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RESUMO

Um antigeno deParacoccidioides brasiliensigPb) foi isolado do gel e
caracterizado. Os peptideos digeridos por Endapeste Lys-C da proteina purificada, que
apresentou uma massa molecular de 29-kDA e pl 8lef@&ram submetidos a analise da
sequéncia de aminoacidos. Uma busca em bancosdds da seqtiéncias de aminoacidos
comparados com os trés peptideos da proteina nmawedou forte homologia com triose
fosfato isomerase (TPI: E.C. 5.3.1.1) de variosanigmos. O cDNA e o gene completos que
codificam paraPbTPI foram obtidos, e ambos contém uma provavel Q& codifica para
uma proteina com 249 aminoacidos que apresenta tdpeptideos caracterizadoPha Pl
nativa. O gen®btpi apresentou 6 exons interrompidos por 5 intronglides realizadas com
a PbTPI deduzida sugerem sua utilidade em prover relgdogenéticas, como também
evidenciou a correlacdo entre a filogenia geradasparoteinas deduzidas e as posi¢coes dos
introns nos genes cognatos. A reatividade imuncédgiaPbTPI foi examinada. O cDNA
completo que codifica pam@bTPI foi altamente expresso no hospedédisxherichia coli
produzindo altos niveis de uma proteina recombinfumdida a glutathione S-transferase
(GST), que foi purificada por cromatografia de mfame. A TPI recombinante purificada foi
reconhecida por soros de pacientes com paracoitmdiicose confirmada e ndo por soros
de individuos saudaveis. AssimpTPI recombinante pode ser uma adicdo valiosa para o
pequeno arsenal de proteinas imunoreativa. deasiliensis que poderiam ser testadas por
incorporacdo em ensaios de sorodiagndéstico da doeng

Palavras chavesParacoccidioides brasiliensis; Triose fosfato isvase; Clonagem do gene
e andlise estrutural; Proteina recombinante; Rdadade Imunoldgica.



ABSTRACT

An antigen of Paracoccidioides brasiliensis(Pb) was gel isolated and
characterized Endoproteinase Lys-C digested peptides of the fipdriprotein which
presented, molecular mass of 29-kDa and pl ofveeBe subjected to sequence analysis of its
amino acids. Search at databases comparing theerssgjof amino acids from the three
peptides of the native protein, revealed strong dlogy to triosephosphate isomerase (TPI:
E.C. 5.3.1.1) from several sources. The completBlARxnd gene encodin§bTPIl were
obtained and both contained an open reading framéigbed to encode a 249 amino acid
protein that presented all the peptides charae@rin the nativePbTPl. The Pbtpi gene
contained 6 exons interrupted by 5 introns. Analyserformed with the deducedebTPI
suggested its usefulness in providing phylogenetlatedness, as well as evidenced the
correlation between the phylogeny provided by teduted proteins and introns positions in
the cognate genes. The immunological reactivityPbT Pl was examined. The complete
coding cDNA ofPbTPI was over expressed in Bscherichia colihost to produce high levels
of recombinant fusion protein with glutathione 8Asferase (GST) that has been purified by
affinity chromatography. The purified recombinar®ITwas recognized by sera of patients
with confirmed Paracoccidioidomycosis and not byasef healthy individuals. Thus,
recombinantPbTPI can be a valuable addition to the still smaieaal ofP. brasiliensis
immunoreactive proteins, which could be testedifioorporation in assays for serodiagnosis
of the disease.

Keywords: Paracoccidioides brasiliensis; Triosephosphate ismase; Gene cloning and
structural analysis; Recombinant protein; Immunaodbad) reactivity.
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|- INTRODUCAO

|.1- Paracoccidioides brasiliensis
[.1.1- Taxonomia

O fungo P. brasiliensisfoi denominado inicialmente déymonema brasiliensis
por Splendore (1912). A caracterizacdo do géRaracoccidioidese da espécibrasiliensis
foi proposta por Almeida (1930), apés a comparagd® diferencas estruturais existentes
entre esta espécigGmccidioides immitis

Lacaz et al. (1991) classificara brasiliensiscomo pertencente ao reino: fungi;
divisdo: eumycota; sub-divisdo: deuteromycotinassk: hyphomycetes; ordem: moniliales;
familia: moniliaceae; géneroParacoccidioides espécie: brasiliensis devido ao nao
conhecimento da fase sexuada deste fungo. A caraci@ do fungo como pertencendo ao
filo ascomycota, mesmo nao se conhecendo a fasmélfica, foi proposta por Leclerc et al.
(1994) utilizando-se da comparacéo entre sequém@aBNA da subunidade ribossomal
maior (28S) de dermatdfitos e fungos dimorficosstBaormente, através de comparacgdes de
sequéncias parciais de rRNA de fungos dimoérficoséh® et al. (1997) classificaram o
géneroParacoccidioidesna familia onygenaceae, juntamente com os gémtisteplasma
Emmonsiae BlastomycesA proximidade filogenética de. brasiliensiscom os ascomicetos
foi também reportada por Bialek et al. (2000), qmalisando a sequiéncia da subunidade

ribossomal menor de varios fungos, em analisegdiiéticas, evidenciou gl brasiliensis
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deveria ser agrupado dentro da ordem onygenalesngando-se intimamente relacionado
com membros da familia onygenaceae.

Atualmente este fungo tem sido descrito como peetetio ao reino Fungi, ao filo
ascomycota, a ordem onygenales, a familia onygapa@ géner®aracoccidioidese a

espécidrasiliensis

|.1.2- Habitat

A determinagdo exata do habitat Be brasiliensisainda é desconhecida, mas
sugere-se que o fungo viva saprofiticamente naremdu(Lacaz 1994; Restrepo-Moreno
1994). O isolamento do fungo ja foi obtido do s@tbornoz 1971), de fezes de pinglim e de
uma amostra comercial de racdo canina, provaveémeomtaminada com solo (Gezuele
1989 Ferreira et al. 1990)P. brasiliensisfoi isolado de tatusDasypus novemcinctus
capturados em areas endémicas de Sao Paulo. @sssidicam que estes animais possam
ser hospedeiros silvestres do fungo, podendo, delsen a doencga, embora ndo se acredite
que sejam hospedeiros intermediarios no processimfeecdo ao homem (Bagagli et al.
1998).

As regibes consideradas endémicas deste fungo eapmes algumas
caracteristicas ambientais em comum, e que pravavié determinariam sua sobrevivéncia
e até mesmo as condic¢des para a infeccdo (Mamgiateal. 1999). Desta forma, Blotta et al.
(1999) observaram que o indice de exposicdo acmfeng maior em locais que ja sofreram
modificagbes ambientais, que possuem altitude ééevehuvas abundantes, vegetacao rica e

economia baseada principalmente na agriculturzgdpe.
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I.1.3- Dimorfismo de P. brasiliensis

P. brasiliensisé um fungo caracterizado por apresentar dimorfigérmico,
caracteristica presente também em outros fungagygr@itos humanos comBJjastomyces
dermatitidis Histoplasma capsulature Coccidioides immitise parece ser um importante
mecanismo de viruléncia e de patogenicidade dastges (Kurokawa et al. 1998).

A temperatura é o principal fator responsavel mbfarenciacdo celular de.
brasiliensis(San-Blas 1993). O processo de dimorfismo ndoctusivamente dependente da
temperatura desta forma, outros fatores que infilaem no dimorfismo tém sido
caracterizados. Estudos experimentais com o hoorféminino 17B-estradiol mostraram a
capacidade deste de inibir a transicdo de micélra fevedura tantm vitro (Restrepo et al.
1984), coman vivo (Sano et al. 1999), sendo relacionado como pddsitce de protecdo a
infeccdo em mulheres. Walmsley & Walmsley (20003avbaram que a adicdo exdgena de
cAMP inibia a transicdo de levedura para micéliantendo a forma patogénica do fungo,
sugerindo que a via de sinalizacdo do cAMP apras@nportante papel na transicao
morfologica do fungo

Em temperaturas proximas a 25 °C as cultura®® dérasiliensisapresentam
aspecto algodonoso e estruturas celulares quersseapam sob a forma miceliana, com
formacdo de hifas septadas, multinucleadas, camdihtos finos e artroconidios intercalares
(San-Blas 1993; Brummer et al. 1993). Acredita-se g fase miceliana seja saprofitica,
encontrada principalmente no solo e em plantasieesgria também a forma na qual o fungo
se encontra quando do contagio do hospedeiro. Netmadmite-se que o mecanismo de
contagio ocorra atraves de contaminacdo por vidativéa com propagulos do fungo
(Brummer et al. 1993).

13
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A temperatura de 36 °C o fungo promove uma transigiestrutura filamentosa
para uma estrutura globular, assumindo a formadlevlerme (San-Blas, 1993). Esta seria
sua forma parasitaria, que assume caracteristiagigres: apresenta brotamentos multiplos,
resultado de uma exoesporulacdo; uma membranéribigente, além de cromatina evidente.
A morfologia Unica desta levedura é determinanteliagndstico laboratorial da PCM, e em
uma avaliacdo comparativa se assemelha a uma destiane"” (Furtado et al. 1967).

O dimorfismo emP. brasiliensistem sido considerado como ponto principal no
desenvolvimento da infeccdo, visto que a eficiédeianstalacdo do patdgeno no hospedeiro
se d& pela transicdo da forma miceliana, infectapéga leveduriforme, no tecido do

hospedeiro (Brummer et al. 1993).

|.2- Paracoccidioidomicose

[.2.1- Aspectos Gerais

A paracoccidioidomicose - PCM - (Blastomicose Sukdcana) € uma micose
sistémica que tem como agente etioldgico o fungwdico P. brasiliensis A apresentacéo é
de uma infeccdo granulomatosa, que determina d@idrgs clinicos aparentes, uma forma
cronica e outra aguda. A doenca foi inicialmentscde&a em S&o Paulo, em 1908, por
Adolpho Lutz (Lutz 1908).

A PCM apresenta alta prevaléncia na Ameérica Latiearrendo desde o México
até a Argentina (Wanke & Londero 1994; Rivitti & Kip1999). Estima-se que na América
Latina, a doenca afete aproximadamente dez mild@epessoas. Sua distribuicdo nesse

territorio ndo é uniforme, concentrando-se ao reder florestas Umidas, tropicais ou

14
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subtropicais (Brummer et al. 1993; Restrepo €2G01).

[.2.2- Patogénese Patogenia da PCM

A inalacdo de propagulos de. brasiliensisresulta na formagdo de um foco
inflamatorio nos pulmdes que, geralmente regridm e estabelecimento da imunidade
especifica do hospedeiro (Brummer et al. 1993).af/tipde um foco priméario pulmonar,
ocorre disseminacdo linfatica ou hematogénica pifierentes regides do organismo. O
contato inicial do hospedeiro com o fungo apareetémevolui para uma infec¢ao subclinica
ou assintomatica (PCM infeccdo). Se ha progresadofdc¢do, ocorre o estabelecimento da
doenca, que apresenta duas formas clinicas dsstat@rma aguda ou tipo juvenil e a forma
cronica ou adulta (Franco et al. 1987).

A forma juvenil (aguda ou subaguda) representa58bados casos descritos da
doenca, sendo a maioria dos pacientes constitpimosriancas ou adultos jovens (Reis et al.
1986; Brummer et al. 1993). O quadro da doencactaiza-se por um desenvolvimento
rapido e por marcante envolvimento de 6rgdos coam,bfigado, ganglios linfaticos e
medula 6ssea. A fungdo imune mediada por célugmavemente deprimida nesses pacientes,
provavelmente devido ao comprometimento medulandeco & Melo 1983; Brummer et al.
1993). Apesar de ndo haver manifestacdes clinicasadioldgicas de comprometimento
pulmonar evidente, pode-se isolar o fungo do lavadoquico, evidenciando a participagédo
do pulmdo como porta de entrada do patégeno (Restkal. 1989). Esta é a forma mais
severa e com pior progndéstico (Brummer et al. 1993)

A forma crbnica ou adulta representa mais de 90%«cdsos, sendo a maioria dos

pacientes constituida por homens adultos. Ao cootda forma aguda, o quadro clinico
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apresenta um desenvolvimento lento com comprometorfgulmonar evidente (Brummer et
al. 1993). Em aproximadamente 25% dos casos, odaubmo Unico 6rgdo afetado - forma
unifocal. Muitas vezes, com o desenvolvimento sileso da doencga, o paciente busca auxilio
médico somente quando apresenta sintomas de comimmento extrapulmonar. Nestes
casos se constata o envolvimento de 6rgaos corgo pelcosas das vias aéreas superiores,
tubo digestivo e linfonodos - forma multifocal (ldero 1986; Brummer et al. 1993). Com
freqUéncia, ocorrem les6es nas mucosas orais éshpsée, ganglios linfaticos e adrenais,
menos freqlentemente, podem ocorrer envolvimentalagc destruicdo Ossea, e
comprometimento dos sistemas nervoso e vasculaitt{RE Aoki 1999). A forma cronica
apresenta notavel tendéncia a disseminacdo, semdlo ffreqlente os quadros onde ha

somente comprometimento pulmonar (Restrepo eb8B)1

1.2.3- EPIDEMIOLOGIA

A PCM é uma micose sistémica de alta prevalénciAmarica Latina, sendo a
maior casuistica registrada no Brasil, Argentinalo@bia e Venezuela (Wanke & Londero
1994; Restrepo et al. 2001). Casos esporadicoEstasos Unidos, alguns paises da Europa e
Japao foram relatados em individuos provenienteardas endémicas da América Latina
(Chikamori et al. 1984; Ajello & Polonelli 1985; Garte et al. 2003).

O Brasil é responséavel por 80% das descricoederatlira, sendo a maioria dos
casos reportados nas regides Sul, Sudeste e Ceedte- (Blotta et al. 1999; Paniago et al.
2003). De carater endémico entre as populagdesisrumnde os individuos estao
possivelmente mais expostos ao contagio pelo aggintégico (Manguiaterra et al. 1999), a

PCM acomete principalmente individuos do sexo mesrentre 30 e 60 anos, sendo rara a
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incidéncia abaixo de 14 anos de idade (Brummerl.etl33). Segundo levantamento
realizado por Coutinho et al. (2002) ha um aum@eatamumero de mulheres desenvolvendo
PCM, provavelmente relacionado ao crescimento ae&tade-obra nas atividades rurais.

O estabelecimento da verdadeira prevaléncia da R&Nh da infeccdo como da
doenga, sdo muito importantes na caracterizacaegiées endémicas (Wanke & Londero
1994). Inquéritos epidemiolégicos realizados enividdos de areas endémicas sugerem que
a infeccdo, medida como reacado intradérmica pastivparacoccidioidina, mostram igual
prevaléncia para ambos os sexos (San-Blas 1993).

Um estudo de revisdo de 6bitos por PCM entre 1981935 (3.181 casos),
realizado por Coutinho et al. (2002), mostrou gueoatalidade por PCM no Brasil é a oitava
quando classificada entre as doencas cronicasimaifa entre as micoses sistémicas. A taxa
de mortalidade média anual de 1,45/milhdo de hatleisaconsiderando ambos o0s sexos, sendo

gue o indice para homens é de 2,42 e para muldgi@s

.2.4- RESPOSTA IMUNE NA PCM

O mecanismo de defesa do hospedeiro interage camgo no foco inicial da
infeccdo. Se o fungo persiste, uma resposta imgial@specifica é elicitada para destruir o
parasita. Se os mecanismos de defesa forem imgé@si@corre a adaptacao e transformacéo
do fungo em leveduras e a instalacdo da doencend@a & Franco 2000).

A protecao contra a PCM tem sido correlacionada ag@resenca de uma vigorosa
resposta imune celular, limitando o processo decg#o (Moscardi-Bacchi & Franco 1985).
Segundo Kashino et al. (1995) a depressao da atieithgocitica de macréfagos e leucécitos

polimorfonucleares em individuos contaminados,riestelacionada com o agravamento da
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infeccdo porP. brasiliensis Estudos sugerem que determinadas citocinas, iainente
interferon gama (IFNJ, s&@o capazes de hiperativar macréfagos e leosdcit
polimorfonucleares, 0s quais passam a apresentauumento da fagocitose de célulasPde
brasiliensis(Cano et al. 1994; Kurita et al. 1999; Karhawale2000).

Através das avaliacbes de modelos experimentaiggéSVermes et al. 1993
Calich et al. 1998) e quadros clinicos (Arango &2ébal 1982; Musatti et al. 1994) de PCM
nas formas aguda e cronica, observou-se que a dadmihumoral ndo se apresentava
diminuida, pelo contrério, altos titulos de antias especificos sdo encontrados em ambas as
formas da doenca (Franco 1987; Oliveira et al. 19Q3tivacdo do sistema imune humoral,
0 qual determina a producdo de anticorpos espesiflas classes IgG, IgM e IgA (Blotta &
Camargo 1993), esta relacionada principalmenté/acdip policlonal de células B (Chequer-
Bou-Habib et al. 1989). Munk et al. (1992) descneseativacao da via alternativa do sistema
complemento pela opsonizacdo de célulasPdédrasiliensis resultando na facilitacdo da
fagocitose de células leveduriformes pelos macao¥ag

A medida que a doenca cede, os titulos de antisaipolinam, enquanto que na
presenca de enfermidade progressiva estes titatosapecem altos (Franco 1987). Elevados
titulos de anticorpos contfd. brasiliensisestdo geralmente correlacionados com um mau
prognostico. Acredita-se que a ligacdo destes aptis com antigenos circulantes e/ou
presentes no tecido lesado levariam a formacaanuenb-complexos”, 0os quais sdo capazes
de promover uma depressdo da resposta imune céCiteguer-Bou-Habib et al. 1989;
Camargo & Franco 2000).

Uma vacina de DNA contra a PCM foi desenvolvidandsa o gene da
glicoproteina gp43. Os resultados obtidos em madekperimentais mostram que a vacina

desencadeia uma resposta imune especifica comidag@agrotetora contra uma infeccao
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induzida com formas leveduriformes virulentasPdérasiliensigPinto et al. 2000).

[.3- Antigenos deP. brasiliensis

Algumas moléculas antigénicas Eebrasiliensissdo reconhecidas por anticorpos
produzidos em pacientes com as formas aguda ecar@a doenca, a semelhanca do que
ocorre em modelos animais. Dentre estas substéeoss: heteropolissacarideos, proteinas,
glicolipideos e glicoproteinas que sdo moléculasneecidamente antigénicas.

Diversos preparados antigénicos, obtidos a patitotda fase miceliana como
leveduriforme de isolados de. brasiliensis tem sido usados em ensaios soroldgicos de
sensibilidade intradérmica (paracoccidioidina), beomo para diagnéstico (Fixacdo de
complemento, Imunodifusdo e “Immunoblotting”) (Megan & Buckley 1985; Pereira &
Barbosa 1988; Fava-Netto 1990; Blotta & Camargd1®8niz et al. 1999; Panuto-Castelo et
al. 2003).

De acordo com sua origem, 0s antigenoB .darasiliensisém sido caracterizados
em derivados de parede celular, citoplasméaticasaielulares) e antigenos de filtrado de
cultura (exocelulares) (Yarzabal 1982; Restrepal.€1983; Restrepo et al. 1984; San-Blas &
San-Blas 1989; Fava-Netto 1990). Para a maiorigdedesintigenos, entretanto, é pouco
conhecida a natureza quimica dos seus epitopa sgie problemas de reatividade cruzada
com outras micoses, principalmente Histoplasmosbpimicose e Coccidioidomicose, foram
reportados em alguns trabalhos (Mendes-Giannial. 984; Camargo et al. 1984; Cano et
al. 1986). Somente um pequeno grupo de moléculsgan isoladas em sua forma pura e
posteriormente caracterizadas (Kanetsuna et aR;18drzabal et al. 1973; Yarzabal et al.

1976; Yarzébal et al. 1977).
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Puccia et al. (1986) estudaram um grupo de antfgerocelulares de um isolado
de P. brasiliensis Os principais antigenos descritos neste estudanf@s glicoproteinas de
72-kDa, 55-kDa e 43-kDa, denominadas gp70, gp550483,grespectivamente. A gp55
apresenta uma complexa estrutura heteropolissazaaao é produzida por alguns isolados
de P. brasiliensisem determinados meios de cultura (Puccia et @6)19Camargo et al.
(1989) descreveram que a gp70 apresentava reaevoam 96 % de soros de pacientes com
PCM, sugerindo ser esta proteina um possivel marcedPCM.

A molécula antigénica de. brasiliensismelhor caracterizada é uma glicoproteina
de 43-kDa, denominada gp43. Essa proteina foiaimignte identificada em filtrados de
culturas deP. brasiliensis com um perfil especifico, por imunodifusédo e imeietroforese
(Yarzabal et al. 1977A gp43 foi, subsequientemente caracterizada comoglic@proteina
de 43-kDa (Puccia et al. 1986), sendo posteriorepemtseu gene clonado, sequenciado e
analisado por Cisalpino et al. (1998élises com a gp43 recombinante completa e dealgu
de seus peptideos apresentaram alta reatividadesooos de pacientes com PCM e nédo
apresentou reatividade cruzada com soros de pesieatn outras micoses testadas (Diniz et
al. 2002).

McEwen et al. (1996) clonaram e seqlienciaram o denana proteina antigénica
de 27-kDa. O produto de clonagem, apds expressasisama bacteriano heterélogo, foi
reconhecido por soros de pacientes com PCM, demaodst ser livre de reagdo cruzada
significativa, com soros de pacientes portadore®uteas micoses (Ortiz et al. 1996). A
proteina recombinante foi purificada e mostrouesgiva quando utilizada como antigeno no
diagnostico imunolégico da PCM (Ortiz et al. 1998).

Um antigeno de 87-kDa dB. brasiliensisvem sendo usado no diagnostico

sorolégico de PCM (Gomez et al. 1997; Gomez et398). Diez et al. (2002) purificaram e
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caracterizaram este antigeno e o identificaram cpertencente a familia das proteinas de
choque térmico. Diez et al. (2003) mostraram qusccombinado do antigeno recombinante
de 27-kDa com o antigeno purificado de 87-kDa ermesmentos de ELISA indireto,
aumentam a sensibilidade e especificidade de recomknto de pacientes com PCM, em
relacdo ao seu uso separadamente.

Salem-lzacc et al. (2001), clonaram, caracterizagnexpressaram 0 gene
codificante para proteina mitocondrial HSP60 dogturP. brasiliensis Analises de
“Immunoblotting” mostraram que tanto a proteinaombinante quanto a nativa séo
reconhecidas por anticorpos no soro de pacientadX€M. Cunha et al. (2002) purificaram a
PbHSP60 recombinante e testaram sua reatividade idgina com 196 amostras de soros
humanos através de “Immunoblotting”. Os resultadbsidos indicaram que a mesma
apresenta alta sensibilidade e especificidade (27,82,5%), sugerindo que a HSP60
purificada possa ser usada no diagndstico da PCM.

Costa et al. (2002) caracterizaram a sequénciamdgame que codifica para uma
proteina imunoreativa dé. brasiliensis que apresenta identidade com seqUéncias de
manosiltrasferases de outros fungos.

Através das técnicas de eletroforese bidimensetimhmunoblotting” Fonseca et
al. (2001) identificaram determinantes antigénide®. brasiliensisutilizando combinacdes
de soros de pacientes com diferentes manifestachegas da PCM. Os peptideos
sequenciados provenientes dos antigendB. dwasiliensisapresentaram homologia com as
seguintes proteinas: catalase (61-kDa), glicerdded-fosfato desidrogenase (36-kDa),
malato desidrogenase (34-kDa), frutose bifosfatolake (39-kDa) e triose fosfato isomerase

(29-kDa).
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|.4- Triose Fosfato Isomerase

|.4.1- Caracteristicas da TPI

Triose Fosfato Isomerase (TPl — 5.3.1.1) € umanszpertencente a classe das
iIsomerases e sub-classe das oxidoredutases ingeuteles (Knowles 1991). A TPI
apresenta-se em sua forma ativa como homodimenalo seesponsavel pela conversao
reversivel de diidroxiacetona fosfato em gliceralde3-fosfato. Esta reacdo esta relacionada
com importantes vias metabdlicas, como glicolisepgeogénese e sintese de acidos graxos,
responsaveis principalmente pela producdo de enékdeyerhof & Beck 1944; Knowles
1991). A enzima apresenta cerca de 250 residuamg®acidos, e uma estrutura secundaria
composta de 8 regides de cadeia beta e 8 regidafadeélice, que determinam uma estrutura
terciaria em forma de barriB@)s, o qual é altamente conservada em varios orgasisiesde
bactérias até eucariotos, apesar de ocorrerem akydiferencas consideraveis na sequéncia
de aminoéacidos (Jiménez et al. 2000).

A presenca de alguns residuos de aminoacidos atameonservados na
sequéncia de TPI tem sido Uteis na caracterizagawvdas seqiéncias ortélogas depositadas
em bancos de dados. Trés principais residuos, |y$$95 e Glul67, sdo responsaveis pela
formacdo da regido catalitica da molécula (Loliale1990; Schliebs et al. 1996). Os residuos
conservados Argl91 e Asp227, sdo descritos porukauest al. (2002) como essenciais na
formacdo e estabilizacdo da estrutura dimérica.z&8lem-Mondragon et al. (2004) em um
estudo com mutantes de TPl eBaccharomyces cerevisjaenostraram que 0 residuo
conservado Cysl126 apresenta um papel na estabiizdg estrutura espacial da regiao
catalitica da molécula.
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1.4.2- Propriedades da TPI

A caracterizacdo da enzima TPl em algumas arquenizx hipertermofilicas,
comoPyrococcus woesgMethanothermus fervidiesMethanobacterium bryantievidenciou
uma importante adaptacao enzimatica das mesméasaehperaturas, onde a TPI apresenta
uma estrutura quartenaria em forma de homotetrgnerodo como dimero, a qual é
comumente caracterizada em outros organismos (Kffldhal. 1996, Walden et al. 2004).

O estudo de uma TPl monomérica que apresentaviadaates catalitica foi
realizado por Schliebs et al. (1996), utilizando wetombinante da TPl selvagem de
Trypanosomap. Em T. cruzifoi purificada uma proteina de aproximadament&Rda-que,
apos andlises de sequenciamento da regido N-tédymiostrou peptideos com alta homologia
a TPI deLeishmania mexicanaT. brucei(Bourguignon et al. 1998).

Em Schistosoma mansoai TPI foi identificada em extratos ricos em membhbra
citoplasmatica de cercarias por um anticorpo mamatl (M.1) (Harn et al. 1985). Em
ensaios de imunizacao passiva de ratos, utilizaedoiuno-complexos com anticorpo M.1,
observou-se uma protecdo parcial contra infecc@@rarental pelas cercarias do parasita
(Harn et al. 1992). A utilizacdo da TPI nativa,ipoada a partir de extratos & japonicum
em experimentos de imunizagdo de murinos, promareidiminuicdo do niumero de vermes
encontrados no figado destes animais, em compamgEaontroles testados (Miao et al.
1998). Alguns autores destacam que a TPl é um psomiantigeno vacinal contra
esquistossomose (Harn et al. 1992; Miao et al. 1998

Zysk et al. (2000) realizando experimentos de eastento em uma biblioteca de

expressao d&treptococcus pneumoniagjlizando soros de pacientes em fase covalescente
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de infec¢do, mostraram que a TPI deste microorgenera reconhecida por imunoglobulinas
da classe 1gG.

Fernandez-Arenas et al. (2004) mostraram que aptisoda classe 1gG, que
reconhecem a TPI déandida albicanspresentes no soro de camundongos infectados com
um mutante do fungo, foram capazes de promover fwmgao imuno protetora quando
administrados a outros camundongos também infestado

Swinkels et al. (1986) caracterizaram &nypanosoma bruceima TPI presente
em glicossomos. Os estudos cristalograficos degtiana, associados ao conhecimento do seu
mecanismo favoreceram a selecdo de substanciaprgoeviam a inibicdo da atividade
enzimética devido a desestabilizacdo da estrutimérita. Esses estudos mostraram que a
TPI deT. bruceie T. cruzj bem como a de outros parasitas seriam um alvpodemcial para
desenvolvimento de novas drogas seletivas (GarnsRa&t al. 1998; Téllez-Valencia et al.

2002).

|.5- Triose Fosfato Isomerase dP. brasiliensis

Fonseca et al. (2001) descreveram primeirament@l @dP. brasiliensigPbTPI).
Através do fracionamento de extrato protéico dogéurpor eletroforese bidimensional e
posterior ensaio de “Immunoblotting”, observou-se gma proteina de massa molecular 29-
kDa e ponto isoelétrico 5.8 era reconhecida pacamtos de pacientes com PCM. O material
foi isolado para sequenciamento dos aminoacido®gidao amino terminal, e de peptideos
internos.

Bastos (2003), em sua dissertacdo de mestradafe@zau uma sequéncia parcial
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de 949 pares de base do gene codificante RiaF&l. A obtencéo do fragmento foi realizada
através de PCR com DNA gendmico do fungo, utilizammn par de oligonucleotideos
degenerados. A construcdo dos primers foi realizagartir das sequiéncias dos peptideos
obtidos previamente, e da comparacao de regidesen@das no alinhamento de cDNAs de

TPI de outros fungos, descritos em bancos de dados.
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Il - JUSTIFICATIVA

O fungoP. brasiliensisé o agente etioldgico da PCM, uma micose sisténgcalta
prevaléncia na América Latina, afetando principalteendividuos em idade adulta do sexo
masculino, sendo o Brasil responsavel por 80% dgstros de casos da doenca. A PCM
apresenta graves quadros de infec¢cdo, em geralvalac&o cronica, que variam em
severidade e progndstico, tornando a doenca umrierge problema de saude publica.

O Laboratério de Biologia Molecular da Universidaffederal de Goias, vem
trabalhando na caracterizagdo de moléculas reldasn com a interagdo do fundb
brasiliensisao hospedeiro. A caracterizagdo de proteinas aiteg® do fungo € uma das
abordagens na identificagdo de moléculas de irflerparasito-hospedeiro. A determinacao
de um conjunto de proteinas antigénicas Rle brasiliensis através de eletroforese
bidimensional e “Immunoblotting” com soros de patés com varias formas de PCM,
seguida de isolamento e sequenciamento parciabpiédpos das mesmas, evidenciou uma
proteina de 29-kDa caracterizada como uma trmsfatb isomerase (TPI).

Nosso trabalho tem como objetivo clonar as segéaénde cDNA e gendmica
codificantes da TPI d@®. brasiliensis e realizar a expressédo heterdloga e purificagio d
proteina recombinante em sistema bacteriano, cavbjetivo de explorar sua reatividade
imunoldgica, bem como caracterizar seus princippitopos.

A caracterizacdo desta proteina que apresenta tamp@rfuncdo metabdlica em vias
de producado de energia, a qual é capaz de deterenpr@ducdo de anticorpos em pacientes

com PCM, tem apresentado uma importancia espads&h que até o momento poucos
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antigenos deste fungo foram caracterizados. O ®slad propriedades antigénicas desta
proteina emP. brasiliensisapresenta uma importancia especial, visto que latér® sido
caracterizada em modelos de infeccéo de outrogg@add, como sendo capaz de elicitar uma
resposta imunolégica protetora.

A producdo heterdloga da molécula recombinante ifiedina realizacdo de ensaios
para avaliagdo de reatividade imunoldgica visandiilzacdo, isolada ou em associacdo a
outras moléculas, no imunodiagndstico da PCM. Eigaada avaliacdo do papel da molécula

na protecdo contra a doenca podera ser realizada.
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Il - OBJETIVOS

Os objetivos do trabalho foram:

1. Clonar e caracterizar o cDNA completo codificanteethzima TPI d€. brasiliensis

(PBTPI).
- Estratégia:
¥ Rastreamento na biblioteca de cDNA, utilizando sdmaimdloga obtida.
2. Clonar e caracterizar o gene completo que codifleBTPI.
- Estratégia:
¥ Realizagéo de reacéo de PCR a partir do DNA gemmdudungo utilizando-se um
par de oligonucleotideos correspondentes as exteel®s 5" e 3"do cDNA clonado.
3. Promover a expressao heterdloga do cDNA codificdaibTPI.
- Estratégias:
¥ Clonagem em vetor de expressao pGEX-4T-3 (AmersBawsciences);
¥ Inducédo da expressao heterdloga da proteina renantBiem sistema bacteriano;
v Purificacdo da proteina recombinante através denatagrafia de afinidade e
clivagem enzimatica da proteina de fusao.
4. Analisar a reatividade imunolégica da proteina ngdzioante (PbTPI).
- Estratégia:
v "Immunoblotting” utilizando soros de pacientes codiagnéstico clinico e

imunoldgico de PCM.
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Abstract

An antigen of Paracoccidioides brasiliensis (Pb) was gel isolated and characterized. Endoproteinase Lys-C-digested peptides of the
purified protein, which presented a molecular mass of 29 kDa and p/ of 5.8, were subjected to sequence analysis of their amino acids. Searches
at databases comparing the sequence of amino acids from the three peptides of the native protein revealed strong homology to triosephosphate
isomerase (TPI: E.C. 5.3.1.1) from several sources. The complete cDNA and gene encoding POTPI were obtained and both contained an open
reading frame predicted to encode a 249-amino acid protein that presented all the peptides characterized in the native PbTPL The Pbipi gene
contained six exons interrupted by five introns. Analysis performed with the deduced POTPI suggested its usefulness in providing phylogenetic
relatedness, as well as evidencing the correlation between the phylogeny provided by the deduced protein and intron positions in the cognate
genes. The immunological reactivity of POTPI was examined. The complete coding cDNA of PHTPI was overexpressed in an Escherichia coli
host to produce high levels of recombinant fusion protein with glutathione S-transferase (GST) that had been purified by affinity chromatog-
raphy. The purified recombinant TPI was recognized by sera of patients with confirmed paracoccidioidomycosis and not by sera of healthy
individuals. Thus, recombinant PHTPI can be a valuable addition to the still small arsenal of P. brasiliensis immunoreactive proteins, which
could be tested for incorporation into assays for serodiagnosis of the disease.
© 2004 Elsevier SAS. All rights reserved.
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1. Introduction served in function across eukarya, bacteria and archaea.
Although highly conserved in its structure, considerable
variation can be found in some amino acids and regions of the

molecule [1].

The enzyme triosephosphate isomerase (TPI) is widely
distributed in nature, converting glyceraldehyde-3-
phosphate to dehydroxyacetone phosphate in the glycolytic

pathway. TPI (EC 5.3.1.1), is a well-studied enzyme con- It has been reported that pathogen-derived TPI plays an

important role in host-parasite interaction. A monoclonal
antibody, M1, recognizes a 28-kDa antigen found in all life

Abbreviations: BCIP, 5-bromo-4-chloro-3-indolyl phosphate; CTAB,
cationic hexadecyl trimethyl ammonium bromide; HPLC, high performance
liquid chromatography: IPTG, Isopropyl-B-D-thiogalactopyranoside: NBT,
nitroblue tetrazolium: Pb, Paracoccidioides brasiliensis; PCM, Paracocci-
dioidomycosis: PVDF, Polyvinylidene difluoride: TPI, Triosephosphate iso-
merase.
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cycle stages of schistosomes [2]. Passive transfer of this
anti-Schistosoma mansoni TP1 monoclonal antibody was
reported to confer partial protection to cercarial infection in
mice [3]. Also, immunization with the TPI antigen bound to
the monoclonal antibody M1 induced reduced worm burdens
after cercarial challenge [4]. The immunization of mice with
the native purified TPI from Schistosoma japonicum led to a
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significant reduction in the number of eggs deposited in the
animal liver [5].

Paracoccidioides brasiliensis is a soil-borne fungus and
the causative agent of paracoccidioidomycosis (PCM). In-
fection starts with inhalation of fungal propagules, which
reach the pulmonary alveolar epithelium, where they differ-
entiate to the yeast pathogenic form [6]. The disease is
endemic primarily in Latin America [7]. Although the major-
ity of clinical forms of the disease are asymptomatic, severe
and progressive infection occurs which can involve pulmo-
nary and extrapulmonary tissues [6.7]. Due to the severity of
its clinical forms the prompt and accurate diagnosis of PCM
is of great importance.

Although some P. brasiliensis antigens have been charac-
terized by several methods there are still few purified and
characterized molecules. The 43-kDa glycoprotein was the
first P. brasiliensis antigen to be characterized [8]. Other
antigenic products included a 58-kDa antigen [9] and a 25-
kDa protein [10], both considered potential markers in
P. brasiliensis immunological identification. Also, a 27-kDa
antigen has been characterized [11] and proposed in com-
bined use with a purified 87-kDa antigen for the serodiagno-
sis of PCM [12].

We previously described a recombinant HSP60 of P. bra-
siliensis as a highly specific antigen for the detection of
antibodies in sera of patients with PCM [13,14]. Because our
laboratory is engaged in a program to identify and character-
ize molecules potentially associated with the fungus—host
interaction and in an attempt to discover additional antigenic
molecules of P. brasiliensis, we had identified and character-
ized some serum reactive proteins. Among them we isolated
a molecule of 29 kDa, with isoelectric point (pf) of 5.8,
characterized by homology search analysis as a TPI homo-
logue of P. brasiliensis [15]. In the present paper we report
the sequences of three peptides of the characterized TPI
homologue of P. brasiliensis, as well as the nucleotide se-
quences of both the cDNA and the cognate gene. Phyloge-
netic relationships were inferred. In addition, we also report
the heterologous overexpression of the recombinant TPI and
its purification. The recognition of the recombinant purified
TPI by sera from individuals with P. brasiliensis infection
was performed. We also evaluated the reactivity of the puri-
fied TPI to sera from healthy individuals. This work provides
support for the further study of this P. brasiliensis enzyme as
a candidate antigen in the detection of antibody in sera of
patients with PCM.

2. Materials and methods

2.1. Study isolate and growth conditions

P. brasiliensis isolate Pb01 (ATCC-MYA-826) was stud-
ied in our laboratory. It was grown as yeast cells, at 36 °C in
semi-solid Fava Netto’s medium, as previously described
[15.16].

2.2. Isolation and amino acid sequencing of TPl

The TPI was isolated as described [15]. In brief, the yeast
cellular extracts were fractionated by two-dimensional gel
electrophoresis according to O’Farrel [17]. After performing
the second dimension according to Laemmli [ 18] the proteins
were transferred for | h at 400 mA to polyvinylidene difluo-
ride membranes (PVDF) (Immobilon-P, Millipore Corp.
Bedford, MA). The spot corresponding to the 29-kDa pro-
tein, p/ 5.8, the molecule reactive to sera of PCM patients,
was cut out from the two-dimensional gels of the yeast P
brasiliensis proteome. The protein (200 pmoles) was eluted
and digested with the endoproteinase Lys-C. The fragments
were separated by reversed-phase high-performance liquid
chromatography (HPLC) and subjected to Edman’s degrada-
tion.

2.3. DNA extraction of P. brasiliensis

P. brasiliensis yeast cells were harvested, washed and
frozen in liquid nitrogen. Grinding with a mortar and pestle
broke the cells, and the genomic DNA was prepared by the
cationic hexadecyl trimethyl ammonium bromide (CTAB)
method according to Del Sal et al. [19].

2.4. Generation of the TPI DNA probe by PCR

P. brasiliensis genomic DNA was used as a template for
the PCR amplification of a partial fragment encoding the
TPI. Degenerate oligonucleotide primers were designed
based on the genomic sequences encoding TPI of Emericella
nidulans (GenBank accession number gi217920), Aspergil-
lus oryzae (g19955866) and Candida albicans (gi6841083).
The degenerate sense S1 (5-ATGSCWCGYMAATTYTT-
YGTNGG-3’) and the antisense Atl (5-ATRGGYTCRTA-
RGCGAYRAC-3’) primers were used in a PCR reaction that
was conducted in a total volume of 50 pl containing 50 ng of
DNA as template. The resulting 949-bp product was sub-
cloned into pGEM-T-Easy (Promega, Madison, USA). The
sequence was determined on both strands by automated
DNA sequencing, applying the Sanger DNA sequencing
method [20].

2.5. Cloning of the TPI cDNA

A yeast cDNA library was constructed into EcoRI and
Xhol sites of Lambda Zap II (Stratagene/Lalolla/CA/USA).
The screening of this library was performed using the 949-bp
fragment radiolabelled with [¢-"*P]dCTP. Plating 5 x 10°
plaque-forming units (p.f.u.), DNA transfer to membranes
and hybridization were performed as described in standard
procedures [21]. Five positive clones were obtained and
phage particles were released from the plaques. The in vivo
excision of pBluescript phagemids (Stratagene) in Escheri-
chia. coli XL1 blue MR” was performed. The nucleotide
sequence was determined on both strands.

31



Identificacdo Protedmica, Seqliéncia de NucleotideBspressao Heterdloga e Reatividade ImunolégicaTd@se Fosfato Isomerase de
Paracoccidioides brasiliensis

Luiz Augusto Pereira

894 L.A. Pereira et al. / Microbes and Infection 6 (2004) 892-900

2.6. Cloning of the tpi gene

The complete genomic sequence encoding TPI was ob-
tained by PCR amplification of the total DNA of P. brasilien-
sis. Primers were constructed based on the cDNA sequence.
A 1350-bp PCR product was obtained by using sense primer
S1 (5"-ATGSCWCGYMAATTYTTYGTNGG-3) and the
C-terminal At2 (5-CTAYARNCKRGMRTTGAYRATAT-
CRAC-3’) as the antisense primer. The PCR reaction was
performed with 50 ng of total DNA of P. Brasiliensis, and the
amplification conditions were 30 cycles at 94 °C for 45 s,
annealing at 42 °C for 1 min and 30 s, and extension at 72 °C
for 2 min. An amplified PCR product of 1350 bp was gel
purified, subcloned into pGEM-T-Easy vector (Promega) and
sequenced by the dideoxy-chain termination method [20].

2.7. Sequence analysis

The obtained cDNA and genomic DNA sequences were
translated and compared to all non-redundant polypeptides in
the translated NCBI (National Center for Biotechnology In-
formation) database. Sequence analyses were performed by
using the BLAST program [22], the PROSITE [23] and Pfam
[24] databases.

2.8. TPl inferred phylogeny and intron positions analysis

The phylogenetic relationships of PHTPI were generated
with 17 selected sequences from organisms of diverse taxons
presenting identity to PHTPI (matches were retained with an
expected probability value below e ") and with all the fungi
TPI complete protein and genomic sequences available at
databases. The entire compared amino acid sequences were
visualized using TreeView software. A phylogenetic tree was
constructed by multiple sequence alignments using the
Clustal X program [25]. Trees were constructed by using the
neighbor-joining method [26]. Robustness of branches was
estimated using 1000 boot-strapped replicates. The intron
positions were analyzed in the complete genomic sequences
and numbered according to the corresponding amino acid
residues in the cognate proteins.

2.9. Southern blotting analysis

Total DNA (20 pg) was digested with the restriction en-
zymes EcoRl, Sacl, Apal and Aval. The DNA was electro-
phoresed on a 0.8% agarose gel and transferred to a nylon
membrane (Amersham Biosciences, Little Chalfont, UK).
The blot was probed to the 750-bp nucleotide sequence
including the complete PHTPI ORE, labeled with
[a-**P]dCTP, by using the random primer DNA labeling kit
RPN1604 (Amersham Biosciences).

2.10. RNA isolation and Northern blot analysis

Total RNA was obtained from yeast cells grown in vitro at
36 °C, by using the trizol method (GIBCO™, Invitrogen,

Carlsbard, CA). Northern hybridization was performed with
10 pg of total RNA fractionated on a 1.2% [w/v] agarose—
formaldehyde gel. The RNA was transferred to a nylon mem-
brane. The labeled probe of 750 bp was hybridized to the blot
under high-stringency conditions.

2.11. Expression of POTPI by E. coli and purification
of the recombinant protein

Oligonucleotide primers were designed to amplify the
750-bp ¢cDNA containing the complete coding region of
Pbipi. The nucleotide sequences of the sense and antisense
primers (El and E2, respectively) were (5-GAATTC-
TATGCCTCGTAAATTCTTTG-3")and (5'-CTCGAGCTAT-
AAACGGGCGTTGATGAT-3"), which contained engi-
neered EcoRl and Xhol restriction sites (underlined),
respectively. The amplification parameters were as follows:
an initial denaturation step at 94 °C for 1 min, followed by
30 cycles of denaturation at 94 °C for 45 s, annealing at 45 C
for 1 min and 30 s and extension at 72 °C for 2 min. The
750-bp PCR product was digested with EcoRI and Xhol,
separated by agarose gel electrophoresis, gel excised and
subcloned into the EcoRI/Xhol sites of pGEX-4T-3 (Amer-
sham, Biosciences) to yield the pGEX-4T-3-TPI construct.
The recombinant plasmid was used to transform the E. coli
XL1 blue competent cells using the heat shock method [21].
To confirm that the Pbtpi was cloned into pGEX-4T-3 and
could produce an in-frame molecule fused to glutathione
S-transferase (GST), complete sequencing of the DNA was
performed on both strands. Isopropyl-p-D-thiogalac-
topyranoside (IPTG) (0.1 mM) was used to induce the re-
combinant protein expression. The recombinant TPI was
expressed in the soluble form by the bacteria and the protein
was purified by affinity chromatography under non-
denaturing conditions, as previously reported [14]. The pu-
rity and size of the recombinant protein were evaluated by
running the purified molecule on a 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
followed by Coomassie blue staining.

2.12. Western blotting analysis

The purified recombinant TPI was fractionated by SDS—
PAGE, according to Laemmli [18]. The gels were either
stained with Coomassie brilliant blue R250 or blotted on
nylon membranes. The membranes were blocked with Tris-
buffered saline (20 mM Tris—HCI, 150 mM NaCl, pH 7.6)
containing 5% non-fat dry milk and reacted to sera from
patients with proven PCM, tested by immunodiffusion
against P. brasiliensis exocellular antigens. The blots were
also reacted to samples from healthy individuals. The sec-
ondary antibody was alkaline phosphatase coupled anti-
human IgG, (Sigma, Aldrich, Co). The reactions were devel-
oped with  BCIP/NBT  (5-bromo-4-chloro-3-indolyl
phosphate and nitroblue tetrazolium).
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2.13. Nucleotide sequence accession numbers

The P. brasiliensis nucleotide sequences reported in this
paper and the deduced amino acid sequences have been
submitted to the GenBank database under accession numbers
AY250089 (¢cDNA) and AY037936 (genomic).

3. Results

3.1. Nucleotide and deduced amino acid sequences
of PbTPI

Protein isolation and microsequencing of the three pep-
tides obtained by Lys-C digestion of the 29-kDa, p/ 5.8 pro-
tein provided the sequences ITWTLAGHSER: RQLDA-
VAEEVSPAEW and VVIAYEPIWAIGTGK (Fig. 1). High
sequence homology (100-72%) was observed between the
three peptides of the native protein and TPIs from several
organisms. In order to isolate the complete gene and cDNA
encoding TPI of P. brasiliensis, we initially obtained a PCR
product containing a fragment of the P. brasiliensis tpi gene,
as inferred from homology search analysis to sequences
deposited at databases. The 949-bp PCR product was labeled
with [¢-*>P]dCTP and used as a probe to screen a P. brasil-
iensis cDNA library. The entire cDNA consisted of 1080 bp
and encoded a protein of 249 amino acids, as showed in
Fig. 1. The translated amino acid sequence predicted a pro-
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tein with a molecular mass of 29 kDa and p/ of 5.8, in
agreement with the data reported for the native protein [15].
The complete ¢cDNA presented all of the three peptides
obtained from the native TPI, indicating that the coding
sequence for the isolated serum-reactive protein was ob-
tained.

The complete genomic sequence was obtained by PCR
and was compared to the cDNA. The 5’and 3’ untranslated
regions (UTR) were not present in the obtained DNA due to
the positions of primers S1 and At2, as shown in Fig. 1. The
Pbtpi presented introns, a characteristic of the P. brasiliensis
ORFs sequenced so far. The genomic sequence included five
introns, of 120, 196, 134, 74 and 76 bp. All of the intron/exon
boundaries conformed to the basic consensus GT/AG for
eukaryotic splice donor and acceptor sites [27] and presented
the putative splice box which matches the filamentous-
fungus consensus sequence (NNCTPuAPy), located at the 3”
terminus of the introns [28].

3.2. Characteristics of the deduced amino acid sequence

The deduced amino acid sequence of the P. brasiliensis
TPI displayed strong homology to TPIs of both prokaryotic
and eukaryotic origin. Alignment of the predicted P. brasil-
iensis protein sequence (PbTPI) with reported sequences of
triosephosphate isomerase by Clustal X analysis revealed
high levels of homology. Fig. 2 shows the comparison of the
PbHTPI with known TPI sequences. Positions in which a gap

-80
-19
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61
382
88
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542
622
107
702
129
782
132
862
138
942
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1422
1502

gtctecctaaaccttcacgaaccatttaattactatatatcctagaaattcttatcatttattcececgtcaaataaaggata
ataaaattctccagecaccATGCCTCGTARATTCTTTGTTGGCGGCAACTTCAAGATgtatgtgtgttetgttectgaat
M PRKTFTFV GG NTFKM
caaaacgtcaaattcgtctctacccacacccaaaatcttectataacaaccggaaltactgatjaaatcacttecactacte
aattccattccacccagGAATGGCACCGCTARATCTATCACCCATATCATCACCAACCTCAACTCTGCCAAGCTTGATCC
N G TAK S ITHTITITNILNSA ATZKTLTDEP
TTCCACTGAAATTGTCATCGCCCCGCCTGCAATCTACCTGGTGCTTGCACGACAACTTGCGAACGGCCAAGTCGCCGTTT
8§ T E I vV IAUPPATIYILUVILARUGQILAMNGI GQUVAUW
CTGCACAGAATGTGTTTGATAAGCCTAATGGAGCCTTTACTGGGGAGTTGAGCGTGGAACAGCTCAGAGATGAAAARATC
§ AO NV FDEKZPNGA ATFTGETLSUVEZ QLTRTDE K
ACTTGGACGTTGGCTGCACATAGCGAACGAAGAGTTTTACTCAGAGAAGATGATGAGgtatgt tggatttcttatagtga
R V L L R E D D E
tgtgtggtgggtgcaagattttgtttteccttaaacactatattatcattttatgeccgaateggteccattttaagtta
gtccegttattttecaattecccaacgtgegtgtattgagattegtgatatettectcaacttthactaatattgteata
ccggaatatttagTTTGTAGCACGGAAAACAAAGGCTGCCATTAACGGTGGTCTCAATGTAATTCTTTGCATTGGCGAGT
F VA RK T KA AATINGU GULNUWVTIULTC CTIGE
CTCTTGAGgtaaactacccaccatttcgatattaaacccttttatgcgagttgaaatatcgaaaacgaaggcaaaacaaa
S L E
agattctcaggggaacgtgtttcggttgaagcqagacacggtct ccatatatagGAACGCGAAGCTGGAAAG
E R E A G K
ACTATCGATGTTGTAACAAGGCAAT TGGACGCCGTTGCCGAGGAAGTCTCTCCTGCAGAATGGAATAAGGTCGTCATCGC
T I DY VvV T N K
CTATGAGCCCATCTthaatactgcLtctacgtttcattgtctttcaaagaacgaacc:acaaccactcca

ccteeccagGGCCATCGGAACGGGCAAGGTCGCCACAACAGAGCAAGCACAAGAAGTGCATGCCTCCATCCGGARATGGC
VATTEU QA AOQEVYVHA A STIR RIEKW
TGAATGAGAAAATCTCCCCTGAAGCGGCCGARRACACCCGCGTTATTTACGGCGGAAGCGTTACGGAGAGCAACTGTCGG
L NE KI 8 PEAAENTRUVIYOGGS VT ESTNCGCR
GATCTCGCCGCGCAGCCTGATGTTGACGGGTTTTTGGTGGGCGGAGCTAGTTTARAACCTGCTgtatgttttcacagaat
DL AAQPDVDGFL VGGA SLIKEPA
attgtcatgataggaataccccatcctgeaaacggataaatftactaadtcaagtogeagTTTGTCGATATCATCAACGCC
F VvV DI I N A
CGTTTATAGacggttttggtagttagttcttagttacgacataaaatcccttacggcagaatgacgttttecctagtecect
R L %
cagtttcttttccgetaacactgecataaaagetgatattgggttatgegggtattggaaacctggagacctgacatgga
aatggcctgactttettgttttgcaattgaaaaatataaaataattaataacactgttcgtcagtgeagtatttatatet

Fig. 1. Nucleotide sequences of the cDNA, of the gene and the deduced amino acid of PHTPI. Nucleotide and amino acid numbers are shown on the left. The
intron sequences are represented in lowercase. Nucleotides in bold italics represent the conserved 5" and 3’consensus of the introns. The putative splice boxes
in the intron sequences are marked by rectangles. Underlined regions represent the primers used in the amplification of the described sequences. Numbering for
the amino acid sequence begins at the methionine encoded by the first initiation codon and ends at the first termination codon. Amino acids in gray box represent
sequences identified by microsequencing of the endoproteinase Lys-C-digested peptides of the 29-kDa antigen recognized by serum of PCM patients.
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Fig. 2. Comparison of the predicted amino acid sequence of P. brasiliensis TPI with those of selected TPI proteins. The selected sequences were those which
had been previously characterized by crystallographic analysis and presently registered at the PDB (Protein Data Bank. http://nist.resb.org/pdb/). By using the
program Clustal X, PhTPI was aligned with those from |AMK. Leishmania mexicana; STIM, Trypanosoma brucei brucei; IHTI, H. sapiens; 1TIM, Gallus
gallus; 1YPL, Saccharomyces cerevisiae; 1TRE, E. coli; 1YDV, P. falciparun; 1AW2, Vibrio marinus; 2BTM, Bacillus stearothermophilus; 1TCD,
Trypanosoma cruzi. The amino acids in gray represent the conserved regions for beta-strand conformation and those in dark gray correspond to the alpha helix
conformation. The boxed amino acid sequences in PETPI correspond to the putative active site region. Rectangles represent the amino acids putatively related

to the catalysis. Arrows represent the amino acids putatively related to the protein folding.

was introduced to optimize homology are shown as dashes. A
74-54% identity was found when comparing PhTPI with
both prokaryotes and eukaryotes. Among the compared TPIs,
the highest homology was with E. nidulans. 75% identical.
Not surprisingly, the sequence homology was highest in
those regions of the protein that are known to be part of the
active site, as defined by crystallographic studies of some
TPIs. The putative active site region in PbTPI presented
a highly conserved motif (A/V)YEP(L/I/V/M)W(S/A)-
IGT(G/K) located at residues 164174 in the deduced protein
sequence of P. brasiliensis. as described for other TPls
[29.30]. The most essential catalytic residues should be Lys
12, His 94 and Glu 166, as described from mutational and
structural studies from several TPIs [31]. Also the Argl190
and Asp226 were conserved in POTPI and should be related
to the formation of a salt bridge, described as important for
the efficient protein-folding in the dimeric interface [32]. TPI
has been described as a well-conserved dimeric protein,
consisting of two identical subunits of around 250 residues,
with spacial conformation of the (Ba)8 barrel fold. The barrel
is composed of eight parallel B-strands, labeled 1 to B8, and
the corresponding o helices («1-¢8). The loops connecting
the B-strands to the subsequent helices are numbered from
1 to 8 [33]. The PHTPI presented the conserved amino acids
present in strands and helices, as shown in Fig. 2. The
predicted secondary structure of the POTPI was performed
by using the automated comparative protein modeling
in SWISS-MODEL (http://www.expasy.org.swissmod/
SWISS-MODEL html). The predicted alpha—beta barrel
structure was also evidenced in the PHTPI (data not shown).

3.3. Phylogenetic analysis of PbTPI and P. brasiliensis tpi

gene structure analysis

The Pfam (http://www.sanger.ac.uk./softwer/pfam/index.
shtml), NCBI (http://www.ncbi.nlm.nih.gov) and EMBL
(http://www.ebi.ac.uk/embl/) databases were used to search
for complete protein sequences of TPI and also for the com-
plete genomic sequences. A phylogenetic tree was con-
structed by using the multiple alignment program developed
by Thompson et al. [25]. Fig. 3A presents the deduced phy-
logenies of TPIs, as calculated from neighbor-joining analy-
sis of amino acid sequences [26]. The TPI sequences were
well-resolved into clades corresponding, respectively. to ani-
mals, plants and fungi. The tree was rooted to the external
group Plasmodium falciparum. The evolutionary relation-
ship of the fungi TPIs was suggested. The Ascomycota TPIs
(P. brasiliensis, A. oryzae, E. nidulans and Magnaporihe

grisea) were more correlated to each other than to the Basy-

diomycete (Ustilago mavdis and Coprinopsis cinerea).
Other TPI sequences in the tree grouped into their respective
taxons, i.e., TPIs from animals and plants formed separate
and distinct clades. The mosaic structure of the fungal ipi
genes, which presented the complete sequences described at
the database, was analyzed. Fig. 3B presents intron positions
correlated to the amino acid sequences of the TPI proteins.
Conspicuously, Eurotiomycetes (P. brasiliensis, A. oryzae
and E. nidulans), which clustered together in the tree pre-
sented in Fig. 3A, have five introns, with all of them at
identical positions. Two TPI sequences of fungi (A. orizae
and E. nidulans) presented a short intron “sliding” of one

34



Identificacdo Protedmica, Seqliéncia de NucleotideBspressao Heterdloga e Reatividade ImunolégicaTd@se Fosfato Isomerase de
Paracoccidioides brasiliensis

Luiz Augusto Pereira

L.A. Pereira et al. / Microbes and Infection 6 (2004) 892-900 897

A

979
Zea mays (NCBI-ISZMT)

s

{Hamn sapiens(EMBL-P60174)
1000

Macaca mulata (EMBL-P15426)
L — Galtus gatius (EMBL-P00940)

Culex tarsalis (EMBL-P30741)
-Epm.mpml- melanogaster (EMBL-P29613)
l—— Schistosoma mansoni (EMBL-P48501) +
elegans (NCBI-AAAT9846)

Oryza sativa (EMBL-P48494)

Arabidopsis thaliana (EMBL-P48491) 1
Coprinopsis cinerea (EMBL-Q12574)
Ustilagos maydis (NCBI-AACP01000112)

Aspergillus oryzae (EMBL-QSHGYS) } i + t

L Magnaporthe grisea (NCBI-AACU01001725) t

JSalcipar

(20)
@ @ (o) (1) (A9 (79
m @ SHG-;NH® {llillJ){lSl a8 1

l i i J

!
T
!
T

! Il
T T

STYWINY

SINY T4

nNNA

(EMBL-Q07412) 4

125 S0 75 100 125 150 175 200 225 250

Fig. 3. Phylogeny of PbTPI and structure of the P. brasiliensis tpi gene. (A) Phylogeny of 17 species inferred from the protein sequences of triosephosphate
isomerases. The numbers on the branches are bootstrap values obtained with 1000 replications. Using the sequences of the deduced TPIs from NCBI and EMBL
databases, the evolutionary relationship were performed. Accession numbers are provided for each sequence. (B) Structural diagram of TPI genes presenting the
intron positions (shown as vertical hatches on a horizontal bar), as indicated by the corresponding amino acids. The sequences utilized were described in panel
A. Numbers at the top represent the order of intron positions and the scale numbers at the bottom represent amino acid positions.

amino acid: (Fig. 3B). The plants with eight introns were also
in a separate clade, and animals with six introns represented
an individual cluster. Those data suggest a relationship be-
tween intron positions and phylogenetic analysis of the pro-
teins. A tree was constructed by the neighbor-joining method
on the basis of the Jaccard matrix obtained by the presence or
absence of the introns in the defined position in the analyzed
genes. Three groups of organisms with identical numbers of
introns at identical positions in each group were observed:
animals, plants and the Eurotiomycetes (data not shown).

3.4. Hybridization analysis

Southern blot analysis using the TPI probe was able to
detect a single DNA fragment in the P. brasiliensis DNA
digested with the restriction enzymes EcoRI, Sacl, Apal and
Aval (Fig. 4A). Northern blot analysis detected the presence
of one mRNA species of 1.4 kb (Fig. 4B). Those data indicate
the presence of a single #pi gene in the P. brasiliensis ge-
nome.

3.5. Expression and purification of the recombinant TPl

The expression of the pGEX-4T-3-TPI produced about
20 mg of the fusion protein in one liter of E. coli culture. The
predicted molecular size of the recombinant protein was
55 kDa, which included the vector-encoded fusion peptide of
26 kDa at its N-terminus. SDS—PAGE was used to examine
the composition of the cell lysates. as shown in Fig. SA. The
fusion protein was purified using glutathione-sepharose 4B.
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Fig. 4. Analysis of the P. brasiliensis tpi gene. (A) Southern blot analysis for
determination of the copy number of P. brasiliensis tpi gene. Total DNA
(30 ug) was digested with restriction enzymes (1) EcoRI: (2) Sacl: (3) Apal.
(4) Aval. The position of the size markers is indicated. B- Northern blot of
total RNA from yeast cells. The RNA size was calculated by using the
0.24-9.5-kb marker RNA ladder (Invitrogen™ Life Technologies). Both
blots were hybridized to the radiolabeled 750-bp probe.

The molecular size of the recombinant fusion protein corre-
lated with the predicted size (Fig. SA, lane 3). The fusion
protein was cleaved by the addition of thrombin protease. As
observed in Fig. SA, highly purified protein was obtained,
which migrated on SDS-PAGE as a single band of 29 kDa
(Fig. 5A. lane 4).

Four serum samples from P. brasiliensis-infected indi-
viduals and three serum samples from control individuals
were reacted in immunoblot assays with 1.0 pg of the recom-
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usefulness in the determination of phylogenetic relation-
ships. We found similar results using the glyceraldehyde-3-
phosphate (GAPDH) sequences of P. brasiliensis [34]. Cor-
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Fig. 5. SDS-PAGE analysis of the 29-kDa recombinant protein expressed
by E. coli transformed with the PHTPI construct and immunoblot. (A) E.
coli XL1-b cells harboring the PGEX-4T-3-TPI plasmid were grown at
30 °C to an A260 of 0.6 and harvested before (lane 1) or after (lane 2) a 2-h
incubation with 0.1 mM IPTG. The cells were lysed by extensive sonication.
Lane 3. The affinity-isolated recombinant TPI; lane 4, The recombinant
fusion protein was cleaved by thrombin. Electrophoresis was carried out on
12% SDS—PAGE and the proteins stained by Coomassie blue R-250. Mole-
cular markers are indicated. (B) Immunblot analyses of the recombinant
protein. 1.0 pg of purified TPl was reacted to sera of PCM patients diluted
1:100 (lanes 1-4) and to control sera diluted 1:100 (lanes 5-7). After
reaction to the anti-human IgG alkaline phosphatase coupled antibody
(diluted 1:1000), the reaction was developed with BCIP/NBT).

binant TPI (Fig. 5). Strong reactivity was observed with sera
of PCM patients (Fig. 5B. lanes 1-4). No cross-reactivity was
observed with control sera (Fig. 5B, lanes 5-7).

4. Discussion

Using a strategy of identifying in the P. brasiliensis pro-
teome, proteins reactive to sera of patients with PCM, we
partially characterized a potentially important immunogenic
molecule which presented homology to TPI in this fungus
[15]. In the present study we extended our characterization of
the native TPl homologue of P. brasiliensis and reported the
cloning and expression of the cognate cDNA and gene. We
also cloned and overproduced the recombinant protein and
analyzed its immunological reactivity.

Pbipi encodes a protein with a predicted molecular size of
29 kDa and calculated p/ of 5.8, in agreement with the data
obtained for the native TPI [15]. The predicted deduced
PHTPI contains 249 residues, enclosing in its sequence re-
gions identified as the catalytic residues of the TPIs [29-31].
Also, the sequence analysis of the deduced protein showed
very well conserved amino acid residues that may form the
(Pa)g barrel structure, which contains the characteristic cata-
lytic residues of TPI enzymes. On the basis of those struc-
tural similarities, and based on the presence of the three
sequenced peptides of the native protein in the deduced
sequence, we were able to suggest that the gene and cDNA
encoding the TPI of P. brasiliensis has been cloned.

The PHTPI showed high identity to the corresponding
sequence of closely related Eurotiomycetes, suggesting its

roborating our suggestion, sequences of TPIs have been
previously reported as useful for the determination of evolu-
tionary relationships [35,36]. The genomic organization of
the P. brasiliensis tpi gene was conserved, considering the
intron positions of the Eurotyomycetes sequences presented
in the database. This data is of interest since it was correlated
to the pylogenetic relatedness provided by the analysis of the
protein. Our data correlating the TPI phylogeny tree with the
intron positions suggest that both can be useful to infer
phylogenetic relationships in genes, as we described previ-
ously for P. brasiliensis GAPDH [34]. Moreover, given that
TPIs from fungi were phylogenetically distant from the
Homo sapiens TPI, the development of TPI inhibitors that do
not react with the host molecule could be feasible.

The single pattern obtained in Southern blot analysis sug-
gests the presence of only one TPI gene in P. brasiliensis.
Northern blot showed a single transcript migrating as an
mRNA species of 1.4 kb, reinforcing the presence of only
one gene in the fungus genome. Data obtained from the
P. brasiliensis transcriptome analysis corroborate this obser-
vation [37].

The purified protein obtained from bacteria transformed
with the POTPI plasmid construction and subjected to SDS—
PAGE exhibited a monomeric band of around 29 kDa, in
accordance with the size of the deduced protein and in agree-
ment with the molecular size of the native molecule of
P. brasiliensis. Those data reinforce the evidence that the
previously characterized immunogenic 29-kDa protein, pre-
senting identity to TPIs from several sources, has been
cloned [15].

Anti-P. brasiliensis 1gG levels are usually elevated in
patients with recently diagnosed PCM, and these levels, in
addition to the diagnosis of the disease, have been shown to
be good markers for monitoring response to therapy [38].
Progress has recently been made in the application of recom-
binant proteins to the serodiagnosis of PCM. Recombinant
molecules of a 43-kDa glycoprotein (gp43) and the 23-kDa
antigen had been used in serodiagnosis tests [39.40]. We had
recently cloned an hsp60 antigen and used it as a serodiag-
nostic marker in PCM [13,14]. The usetulness of the recom-
binant POTPI in future diagnosis of PCM is promising, since
the recombinant molecule was able to react to antibodies
present in sera of PCM patients, but in not in sera of control
individuals. Our data indicate that the recombinant form of
the antigen TPI evaluated in this study should be of value in
the diagnosis of PCM. Future work will focus on this subject.
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V- CONCLUOES

As conclusdes finais do trabalho séo:

- O sequenciamento de alguns clones rastreados ia gemima biblioteca de
cDNA do fungoP. brasiliensise de fragmentos amplificados por PCR a partir dAD
genomico do mesmo evidenciaram a caracterizaca@slaeqiéncias de cDNA e do gene
completas para a proteina Triose Fosfato Isomeleste fungo.

- A proteina deduzida a partir do cDNA e do gene sgn®u uma massa
molecular calculada de 29-kDa e ponto isoelétrieaipo de 5.8, semelhante a proteina nativa
evidenciadas em trabalhos anteriores do nosso grAposeqiéncias de aminoacidos
correspondentes aos trés peptideos caracterizatkrsoamente, também foram observadas
na proteina deduzida &bTPI.

- Os motivos conservados em TPI Lys12, His94, Cysta6166, Argl90 e
Asp226 foram encontrados na sequéncia deduzitotel. A provavel estrutura secundaria
de PbTPI foi analisada por comparacdo com outras sedpgde TPIs ja caracterizadas por
métodos cristalograficos. Observou-se a consen@gsioegidoes de @hélices e de 8 cadeias
B, que formam a estrutura do barfib(s, comum para esta enzima.

- A comparagao da sequencia gendmic®lokpi com genes descritos de TPI de
outros fungos caracterizados em bancos de dadofromosonservagao com relacdo ao
namero de introns presentes, sendo ainda maioe estrsequéncias de TPI dos fungos

eurotiomicetos, onde as posi¢des dos introns séto similares. A constru¢do de uma arvore
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filogenética a partir das sequéncias de aminoaaéo§P| de alguns organismos mostrou a
formacdo de clados especificos. Estes dados foemfirmados com a comparacdo das
posi¢cdes dos introns nos respectivos genes cognatos

- Os dados obtidos a partir dos experimentos de Heonit e “Northern blot”,
evidenciaram que o gembtpi provavelmente esta presente em apenas uma coégenoma
deP. brasiliensis.

- A expressdo heteréloga do cDNA &bTPI em um sistema bacteriano e
posterior purificacdo da proteina recombinante deéliada por andlise em SDS-PAGE,
evidenciando uma proteina de 29-kDa, em concord&men a proteina nativa e com a massa
molecular calculada para a sequéncia deduzida awaaoidos.

- Os ensaios de “Immunoblotting” comPbTPI recombinante mostraram que
esta também foi reconhecida por anticorpos presamiesoro de pacientes com PCM, de

maneira similar a proteina nativa analisada antesgate.
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VI- PERSPECTIVAS

De acordo com os dados obtidos em nosso trabateeapamos as seguintes

perspectivas:

- Andlise da reatividade imunolégica da proteina memoante, utilizando-se
soros de pacientes com PCM e com outras micoses;

- Obtencéo de anticorpos contra a proteina recomigingsando estudos de
citolocalizacao;

- Caracterizacao da atividade enzimatic&d@P| recombinante;

- Avaliar a estrutura da proteina recombinante, atawle métodos
cristalograficos;

- Realizar ensaios de imunoprotecdo com a prote@manignante;
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Anexo |. — Sequéncia do cDNA debTPI depositada no NCBI sob o numero de

acesso AY250089.
LOCUS AY250089
DEFI NI TI ON

conpl ete
ACCESSI ON  AY250089
VERSI ON
ORGANI SM

Onygenal es;
REFERENCE

1080 bp

MRNA

i near

PLN 13- JAN- 2004

Par acocci di oi des brasiliensis triose phosphate i sonerase mRNA

cds.

AY250089. 2 d :40805817
Par acocci di oi des brasiliensis

Eukaryota; Fungi
m t ospori c Onygenal es;
1 (bases 1 to 1080)

Ascomycot a; Pezi zonycotina; Eurotionycetes;
Par acocci di oi des.

AUTHORS Pereira,L.A. ,Pereira, M,Jesuino, R S. A ,Bastos,EE G P.,Felipe, MS. S.
and Soares,C M A

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

gtctcct aaa
ttcccgtcaa
ggcggcaact
aactctgcca
gtgcttgcac
aagcct aat g
act t ggacgt
gt agcacgga
gagtctcttg
gcecgttgecg
at ct gggcca
tccat ccgga
atttacggcg
gacgggtttt
cgtttataga
atgacgtttt

gggt t at gcg
ttgcaattga

ccttcacgaa
at aaaggat a
t caagat gaa
agcttgatcc
gacaacttgc
gagcctttac
tggct ggaca
aaacaaaggc
aggaacgcga
aggaagtctc
t cggaacggg
aat ggct gaa
gaagcgttac
t ggt gggcgg
cggttttggt
cct agt ccct
ggt att ggaa
aaaat at aaa

ccatttaatt
at aaaat t ct
t ggcaccgct
ttccact gaa
gaacggccaa
tggggagt t g
tagcgaacga
tgccattaac
agct ggaaag
tcct gcagaa
caaggt cgcc
t gagaaaat c
ggagagcaac
agctagttta
agttagttct
cagtttcttt
acct ggagac
ataattaata

actatatatc
ccagccacca
aaat ct at ca
attgtcatcg
gtcgccgttt
agcgt ggaac
agagttttac
ggt ggt ctca
actatcgatg
t ggaat aagg
acaacagagc
tcccct gaag
t gt cgggat c
aaacctgctt
tagttacgac
tccgct aaca
ct gacat gga
acactgttcg

ctagaaattc
tgcctcgt aa
cccat at cat
cccecgect gc
ct gcacagaa
agct cagaga
t cagagaaga
atgtaattct
tt gt aacaag
tcgt cat cgc
aagcacaaga
cggccgaaaa
tcgccgecgea
tt gt cgat at
at aaaat ccc
ct gccat aaa
aat ggcct ga
t cagt gcagt

ttatcattta
attctttgtt
caccaacctc
aatctacctg
tgtgtttgat
t gaaaaaat c
tgatgagttt
ttgcattggce
gcaatt ggac
ct at gagccc
agt gcat gcc
cacccgegtt
gcctgatgtt
cat caacgcc
ttacggcaga
agctgatatt
ctttcttgtt
atttatatct
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Anexo Il. — Sequéncia do geribtpi depositado no NCBI sob o niumero de acesso
AY037936.
LOCUS AY037936 1680 bp DNA | i near PLN 27- FEB- 2004
DEFI NI TI ON Par acocci di oi des brasiliensis triosephosphate isonerase gene,

conpl ete cds.

ACCESSI ON  AY037936
VERSI ON AY037936.3 G :44662778
ORGANI SM Par acocci di oi des brasiliensis

Eukaryota; Fungi; Ascomycota; Pezizonycotina; Eurotiomycetes;

Onygenal es; nitosporic Onygenal es; Paracocci di oi des.
REFERENCE 1 (bases 1 to 1680)
AUTHORS Pereira,L. A, Pereira,

M, Felipe,MS. S. and Soares,C M A

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621

gtctcct aaa
ttcccgtcaa
ggcggcaact
tacccacacc
aattccattc
aact ctgcca
gtgcttgcac
aagcct aat g
act t ggacgt
tgttggattt
tattatcatt
cccaacgt gc
ccggaat at t
aattctttgc
tttatgcgag
ttcggttgaa
actatcgatg
t ggaat aagg
tctttcaaag
cgggcaaggt
t gaat gagaa
ttacggagag
gcggagcet ag
ccat cctgca
cgtttataga
atgacgtttt

gggt t at gcg
ttgcaattga

ccttcacgaa
at aaaggat a
tcaagatgta
caaaatcttc
cacccaggaa
agcttgatcc
gacaacttgc
gagcctttac
t ggct ggaca
cttatagtga
ttatgcccga
gt gtattgag
tagtttgtag
at t ggcgagt
ttgaaatatc
gcgagagct g
tt gt aacaag
tcgt cat cgc
aacgaacct a
cgccacaaca
aatctcccct
caact gt cgg
tttaaaacct
aacggat aaa
cggttttggt
cct agt ccct
ggt at t ggaa
aaaat at aaa

ccatttaatt
at aaaat t ct
tgtgtgttct
ct at aacaac
t ggcaccgct
ttccact gaa
gaacggccaa
tggggagttg
t agcgaacga
t gt gt ggt gg
at cggt ccca
attcgtgata
cacggaaaac
ctctt gaggt
gaaaacgaag
acgacacggt
gcaatt ggac
ct at gagcce
caat cct aac
gagcaagcac
gaagcggccg
gat ct cgccg
gctgtatgtt
ttactaactc
agttagttct
cagtttcttt
acct ggagac
at aatt aat a

actatatatc
ccagccacca
gttcct gaat
cggaat actg
aaatctatca
attgtcatcg
gtcgcegttt
agcgt ggaac
agagttttac
gt gcaagat t
ttttaagtta
tcttcctcaa
aaaggct gcc
aaact accca
gcaaaacaaa
ctccat at at
gccgttgeeg
at ct ggt aat
aaccact cca
aagaagt gca
aaaacacccg
cgcagcct ga
tt cacagaat
aagt cgcagt
tagttacgac
tccgct aaca
ct gacat gga
acactgttcg

ctagaaattc
tgcctcgt aa
caaaacgt ca
at aaat cact
cccat at cat
cccegect ge
ct gcacagaa
agct cagaga
t cagagaaga
ttgttttcce
gtcccgtt at
ctttaactaa
attaacggtg
ccatttcgat
agattctcag
aggaacgcga
aggaagt ctc
actgcttcta
cctccccagg
tgcctccatc
cgttatttac
tgttgacggg
attgtcatga
tt gt cgat at
at aaaat ccc
ctgccat aaa
aat ggcct ga
t cagt gcagt

ttatcattta
attctttgtt
aattcgtctc
tccactactc
caccaacctc
aatctacctg
tgtgtttgat
t gaaaaaat ¢
t gat gaggt a
ttaaacact a
tttccaattc
tattgtcata
gt ct caat gt
at t aaaccct
gggaacgt gt
agct ggaaag
tcct gcagaa
cgtttcattg
gccat cggaa
cggaaat ggc
ggcggaageg
tttttggtgg
t aggaat acc
cat caacgcc
ttacggcaga
agctgatatt
ctttcttgtt
atttatatct
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Anexo lll. — Alinhamento das seqiiéncias de aminoacidos reééra TPI de fungos e
tabela com os valores de identidade encontradadin®amento foi realizado pelo software
ClustalX (1.81). As regides sombreadas correspondes peptideos da regido carboxi e
amino terminal alinhados para construcdo dos oligeotideos S1 e At2. Estes resultados
sao parte integrante do paimhdéntification, Structural Analysis and Heterologolixpression

of a cDNA Encoding the Triose Phosphate IsomeraB¢) (Of Paracoccidioides brasiliensis
apresentado no XXII CONGRESSO BRASILEIRO DE MICRORBDGIA, realizado de 17

a 20 de Novembro de 2003 no Centro de ConvencaasdSal - Florianopolis — SC.

Pbrasiliensis

Pbrasiliensis

Pbrasiliensis

Pbrasiliensis

Aoryzae

Pbrasiliensis

MPRKFFVGGNFKMNGTAKSI THI | TNLNSAKLDPSTEI VI APPAI YLVLARQ.AN— GQ\/

Kk kkkkkkkk Kk - * . *k k- Kook kkk Kk

Aoryzae MPROFFVGGNFKMNGTAESI TAI | KNLNEAKLDETTEVVVSPPAL YLTLAQQVADEKKKV 60
Eni dul ans MPRKFFVGGNFKMNGNAESTTSI | KNLNSANL DKSVEVVVSPPAL YLLQAREVAN- - KEI 58
Ncrassa MARKFFVGGNFKMNGTRKDL KAl VDNL NNAQL DPNAEVVI APPAL YLDFVKQNLQ- KPNV 59
Scer evi sae MARTFFVGGNFKLNGSKQSI KEI VERLNTASI PENVEVVI CPPATYLDYSVSLVK- KPQV 59
Cal bi cans MARQFFVGGNFKANGTKQQ TSI | DNLNKADL PKDVEVVI CPPALYLGLAVEQNK- QPTV 59

58

Aoryzae AVSSQNVFDKPNGAFTGEI SVSQLQDAKI PWI'T | GHSERRVI LKETDEFI ARKVKAAI DG 120
Eni dul ans GVAAQNVFDKPNGAFTGEI SVQQLREANI DWI'I LGHSERRVI LKETDEFI ARKTKAAI EG 118
Ncr assa EVAAQNVFNKPNGAFTGEl SATQLLDLGVKW/I LGHSERRNEL GESDEFI ASKTKYALDN 119
Scer evi sae TVGAQNAYLKASGAFTGENSVDQ KDVGAKW/I LGHSERRSYFHEDDKFI ADKTKFALGQ 119
Cal bi cans Al GAONVFDKSCGAFTGETCASQ LDVGASWIL TGHSERRTI | KESDEFI AEKTKFALDT 119

AVSAQ\I\/ FDKPNGAFTGEL SVEQ_ RDEKI WI'LAGHSERRVL L REDDEFVARKTKAAI NG 118

* % * *kkkkk * . kkkkkk Tk kekek ok kK-

GLNVI LCI GESLEEREAG<TI D\/VTRQ.DAVAEEVSPAEV\NKWI AYEPI WAI GTGKVAT

KooKk K kK- - - *k Kk Tk kKKK kKK KKK * %

TEQAQEVHASI RKW_NEKI SPEAAENTRVI YGGSVTESNCRDLAAQDDVDG:LVG?ASLK

* * % * Tk Kk kk cekk kR kKKK KKK

PAFVDI | NARL 251

Eni dul ans PAFVDI VNARL 249
Ncr assa PEFVDI | NANL 248
Scer evi sae PEFVDI | NSRN 248
Cal bi cans PEFVDI | KSRL 248

PAFVDI | NARL 249

* okkkke .

Aoryzae G SVI FCI GETLEEREADKTI EVWTKQLNAAAKEL TKEQWSKVVI AYEPVWAI GTGKVAT 180
Eni dul ans GLQVI FCI GETLEEREANKTI DVVTRQLNAAAKEL SKEQWAKWVI AYEPVWAI GTGKVAT 178
Ncr assa G SVI WCCGESKDTRQAGETT KFVENQLAALAKEI N- - DWKNWVI AYEPI WAI GTGLVAT 177
Scerevi sae GVGVI LClI GETLEEKKAGKTLDVVERQLNAVLEEVK- - DWTNVWAYEPVWAI GTGLAAT 177
Cal bi cans GVKVI LClI GETLEERKGGVTLDVCARQLDAVSKI VS- - DWENI VWAYEPVWAI GTGLAAT 177

178

Aoryzae TQRAQEVHAAI RKWLADAI SPEASENTRI | YGGSVSEKNCRELAQERDVDGFLVGGASLK 240
Eni dul ans TEQAQEVHSAI RKWLKDAI SAEAAENTRI | YGGSVSEKNCKDLAKEADI DGFLVGGASLK 238
Ncrassa KEQAQEVHAAI RSWL.KONVSDKVAEETRI L YGGSVNAKNCKDLAKEQDI DGFLVGGASLK 237
Scer evi sae PEDAQDI HASI RKFLASKL GDKAASELRI L YGGSANGSNAVTFKDKADVDGFLVGGASLK 237
Cal bi cans PEDAEETHKG RAHLAKSI GAEQAEKTRI L YGGSVNGKNAKDFKDKANVDGFLVGGASLK 237

238

Aspergillus orizaegi9955876; Emericella nidulansgi217921; Neurospora
crassa gi28920460;Saccharomyces cerevisiagl73007; Candida albicans

gi6841083.
Organismo  Valor de Identidade(%)
A. oryzae 74
E. nidulans 75
N. crassa 62
S. cerevisae 57
C. albicans 58
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Anexo IV. — Imagem da estrutura terciaria predita do mononu PbTPI. A
estrutura apresenta 8 regibes de cadpigamarelo) e 8 regides de hélice (vermelho),
constituindo um barril fa)s. A imagem foi gerada por modelagem protéica auticaa
baseada na comparacdo com proteinas ortélogasgéter@zadas, no site SWISS-MODEL
(http://www.expasy.org/swissmod/SWISS-MODEL.html)Estes resultados séo parte
integrante do paineldentification, Structural Analysis and Heterologo&xpression of a

cDNA Encoding the Triose Phosphate Isomerase (TRIParacoccidioides brasiliensis
apresentado no XXIl CONGRESSO BRASILEIRO DE MICROBDGIA, realizado de 17
a 20 de Novembro de 2003 no Centro de ConvencdesdSal - Florianépolis — SC.

58




Identificacdo Protedmica, Sequiéncia de NucleotideBspressao Heterdloga e Reatividade ImunolégicaTd@se Fosfato Isomerase de
Paracoccidioides brasiliensis

Luiz Augusto Pereira

Anexo V. — Gel de agarose 0,8% mostrando o produto de RCE380 pb obtido a
partir do DNA gendmico d@. brasiliensisutilizando os primers |11 e Ate. Estes resultados
sao parte integrante do paihdéntification, Structural Analysis and HeterologolExpression
of a cDNA Encoding the Triose Phosphate IsomeréB¢) (Of Paracoccidioides brasiliensis
apresentado no XXIl CONGRESSO BRASILEIRO DE MICROBRDGIA, realizado de 17
a 20 de Novembro de 2003 no Centro de ConvencdesdSal - Florianépolis — SC.

Kb

2,5 —

2 -

1,5 —
1,35—

1 -

0,5 —
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Anexo VI. — Gel de agarose 0,8% mostrando o produto de RCR5@ pb obtido a
partir de DNA plasmidial , utilizando os primerss&hse e 3’anti-sense construidos para
clonagem da ORF debtpi no vetor de expressdo pGEX-4¥-FEstes resultados sdo parte
integrante do paineldentification, Structural Analysis and Heterologo&xpression of a
cDNA Encoding the Triose Phosphate Isomerase (TRIParacoccidioides brasiliensis
apresentado no XXII CONGRESSO BRASILEIRO DE MICRORBDGIA, realizado de 17
a 20 de Novembro de 2003 no Centro de ConvencdesdSal - Florianépolis — SC.

Kb
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Anexo VII. — Correspondéncia da revidticrobes and Infection

Dr Célia Maria de Almeida Soares
Laboratério de Biologia Molecular

————————— Mensagem Original —------——-

De: Camille.Locht@pasteur-lille.fr

Para: celia@icb.ufg.br <celialicb.ufg.br>

Assunto: Institut Pasteur [mic040515] - Decision concerning your
submission

Data: 05/05/04 14:13

>

>

> Dear Celia Soares,

>

> Your manuscript mic040515 &quot;Proteomic Identification, Nucleotide
Sequence, Heterologous Expression and Immunological Reactivity of the
Triosephosphate Isomerase of Paracoccidioides brasiliensis&quot; has been
carefully examined by the reviewers.

> We are pleased to inform you that it is now considered acceptable for
publication in the journal Microbes and Infection.

>

> Thank you for submitting your paper to Microbes and Infection.

>

> Sincerely,

>

> Camille Locht

> COMMENTS FROM REFEREE #1:

>

> MATERIALS AND METHODS

> Pag 3, last line:

> 2.8. TPI inferred phylogeny and introns positions analysis

>

> In relation to pag. 4, first paragraph, various lines: in order to
clarify

concepts information is needed concerning these points:

>

> 1.- Could the authors indicate which techniques or methods were used to
undertake the phylogenetic analysis?

>

> 2.- Which optimization criteria was used to construct the various trees

(Maximum Parsimony, Maximum Likelihood, Bayesian analysis, Distance,
others)?

>
> 3.- If the trees were constructed following the options given in
ClustalX,

then the criteria used should have been Neighbor Joining (Thompson,
Gibson

et al. 1997). However of they authors used a different program such as
PAUP*

or TCS, the criteria utilized should be specified.

>

>

> RESULTS

>

> Page 6. Second paragraph. Fourth Line. A bootstrap phylogenetic tree
was
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constructed...

> 1.- Bootstrap is a support measure that by means of permutations
determines how high the branches can go and as such by itself it is not a
phylogenetic tree.

>

> Page 6. Second paragraph. Fourth Line. .by using the algorithm
described

by Thomson et al..

> 2.- ClustalX is an alignment program not an algorithm one could use to
tree construction. Once more if the criteria used to build up the trees
was

the one given in ClustalX, then the criteria used should have been
Neighbor

Joining (Thompson, Gibson et al. 1997).

>

> Page 6. Second paragraph, Line 7.The strong evotlutionary relationship
of

the Fungi TPIs was confirmed.

>3 .- It is inappropriate to affirm that trees constructed on the basis
of

a single gene, TPI in this case, represent a true phylogenetic
arrangement.

The data obtained represents the evolutionary traits for this particular
gene not for the whole microorganism (Hillis 1997)

>

> 4.- In order to be sure that a strong evolution relationship has been
confirmed between those genes codifying for TPI in fungi, a larger sample
of

test organisms beside those representing the Ascomycota and Basidiomycota
should be included. Additionally, it would be advisable to test a larger
number of the above representatives.

>

> Page 6. Second paragraph. 12th Line Figure 3B presents introns
position

correlated to the amino acids sequences of the TPI proteins..

>

> 5.- If introns were to be given a stronger position as defining
characters, a topology should be constructed with the pertaining data and
determine how much coincidence can be derived from the genealogy
resulting

from the TPI analysis. Ideally, a phylogeny should be constructed with a
wider variety of genes

>
> As for Fiqgure 3A, pag 10 .. Phylogeny pf the Pb TPI and structure..
>

> 1.- It is not clear if the tree is rooted or not. If it were rooted,
which

external group was utilized for this purpose? The recognized brother
group

in the Kingdom Fungi are the animals (Wainright, Hinkle et al. 1993;
(Scamardella 1999).), Considering that among the groups included in the
tree

the one most distantly located from the Fungi would be not the Protista
but

Plasmodium falciparum, it is recommended to root the tree to the latter
microorganism. If the tree has no proper roots its representation is
confusing as it tends to show that the divergences between animals and
Fungi
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are more primitive than those between the Fungi and Plants. Finally,
the

tree has no roots it becomes only a connective net (Holder and Lewis
2003) .

Specification of the optimaxing criteria should be defined.

>

>

> DISCUSION

> Page 7. Third paragraph. Fourth line. .seguences of TGPIs have bee
previously reported.

>

> 1.- Although the TPI gene encompasses the Fungi in a single group,
cannot accept its determination as fully validating the phylogenetic
relationships, unless the polarity of the tree is validated. Generall
the

genes range of taxonomic validity considering phylogeny is limited. TI
analysis of this gene as presented in this manuscript does not allow
obtain novel conclusions nor do they resolve a problem.

REFERENCES

VIV VY

> e Hillis, D. M. (1997). &quot;Phylogenetic analysis.s&quot; Curr Bi
7(3): R129-31.
> ¢ Holder, M. and P. 0. Lewis (2003). &quot;Phylogeny estimation:

traditional and Bayesian approaches.&quot; Nat Rev Genet 4(4): 275-84
> ¢ Scamardella, J. M. (1999). &guot;Not plants or animals: a brief
history

of the origin of Kingdoms Protozoa, Protista and Protoctista.&quot; I
Microbiol 2(4): 207-16.

> * Thompson, J. D., T. J. Gibson, et al. (1997). &guot;The ClustalX
windows

interface: flexible strategies for multiple sequence aligment aided b
quality analysis tools.&quot; Nucleic Acids Res. 24: 4876-4882.

> ¢ Wainright, P. 0., G. Hinkle, et al. (19%93). &quot;Monocphyletic
origins

of the metazoa: an eveolutionary link with fungi.&guet; Science 260(51
340-2.

>
>
>
> COMMENTS FROM REFEREE #3:

>

> The paper contains useful data that is certainly publishable after
attention to the English.

>

>

>
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