA G 3 primer — CCC
TCT AGA CTA AGA CGC CTC GCC GTG Q and LmelF4E3 (5 primer - GTG GGA TCC
GGG AAT AGA ACG ATG AAC C 3primer - AGG TCT AGA CTA GAA CGT GTG ATC
GGG), they were dso amplified usng primers flanked by stes for BamH | and Xba I. As PCR
template, DNA from the cosmids L2185 or L5515 (a kind gift from Al. Ivens from the Sanger
Centre) was used to amplify LmelF4EL and 2 respectively. For LmelF4E3, total L. major DNA
was used as template. The various amplified fragments were then cloned into the corresponding
redriction gtes of the pGEM3zf+ vector (Promegd). The resulting plasmids containing the full
length sequences were then used as template in PCR reactions designed to add Nco I/Not | Stes
to the congtructs LmelF4E1 (5'primer - TGC CAT GGA TCC GAA TAC ATG TG; 3 primer -
TGG CGG CCG CCA CAC CTT CAT TCC TCA Q and LmelF4E3 (S'primer - TGC CAT
GGA CCC GTC TGC CGC TG; 3 primer - TGG CGG CCG CGA ACG TGT GAT CGG GCG;
here a N to D mutation was introduced in the second codon to accommodate the Nco | Ste) or Afl
[1I/Not | stesto LmelF4E2 (5'primer - TGA CAT GTC AGC CCC GTC TTC AG; 3 primer -
TGG CGG CCG CAG ACG CCT CGC CGT GCT T). The PCR fragments were then cloned into
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the Nco I/Not | dtes of the expresson vector pET21D (Novagen). The resulting plasmids were
used for the production of the °S] labdled proteins and for the expression of recombinant His-
tagged proteins (tag a the Gterminus) in E. coli. In order to express the respective recombinant
protens as fusons with Glutathione S-transferase (GST) on their N-terminus, the fragments
LmelF4E1b and LmelF4E2 were recovered from the pGEM derived plasmids by digestion with
BamH | and Sal | and subcloned into the vector pGEX4T3 (Amersham Biosciences). For
LmelF4E3, it was reamplified usng the T7 promoter primer (anneds Send to the fragment in
the plasmid vector) and the 3'end primer flanked by Not | shown above and cloned into the
BamH I/Not | sites of the pGEX4T3 vector.

el F4As:

To clone the LmelF4A1l sequence, it was amplified from totd L. major DNA using
oligonucleotides flanked by redriction dtes for the enzymes BamH I/Xba | (S5'primer - GTG
GGA TCC TGT CGT CCT CCA TCA TGG; 3 primer - CGG TCT AGA CTT ACT CGC CAA
GGT AGG C). The PCR product was initidly cloned into the same dtes of the pGEM3z+
vector and the resulting plasmid used as template in a second PCR reaction designed to add the
Nco | and Xho | gtes to its 5’and 3 ends respectivey (5'primer - TGC CAT GGC GCA GAA
TGA TAA G; 3primer - TGC TCG AGC TCG CCA AGG TAG GCA G. The new amplified
fragment was then cloned into the Nco | / Xho | gtes of the vector pET21D. Alternatively
another PCR reaction was peformed usng as templae the pGEM-LmelF4Al1 plasmid to
generate BamH | and Xho | stes flanking the LmelF4A1 gene (5'primer - GTG GGA TCC ATG
GCG CAG AAT GAT AAG; 3primer — same as above). The resulting fragment was cloned into
the same gites of pGEX4T3. The pGEX-Lmel F4A1 was then digested with BamH 1/Xho | and the
LmelF4A1 fragment cloned into the same dtes of the pRSETA plasmid (Invitrogen). These
plasmids dlowed the expresson of recombinant LmelF4A1 fused to a tag of 6 Hidtidines on its
C or N-teminus or GST on the N-terminus. The second putative L. major elF4A gene
(LmelF4A2) was amplified from totd L. major DNA using primers flanked by stes for BamH
[/Xho | (5'primer - CTC GGA TCC ATG GAG ACC GAG CAA GTA G; 3primer - TG CTC
GAG AAG CGA AAG GTG GAG AG) and cdoned into the same gtes of the vectors pRSETA
and pGEX4T3 to produce N-termina Histagged and GST fusions proteins respectively.

el F4Gs:
Fragments coding for the HEAT repeats doman from the LmelF4G1-3 homologues were
amplified and cloned from totd L. major DNA as follows. For LmelF4G1, the sequence coding
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for amino acids 128-475 (construct LmelF4Gl128-475) of the putative protein was amplified using
primers flanked by gStes for Afl 111/Not | and cloned into the Nco I/Not | stes of the pET21D
plasmid (5 Primer — GGA CAT GTT TAT GTC GGT CCG GAA GG; 3 Primer — TGG CGG
CCG CGC TCA TGA TGG AGG ACT GCA G). An equivdent region from Lmel F4G2, coding

for amino acids 387-705 (LmelF4G23g7.705; ending in DGLRAML and missing the last 22 amino
adids from the HEAT doman in figure 7), was dso amplified usng primers flanked by Nco |
and Xho | redtriction stes and cloned into the same gites of the pET21D vector (5 Primer — TGC
CAT GGA CGG CGG CGG GTT CAG CTC; 3 Primer — TGC TCG AGC AGC ATG GCA
CGC AGG CCA TC). Likewise, for LmelF4G3 the sequence coding for amino acids 26-310 of
the predicted protein LmelF4G326.310) Was amplified and cloned into the Nco I/Not | stes of the
PET21D plasmid (5 Primer — TGC CAT GGA TGA AGT GGT GCG ACG CC; 3 Primer —
TGG CGG CCG CGG CAG TGG CGT ACT TTT TAT CC). For both LmelF4G2387-705 and
LmelF4G3,6.310 an AUG dart codon was introduced in the condructs with the Nco | ste. Later
the full length LmelF4G3 (LmelF4G31.636) as well as its fird hadf (LmelF4G3;.343) were also
amplified from tota L. major DNA flanked by dtes for Nco I/Not | (5 Primer — TGC CAT GGA
GTT CAC CGT GGA GCA G 3Primers - TCG CGG CCG CAT TAC TTG GGG AAGad T
GGC GGC CGC TGC TGC CGC AGT ACC TGT C for LmelF4G31.636 and LmelF4G3;.343
respectively) and cloned into the same sStes of pET21D. The resulting plasmids were adso used
as templates in new PCR reactions with a new 5'primer (GTG GGA TCC ATG GAG TTC ACC
GTG GAG) and the same 3'primers s0 as to have both fragments flanked by BamH I/Not I.
These fragments were cloned into pGEX4T 3 to have both proteins as GST fusions.

2.4. Cap binding assay.

[*°*S] Met-labelled L. major elF4E proteins were synthesised in the TnT T7 Coupled
Reticulocyte Lysate System (Promega) using the pET derived plasmids (pET-LmelF4E1-3) as
templates. As a podtive control, a Xenopus laevis elFE cDNA, cloned into the pSP64TEN
plasmid (a kind gift from Simon Morley), was recovered by digestion with HinD 111/Bgl Il and
subcloned into the HinD 111/BamH | stes of the pGEM2 vector (Promega) under control of the
T7 promoter. Labeled Xenopus elFAE protein was obtained from this plasmid as described above.
For the cap binding assay, 35 m of 7~Methyl-GTP Sepharose 4B beads (Amersham Biosciences),
previoudy equilibrated with buffer A (50 mM Hepes, 1 mM EDTA; 0.1 mM GTP, 14 mM 2
mercaptoethanol; 100 mM KCl), was mixed with 25 ni of the trandation products (in 200 i find
volume — completed with buffer A) and incubated for 30 minutes in ice. The beads were then washed
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3 times with 500 m buffer A and, for the dution, 3 times with 50 i buffer A containing 50 nM cap
andogue (M'G(5)ppp(5')G - NEB) instead of the GTP. Any labelled protein ill remaining on the
beads was recovered with two find washes with 2 M KCl and SDS-PAGE sample buffer
respectively. Aliquots from the various washes aswell astheinitia trandation products and the post-
eution beads were mixed with SDS-PAGE sample buffer and anaysed by SDS-PAGE and
autoradiography.

2.5. Expression and purification of recombinant proteins.

For the expresson of ether His or GST-tagged recombinant proteins, the various
plasmids were trandformed into E. coli BLR or BL21 cdls The transformed bacteria were grown
in LB medium and induced with IPTG. Induced cells were sedimented, ressuspended in PBS and
lysed by ultrasonication or French press. Protein purification was performed as described (de
Melo Neto et al., 1995) with ether NiFNTA Agaose (Qiagen) or glutathione-Sepharose
(Amersham Biosciences). Protein products were andysed in 15% SDS-PAGE daned with
Coomasse-Blue R-250. For the quantification of the recombinant proteins serid dilutions were
compared in Coomassie sained gels with serid dilutions of defined concentrations of BSA.

2.6. Antibody production and Western-blots.

Rabbit antisera were raised aganst LmelF4A1-2, LmelF4E1-2 and LmelF4G326.310 by
immunigng adult Newvw Zedand White rabbits with the His-tagged recombinant forms. For
LmelF4E3 (which did not express well as His fuson) the GST-fuson was firg cleaved with
thrombin and the fragment corresponding to the protein excised from SDS-PAGE gels and used
for the immunization. The various antibodies were then affinity purified. Briefly 100 ng of the
various recombinant protein were run on a SDS-PAGE, transferred to a ImmobilonP PVDF
membrane (Millipore) and the membranes stained briefly with 0.2% (w/v) Ponceau S (in 1%
[wiv] trichloroacetic acid) to identify the protein bands. The membrane fragments containing the
proteins were then cut into pieces, washed 3x with 1 ml phosphate-buffered sdine (PBS),
blocked with 5% (w/v) skimmed milk in PBS-T (PBS with 0.05% Tween-20) for 1 h at room
temperature prior to incubation with 500 m of the specific antisera plus 500 M PBS at 4°C
overnight. The depleted serum was removed and the membranes washed 3x again with PBS.
Bound antibodies were euted in 200 m 0.1 M Glycine pH 25 a room temperature for 5
minutes, neutralised by addition of 20 m of TrissHCl 1M pH 8.0 and diluted with 220 m of PBS.
The purified antibodies were kept a 4°C with 0.03% sodium azide and used in a dilution of
1/500. Western-blots were performed with the ImmobilonrP membrane, usng as second
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antibody peroxidase conjugated Goat anti-rabbit 1gG serum  (Jackson  ImmunoResearch
Laboratories) diluted 1/15000. The reections were detected by enhanced chemiluminescence
(ECL).

2.7. Pull-down assays.

The Ni-NTA Agaose or glutathione-Sepharose beads used for the pull-down assays
wereinitidly equilibrated with binding buffer B (200 mM KCl, 1 mM MgChk, 50 mM Hepes pH
7.2, 0.2% NP-40, 5%Glycerdl). Buffer B was supplemented with 5 mM of imidazole during all
the steps of the His-tagged pull-downs. For the GST-tagged protein experiments, the glutatione-
Sepharose beads were initidly saturated with 10 mg/ml of BSA, followed by 2 washes with
Buffer B prior to ther use in the assays. Approximately 10 mi of the equilibrated beads was then
incubated with 2 ng of the His or GST tagged congtructs in a find volume of 200 m (completed
with Buffer B), for 1 hour rotating a 4°C. The beads were washed twice with Buffer B and
incubated with 10 m of trandation lysate cortaining the [*°S-Met]-labelled proteins, in Buffer B
in a find volume of 200 m, for 2 hours at 4£C. After 3 more washes, the bound proteins were
eluted by addition of SDS-PAGE sample buffer and the samples run on 15% SDS-PAGE. The
gels were then dained with Coomasse Blue (to visudize the recombinant proteins), and
subjected to autoradiography. Labelled proteins were obtained through the linearizations of the
various plasmids described previoudy (with Not | for pET-LmelF4Gl;25.475 and the LmelF4G3
variants and with Xho | for pET-LmelF4G23g7.70s and pRSET-LmelF4A1-2), followed by
transcription with T7 RNA polymerase in the presence of the cgp andogue and trandation with
the rabbit reticulocyte lysate supplemented with [*°S] methionine To obtain the labelled human
elF4A, the human elF4A cDNA from plasmid pET(Hiss-elF4A) (Pestova et al., 1996), a kind
gift from I. Ali and R. Jackson, was firs recovered by digestion with Nde I/ Not | and subcloned
into the same gStes of the plasmid pET21A. The resulting plasmid was linearized with Not | and
the elF4A cDNA transcribed and trandated as above. Labelled human elFAG was obtained as
described (Melo et al., 2003).

3. Results

3.1. Sequence analysis of four el F4E homologues from L. major.

To characterise elF4F homologues from L. major, we sarted by focusing on the four
avalable L. major elFAE sequences which we named as LmelF4EL, LmelF4E2, Lmel F4E3 and
LmelF4E4 according to the chronologica order of their identification by our group and following
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the proposed nomenclature for the Leishmania and Trypanosoma proteins (Clayton et al., 1998).
The potentidl el FAE sequences code for proteins with predicted molecular weights of 31.5, 24, 37.7
and 46.1 kDa respectively and with homologies varying from 41 to 45% smilaity to the humen
elFAE homologue (see Table 1). LmelF4EL is encoded by two identicd genes contained within a
smndl duplicated region on chromosome 19 which dso includes one unrdated ORF (a non
identified trans-membrane protein) and are separated by approximately 4.5 kb. LmelF4E2-4 are
encoded by single genes present on chromosomes 27, 28 and 30 respectively.

In order to compare conserved features in the four Leishmania elFAE homologues we
aigned these sequences with characterised human, yeast and plant elFAE proteins (Figure 1).
Two diginct Caenorhabiditis elegans homologues with contragsting cap binding affinities — IFE-
1 which binds both monomethylated and trimethylated cap and IFE-3 which only binds a
monomethylated cgp (Jankowska-Anyszka, 1998)- were dso included in the dignment. For
amplicity dl the numbers mentioned in Fgure 1 will refer to the amino adds pogtion in the
human elF4E sequence which is representative of the mammaian protein (only 3 subditutions in
the N-terminus didinguish the human and mouse sequences). elF4E is characterised by eght
tryptophan resdues located a conserved pogtions adong the protein (Marcotrigiano, 1997,
Gingras, 1999). LmelF4E1 contans dl eght tryptophan resdues, LmelF4E2 contans s,
LmelF4E3 only four and LmelF4E4 five. Three-dimensona structures of mouse elF4E and its
yeas homologue, both bound to 7-mehyl-GDP, were solved by X-ray crydalography
(Marcotrigiano, 1997), and by solution NMR spectroscopy (Matsuo, 1997), respectively. The
complex is shaped like a cupped hand, with the cgp andogue located in a narrow cap-binding
dot on the concave sde of the protein. Recognition of the 7-methylguanine moiety is mediated
by base sandwich-stacking between W56 and W102, formation of three WatsonCrick-like
hydrogen bonds with a sde-chain carboxylate of a conserved E103 and a backbone NH of
W102, and a van der Waas contact of the N(7)-methyl group with W166. The four resdues
making contacts with #methyl guanine (W56, W102, E103 and W166) are conserved among al
elFAE sequences, with the exception of C. elegans IFE-4 and human 4E-HP (el FAE Homologous
Protein) which contain the equivalent of Y56 [(Marcotrigiano, 1997; Rom, 1998; Keiper, 2000)
and Figure 1]. All four are present in both LmelF4EL and LmelF4E2, whilein LmelF4E3-4 the
W56 is replaced by a methionine and a glutamate respectively. Of the three residues that interact
with the two phosphate groups, R157 is absolutely conserved in elF4E sequences, and the
remaining two resdues (R112 and K162) make ether direct or water mediated contacts with
phosphates and are either arginine or lysine (Marcotrigiano, 1997). The two exceptions again are
C. eegans IFE-4 and human 4E-HP (elF4E Homologous Protein) which contain the equivaent
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of 1162 (Rom 1998; Keiper 2000). In the Leishmania proteins, LmelF4E1 and 2 contain K112,
R157 and K/R162 respectively, while both LmelF4E3-4 only contan R157, and lack basic
resdues at 112 and 162. On this basis, LmelF4E1 and 2 possess dl the features expected of a 7-
methyl- GDP-binding protein, while Lmel F4E3-4 have some, but not all, the predicted features.

The elFAG binds the convex dorsa side of elF4E primarily due to the interaction between
W73 of elF4E and three amino acid side chains of the elF4E binding peptide, YXXXL 6 (where X
can be any amino acid and 0 is usudly a hydrophobic amino acid such asL, M or F — Mader et al.,
1995), dso present in elF4E-binding proteins (Marcotrigiano, 1999; Niedzwiecka, 2002). Mutation
of W73 to A or R, respectively, in the mouse and yeast el F4Es abolishes binding to el FAG, while the
yeast F73 elF4E mutant maintains binding to elFAG (Ptushkina, 1998; Pyronnet, 1999). Lmel F4E1,
3 and 4 contain W73, while LmelF4E2 contains F73 (Figure 1); thus on this basis dl four proteins
would be predicted to interact with el FAG.

The most dgriking differences between the Leishmania proteins and known elF4Es
include the LmelF4E3-4 N-termind extensons of about 80 and 190 amino acids respectively and
the sgnificant insartions of variable number of amino acids at specific pogtions in the firg three
Leishmania proteins. Noteworthy of mention is a short insettion in both LmelF4E1 and
LmelF4E3 in the loop which according to the vertebrate structure modd would be placed
between strands S1/S2 of the predicted b-sheet structure (Marcotrigiano, 1997). This loop, which
in yeast is gructured as a smdl a-hdix (Matsuo, 1997), includes the W56 residue required for
cgp binding. A second insartion of 12 amino acids in LmelF4ELl is near another tryptophan
resdue required for cap binding (W166) as well as the podtively charged residues required for
binding to the nuclectide phosphate groups. LmelF4E1 has yet another long insertion on its C-
terminus while LmelF4E2 differs from dl the other elFAE sequences in having a long 21 amino
acids insartion between the $4 drand and helix 2 of the predicted structure. Comparison with the
two nematode el F4E sequences included in Figure 1 does not indicate any motifs which might be
involved in differentid cap recognition and indeed it seems that the multiple elF4E homologues
evolved independently in both systems. Nevertheless, a comparison between the L. major and T.
brucei el FAE sequences (Table |; see discusson) confirm that dl the specific festures mentioned
above for the various L. major proteins, with minor variations, are dso conserved in the T.
brucei homologues. Such conservation indicates that the multiple elFAE proteins are conserved

within the family Trypanosomatidae and play significant roles during the parasites life cycle.
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3.2 Expression analysis and quantitation of LmelF4E1-3 in L. mgor promastigotes.

The firg three L. major elF4E sequences (Lmel F4E4 was only identified later in this study)
were amplified, cloned and expressed in E. @li Histagged or as GST-fusons. |soform-specific
antibodies were generated in rabbit againg the three proteins. These antibodies were &ffinity

purified (See Methods for detalls) and tested in Western-blots agangt the recombinant GST
fusons to confirm ther specificity. The antibodies were specific for each isoform and no cross
reaction was observed to the other recombinant L. major elF4Es (data not shown), which was
expected congdering the low homology between the three isoforms (less than 35% identity
between any two isoforms). These antibodies were then used to anadyse the expresson of the
three elF4AE homologues in extracts of exponentidly growing L. major promastigotes. These
assays were designed in order to alow the quantitetion of the proteins so that an estimate of ther
cdlular levels could be determined (Figure 2). All three proteins were detected in the L. major
promedigotes.  Their levels however vaied dgnificantly, with LmelF4E3 being the mogt
abundant (>5 x 10* molecules/cdl) and LmelF4E1L the least one (<10° molecules/cell). Levels of
Lmel F4E2 are intermediate between the other two proteins (~7 x 10° molecules/cell - Table I1).
When compared to the levels obtained for yeast elFAE [3.2-3.6 x 10° moleculesicell — (von der
Haar, 2002 )] even LmelF4E3 is expressed a levels lower than those obtained for the yeast
protein. However, consdering that in yeast a dgnificant fraction of the eF4E pool is not
complexed to elFAG (present a only 1.5-2 x 10* molecules/cell) these levels could account for
the production of enough elF4F for the surviva of the organism. The same might even be true
for LmelF4E2 but it is unlikdy that the levels of LmelF4E1 would be sufficient to support
trandation in these parasites, at least in the promastigote stage.

3.3 Cap binding assay for the putative LmelF4Es.

Lmel F4E1-3 were then labelled with [*°S] and tested for their ability to recognise the
mammaian monomethylated cap. As positive control the Xenopus elFAE homologue was aso
produced labelled with [**S] and used in the same assay. All four proteins were tried in binding
assays with the resin 7-methyl-GTP Sepharose 4B, followed by washes with GTP and the cap
andogue. The Xenopus elF4E bound to the resin as expected and was only euted with the cap
andogue. In contragt, of the three L. major proteins, only LmelF4E2 was capable of binding to the
resn (Figure 3). Binding was specific snce GTP did not release the protein and in padld
experiments performed with CL6B Sepharose no binding was observed (not shown). LmelFEL and 3
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lacked any affinity with the resin and both labelled proteins came down with the flow-through. These
results confirm that at least one of the Leishmania putative elF4E homologues Lmel F4E2) has dll
the hdlmarks, incdluding the molecular weight, sequence and cap-binding ability of atypica elF4E.

3.4 Modélling of LmelF4E2.

In order to better define the consarvation of the sructureffunction of the first three L.
major elF4E homologues we attempted to mode their structure based on the mammadian el F4E
gructure (Marcotrigiano et al., 1997). Unfortunately, the insertion next to W56 in both
LmelF4E1 and LmelF4E3 prevented the adequate modelling of the neighbouring b-strands (S1
and S2 in Figure 1) which are essentid to define the cap-binding dot. In contragt, the 21 amino
acids long insertion in LmelF4E2, which is located in a loop between a b-srand and an a-hdix
(4 and H2), could be removed from the modd without causng mgor interferences with the b-
sheet or the genera dructure dlowing a modd of this protein to be produced. The overal
stereochemical qudity of the find mode was assessed by the program PROCHECK (Laskowski
et al., 1993), which confirmed that 88.8% of the resdues are in the most favoured region and
10.5% in additional dlowed regions. The programs Verify 3D and WHAT IF contributed to
attest the model as a good one (data not shown) (Figure 4).

The find LmelF4E2 modd obtained confirms the predictions derived from the adignment
in that it is possble to observe that the interactions mediated by the amino acids W56, D90,
W102, E103, R157, K162, R112 and W166 in mammalian elF4E, which are required for specific
binding to the 7-methyl-GDP, are taken over by the amino acids W37, Q71, W83, E84, K93,
R167, R172 and W176 in LmelF4E2 (Figure 4B). Noteworthy of mention is the subgtitution of
an agpatate (D) in mammdian elF4E for a glutamine (Q71) in the Leishmania protein. This
position is not conserved in any of the L. major elF4E homologues (see Figure 1), fowever the
modd indicates that a least for LmelF4E2 the subditution does not modify the interactions
required for the anchoring of GDP. The potentid to bind elFAG was dso investigated through
the andyss of the convex sde of the molecule. The amino acid F54, subgtituting for the crucid
W73 in mammdian elF4E, is placed in the expected pogtion for the elFAE/ElF4G interaction
(Figure 4C). Also shown in the figure are the amino acids H20 and V50 equivdent to H37 and
V69 in the mammdian protein, as well as amino acids E134 and M138 subdtituting for L1238
and L135 (Fig. 1). In mammdian elF4E these amino acids have been shown to be involved in
the elFAE/ElF4AG interaction (Marcotrigiano et al., 1999). Ther pogtioning in the LmelF4E2
modd confirms that, despite the minor variations in sequence, not only LmelF4E2 but possbly
the other L. major elF4E homologues as well have the potentid to bind elFAG. Findly, an
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andyss of the dectrodatic potentid of both the cap binding dot as well as the elFAG binding
dde in the LmelF4E2 modd, usng the program GRASP (Nicholls et al., 1991), does not show
any dgnificant differences in overdl charges when compared with the mouse homologue (not
shown). Once agan these results confirm that LmelF4E2 has dl the features required for a
functional el F4E homologue.

3.5 LmelF4As sequence analysis.

The RNA hdicase subunit of the elF4F complex, elF4A, is a highly conserved eukaryote
protein. The smilarity between the described L. major elF4A (LelF) (Skeiky, 1998) here cdled
LmelF4A1, and the human elF4A1 homologue is 74% (Table I). LmelF4A1l is a 403 amino
acids long protein, with a predicted molecular weight of 45.3 kDa, encoded by two identical
genes placed in tandem roughly 1.8 kb apart within chromosome 1. Blast searches with the
human elF4A as query using the raw sequence data from the L. major genome yidded both
LmelF4A1 as well as a possble second elF4A homologue from L. major (LmelF4A2), with
71% dgmilarity to the human protein (Table 1). The LmelF4A2 gene is located on chromosome
28 and codes for a 389 amino acids long protein with a predicted molecular weight of 43.9 kDa.
Homologues to both Leishmania candidate elF4A proteins were dso identified in T. bruce,
indicating that they ae consarved within the Trypanosomatids (Smilarities of 91 and 89%
between the L. major and T. brucei el F4A1 and 2 respectively).

Figure 5 shows a sequence dignment comparing both L. major elF4A sequences with
those of human, yeast and plant elF4A homologues. We have dso induded in the dignment
human elF4AIll [a negative regulator of trandation — (Li, 1999)], a related Eubacteria protein
(Ec) which is gpparently dso involved in trandation initiation (Lu, 1999), an Archae DEAD-box
protein (Mj) whose structure has been solved (Story, 2001), as well as two unrelated eukaryotic
RNA helicases, LmDHH1 and Spisula p47 (see below). elF4A and other related DEAD-box
RNA hdicases are characterised by nine motifs (motifs I, la, Ib, II, 1II, IV, V and VI plus the
recently identified Q motif), conserved among the various members of this protein family, with
roles in ATP binding, and hydrolyss, and RNA-binding (Tanner, 2001; Tanner, 2003; Linder,
2003). The crystad dructure of yeast elFA (Caruthers, 2000) indicates that it assumes a
“dumbbel” shape with two globular domains connected by a flexible linker. The two domains
correspond to the ATPase (N-terminus) and RNA binding (C-terminus) activities of the protein
and the dructure dso implicaes severa conserved aginine resdues as important for
elF4A/hdicase function. It is thought that these domains interact o tha the binding and
hydrolyss of ATP influences the RNA binding activity, and comparison with the dructure of
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the related protein from the Archae Methanococcus jannaschii  supports this modd (Story,
2001; Tanner, 2001).

Ovedl, the dignment in Fgure 5 indicates that both L. major proteins share dl the
conserved motifs from RNA hdicases, as well as severa minor sequences typicd of elF4A. To
support our identification of LmelF4A2 as a possble elF4A homologue, we searched the L.
major sequence databases for any further elF4A/RNA hdicase homologues. The sequence with
the nearest match identified (LmDhhl in Figure 5) contain dl the motifs which characterise the
DEAD-box RNA hdicases yet it shares a gmilaity of only 50% with the human eF4A1
sequence (Table I). Remarkably this protein has a much higher degree of similarity (82%) to the
dam Soisula solidissma p47 RNA hdicase (Minshdl, 2001), a member of the dhhl/p54 family
of RNA helicases, with roles in decapping and trandational represson (Coller, 2001; Fischer,
2002; Minshdl, 2001; Nakamura, 2001), suggesting that it is a dhhl homologue. The sequences
digned in Figure 5, plus a few others which we judged relevant, were used in a neighbour-
joining andyss to compare their phylogenetic relaions. The resulting tree (Figure 6A) confirms
that both L. major elF4A homologues are more closely related to each other and to other elF4A
protens involved in trandation than to nonrdated RNA hdicases including LmDHH1 and
bacterid proteins. It dso highlights the close proximity between the Leishmania and T. brucei
homologues.

3.6. LmelF4As quantitation and expression analysisin L. major.

Both the LmelF4A1 and the LmelF4A2 coding sequences were amplified from L. major
genomic DNA, and expressed and purified in E. coli in His- or GST-tagged forms. Figure 6B
shows a sample of the representative recombinant proteins. His-tagged LmelF4A1 and 2 were
then used to immunize rabbits to obtain specific antisera. The resulting antibodies were affinity
purified and used to confirm their specificity as wel as to determine therr cdlular leves in totd
L. major extracts as described for the LmelF4Es (Figure 6C-D). Both antibodies were found to
be gpecific for their respective proteins and no cross-reaction can be observed (Figure 6C).
LmelF4AL is readily detected and its quantitation indicates that it is a very abundant protein with
about 8 x 10° molecules per cdl (Figure 6D, Table 2). This result is smilar to what is observed
in yeast elF4A (von der Haar, 2002), and is dso condgtent with results in HelLa and reticulocyte
lysate where elF4A has been found to be a very abundant trandation initiation factor present &
levels gpproximately 10 fold higher than elF4E (Duncan et al., 1987; Pause et al., 1994). In
contrast we could not detect the presence of LmelF4A2 even in 2 x 10’ promastigote cells
(Figure 6D) indicating that it is ether a very rare protein, which could not posshly have a
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dominant role in trandation, or that it is expressed only a pecific sages of development. The
sengtivity of the LmelF4A2 antibody prevents it from detecting the protein if it is present at
levels lower than 2 x 10° moleculesicell as observed for LmelF4EL However in such
circumgtances its aundance would be a least 400 fold lower than that of LmelF4A1 which
makes it very unlikdy for LmelF4A2 to play a dgnificant role in generd trandation at the L.
major promastigote stage examined. We conclude then that LmelF4A1 is the functiond
homologue of elF4A in L. major promastigotes and that LmelF4A2 is either expressed in other
dages of the paradite life cycle or is necessary as a rare factor which cannot posshbly have a
prominent role in generd trandation.

3.7. ldentification of candidate LmelFAG homologues.

In contrast to elF4A, the elFAG subunit of elF4F is a much less conserved protein at the
sequence levd. Even the two functiondly smilar elFAG homologues in mammds (elF4GI and
I1) are only 46% identicd and smilar levels of identity can be observed between the two yeast
homologues (reviewed in Gingras, 1999). However, the centrd elF4A/ RNA binding domain is
conserved in the elFAG sequences from divergent organisms, and its recently solved dructure
from human elFAGII was shown to conss mosly of dpha-hdices organised into HEAT repests
(Marcotrigiano, 2001). This elFAG HEAT doman not only mediates the interaction with elF4A
and RNA (Marcotrigiano, 2001), but dso in yeast it was implicated, together with flanking
sequences, in the binding to elF5 and elF1 which may bridge the interaction between elF3 and
elFAG (Asano et al 2001; He et al 2003). A second motif conserved in elFAG sequences from
disantly related organisms is the elF4AE binding peptide (Mader, 1995), whilst the PABP binding
region is not to conserved in sequence from yeast to mammals (Tarun et al., 1997; Imataka et al.,
1998).

Using the human elFAGI as a BLAST query, we found five L. major ORFs containing the
consarved central elFAG doman (LmelFAGL-5). The five protens vay dgnificantly in gze
(predicted molecular weights of 114, 152, 71.2, 84.6 and 88.8 kDa for LmelF4G1, 2, 3, 4 and 5
respectively, corresponding to 1016, 1425, 635, 765 and 782 amino acids), overdl charge
(postive in LmelEFGL and negative in the other four) and in the relative location of the
conserved elFAG domain (centrd in LmelF4G1,2,5 and N-termind in LmelF4G3-4). The genes
coding for LmelF4G1 and LmelF4G2 are both located on dwromosome 15 while LmelF4G3-5
are encoded by genes located on chromosomes 16, 36 and 10 respectively (see Table 1). No
additiond gmilarities with human, yeast or plant homologues can be seen anywhere ese within
their sequences and no putative elF3, elF4E or PABP hinding domains can be clearly identified
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based on homology andlyss aone (not shown). Apart from the HEAT domain no conserved
features can be seen between the various sequences with the exception of LmelF4G3 and 4.
These two proteins share a short amilar N-terminus and a conserved region (approximately 120
Aas long) located about 180 amino acids after the HEAT domain, indicating that they may be
functiondly related.

Figure 7 shows an dignment comparing the sequences of the HEAT doman from the
five putative L. major elF4G proteins with the egquivdent sequence from human eF4GI, S
cerevisae Tif4631p, and whesat elFiso4G as wdl as the trandation regulator PAIP1. Overdl the
domain from LmelF4G1 is the most smilar to human elF4GI whilst the ones from LmelF4G2
and 5 ae the leest amilar (Table 1), but the differences in gmilarity are smdl. All five L. major
domains contan most of the various consarved amino acids which have been shown in
mammdian eF4G homologues to be required for binding to elF4A (Imataka & Sonenberg,
1997; Morino et al., 2000; Marcotrigiano et al., 2001). Minor exceptions are the K731 (human
elFAGI numbering), in LmelF4G1, and the R781/K787 which are not conserved in any of the L.
major homologues or even in yeast and plant. Strikingly, other resdues which have been shown
not to be required for elF4A binding (such as F737, K765, E769, P770, F812 and R855) are aso
well conserved and are present in most Leishmania proteins. It is noteworthy mentioning that the
doublet E769/P770 (drictly conserved in LmelF4G1, 3 and 4 and partidly conserved in the other
2 proteing) has been implicated in 43S recruitment and formation of the 48S complex
(Marcotrigiano, 2001), suggesting that dl five proteins could function in trandaion At this
sage however it is not possible to identify which of these proteins are true elFAG orthologues
with mgor rolesin trandaion initiation.

3.8 Analysis of the interaction between L. mgor el F4A/el FAG through pull-down assays.

In animas, yeast and plants the specific binding between the elF4A and eFAG subunits
of elF4F needs to occur so that both proteins can function in trandation. In order to functiondly
demondrate a possble role in trandation for the various L. major candidate elF4A/elFAG
proteins, we decided to investigate if these factors are able to interact in a elF4F like manner
through pull-down assays. Fird, to vdidae the assay we initidly immobilissd in NFNTA
agarose recombinant LmelF4A1-2 and human elF4A (Hiss-elF4A - Pestova et al., 1996), dl
containing a his-tag a ther N-terminus (Figure 8A — left pand), and incubated the beads with
353 |abelled human elFAG (Joshi et al., 1994). Human elF4A efficiently bound to human elF4G,
however neither LmelFAL or 2 was capable of binding to the human protein (Figure 8A — right
pand). Fragments coding for the HEAT doman from three of the L. major candidate elFAG
proteins (LmelF4G1-3, the ones initidly identified), were sdected to assay ther ability to bind
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elF4A. These fragments (LmelF4Glig 475, LmelFA4G23g7.705, LmelF4G326.310) Were produced
labdled with [**S] methionine and tested for elF4A binding. All three fragments incdude the
region equivaent to aas 722-949 from human elFAG1 which has been shown to be sufficient to
promote 48S complex formation on the EMCV IRES (Lom&kin et al., 2000). Only labelled
LmelFAG3,6.310 Was able to bind efficiently to both LmelF4A1 and human elF4A as shown in
Figure 8A (middle pand). No specific binding by the LmelF4G1-2 congructs to the various
recombinant proteins was observed (data not shown). Also, despite the fact that LmelF4A1 and 2
shae a dmilaity of 71%, no dgnificant binding by any of the three LmelF4G proteins to
Lmel F4A2 was observed (Figure 8A and data not shown).

To confirm the gpecific interaction between LmelF4G3z6.310 With LmelF4A1, we
expressed the firg haf of LmelFAG3 (LmelF4G31.310) as wdl as the full length LmelF4G3
(LmelF4G31-636) in E. coli fusoned to GST and tested them in a reverse pull-down assay. In this
second pull-down drategy both GST fusons were immobilised in the glutathione- Sepharose
resn and incubated with *°S-labdled LmelF4A1 and human elF4A (Figure 8B). As negative
controls we used GST on its own and a murine GST-cdc2 fuson (a kind gift from M.
Carrington) which has a molecular weight very smilar to the GST-LmelF4G3;.310 protein. This
reverse assgy confirmed the interaction between the GST-LmelF4G31.310 congtruct and both
labelled LmelF4A1 and human eF4A. However no binding by the full length GST-Lmel F4G3;.
636, Or the negative controls, to the labelled proteins could be seen (Figure 8B — middle and right
pands). This lack of binding observed for the full length LmelF4G3;.636 could be a consequence
of ingppropriate folding of the GST fusion. LmelF4G3;.¢35 Was a0 used labelled with *°S in
pull-down assays with the his-tagged LmelF4A1, as in figure 8A, however a degradation product
from the full-length protein, smilar in Sze to the LmelF4G326.310, cOmpetes for the binding to
LmelF4A1 and preverts binding by the intact factor (not shown). In summary the pull-down
experiments indicate that of the three L. major putative elFAGs tested only LmelF4G3 interacts
specificaly with Lmel F4A 1 as well as with human elF4A.

So far our results are consstent with roles for both LmelF4A1 and LmelF4G3 in the
process of paraste RNA trandation. In order to compare the ratio of the 4A/4G homologues in
L. major with those described for other eukaryotes we then decided to quantify the endogenous
LmelFAG3 levels as done previoudy for LmelF4E1-3 and LmelF4A1-2. Figure 8C shows a
representetive figure of this quantitation which is included in Table II. This quantitation indicate
that, at 3.6 x 10° molecules per cdl, LmelF4G3 is present a about hdf the level observed for
LmelF4E2 in L. major promastigotes and is about 20 to 200 fold less abundant than LmelF4E3
and LmelF4A1 respectively. The large differences in concentration between the elF4A/elF4G or
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elFAE/elFAG homologues are not very much different from wha was observed in yeast where
the elFAG levels are about 45 and 20 fold less abundant than those of the elF4A and elF4E
homol ogues respectively (von der Haar, 2002). However, considering that the overall number of

elFAG molecules in L. major is dill one fifth of the leves in yeadt, & the moment it is unclear
whether the intracdlular levels of LmelFAG3 would be sufficient to support trandation on its
ovnin L. major. It does seem to have a prominent role in trandation or trandation regulation but

we can't rule out contributions from the other el FAG homologues identified.

3.9 Molecular modelling of the LmelFAG3 HEAT domain

So far the full length elFAG has been refractory to Sructura studies. Only recently have
individud domains within this protein, such as the centrd HEAT doman from human elF4GII
(Marcatrigiano et al., 2001) and the elF4E interacting region from yeast elF4G1 (Gross et al.,
2003), had their structure solved. The solution structure of the latter, bound to elF4E, was solved
by multidimensiond NMR spectroscopy and shown to consst of a segment of about 90 amino
acids in the protein N-terminus which includes the short consarved YXXXXLO6 motif. Upon
binding elF4E, this ssgment, postioned about 100 amino acids before the dart of the HEAT
doman, folds into an unusud ring-shagped Structure condgting of five hdices which wrep around
the elF4E N-terminus like a molecular bracelet (Gross et al., 2003). Given the evidence obtained
above implicaing LmelF4G3 in trandation in L. major, we decided to atempt the molecular
moddling of LmelF4G3 and sudy it a the Structurd level. However, its very short N-terminus,
only 50 amino acids long, plus the lack of the consensus elF4E binding motif, indicates that it is
unlikely for it to bind to any of te L. major elF4E homologues as has been shown for the yeast
protein. Nevertheess, the LmelF4G3 HEAT doman could be modeled and its dructurd
features associated with elF4A binding compared with the dructure of the human eF4GII
HEAT domain.

Figure 9A shows the ribbon drawing of the predicted three dimensona sructure of the
LmelFAG3 HEAT domain. Absent from the drawings are the two segments corresponding to the
2b-3a and 3a-3b loops (amino acids 128 to 140 and 161 to 178) since they were not structured in
the origind human proten. As for the LmelF4E2 modd, the overal stereochemicd qudity of
the fina model was assessed by the program PROCHECK which confirmed that 96.9% of the
reSdues are in the most favoured region. Agan the programs Veify 3D and WHAT IF dso
contributed to attest the moded as a good one (data not shown).

The LmelFA4G3 HEAT domain folds into the same crescent-shaped molecule described
for the human protein, with the 5 pars of antipardle a helices forming the same double layer
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with the convex and concave surfaces formed by the a and b helices, respectivdy (Figs. 9A). A
magor difference between the Leishmania and mammdian protein arises from the andyss of the
surface dectrogatic potentid of the model performed with the program GRASP (Figs. 9B-C).
This difference is concentrated in the region which in the human proten has been implicated in
the interaction with the EMCV IRES. In human eF4GII this region has an overdl postive
charge but in the LmelF4G3 Heat domain the equivaent region is negatively charged (Fig. 9B).
In contrast the region involved in the elF4A interaction presents a surface eectrodatic potentia
gmilar to the human modd and dl the consarved amino acids implicated in the interaction with
elF4A (R61, H64, K69, L70, R270 and F273 equivaent to R756, R759, K764, L765, R968 and
F971 in the mammdian protein) are postioned adequately for the interaction to occur (Fig. 9C
and Marcotrigiano et al., 2001). Again these results give support for a role for LmelFAG3 in
trandation, dthough the lack of a possble elF4E interacting region and the differences in the
putaive RNA binding gde of the protein's HEAT doman might indicate a regulatory role in
protein synthesis or a different mechanism for its function in trandation initiation.

4. Discussion

The three eF4F initigtion factors have multiple isoforms in L. major protozoan. This
complexity is reflected in Trypanosoma brucei (which have smilar isoforms) and indicates thet
they al have conserved roles in the parasites. Our results indicete that for each factor, one of the
L. major forms seems to fulfil, in pat a least, the expected characteristics of a trandationd
initiation factor. Thus LmelF4E2, of 24kDa, can bind cap-Sepharose; LmelF4AL1, of 45 kDa, is
an abundant cytoplasmic protein with intracdlular levels smilar to yeast eF4A; LmelF4G3
binds LmelF4A1 and human elF4A. However we believe that under more sStringent assays many
of the various isoforms may be seen to have specific roles in trandation. For ingtance, it is
possble that any of the other elF4E homologues might have sronger afinities for the paraste
capd than the LmelF4E2. Alternatively, they may require association to the elF4G homologues
in order to bind efficiently to e cap, snce in other eukaryotes the complex elFAE/AG binds with
higher affinity to cgp than el F4E done (Haghighat & Sonemberg 1997).

The exigence of multiple isoforms for the elF4F subunits in other eukaryotes, specidly
pluricdlular organisms, may be associated with different patterns of tissue expresson and during
development. Indghts into the role of the multiple isoforms come from the nemaode system
which in many aspects regarding mRNA metabolism can be comparable to the trypanosomatids.
In nemetodes a 22 nt SL sequence, containing a trimethylated cap, is trans-spliced to about 70%
of dl mRNAS. It has been shown in Ascaris lumbricoides that the SL sequence and its associated
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cgp functionaly collaborate to enhance trandation, very likely at the level of initigtion (Maroney
et al., 1995). It is not known how these features influence protein synthess, but it seems likely
that they do so via trans-acting factors. The description of multiple homologues for elF4E in
Caenorhabditis elegans is dso reminiscent of what we see in the paradte sysem (Jankowska
Anyszka et al., 1998). The nematode homologues differ in cgp binding affinity, requirement for
viability (Keper et al., 2000) and possble roles in development (Amiri et al., 2001). In the case
of the tripanosomatid protozoans, unicdlular organisms, the multiple elF4F isoforms could be
associated with their different life stages or be required for the trandation of different classes of
MRNAS. Indirect evidence for the second hypothess comes from wheat germ, where two
different elF4F isoforms have been described, with distinct elF4AE and elFAG subunits, which
differ in their ability to trandate mRNAS containing structured regions in their 5UTR as well as
uncapped MRNASs and dicistronic messages (Gallie & Browning 2001).

Our own reaults tend to indicate a stage specific expression for a leest some of the elF4E
orthologues snce in T. brucel we have observed that the TbEIF4E3 protein is expressed at high
levels in the procyclic stage and is asent from bloodstream forms (Dhdia et al., unpublished
results). Also it has been described that the mRNA coding for the protein we caled LmelF4E2
contans in its 3UTR a sequence smilar (68% identity) to the regulatory eement found in the
Leishmania amasiin mRNA (Wu et al., 2000; Boucher et al., 2002). This dement is found in a
number of Leishmania mMRNAs severd of which are differentidly expressed in L. donovani
amadtigotes, and can confer amadtigote-specific expresson to a reporter MRNA possibly by
regulating trandation ingtead of dtability (Boucher et al., 2002). It seems plausible to suggest that
LmelF4E2 could have its expresson enhanced a the amastigote stage specidly considering that,
assuming a smilar behaviour to the T. brucei orthologue, LmelF4E3 (the most abundant of the
three elFAE proteins quantitated in L. major promastigotes), could be absent from the
Leishmania mammdian form as wdl. Another interesting observation is suggested by the
presence of 2 genes coding for LmelF4E1 which is one of the least abundant proteins in
promastigotes.

Regarding the elF4A subunit the differences in levels between the two Leishmania elF4A
orthologues leaves no doubt as to the relevant role for LmelF4A1 in trandation in promastigotes.
Since equivdent levels of expresson have been reported for LmelF4Alin both promastigotes
and amadtigotes stages of (Skelky et al., 1995) it is unlikely that it would be replaced to a
ggnificant extent by LmelF4A2 in the mammdian sage. Recent additiond evidence from T.
bruce indicates tha LmelF4A2 has a predominantly nuclear locdisation (Dhdia et al.,
manuscript in preparation) ruling out any dgnificant role in trandaion and suggesting possible
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functions in MRNA metabolism. Strikingly it has been reported that human elF4Alll, previoudy
identified as a negative regulator of trandation (Li, 1999), is a component of the exon junction
complex in the nucleus, with roles in mMRNA export, cytoplasmic locdizaion and nonsense
mediated decay (Chan et al., 2004; Palacios et al., 2004). It is tempting to speculate that
Lmel F4A2 might have ardated function in mRNA metabolism in trypanosomatids.

The multiple candidate elFAG homologues identified in L. major add yet a new leve of
complexity to the study of trandation initigion in this paradte. None of the proteins identified
can be dealy assgned to the role of a trandation factor. Although LmelF4G3 (and possibly the
related protein LmelFA4G4 snce they share a few features in common) seems to be clearly
involved in trandation, its very short N-terminus may not accommodate binding dtes to both
elFAE and PABP as in other eukaryotes. It is possible that both LmelFAG3-4 could behave as a
trandational regulator/inhibitor as has been proposed for the mammdian protein p97/DAP-
5/NAT1 (reviewed in Gingras et al., 1999), which is homologous to the Gtermind two thirds of
mammdian elFAG but lacks the N-termina one third including the elFAE- and PABP-binding
dtes. However none of the other elF4G homologues from L. major share any homology to
LmelF4E3-4 outsde the HEAT doman and despite having much longer N-terminus they do not
have any matifs resembling the el FAE binding consensus ether.

In order to continue the comparison with the nematode system, we did a brief search
looking for elFAG homologues in the C. elegans genome sequences. Strikingly we found only
one cler homologue, with long N-termind and C-termind regions, but containing what is seems
to be a possble modified elF4E binding sequence FGRDFM V. Smilar sequences FSLDEVV
and FSLERVL ae present in the short N-teminus of both LmelF4G3 and LmelF4G4
respectively. Their amilarity to the nematode sequence could meen that al three sequences
would be able to bind elF4E-like proteins and then both LmelF4G3 and Lmel F4G4 could be true
€l FAG orthologues.
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Table I: Summary of the sequence analysis of the different L. major el F4F homologues,

depicting identities (Smilarities) between the Leishmania and human sequences and also

between the L. major and T. brucei homologues. Resultsobtained usingthe NCBI BLAST with
the BLOSUM 62 Matrix.

L major GeneDB Predicted Chromosome Identity (Smilarity) I dentity
seguence accession molecular localization to Human (similarity) to
weight (kDa) homologue # nearest T. brucei
homologue
LmelF4E1? L mjF19.1500/ 315 19 27% (41) 45% (57)
LmjF19.1480 (2 genes)

Lmel F4E29 L mjF27.1620 24 27 22% (42) 48% (61)
Lmel F4E3 LmjF28.2500 38 28 27% (43) 49% (61)
Lmel F4E4 LmjF30.0450 33.8 30 28% (45) 37% (50)

LmelF4A1® L mjF1.0780/ 45.3 1 56% (74) 85% (91)

LmjF1.0770 (2 genes)

Lmel F4A2 L mjF28.1530 439 28 50% (71) 79% (89)

LmDHH1 LmjF35.0370 46.4 35 30% (50) 86% (92)
Lmel FAG1 LmjF15.0060 114 15 25% (43)* 31% (47)
Lmel F4G2 LmjF15.1320 145.9 15 21% (37)* 33% (49)
Lmel FA4G3 LmjF16.1600 71.2 16 26% (39)* 38% (55)
LmelF4G4 |LmjF36.6060 84.6 36 22% ( 38)* 26% (45)
LmelF4G5 |[LmjF10.1080 88.8 10 21% (37)* 43% (60)

* These sequences show Smilarity to human elFAG only at the level of the centrd HEAT domain.
@ NCBI acessonsavdilable LmelF4E1 — CAB94109 and CAB94111; LmelF4E2 — CAB77676;
LmelF4A1 — NP _047099 # elF4A1, elFAEL or el FAG1
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Tablell: Summary of the quantitation of the variousL. major el F4F homologues analysed in
thisstudy.

L major fentomoles/ No. of No. of

sequence 10° cell molecules/ molecules/ cell
cell in yeast *

Lmel F4E1 1.4 8.4 x 10°

Lmel F4E2 12 7.2x 10° 3.2-3.6x 10°

Lmel F4E3 145 8.7 x 10*

Lmel F4A1 230 8.4 x 10° 7-9x 10°

Lmel F4A2 ND ND

Lmel F4G3 6 3.6 x 10° 1.5-2x10*

* Numbersbased on [von der Haar, 2002 #61] for yeast el FAE, el F4A and el FAG
respectively. ND — Not deter mined.

Figure Legends

Figure 1. Sequence comparison of the putative L. major elF4E homologues with the

human, yeast, plant and nematode sequences.

Clugd W dignment of different elF4E homologues from sdected organisms. Amino acids
identicdl in the mgority of the sequences are highlighted in dark gray, while amino acids samilar
to the consensus are shown in pae gray. When necessary spaces were inserted within the
various sequences (dashes) to dlow better dignment. The sructurd dements of the mammaian
protein are shown numbered S1-S8 and H1-H4 (from Marcotrigiano et al., 1997) * indicate the
conserved tryptophan residues. Double arrows highlight amino acids found to be relevant for the
interaction with cagp. Single arrows indicate conserved nonttryptophan resdues shown to be
involved in eF4G binding (Marcotrigiano et al., 1999). # indicates the amino acid D90,
replaced by a Q in LmelF4E2 and described in Fig. 4. Rdevant NCBI accesson numbers.
human Hs) — P06730; yeast (Saccharomyces cerevisae, Sc) — P07260; plant (Triticum aestivum,
Ta) P29557; nematode (C. elegans, Ce) IF4E1l and IF4E3 — NP_499751 and NP_503124

respectively.
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Figure 2. Expresson analyss and quantitation of LmelF4E1-3 in exponentially grown L.

major promastigotes.

(A) Seid dilutions of recombinant GST-tagged LmelF4E1-3 compared in Coomassie Blue
daned gds with known concentrations of BSA. The dots indicate the podtion of the full length
proteins (B) Quantitation of the recombinant proteins (done at least twice). The bands from the
BSA curve shown in A were quantified by denstometric scanning and plotted as a function of
the BSA concentration. To caculate the concentration of recombinant LmelF4E1-3, the
denstometry of representative bands from these proteins (highlighted in the figure) were
determined and spotted on the BSA curve. (C) Expresson andyss of LmelF4E1-3 in extracts of
L. major promastigotes The different recombinant GST-fusons diluted to adequate
concentrations  (in fentomoles), and whole parasite extracts were fractionated in 15% SDS-
PAGE and transferred to Immobilon-P membranes. These membranes were then incubated with
the isoform specific sera raised againg the three proteins, followed by incubation with goat anti-
rabbit 1gG conjugated with peroxidase. The Western-Blots were visudised by ECL. (D)
Procedure for the quantitation of the endogenous levels of the various factors usng LmelF4E1
as an example The Wedern results shown in C for GST-LmelF4E1 was quantified by
denstometry and plotted as a function of the number of fentomoles used in the assay. The
densitometry obtained for the endogenous factor a 2.5x10° cels was then spotted in the curve
and used to cdculate its concentration in fentomoles (3.1 fentomoles in the example). The same
procedure was used for the different factors induding LmelF4A1 and LmelF4G3. All the results
presented are representative of at least four different experiments usng a minimum of three
independently grown cdl cultures. The data obtaned from the various experiments were
processed as described above and used to caculate the vaues shown in Tablelll.

Figure 3: LmelF4E2, but not LmelF4E1 or 3, binds specifically to the eukaryotic cap

analogue.

The DNAs coding for the three L. major elF4E homologues (Lmel F4E1-3), as well as for the X.
laevis el FAE (Xenopus in the figure) used as positive control, were transcribed and trandated in vitro
in the presence of [**S] methionine. The labelled proteins were tested for their ability to bind the
resin ~methyl-GTP Sepharose. Nonspecific binding was removed by three washes with GTP and
specific eution was performed with three more washes of the soluble cgp andogue. Aliquots of the

various washes were ran on SDS-PAGE and compared with samples from the origind trandation
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reaction (Whole extract) as well as the non-bound fraction (Flow-through). The resdud protein
bound to the beads were recovered by washes with 2M KCl and SDS-PAGE sample buffer (Beads)
and compared dso. Arrows indicate proteins eluted by cap anadogue. On the left are indicated sizes

in kDa of protein molecular weight markers.

Figure4: Modd of the predicted Lmel F4E2 structure bound to 7-methyl GDP.

Ribbon diagrams of the overdl predicted LmelF4E2 structure and detail of the cep binding dot
created usng the programn PyMol (http:/mww.pymol.org). (A) Modd of the structure of
LmelF4E2 bound to 7-methyl GDP, based on the mouse elF4E structure (Marcotrigiano et al.,
1997). The aas W37 and W83 (equivdent to W56 and W102 in mammalian elF4E) are shown
binding the cgp. The arow indicates the loop specific to LmelF4E2 which could not be
modeled adequately. (B) Figure showing the details of the cap binding dot in the predicted
dructure, highlighting the interactions between amino acids W37, Q71, W83, E84, R167, R172
and W176 and the cagp nucleotide. The interactions mediated through water molecules are not
shown so that the K93 interaction (which correspond to R112 in mouse) is omitted. (C) Side
view of the LmelF4E2 modd showing detals of the predicted elFAG hinding surface. Amino
acids H20, K21, V50, F54, E134 and M138 equivalent to H37, P38, V69, W73, L128 and
L135in the mammadian protein are highlighted. The cgp binding dot with the W37 and W83

amino acidsis aso shown for comparison.

Figure 5: Sequence comparison of the L. major elF4A homologues with various selected

sequences.

Clustd W dignment performed as described in Fig. 1 comparing the sequences of the L. major
elF4A homologues with sdected sequences from severd different organisms. * indicate the nine
motifs typicd of DEAD box RNA hdicases (Tanner & Linder 2001; Linder 2003). Reevant
NCBI accesson numbers. human (Hs) P04765; yeast (Saccharomyces cerevisae, SC) —
NP_012397; plant (Triticum aestivum, Ta) — P41378; human elF4Alll (HselF4A3) — P38919;
Eubacteria Escherichia coli, EC) — AAA23674; Archae (Methanococcus jannaschii, Mj) Dead
box protein — NP_247653; Clam (Spisula solidissima, Ss) p47 — AAK85400.
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Figure 6: LmelF4A1l, but not LmelF4A2, is expressed as a very abundant protein in L.

major promastigotes.

(A) Evolutionary rdationship of the L. major elF4A sequences. Neighbour-Joining tree based
on the dignment of various elF4A sequences incduding LmelF4A1-2. Boodrap vaues are
shown next to the respective branches (10,000 replicates). When compared with figure 5 we
have included for this tree the sequences from: human eF4A2 — acesson AAH12547; S
cerevisae dedlp - NP_014847; T. brucei elF4A1 (GeneDB) - Th09.160.3270; T. brucei elF4A2
(GeneDB) - TRYP xi-153a09.q1lc_17. (B-D) Expresson analyss of the two putetive L. major
elF4As. Recombinant LmelF4A1-2 and whole parasite extract were fractionated in 15% SDS-
PAGE and transferred to nitrocdlulose membrane for Western-Blots. The membrane was then
incubated with polyclona sera againg the two proteins followed by incubation with goat anti-
rabbit 1gG conjugated with peroxidase. The WesternBlot was visudised by ECL. (B)
Recombinant proteins used for the antibody production (HIS) and quantitation assays (GST).
The recombinant proteins were quantitated as described for the el FAE homologues and about 0.5
(HIS-LmelF4A2 and both GST proteins) or 1 ng (HIS-LmelF4A1) of each were loaded on the
gels and compared with known concentrations of BSA. (C) Andyss of the spedficity of the
antibody obtained againg the recombinant proteins. Both GST and His-tagged fusons of
LmelF4A1-2 were tested with either one of the two antisera. For the LmelF4A1 assay 12.5 ng of
each recombinant protein were loaded on the gd whilst for LmelF4A2 6.25 ng of the HIS and
25 ny of the GST fusions were used. Notice that the antibody produced against HIS-LmelF4A2
cross-reacts with HIS-LmelF4A1l since both recombinant proteins share conserved epitopes
introduced by the plasmid vector. Those epitopes are absent from the GST congtructs or the
protein used to produce the anti-LmelF4A1 antibody. (D) Andyss of the expresson of both
LmelF4A1 and LmelF4A2 in totd L. major extracts The quantitetion andyss of LmelF4A1
was processed as described before for the Lmel F4E homologues.

Figure 7: Sequence comparison of the HEAT domain from the putative L. major el FAG
homologues with selected sequences from various or ganisms.

Clugd W dignment peformed as described in Fig. 1 comparing the sequences of the HEAT
doman from the putaive L. major elF4G homologues (LmelF4G1-5) with the equivdent
domain from human, plant and yeast elFAG homologues as wdl as the human PAIPL proten.
The predicted five antipardld dfa hdicd pars (1-5, A and B) are indicated (Marcotrigiano et
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al., 2001). Sdected mutations in mammdian elFAG which have been shown to reduce the
binding to elF4A are shown as follows A — R723D, R726D and K731D (Marcotrigiano et al.,
2001); B — R781D and K787D (Marcotrigiano et al., 2001); 1 (M-1) — L729A, L732A and
F737A (mataka & Sonenberg 1997); and 4 (M-4) — R935A and FO38A (Imataka & Sonenberg
1997). The R801D/K802D mutant (K in the figure ~) does not prevent elF4A binding athough
it does abolish IRES hinding (Marcatrigiano et al., 2001). Double arrows highlight amino acids
which abolish the binding to elF4A when individudly mutated to danine (Morino et al., 2000).
* indicate conserved amino acids which do not interfere with elF4A binding when mutated to
danine (Morino et al., 2000; Marcotrigiano et al., 2001). Relevant NCBI accesson numbers:
human eFAGI (Hs) — Q04637; yeast Tif4631p Saccharomyces cerevisae, Sc) — NP_011678;
plant el Fiso4G (Triticum aestivum, Ta) Q03387; human PAIP1 — NP_006442.

Figure 8: Analyss of the interaction between human and L. major el F4A homologues with
the Lmel FA4G3 protein.

(A) Pul-down assay usng recombinant his-tagged LmelF4A1-2 and human elF4A immobilized
in Ni-NTA beads and incubated with °S-labelled human elFAG or **S-labelled Lmel F4G326.310
(the eF4A binding region only from LmelF4G3). Bound proteins were euted with SDS-PAGE
sample buffer, fractionated in 15% SDS-PAGE (for LmelF4G326.310) or 10% SDS-PAGE (for
human elFAG) and dained by comasse-blue R250 (to visudise the recombinant proteins). 15%
SDS-PAGE showing totd trandation extract (Whole extract) and recombinant His-tagged
proteins (left pand). Autoradiography showing specific binding (arrows) between LmelF4A1-
HIS labelled LmelF4G326.310 ahd Human elF4A-HIS labeled LmelF4G326.310 (middle pand).
Postive control autoradiography of a 10% SDS-PAGE showing the specific binding between
human elF4A and labdled human elFAG (right pand). As negative control murine cdc2 cloned
into the BamH I/EcoR | dtes of pGEX2T (Amersham Biosciences) and expressed as GST-
fuson was used. B) Reverse pull-down assay using GST-tagged LmelFA4G3;.343/ LmelFA4G31-636
and °S-Met-labelled LmelF4A1 Human elF4A. 15% SDS-PAGE showing °S-Met-labdled
whole extract trandation and recombinant GST-tagged proteins (left pand). Autoradiography
showing specific binding (arrows) between LmelFA4G3;.343-GST/ labdled LmelF4A1 (middle
pand) and LmelF4G3;.343-GST/ labdled Human eF4A (right pand). (C) Quantitation of
LmelF4G3 in L. major promagtigotes. Recombinant GST-LmelF4G31.635 and tota L. major
extracts were assayed on Western-Blots with isoform  specific polydond sera agang
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LmelFAG3. The quantitation of the endogenous protein levels was performed as described in
Fig. 2 for the el F4E homologues.

Figure 9: Modd of the structure of the LmelFA4G3 HEAT domain.

(A) Ribbon diagram of the structure of the predicted LmelFAG3 HEAT domain with the concave
surface on the right and the convex surface on the left. The a hdices are labdled as described
for human eFAGII (Marcotrigiano et al., 2001) and as shown in Fig. 7. (B-C) Grasp
representation of the surface of the doman colored coded for eectrogtatic potentia (red < -
8kBT;blue > 8kBT). A and B represent identical views of the molecule whilst in C the opposite
dde of the molecule (rotated 180° about the long axis relative to A and B), predicted to be
involved in the interaction with eF4A, is shown. In B the dotted circle ddimits the region in
LmelF4G3 which differs ggnificantly from the human eF4GII HEAT doman. In the later this
region is charged predominantly pogtive (Marcotrigiano et al., 2001) but in the Leishmania
protein it is negative. Highlighted in C are the amino acids R61, H64, K69, L70, R270, F273,
equivdent to amino acids implicated in the binding to elF4A in the mammalian protein. The
disordered 2b-3aand 3a-3b loops which could not be modelled are not shown.
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Figure 2 —Dhalia et al.
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Figure3—Dhalia et al.
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Figure4 —Dhaliaet al.
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Figure 5 — Dhalia et al.
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Figure 6 —Dhalia et al.
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Figure7—Dhalia et al.
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Figure8 —Dhalia et al.
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Figure9 —Dhalia et al.
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VI. ANEXO

1. METODOLOGIA

1.1 Cultivo de paraditas

Culturas cdulares de Leishmania major foram obtidas através de cultivo em meio LIT -
Liver Infusion Triptose) - modificado (0.2% sacarose plv; 0.3% infuso de figado p/v; 0.1%
triptose p/v; 0.002% hemina p/v) contendo 10% de soro fetd bovino e 1% de
ampicilinalestreptomicina. Na fase exponencid de crescimento, as culturas foram contadas em
camara de Newbauer e submetidas a duas lavagens com PBS pH 7.4 para poserior lise. As
cdulas de L.major foram lisadas para obtencdo de DNA cromossoma segundo Sambrook &
Russd (2001) ou com tampéo Laemini 2X para andlises de Western-blot.

1.2 PCR / Clonagem / Subclonagens

1.2.1 Clonagem do L mel F4A2

O gene LmelF4A2 foi amplificado a partir de DNA total de L. major usando um conjunto
de primers que permitiiam que a sequéncia amplificada fosse flanqueada pelos sitios Bam
HI/Xho | (5'primer - CTC GGA TCC ATG GAG ACC GAG CAA GTA G; 3primer - TG CTC
GAG AAG CGA AAG GTG GAG AQG). Este gene foi clonado nos sitios Bam HI/Xho | do vetor
plasmidid pGEX4T3 (Amersham) e subclonado nos mesmos sSitios no plasmideo pRSETA
(Invitrogen). A inducdo em E.coli gerou proteinas fusonadas em sua extremidade amino-

termina a uma cauda de histidinas ou aproteina GST.

1.2.2 Subclonagens L mel F4G1-3

Os dominios centrais contendo as repeticbes HEAT dos 3 candidatos a elF4G em L.
major foram clonadas por nosso grupo em trabahos prévios (LmelFAGLl12g 475, LmelFAG2357.705
e Lmel FA4G3,6.310) (Dhdlia, resultados ndo publicados).

Neste trabaho redizou-se subclonagens com estes cDNAS, utilizados em dguns dos
experimentos. A seqiiéncia LmelF4G11.475 foi amplificada por PCR a partir de DNA tota de

L.major utilizando primers que permitiriam que a sequéncia fosse flanqueada pelos sitios Afl 111
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/Not | (5" Primer —G AAC ATG TTC ATG GAA ACA CAG ATT TG; 3 Primer - T GGC GGC
CGC CGA TAA GTA TGT GAG GAC GG) e clonado nos sitios Nco I/Not | no vetor pET21D
(Novagen). O cDNA LmelF4G11-1016 foOi recondtituido a partir da insercéo de fragmento oriundo
da digestéo do LmelF4G112s-1016 COM as enzimas Sal 1/ Not | e clonagem deste nos mesmos sitios
na construcao LmelF4G1;.47s.

Outra etapa importante foi a subclonagem dos fragmentos HEAT no vetor de expresséo
pGEX (Amersham). Para 0 LmelF4G1128 475, Utilizorse um par de oligonucleotideos (5 Primer
— TGG AAT TCT ATG TCG GIC CGG AAG GAT G 3'Primer — o mesmo Utilizado para a
obtencdo do LmelF4AGli.47s no pET21D) que permitiiam obter, a partir da construcéo
LmelFAG1125.1016/PET21D, 0 LmelF4Glisg 475 flanqueados pelos sitios Bam HI/Not 1. Este
fragmento foi subclonado nos mesmos Sitios no vetor pGEX. De forma semehante aconteceu
para 0 LmelFAG23g7.705. O par de primers utilizados (5 Primer — GTG GGA TCC GAC GGC
GGC GGG TTC AGC; 3Primer — TG CTC GAG CAG CAT GGC ACG CAG GCC ATC)
permitiu a subclonagem do LmelF4G2337.705 hos sitios Bam HI/Not | do pGEX4T3. Para o
LmelF4G3, a subclonagem foi do cDNA completo como descrito abaixo.

A sequéncia completa do LmelFAG3 (LmelF4G31-636) foi amplificada por PCR a partir
de DNA tota de L.major utilizando primers que permitiram que a sequéncia fosse flanqueada
pelos sitios Nco I/Not | (5" Primer — TGC CAT GGA GTT CAC CGT GGA GCA G 3 Primer -
TCG CGG CCG CAT TAC TTG GGG AAG) e clonado nos mesmos sitios no vetor pET21D;
um segundo conjunto de primers foi utilizado para inserir os sitios Bam HI/Not | no LmelFAG3;.-
636 Usando o fragmento de PCR LmelF4G31.636 Obtido para clonagem no peET21D (5 Primer -
GTG GGA TCC ATG GAG TTC ACC GTG GAG; 3 Primer — mesmo utilizado para obtencéo
da construcdo LmelF4G31.636 N0 PET21D) permitindo a clonagem desta seqiiéncia nos mesmaos
sitios do vetor pGEX4T3.

1.3 Transcricdo etraducéo in vitro

As congtrugdes LmelF4G1 / LmelF4G3 foram linearizadas com a enzima de restrigéo

Not I, e o LmelF4G2 foi digerido por Xho | para serem transcritas in vitro com a enzima T7
RNA polimerase (Amersham). A reacdo de transcricdo se processou hum volume final de 50 nL
com: 5ni tampdo de transcricdo (tris-HCI 400mM, pH 7, MgChL 150mM), 2ri de solucdo de
NTPs a 100 mM, 05 nL DTT 1M, 1,5 ni inibidor de RNAse, 2,0 nL T7 RNA polimerase
5U/mL (Pharmacia), 3 ng de DNA plasmidid linearizado e H,O (destilada, deionizada, estéril e
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tratada com DEPC). Essa reacdo foi incubada a 37 °C por 60 minutos. Apés esse tempo foi
adicionado mais 0,5 nL de T7 RNA polimerase e incubado por mais 60 mnutos a 37 °C. Ao
término da incubacdo adicionouse ao sistema 50 ni de tampdo TE 10X (Tris 10 mM, EDTA 10
mM) para parar a reacé. Da reacéo find de transcricdo, com o volume final de 100 ni, foi
andisado 1 L dos transcritos sintetizados em gel de agarose 1%.

Para as transcrigdes com cap Seguiu-Se 0 mesmo protocolo descrito acima com adicéo de
5 nL de m7-GTP (cap) 5mM (Amersham) na reacdo. A solucéo (contendo NTPs) foi alterada
para conter GTP na concentracdo de 10 mM, enquanto os outros NTPs continuaram a 100 mM,
sem dteracdo. ApGs a primeira incubacdo de 30 minutos a 37 °C, as moléculas de m7 GTP ja
estavam incorporadas. Em seguida 05 niL de GTP 100 mM foi adicionado para compensar a
concentragdo menor desse nucleotideo postano inicio.

Os RNAs dgntéicos obtidos foram extraidos em fenol/cloroformio 1:1, precipitados com
etanol 100% / NaCl 0,3 M e ressupendidos em 20 niL de HO. Uma diquota de 1 ni RNA
purificado (~1nmgy/nl) foi traduzido no lisado de reticuldcito de codho, de acordo com o
fabricante (sstema de traducdo - Promega) contendo metionina marcada com S
(2.5nCi/reaci0). As reagdes foram submetidas a temperatura 30 °C por 90 minutos. Em seguida, foi
adicionado tampdo de amostra Laemili 2X e os produtos das traducbes foram separados por
detroforese em gel de poliacrilamida 15% em condigdes desnaturantes e exposto ao filme b-

Max (Amersham) por autoradiografia.

1.4 Expressdo e purificagdo das proteinas recombinantes

Para expressar as proteinas fusonadas a uma sequéncia de poli-higidinas ou a proteina
GST, transformouse as congrugbes plasmidias em cdulas Escherichia coli competentes das
cepas BLR ou BL21. As bactérias transformadas foram crescidas a 37°C em meio LB liquido na
presenca de ampicilina (100ng/mL) para BL21 ou LB ampicilina (100my/mL)/ tetracicdina
(12nmy/mL) / cdoranfenicol (20ng/mL) para a cepa BLR. O crescimento foi acompanhado pela
dosagem da cultura, em diferentes intervaos de tempo, no espectrofotdmetro. Ao atingirem a
densdade Optica (DO) de 0,5 foram induzidas a 30°C com IPTG na concentracdo find de
0,1mM por 4 horas. As cdulas foram coletadas por centrifugacdo (a 10000rpm por 10 minutos a
4°C) e ressuspendidas em PBS e lisadas por ultrasonicagdo. Ao lisado foi adicionado o
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detergente TritonrX 1% e centrifugado nas mesmas condigdes, 0 sobrenadante resultante foi
incubado durante 1h com sua resina especifica.

Para purificacdo das proteinas fusionadas a cauda de hidtidinas utilizou-se a resina Ni-
NTA Agarose (Qiagen) e para as proteinas fusonadas a GST usou-se a glutationa- Sefarose 4B
(Amersham). Para ambos os casos, 200ni de resna foram equilibrados em PBS, apos trés
lavagens de 10 mL. As resnas foram incubadas com o lisado bacteriano resultante da
ultrasonicacéo durante 1h a temperatura de 4°C sob agitacdo. As poteinas recombinantes ligadas
a glutationa-sefarose-4B, foram recuperadas da resina por lavagens desta com 500 ni de
glutationa reduzida em concentragdes de 20 mM e 50 mM por 1 h cada a 4°C sob agitagdo. A
10m das proteinas purificadas €luidas e da resina foram adicionados 10mL de tampdo Laemmli
2X, fracionado em SDS-PAGE 15% e visudizado ap6s coloracéo com Comassie blue R250. Os
polipeptideos fusionados a uma cauda N-temind ou C-termind de seis hidtidinas ligados a
resna Ni-NTA Agarose foram euidos da resina por lavagens com 500 i de tamp&o de lavagem
(50 mM tampéo fodfato de sbdio pH 6,0, 300 mM NaCl e 10% glicerol) contendo imidazol na
concentracdo de 20 mM e 500 mM. Cada lavagem foi redizada por 10 minutos a 4°C sob
agitacdo. Um volume de 10 nL de cada lavagem foi processado e visudizado, nas mesmas
condicdes descritas para a purificagdo das fusdes contendo GST.

1.5 Producéo de anticor pos e Western-blot

As proteinas recombinantes com a cauda de His, LmelFAG1-3 e LmelF4A2 foram
utilizadas para imunizar coelhos brancos adultos New Zealand de acordo com Coligan et al.,
(1995). Assim, as proteinas recombinantes LmelF4G1-3-His e LmelF4A2-His foram isoladas
diretamente de gel preparativo SDS-PAGE 10% e usadas em 4 imunizagOes diferentes. Em cada
utilizando gproximadamente 100 ng e com um intervalo de 15 dias (entrea 12 e a 32 ) e 30 dias
na dltima (42 ). Em cada uma a regido do gd de acrilamida contendo a proteina de interesse foi
excisada, macerada num sistema de vavulas acoplados a seringas de 5mL. Adicionado de 200ni
de adjuvante completo de Freund (12 ) ou incompleto (22 a 42 ) (Amersham) e 600L de PBS, os
componentes foram midurados e gplicados pela via subcutdnea em codhos (3 regides
diferentes). Apds a 3° exposicao dos coelhos & proteinas, diquotas de sangue foram coletadas da
vela margind da orelha dos animais. Confirmada a producdo de anticorpos por Western-blot
(descrito adiante), 1 semana apos a 4% exposcdo os animais foram sacrificados sob anestesia,
tendo sido redlizada a puncdo @rdiaca para a retirada do maior volume de sangue possivel. Em

elgpas subsequentes, os  aniticorpos foram  imunopurificados.  Neste  procedimento
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gproximadamente 100 ngy das proteinas recombinantes foram separadas em gel SDS-PAGE 15%,
trandferidas para membrana de nitrocdulose Immobilon-P  (Millipore) previamente tratada com
metanol 100% durante 15 segundos e hidratada em agua degtilada. A membrana foi corada com
Rouge Ponceau S 0.2% (p/v) (em 1% de acido tricloroacético), para visuaizacdo das proteinas
na membrana, descorado com &gua destilada e as bandas contendo as proteinas foram excisadas
da membrana, picotadas e colocadas em tubos de 1,5 mL. Estes fragmentos de membrana
contendo as proteinas imobilizadas foram entd incubados com os respectivos soros (durante a
noite a4°C) e os anticorpos purificados eluidos em pH &cido.

Nas reagcOes de Western-blot, a membrana utilizada foi a mesma utilizada na purificacéo
de anticorpos. As proteinas de interesse bem, como extratos viaveils de L.major (fase
promastigota), foram fracionadas em gd SDS-PAGE 15% e trandferidos para membranas. Edtas,
por sua vez, foram blogueadas com leite desnatado 5% por 1h e, em seguida, incubadas por mais
1h em solucdo de TBS 1X, lete 1% e Tween20 0,05% e um dos anticorpos especificos
(imunoadsorvido) na diluicdo de 1:500. O segundo anticorpo, anti 1g-G conjugado a peroxidase,
foi utilizado na diluicdo de 1:3000 e arevelacéo do Western-blot foi redizado por ECL.

1.6 Ensaio de afinidade ao cap associando el F4Es a el FAGs.

As construgbes LmelF4G1-3 e LmelF4E1-3, clonadas no vetor pET21D, foram
linearizadas com a enzima de restricdo Not |, para o LmelF4G2 utilizou-se Xho |. Em seguida
estes DNAS, extraidos em fenol, foram transcritos e traduzidos in vitro, conforme ja descrito. Os
RNAs bram combinados dois a dois, isto € cada homdlogo de elF4G com cada homdlogo de
elFAE de L.major. Como controle positivo de ligagdo foram utilizadas as proteinas radioativas
elF4E de Xenopus laevis, obtidas a partir da construcdo do pGEM1 (cedido pela Dra Nancy
Standart do Departamento de Bioquimica, Universidade de Cambridge — UK) e elFAGI humano,
obtido no pBluescript KS (Stratagene); cuja construcdo foi redizada pea subclonagem, nos
sitios Xba I/ Hind 111, do elFAGI humano, oriundo da construgcdo pSK-HFCL (Joshi et al., 1994).
Cada conjunto de protefnas marcadas com S foi incubado com a resina 7meil-GTP-sefarose
por 1 hora a 4 °C. A resina foi lavada com PBS, GTP 100 mM e cap solivel 50 nM. Aliquotas
coletadas em todas as fases do ensao foram andisadas em SDS-PAGE 15% e o gel apds
secagem a vecuo, foi exposto ao filme b-MAX, sendo o resultado visudizado por auto-
radiografia.
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2. RESULTADOS

2.1 Andlise da expressao do homdlogo L mel F4A2

Andises de bioinformdtica indicaram a presenca de um segundo homdlogo ao elF4A, o
LmelF4A2 (de Mdo Neto, resultados ndo publicados). O dinhamento dos genes LmelF4A1-2
pode ser visudizado na figura 1. Com o objetivo de esclarecermos se 0 LmelF4A2 seria um
homalogo funciona do elF4A, tendo um papel importante na traducdo, seu gene foi clonado.

Experimentos anteriores desenvolvidos pelo grupo de Biossintese Protéica em
Tripanosomatideos no departamento de microbiologia do CPGAM mostraram que LmelF4A1 é
uma proteina presente em grande quantidade (Rocha et al., resultados ndo publicados). De posse
do fator LmelF4A2, o questionamento inicid era se o pefil de expressio deste seria semelhante
ou ndo aos obtidos para 0 LmelF4Al. Para solucionar este problema utilizou-se anticorpos
produzidos para a proteina LmelF4A2 em ensaios de Western-blot (figura 2a). A partir de
concentragbes determinadas de proteina recombinante (50ng, 25ng, 12,5ng e 6,25ng) e do
extrato total de L.major contendo 2x10” e 10° cdulas, deduziu-se que o fator LmelF4A2 parece
n&o ser expresso na fase promastigota de L.major (figura 2b).

Outra indagacdo era saber se dgum dos LmelF4AGs poderia interagir com 0 LmelF4A2 e,
assm, fornecer indicios de seu possivel pape na traducdo. Para responder esta questdo utilizow
se a técnica de pull down. Inicialmente tivemos que subclonar os fragmentos LmelF4G1-3 no
pGEX, necessaios na confeccdo do ensao de pull down reverso. O produto da
expressdo/purificacdo destes genes foi observada em SDS-PAGE 15% (dados ndo mostrados).
Ensaos prediminares mograram que a proteina LmelF4G326.310 interage com o LmelF4AL
Assm, procurou-se incluir também a obtencdo do gene LmelFAG3;.636, COrrespondente ao gene
completo. Este gene foi clonado no pET21D e subclonado no pGEX, cuja expresso pode ser
visudizada na figura 5. Todas as condtrugcbes acima foram utilizadas pelo doutorando Rafadl
Dhalia nos ensaio de pull down encontrado na figura 3. O LmelF4A2 ndo interage com nenhum
dos LmelF4G1-3 in vitro. O LmelF4AL interage com o fragmento LmelF4G326.310 conforme ja
mencionado, mas surpreendentemente ndo interage com a proteina recombinante inteira
LmelFAG31-636.
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2.2 Andlise da expressdo do homaologo L mel FAG3

O dominio heat de 3 dos homdlogos do elFAG de L.major (LmelFAGli2s.47s,
LmelFAG2357.705 € LmelF4G3,6.310), clonados previamente, foram expressos e as proteinas
purificadas utilizadas na imunizacdo de coelhos. Os anticorpos obtidos foram testados quanto a
sua capacidade de reconhecer especificamente suas respectivas proteinas (figura 4). A préxima
etapa seria avaiar o perfil de expressio de cada uma delas em L.major. Foram obtidos dados, até
0 momento, para 0 LmelFAG3, entretanto ainda ndo fomos capazes de observar a expressao dos
homdlogos LmelFAG1-2. Anticorpos anti-LmelFAG3 foram imunoadsorvidos com a proteina
recombinante LmelF4G3,.636GST e utilizados em reagbes de Western-blot. A proteina
recombinante utilizada no ensdio também foi o LmelFAG3:1.636GST (figura 5d8). Experimentos
preliminares de Western-blot mostraram que o LmelFAG3 € expresso em L.major e que O
tamanho da proteina corresponde a proteina recombinante LmelFAG31.636. Para quantifica-la
foram utilizados concentragbes da proteina LmelF4G31.636GST recombinante e de extrato de
L.major. Comparando as curvas de proteina recombinante e extrato total concluimos que o
LmelFAG3 é expresso na forma promagtigota de L.major na concentracdo de 1 nanograma de

protefnaem 10° cdulas (figura 5b)

2.3 Analise da interacéo ao cap de homologos el FAEs/ el FAGs

Como mostrado nos ensaios de pull down o LmelF4Al interage com 0 LmelF4G3 in
vitro. Outra divida levantada era se homdlogos LmelF4Es poderiam interagir com homdélogos
LmelF4Gs. Para responder esta pergunta realizorse um ensaio de afinidade dos diferentes
LmelF4Es pelo cap na presenca dos diferentes LmelFAGs. Optou-se por este experimento por
dois motivos. 1) € descrito na literatura que o elFAE interage com a por¢éo amino-termind do
elF4G (Mader et al., 1995); 2) o elFAE de mamiferos interage com maior afinidade pelo cap na
presenca de el FAG (Haghighat et al., 1996).

Paa 0 ensao de dinidade, inicidmente foi recondituida a porcdo N-termind do
LmelFAG1. Em trabalhos prévios, a regido clonada do LmelFAG1 correspondia a0 dominio
centrd e a regido carboxi-termina da proteina. Para este ensaio seria importante obter a parte
codificante para a porgdo N-termind no LmelF4AG1, uma vez que eta regido poderia abrigar um
potencid dominio para interacdo de adgum dos homdlogos LmelF4Es. O fragmento foi
inicidmente clonado no vetor pET21D. Em seguida utilizando-se sitios para enzimas de restricéo

presentes em comum no LmelF4G11.475 € LmelFAG112s.1016 recondtituimos o Lmel FAG11.1016.
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De posse dos cDNAs LmelF4G1-3 / LmelF4E1-3 aptos a0 ensaio de dinidade, foi
redlizada a transcricdo e tradugdo in vitro. Nessa etgpa também fizemos a expressdo in vitro do
elFAG humano e elF4E de Xenopus, proteinas que seriam utilizadas como controle do ensaio.
Confirmados a producéo das proteinas (figura 6), iniciamos 0 ensaio de &finidade. RNAs
sntéticos de cada um dos LmelF4AG1-3 foran combinados a cada um dos LmelF4E1-3. Em
seguida foram incubados com a resna como ja dexcrito em maerias e méodos. A
autoradiografia resultante mosirou que nd ocorria aumento de afinidade do LmelF4EL (figura
7a), LmelF4E2 (figura 7b) e LmelF4E3 (figura 7¢) pelo cap na presenca de quaisquer Lmel F4G.
O ensdio foi vdidado pelo controle positivo, o cap solivel foi capaz de remover especificamente
0 elFAE de Xenopus que estava associado a0 elFAG humano (figura 7d). Como esperado o
LmelF4E2 reconheceu o cgp de mamifero (figura 7d) (Dhdia et al., 2001). O LmelF4G3 ligou
inespecificamente ao L mel F4E3.
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Figura 1. Modelo da iniciagdo da traducdo cap dependente. O fator elFAG se liga ao fator el FAE que se associa
ao cap do mRNA e a PABP promovendo a circularizagdo do mRNA. O recrutamento dos fatores elF4A e elF4B
prepara 0 mMRNA para ligacdo do ribossomo por remogéo de estruturas secundérias num processo dependente de
ATP(1). O ribossomo 80S é dissociado nas subunidades ribossomais 40S e 60S. A subunidade 40S liga ao complexo
protéico contendo elF1, elF3, elF5 e ao complexo terné&rio el F2-GTP-Met-tRNAI (TC) (2). O complexo resultante
de pré-iniciacdo entdo se associa com 0 mRNA através da interacdo do el F3 com o elFAG no cap do mRNA(3). O
complexo de iniciagdo da traducéo se movimenta no sentido 5'-3' no MRNA (scanning) e reconhece o cddon através
do pareamento correto AUG-Met-tRNAI (4). Os fatores elF5 e elF5B desencadeiam a hidrélise de GTP, e a
liberagco de el F2-GDP que promove a liberagdo dos demais fatores e ligagdo da subunidades 60S e 40S para formar
0 ribossomo 80S competente para elongacdo polipeptidica (5). Regeneracdo do el F2-GTP em reagdo catalisada por
elF2b (6).
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Figura 2. Alinhamento no programa Clustal W das seqliéncias dos homdlogos el F4A de Leishmania major (LmelF4A1-2). Amioécidos idénticos estéio marcados em preto.

Amioacidos similares sdo mostrados em cinza. Quando necessario foram inseridos espagos representados por tragos para permitirem um melhor alinhamento. * indicam os nove
motivestipicos dafamiliade RNA helicasesDEAD box (Tanner & Linder 2001; Linder 2003).
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Figura 3. Andlise da especificidade do Anti-LmelF4A2 (A) e de expressdo do LmelF4A2 (B). (A) As
proteinas elF4A | humano (fusionada a His), LmelF4A1 e LmelF4A2 (fusionadas His ou GST) foram
fracionadas em gd SDSPAGE 15% e transferidos para membrana de nitrocelulose. Em seguida,
utilizando-se o0 anticorpo anti-Lmel F4A2 testou-se a capacidade de reconhecer especificamente Lmel F4A2.
As proteinas recombinantes LmelF4A1-HisNT e possuem um epitopo em comum. O anti-LmelF4A2 foi
produzido utilizando-se a proteina LmelF4A2-HisNT. Em outro experimento @), uma curva da proteina
LmelF4A2-GST purificada (50ng; 25ng; 12.5ng; 6,25ng) e extratos de L.major (contendo 2x10°; 10°
células) foram analisados pela mesma técnica. Para 0 Western-blot utilizou-se o soro anti-LmelF4A2
imunoadsorvido na concentracdo 1:500, e em seguida anti-lgG conjugado a peroxidase, 1:3000. O ensaio
de Western-blot e adeteccdo por ECL foram realizados como descritos na metodologia
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Figura 4. Ensaio de interacdo in vitro LmelF4A1/ LmelF4G3. (A) Ensaio de Pull-down usando L mel F4A1-
2 e elF4A humano recombinantes fusionadas a cauda de Histidinas imobilizadas na resina Ni-NTA agarose e
incubadas com elFAG humano ou LmelF4G3,6.310 marcados com *°S. Proteinas ligadas foram eluidas com
tampdo de amostra Laeminni 2X, fracionados em gel SDS-PAGE 15 % (para LmelF4G3,6.310) Ou 10% (para
elF4G humano) e corado com comassie-blue R-250 (para visualizar as proteinas recombinantes). SDS-PAGE
15% mostrando extrato total da traducdo (Whole extract) e proteinas recombinantes fusionadas a histidinas
(figura a esquerda). Autoradiografia mostrando ligagdo especifica (setas) entre LmEIFAA1-HIS LmEIFAG3,6.
310 radioativo e elF4A-HIS humano / LmEIRG3..310 radioativo (figura central). Controle positivo da
autoradiografia de um Gel SDS-PAGE 10% mostrando ligagdo especifica entre o elF4A humano e o elF4G
humano marcado com %S (figura a direita). Como controle negativo foi utilizado a proteina cdc2 de murino
fusionada a GST. (B) Ensaio reverso de Pull-down usando LmEIFAG3;.343/ LMEIFAG3, 636 fusionadas a GST e
LmEIF4AL/ Human elF4A marcados com °S. SDS-PAGE 15% mostrando extrato total da traducdo (Whole
extract) e proteinas recombinantes fusionadas a GST (figura a esquerda). Autoradiografia mostrando ligacéo
especifica (setas) entre LMEIFAG3;.343-GST e LmEIF4A 1lmarcado com g (figura central) e LmEIFAG3;.343-

GST eelF4A humano marcado com *°S (figura adireita).
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Figura 5. Producdo de anticorpos anti-LmelFAG1-3. As proteinas recombinantes LmelF4G1,,g 475 € LmelFAG2;.
705 (com cauda de His) e LmelFG31435 (fusionada a GST) foram utilizadas em ensaios de Western-blot para
confirmar a producdo de anticorpos. Para os soros anti-LmelF4GL e anti-LmelFAG3 utilizou-se a diluicdo de
1:7500, para o soro anti-LmelF4G2 1:1000. A reacdo ECL foi intensa devido a grande quantidade de proteina usada
(~1ng), assim elas ficaram brancas. As setas ilustram o reconhecimento das proteinas Lmel F4G1-3 através de seus
anticorpos especificos (Anti LmelF4G1-3). A presenca de mdltiplas bandas no LmelF4G1, 19;6His € LmelF4G3;.
636GST se deve ao fato destas proteinas possivelmente terem sofrido degradaco.
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Figura 6. Expressdo das construgdes LmelF4G1-3 em E.coli e analise da expressdo da proteina Lmel F4G3 em
Leishmania major. Os genes LmaF4G1-3 foram clonados e as respectivas proteinas foram expressas em E.coli
fusionadas a GST ou uma cauda histidinas na regido carboxi-terminal. As proteinas contendo histidinas foram
utilizadas para imunizar coelhos para a produgdo de anticorpos especificos. As proteinas recombinantes ou extrato
total do parasita foram analisados por Western-blot como descrito nafigura 2. Nés ndo fomos capazes de observar a
expressdo dos homdlogos LmelF4G1-2, mas o terceiro homélogo é mostrado nesta figura. (A) SDS-PAGE (15%)
corado com Coomassie blue mostrando as proteinas LmelFAG1-3 fusionadas a GST em extrato total de E.coli
(BL21 ou BLR) ou purificadas em resina GST, marcador de peso molecular indica o tamanho das proteinas B)

Western-blots comparando diferentes concentragdes da proteina recombinante L mel FAG3-GST com extrato total de
proteinas obtidos de promastigotas de L. major (diferentes quantidades de célula).



Reis, C.R.S. 2004 Caracterizagdo de homdlogos aos fatores de iniciagéo da traducéo...

S S NG
o 7 9F o & é‘dg & o &
F LT ESES
\/@\/\,&é\/@\/ X & & K
kDa
A —
67 #
—
173 —
0 —
—
20 — s

Figura 7. Expressao in vitro de diferentes construgdes do LmelF4G e do LmelF4E. cDNASs para os homélogos
do LmelF4G1-3 e LmelF4E1-3, no pET21D, foram linearizados com enzimas de restricao posicionados ap6s o fim
da matriz de leitura e transcritos in vitro na presenca de cap. Apds constatacdo da integridade destes RNAS, o
mesmo foi purificado e submetido a traducdo em RRL suplementado com metionina dioativa. As respectivas
traducdes foram separadas em gel SDS-PAGE 15%, coradas com Comassie blue, o gel foi seco e exposto a filme b-
Max (Amersham). Traduzimos também o el FAG humano e o el F4E de Xenopus.
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Figura 8. Andlise da interacdo LmelF4E/LmelF4G ao cap. Para este experimento traduzimos in vitro RNAs
sintéticos dos Lmel F4E1-3 combinados a RNAs dos LmelF4G1-3 em RRL suplementado com 3°S. Como controle
positivo fizemos a co-traducdo dos RNAs elF4G humano e elF4E X. laevis . Ap0s a tradugdo, cada conjunto foi
incubado com aresina cap sefarose (AMERSHAM) por 1 hora no gelo, sendo levemente agitada a cada 10 minutos.
Ao termino da incubacg&o e apds pulso de centrifugacdo, foi obtido o sobrenadante da ligagdo, aqui referido como
néo ligado. Em seguida a resina foi lavada com PBS 1x, GTP e cap sollvel. Em cada etapa, foram coletados
amostras que permitiram obter as figuras acima. As amostras foram diluidas em LE2x para ficarem em quantidades
semelhantes e autoradiografia foi obtida com descrito. Em A um ensaio de afinidade LmelF4EL pelo cap eucaridtico
na presenca das diferentes proteinas LmelF4G1-3.Em B e C de maneira andloga, enfocando respectivamente a
proteina LmelF4E2 e LmelF4E3. Em D pode ser visualizado o ensaio de afinidade do elFAE de X. laevis na

presencado el FAGI humano
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3. DISCUSSAO

Dados da literatura mostram que apenas um Unico fator de iniciacdo é descrito em L.
major, o fator LmelF4A1 (Skeiky et al., 1998). O segundo homdlogo do elF4A encontrado neste
parasito (LmelF4A2) aparentemente ndo € expresso na fase promastigota de L.major. Ensaios de
Western-blot utilizando o Anti-LmelF4A2 ndo foram capazes de detectar a referida proteina no
extrato tota mesmo em uma dta quantidede de cdulas (2x107!). O faior LmelF4A2 pode ser
EXPresso em peguenas Somas Ou Ser expresso ha outra fase evolutiva do parasita (amagtigota).
Esta questdo podera ser respondida andlisando o perfil de expressdo desta proteina na outra fase
do ciclo de vida do protozoario considerado. O fator LmelF4A2 também ndo é capaz de interagir
in vitro com o LmelF4G3,6.310, Com 0 homdlogo LmelF4A1 foi observado o contrério: 1°) Este
fator € expresso em ata quantidade, constituindo por certo uma das proteinas de maior expressio
na forma promagtigota de L.major (ver manuscrito em anexo). Este resultado é condizente com o
que € descrito para elF4A de outros organismos (von der Haar & McCarthy, 2002). 2°) O
LmelF4A1 também é capaz de interagir com um dos homdlogos do LmelFAG, LmelFAG326.310.
Esse resultado sugere que o fator LmelF4A1 sga importante na traducdo destes protozodarios.
Assim deduzimos que o LmelF4Al é cetamente uma proteina envolvida na traducdo e que o
Lmel F4A2 ndo parece estar relacionado a este fendbmeno.

A proteina LmelFAG3 € expresso na forma promegtigota de L.major. Em ensaios de
Western-blot, utilizando-se soro anti-LmelFG3, identificou-se que 0 respectivo gene se expressa,
no paradta, em uma proteina idéntica em tamanho a0 LmelF4G31.635. Comparando diferentes
concentragbes da recombinante LmelFAG3-GST com diferentes quantidades de cdulas
promastigotas de L. major estimamos a concentrago totd LmelFAG3 em 1 nanograma 10°
céulas. Ainda ndo fomos capazes de andisar a expressio dos homdlogos LmelF4G1-2, mas
experimentos nestes sentido estéo em andamento.

A dinidade dos homdlogos LmelF4Es por cap ndo € incrementada na presenca dos
homadlogos LmelFAGs. Em outros sistemas elF4E tem sua afinidade por cap aumentada quando
0 elFAG ou elF4F estdo presentes (Haghighat & Sonenberg, 1997). Previamente, sabiamos que o
LmelF4E2 interage com 0 cap de mamiferos (ver manuscrito). Entdo fizemos um ensaio de
afinidade pelo cap eucaridtico combinando cada um LmelF4Es com cada um dos LmelF4Gs.
Nenhum dos fatores LmelFAGs foi capaz de aumentar a afinidade de qualquer um dos LmelF4Es
na presenca de cap. Ensaios de pull down podem ser outra edtratégia utilizada para evidenciar se

alguns deles sfo capazes de associarem-se entre S.
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Uma possivel judtificativa para ndo lograrmos éxito no ensaio poderia ser porque néo é
encontrado nas proteinas LmelF4Gs 0 consenso tipico de ligacdo para o0 elF4E descrito em
vaios organiamos YXXXXLF (Mader et al., 1995) e a regido amino-termina parece ser muito
curta para comportar dois dominios de interacdo (elFAE e PABP). Asim, parece que 0S
LmelFAGs possuem um consenso diferente do habitud e ou arquitetura diferente de aguns de
seus dominios, com regifes de interacdo para fatores como os LmelF4Es dtuados em outra
posi¢&o na proteina.

No processo de caracterizacdo dos fatores LmelFAG1-3 ainda serd0 necessarios. 1) a
conclusio do perfil de expressio dos homdlogos LmelFAGL e LmelFAG2 através de Western-
blot, inclusve confirmando o0 tamanho das proteinas expressas no paradta; 2) redizar
experimentos tais como pull down, imunoprecipitacdo, transfeccdo avdiando possivel(is)
interacdo(es) destes fatores a homdlogos da PABP e elF4E de L major in vitro e in vivo. A
andise funciona destes fatores sera dgo que fornecera dados relevantes para a compreensdo do
mecanismo de traducdo em tripanosomatideos, certamente o ponto chave de regulacdo da

EXpressao génica nestes protozoarios.
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