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RESUMO

A producdo e a purificagdo de DNA plasmidial com elevado grau de pureza tem
tido um elevado interesse nos Udltimos anos, devido fundamentamente aos
desenvolvimentos de técnicas de medicina molecular, como a terapia génica e a
vacinagdo com DNA. O plasmideo pD2 foi produzido em diferentes condi¢es de
cultivo, sendo analisado varias parametros durante o crescimento, tais como, influéncia
da velocidade de agitacéo (120, 160 e 200 rpm), concentragdes de canamicina (10, 20,
30, 40 e 50ng ml™Y) e meio de cultura (Terrific Broth - TB ou Luria Bertani com glicose
- LBG). Foram também investigados o efeito da particdo de DNA plasmidial, RNA e
proteinas totais nos sistemas de duas fases aquosas (SDFA) do tipo polietileno glicol
(PEG)/sal de fosfato de sddio dibésico (K:HPO,) do plasmideo (pD2) durante o
processo de purificagdo. Anaisou-se a influéncia da massa molar do PEG, massa que
carrega o sistema da solucdo de lise (20, 40 ou 60% m/m) na particdo do plasmideo. A
técnica de precipitacdo com sulfato de amonio (2,0, 2,5 e 3,0M), seguido da técnica
cromatogréfica de interacdo hidrofobica (CIH) utilizando como matriz estacionaria o
suporte Phenyl Sepharose 6 Fast Flow foram utilizadas para purificar o plasmideo
pVax-LacZ. A velocidade de agitacdo que apresentou os melhores resultados para a
producdo de biomassa e DNA plasmidia foi a 200 rpm, enquanto as concentragdes 30-
50ng mL™* de canamicina apresentaram resultados semel hantes para todas as condices
estudadas. O meio de cultura TB apresentou ser 0 melhor em termos de producgéo de
DNA plasmidia e biomassa, neste meio de cultura o plasmideo foi mais estavel,
apresentando 82% de células contendo o plasmideo. O DNA plasmidial foi particionado
entre a fase superior e inferior na dependéncia da massa molar do polimero constituinte
do sistema, tendo uma grande quantidade de proteina do lisado celular acumulada na
interfase dos sistemas. O melhor rendimento plasmidial (37%) foi obtido com sistema
PEG 400/K ;HPO4 (20/20% m/m) carregado com 60% (m/m) de lisado celular. O
procedimento de precipitagdo com sulfato de amonio (2,5M) seguido da cromatografia
de interacdo hidrofobica foram capazes de separar proteinas e DNA gendmico do

plasmideo, obtendo 51% de rendimento e um fator de purificacdo de 3,3.



ABSTRACT

The production and purification of plasmid DNA with high degree of purity
have been having a large interest in the last years, mainly due to the development of
several techniques, such as molecular medicine, gene therapy and DNA vaccination.
The different bacterial growth conditions were set up in order to analyze the plasmid
pD2 production, such as the influence of agitation velocities (120, 160 and 200 rpm),
kanamycin concentrations (10, 20, 30, 40 and 50mg ml™!) and culture medium (Terrific
Broth - TB or Luria Bertani with glucose - LBG). Were aso investigated the effect of
plasmid DNA, RNA and total proteins in the aqueous two phases systems (ATPS),
polyethylene glycol (PEG)/ sodium phosphate salt (K;HPO,4) on the plasmid (pD2).
Was aso analyzed the influence of the molecular weight of PEG, load of lyse solution
(20, 40 or 60% w/w total mass of the systems) on the plasmid DNA partition. With the
pVax-LacZ plasmid the precipitation with ammonium sulphate (2.0, 2.5 and 3.0M)
followed by hydrophobic interaction chromatography (HIC) using as support Phenyl
Sepharose 6 Fast Flow was applied. The agitation velocity that presented better results
related to biomass and plasmid DNA production was 200 rpm, while 30-50ng mL™ of
kanamycin presented similar results for all the studied conditions. The TB medium was
the best medium for biomass and DNA production. The plasmid was stable in TB
medium, showing 82% plasmid containing cells. The plasmid DNA are partitioned
between the top an bottom phases showing to be dependent to the molecular weight of
the system and a good amount of cell lysate protein was accumulated in the interphase
of the system. The best recovery plasmid yield (37%) was obtained with PEG 400
system with a 60% (w/w) lysate load. The precipitation procedure with ammonium
sulphate (2.5M) followed by the hydrophaobic interaction chromatography were capable
to separate proteins and genomic DNA of the plasmid, obtaining 51% of revenue and a

purification factor of 3.3 after the precipitation with ammonium sul phate.



1. INTRODUCAO

Plasmideos sdo elementos genéticos congtituidos por moléculas de DNA
extracromossomicas em cadeia dupla covalentemente fechada que podem existir em
diferentes conformacdes topoldgicas e so capazes de manter-se estaveis em popul agdes
microbianas (SINDEN, 1994; GANUSOV; BRILKOV, 2002).

Todos os plasmideos possuem uma sequéncia de DNA que pode atuar como
origem de replicacdo, de modo que eles sdo capazes de se multiplicar na célula
independentemente da molécula principal de DNA. Os plasmideos menores fazem uso
das proprias enzimas replicativas de DNA da célula para fazer copias de s mesmos, ao
passo que alguns dos plasmideos maiores possuem genes que codificam enzimas
especiais, especificas para sua replicacdo (BROWN, 1999).

Alguns plasmideos também sdo capazes de se replicar inserindo-se na molécula
principal de DNA. Esses plasmideos s&0 integrativos ou epissomos, podem ser mantidos
de modo estavel durante varias multiplicacGes celulares, mas sempre em algum estagio
existem como elementos independentes (PROCTOR, 1994; BROWN, 1999).

Os plasmideos podem ser categorizados em dois grandes grupos, os plasmideos
conjugativos ou ndo conjugativos, dependendo se transportam ou ndo um conjunto de
elementos utilizados na transferéncia de genes que promovem a conjugacdo bacteriana
(Tabela 1). Estes ainda podem ser agrupados em relacdo a quantidade de copias que eles
podem manter por células, multiplas copias ou limitadas cépias (OLD; PRIMROSE,
1981).

Geralmente os plasmideos conjugativos sdo de alta massa molar e estdo presentes
com uma a trés cdpias por cromossomo, engquanto que os plasmideos ndo conjugativos
s80 de baixa massa molar e estéo presentes com multiplas cépias. Eles ainda podem ser

classificados de acordo com o controle preferencial na duplicacdo, plasmideos
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restritos ou relaxados. Os primeiros duplicam-se em sincronia com O Cromossomo,
enguanto gque os plasmideos relaxados duplicam-se independentemente da coordenacéo
cromossomica (OLD; PRIMROSE, 1981).

A partir de 1946, quando Lederberg e colaboradores descreveram o plasmideo F,
responsavel pela fertilidade em Escherichia coli K12, centenas de outros plasmideos
foram descritos, alguns deles codificando informagdes de grande relevancia para a salde
humana, animal e vegetal, como os plasmideos R (resisténcia maltipla a drogas) em
diversos grupos bacterianos Gram-negativos e positivos. Mais de 250 plasmideos ja
foram descritos somente em Escherichia coli. Além desses plasmideos naturais, existem

dezenas de plasmideos artificiais (COSTA, 1987).

Tabela 1 Propriedades de plasmideos conjugativos e ndo-conjugativos de organismos

Gram-positivos.

Plasmideo Tamanho Conjugativo NUmero de cépias Fendtipo
(Kb) plasmideos/cromossomo

Col E1 42 N&o 10-15 Producéo decolicina E1

RSF 1030 5,6 N&o 20-40 Resisténcia aampicilina

Clo DF13 6 N&o 10 Produc&o de cloacina

R6K 25 Sm 13-28 Resisténcia a estreptomicina e
ampicilina

F 62 Sm 1-2

RI 62,5 Sm 3-6 Resisténcia multipla a drogas

Ent P 307 65 Sm 1-3 Producéo de enterotoxina

Fonte: OLD; PRIMROSE, 1981.



Os plasmideos sGo comumente conhecidos como veiculos para introducdo de
novos genes dentro de uma célula viva (BAHERI et al., 2001). Estes sdo freqlientemente
usados como modelo para estudos de replicacdo, recombinagéo e segregacéo de DNA em
células microbianas. O DNA plasmidial tem adquirido recentemente consideravel
interesse devido a0 seu potencial de aplicacdo em terapia génica e vacinas de DNA
(PRAZERES et a., 1999; LEVY et al., 2000; FERREIRA et al., 2000; WANG et al.,

2001; RIBEIRO et al., 2002).

1.1 Caracterizacao estrutural dos plasmideos

As moléculas de DNA sdo hélices formadas por duas cadeias ainhadas segundo
um eixo de forma antiparalela. Cada cadeia € um polimero linear de nucleotideos ligados
entre s por ligagbes fosfodiéster. Na estrutura da molécula de DNA as bases
nitrogenadas encontram-se empacotadas junto ao centro do eixo da hélice, enquanto que
no exterior da hélice se encontram os grupos fosfato, negativamente carregados. O
interior da hélice é portanto, atamente hidrofébico devido a presenca das bases
aromaticas (SINDEN, 1994).

A estrutura em cadeia dupla é atamente estével. Esta estabilidade é dada através
das forcas de empacotamento (hidrofébicas e de van der Walls) entre as bases da
molécula, mas também das ligacbes de hidrogénio e da camada de moléculas de &gua que
solvatam o DNA. A desnaturacdo do DNA (separacdo das cadeias) pode resultar da
guebra das ligagdes de hidrogénio a pH<2 ou pH>12 devido a ionizacdo das bases, do
aumento da temperatura ou da forca idnica e, ainda, de cortes ou rearranjos na sua
estrutura (RIBEIRO, 2000).

Na molécula do plasmideo, se 0 eixo da hélice do DNA estiver também enrolado,
forma-se uma estrutura atamente ordenada, superenrolada (Figura 1); se o plasmideo

sofrer um corte numa das cadeias, a estrutura superenrolada perde-se, resultando numa
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estrutura circular aberta; se o corte for em ambas as cadeias, a estrutura passa a ser linear.
A forma circular aberta inclui também moléculas que ndo tém cortes nas suas cadeias e
as quais se da o nome de relaxadas. As moléculas de plasmideo extraidas de uma bactéria
encontram-se naturalmente na forma superenrolada, mas existe também uma fracdo na
forma aberta (SINDEN, 1994).

A estrutura que corresponde a maior estabilidade para o plasmideo, ou sgja, a
menor energia, é a forma circular aberta. No momento, in vivo, injrias a molécula
impdem a forma superenrolada. Como as moléculas de plasmideo sdo polianidnicas a

forcaidnica do ambiente que o rodeia tem um efeito profundo na sua estrutura (McFAIL-

ISOM et al., 1999).
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Figura 1. Exemplo de diferentes conformagdes do plasmideo: A) linear; B) circular

aberta; C) superenrolada.

Em elevadas concentracdes de sal, 0 plasmideo esta altamente compactado, com
as bases hidrofébicas empacotadas e blindadas no interior da hélice. Isto se deve ao
efeito dos cétions presentes em solucdo, que reduzem a repulsdo eletrostética entre os
grupos fosfato do DNA (SINDEN, 1994). Se a quantidade de sal for reduzida, as
repulsdes eetrostaticas dominam e a molécula torna-se menos superenrolada e mais

aberta (SHLICK; OLSON, 1994).



1.2 Producéo de DNA plasmidial

O sucesso de fermentagdes baseadas em tecnologias de DNA recombinante € uma
combinacdo das interagdes entre o ambiente fermentativo, o organismo hospedeiro e os
elementos genéticos recombinantes (O KENNEDY et a., 2000). A producdo de
plasmideos por processos fermentativos em larga escala podem apresentar limitactes
guanto ao baixo rendimento, instabilidade plasmidial e atas densidades celulares
(DIOGO, 1999).

A producdo de plasmideos inclui trés fases principais. a fermentacdo, o
isolamento primério e a purificagdo. Em cada uma destas etapas existem problemas
especificos, na sua maioria relacionados com a natureza estrutural dos plasmideos, como
a elevada massa molar (normamente entre 5 a 20 kilobases), o que resulta em solugdes
muito viscosas e uma estrutura ndo globular flexivel e altamente carregada (PRAZERES
et al., 1999).

Meios de cultura comerciais também podem ser utilizados, sendo recomendado o
desenvolvimento de meios que sejam adaptados ao sistema plasmideo/hospedeiro em
guestdo, de modo a aumentar a produtividade (PRAZERES et al., 1998).

Deve-se ter cuidados especiais com a escolha de uma espécie como hospedeira de
um plasmideo, de maneira a obter rendimentos e prevenir alguns problemas em etapas
posteriores, como a purificagdo. Assim, a espéecie deve ser escolhida para minimizar a
guantidade de impurezas que necessitam ser removidas (PRAZERES et a., 1999). Em
gera, deve ser escolhida uma espécie hospedeira que tenha sido completamente
caracterizada, que esteja livre de qualquer contaminagdo e que ndo sgja prejudicial para o
ambiente, para o produto final, para os pacientes e para pessoa envolvido na producéo e
manipulacdo (SCHLEEF, 1999).

Trabalhos anteriores envolvendo tecnologias de DNA recombinante focalizam

seus estudos em seres procariontes, como a bactéria Escherichia coli. Esta é
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considerada como um hospedeiro ideal, pois tem reconhecida seguranca ao longo da
historia cientifica na utilizagdo em produtos farmacéuticos (VYAS et d., 1994; ZHANG

et al., 1996).

1.3 Estabilidade plasmidial

Na produgdo comercial com microrganismos recombinantes, a maioria dos
problemas est4 na estabilidade plasmidia. A instabilidade € a tendéncia das células
transformadas perderem suas propriedades de engenharia molecular por causa de
mudancas ou perdas do plasmideo (ZHANG et al., 1996). A instabilidade plasmidial em
cultura microbiol égica provoca reducdo dos niveis do produto desgjado no cultivo, tendo
impacto negativo em atividades de proteinas especificas e aumento nos custos de
producdo, visto que os substratos sdo consumidos por células ndo produtivas (VYAS et
al., 1994).

Existem dois tipos de instabilidade plasmidial: a estrutural e a segregacional. A
instabilidade estrutural € causada usuamente pela delecéo, inser¢do, recombinacéo ou
outros eventos, ao nivel de DNA; enquanto que a instabilidade segregacional € causada
pela particdo desigual de plasmideos durante a divisdo celular (OLD; PRIMROSE,
1981).

ApGs o plasmideo recombinante ser introduzido dentro de células hospedeiras, as
interacfes entre plasmideo e 0 hospedeiro sdo substanciais (Tabela 2). Estas interaces
determinam a instabilidade plasmidial e o grau de expressdo dos genes clonados.
Portanto, estes fatores combinados a fatores ambientais podem levar a perda plasmidial
(MOO-YOUNG et al., 1996), resultando em perda da produtividade do produto
desgjado, sendo um grande obstéculo para 0 aumento da escaa no uso de

microrganismos geneticamente modificados (ZHANG et al., 1996).



Tabela 2. Fatores que afetam a estabilidade plasmidial em leveduras.

Fatores genéticos Arranjo do plasmideo
NUmero de cdpias do plasmideo
Nivel de expressio
Marca seletiva
Propriedades das células hospedeiras

Fatores ambientais Formulagdo do meio de cultura
Tensdo do oxigénio dissolvido
Temperatura
Taxa de diluicgo

M odos de operagao do biorreator

Fonte: ZHANG et al. 1996

1.4 Marca seletiva

Uma marca seletiva € necessaria para identificar os clones transformados. A
presenca de um marca seletiva permite a manutencéo estavel se uma pressdo de selecdo
for imposta. Genes que conferem resisténcia a antibioticos sdo marcadores comumente
usados. Tais genes sdo inseridos nos plasmideos e os vetores resultantes sdo usados para
transformacdo. Meios de cultura seletivos contendo, quase na sua obrigatoriedade,
antibiéticos sdo usados para eliminar células livres de plasmideos enquanto mantém as
células transformadas. Antibioticos normalmente sdo caros, e a sua presenca pode

prejudicar arecuperagéo do produto fina (JMINEZ; DAVIES, 1980).

2. PROCESSOS DE PURIFICACAO

Os maiores obstéculos a producdo de plasmideos em larga escala encontram-se
associados aos processos de purificagdo, embora a tecnologia de fermentacéo utilizada

ainda necessite de vérios aperfeicoamentos (CARLSON et al., 1995). Os custos de
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producdo de proteinas terapéuticas, cerca de 70%, podem estar associados as operacoes
de separacdo e purificagdo. Parece ser improvéavel que as especificacOes de pureza e
custos de recuperacdo venham a ser menor no caso dos vetores de terapia génica

(LYDDIATT; O'SULLIVAN, 1998).

2.1 Isolamento primario

As dificuldades mais comuns encontradas no isolamento primério de plasmideos
sd0: a alta densidade celular, tensdes de corte elevada, desnaturagdo, agdo das nucleases,
manipulacdo dos lisados e fragmentacdo do DNA gendmico (PRAZERES et al., 1999).

A etapa de recuperacdo das células ao fina da fase de producdo de
microrganismos recombinantes, inicia-se por operacbes de separacdo solido-liquido,
ocorrendo através de centrifugacdo ou microfiltracdo. A ressuspensdo dessas células é
feita em tampdo que contém &cido etilenodiaminotetracético (EDTA), usado como
agente quelante. O EDTA remove fons de Ca® e Mg* da superficie celular,
desorganizando a sua estrutura e reduzindo a atividade das nucleases que podem
degradar o plasmideo (PRAZERES et al., 1999).

A técnica de lise dcdina iniciase pela adicdo e agitagdo suave de um
determinado volume de células com uma solucdo de hidroxido de sodio (NaOH)
contendo dodecil sulfato de sddio (SDYS). A reacdo de lise na parede celular, entre 0 SDS
e os lipidios e as proteinas, solubiliza 0 material da parede celular, provocando liberacéo
do conteido intracelular. Resultados de alguns pesqguisadores parecem indicar que a lise
guimica da parede celular e a liberacdo dos materiais intracelulares se completam ao fim
de 30-40 segundos dependendo da espécie bacteriana (CICCOLINI et al., 1998).

O ambiente fortemente alcaino da mistura causa também a desnaturacéo
reversivel do DNA plasmidia. O DNA cromossdmico de alta massa molar é também

desnaturado nesta altura causando o aumento da viscosidade da solucdo até um maximo,
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antes de diminuir para um estado estaciondrio. Esta diminuicdo € resultante da
fragmentacdo do DNA genbmico induzida pela tensdo de corte (CICCOLINI et al.,
1998).

Quando a lise e a desnaturacéo ficam completas, a mistura € neutralizada pela
adicdo de uma solugdo concentrada de acetato de potassio. De fato, a solubilizacdo do
SDS decresce a baixas temperaturas e as altas concentracbes de sal, resultando na
formacdo de uma suspensdo floculenta, formada por complexos SDS-proteinas. Estes
flocos, muito sensiveis as tensdes de corte, vao se agregando lentamente, formando uma
matriz contendo debris celulares, RNA, DNA genémico de alta massa molar e outras
impurezas que véo ficando retidas nesse reticulado. Os plasmideos, majoritariamente
dissolvidos na fase aquosa, recuperam a forma original superenrolada nesta fase do
processo o que lhe permite resistir melhor as tensdes mecanicas. O precipitado formado é
separado da fase aquosa por centrifugagdo ou filtragdo. Nesta operacdo pode ser perdido
algum DNA plasmidial, o que pode ser minimizado removendo o méximo de liquido da
fase sdlida (PRAZERES et al., 1999).

Ao longo de todo o processo de purificagdo, o processo de lise acalina € um dos
passos de maior dificuldade. A literatura descreve métodos alternativos para isolamento
primério dos plasmideos, nomeadamente a sonicagdo e a homogeneizagdo a alta pressao
(CARLSON et a., 1995). Todos os métodos testados provocaram uma grande
fragmentacdo do DNA gendmico, o que constitui um problema adicional em termos dos
passos subseqgiientes (THEODOSSIOU et al., 1997).

A liberacdo de DNA gendmico fragmentado aumenta a viscosidade da solucéo,
tornando o processo de mistura mais dificil e dispendioso. Adicionamente, a agitacéo
deve ser feita de forma suave, de modo a manter o DNA genémico com a massa molar o

mais ato possivel de modo a maximizar a sua precipitacdo nas etapas seguintes
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(RIBEIRO, 2000).

Em contraste, a adicdo dos reagentes que provocam a lise celular deve ser
suficientemente eficaz de modo a evitar a formagdo de locais com extremos valores de
pH, uma vez que valores superiores a 12 poderdo provocar a desnaturacao irreversivel
dos plasmideos, passando estas isoformas a ser consideradas contaminantes do processo.
A agitacdo deve também assegurar a lise completa e eficiente de toda a populacéo
celular. A lise dcadina é um processo dificil de controlar, apresenta falta de
reprodutividade e pode implicar perdas significativas de plasmideo (PRAZERES et al.,

1999).

2.2 Clarificacdo e concentracdo

A clarificacéo e a concentragdo sdo processos que tém por finalidade a remocéo
de alguns contaminantes do plasmideo com a simulténea reducdo do volume da solucéo
de lise. A concentragdo plasmidial geralmente é obtida por precipitacdo com alguns sais
ou dcoois, usualmente o isopropanol ou o etanol (LYDDIATT; O'SULLIVAL, 1998).

A precipitacdo com polietilenoglicol (PEG) tem sido utilizada, sistemas PEG-
8000/NaCl ou MgCh. Este método baseia-se no fato do tamanho do DNA precipitado ser
dependente do massa molar e da concentracdo polimero (LIS, SCHLEIF, 1975). Sendo
assim, pode-se fracionar 0 DNA de acordo com 0 seu tamanho ou, Simplesmente
precipitar todo o DNA (HORN et al., 1995).

Apbs a concentracdo do plasmideo, proteinas, lipopolissacaridios e acidos
nucléicos contaminantes podem ainda ser removidos por precipitacdo com sais (por
exemplo, sulfato ou acetato de aménio) conduzindo a um aumento na pureza do DNA

plasmidial (DIOGO et al., 2000).

2.3 Técnicas cromatogr &ficas

A cromatografia € uma das técnicas mais importantes na separacéo e
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purificacdo de produtos biolégicos (PRAZERES et a., 1999), exercendo um papel
central na purificagdo de plasmideos em larga escala, segja como uma etapa do processo
ou como uma ferramenta analitica para o monitoramento dos processos e controle de
qualidade (PRAZERES et al., 1998).

Diversos processos cromatograficos tém sido descritos na literatura como forma
de purificar &cidos nucléicos, incluindo técnicas de filtracdo em gel, troca ibnica, fase
reversa e afinidade (DIOGO, 1999).

Na cromatografia de filtracdo em gel as moléculas sdo separadas de acordo com o
seu tamanho. Esta técnica permite separar as endotoxinas e RNA dos plasmideos (HORN
et al., 1995; FERREIRA et a., 1997). A lentiddo, a baixa resolucdo, limitacdo na
capacidade (menor do que 10% do volume da coluna para uma boa resolucéo do
produto), diluicdo do produto fina sd0 algumas desvantagens desta técnica
(LYDDIATT; O'SULLIVAN, 1998).

Na cromatografia de troca ibnica os grupos fosfato do plasmideo (carregados
negativamente) interagem com a fase estacionaria da coluna, a qual € carregada
positivamente. E necessaria a utilizagdo de um gradiente de sal para eluir os &cidos
nucléicos, que em principio devem eluir por ordem do aumento da sua carga total, o que
por sua vez € uma funcdo do comprimento da cadeia (PRAZERES et a., 1998). Este
método tem a desvantagem de co-purificar justamente com o plasmideo, DNA
gendmico, endotoxinas e RNA de alta massa molar devido a semelhante afinidade que
estes apresentam para a matriz iénica (DIOGO, 1999).

Green e colaboradores (1997) descreveram um protocolo de cromatografia de
fase reversa (CFR) para purificacdo de plasmideo em larga escala que utiliza uma coluna
de cromatografia liquida de ato desempenho contendo um polimero ndo poroso e inerte.
A adsorcdo, mecanismo de ligacdo das moléculas, envolve a interacdo das moléculas

com grupos hidrofébicos ligados a um materia cromatogréfico. No entanto, os
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suportes usados em CFR possuem uma densidade de ligantes muito superior, portanto a
insercdo € muito mais forte (PHARMACIA, 1993).

Em 1997, pesguisadores desenvolveram um método de afinidade especifico para
uma seqiéncia de DNA para purificacdo de plasmideos. Este método baseia-se na
formacdo de uma tripla hélice entre um oligonucleotideo covalentemente ligado a uma
matriz cromatografica e uma seqiiéncia dupla presente no plasmideo a ser purificado. As
triplas hélices formadas sdo estéveis apenas para valores &cidos de pH, pelo que a eluicéo
e facilmente conseguida com eluentes béasicos. A coluna pode ser reutilizada e permite
obter DNA plasmidial purificado. Entretanto, o rendimento mais ato obtido foi de 50%
devido as caracteristicas intrinsecas da propria coluna (WILLS et al., 1997). Além disso,
a cinética de formacdo da tripla hélice é bastante baixa, sendo necessario despender

bastante tempo na etapa de ligagdo (SCHLUEP et al., 1998).

2.3.1 Cromatografia de interacéo hidrofébica

A cromatografia de interagdo hidrofébica (CIH) é uma técnica cada vez mais
utilizada, sobretudo porque exibe caracteristicas de ligagdo complementares a outras
técnicas, tais como a cromatografia de filtragdo em gel e de troca i6nica (JANSON;
RYDEN, 1993). A cromatografia de interagio hidrofdbica apresenta grandes vantagens
mediante a diversidade de potenciais condicdes de eluicdo que permitem a resolucdo de
misturas complexas que seriam muito dificeis de separar por outros métodos (DIOGO,
1999).

Na cromatografia de interacdo hidrofébica procura-se promover a retencdo de
moléculas de carater hidrofobico através da presenca de ligantes hidrofébicos na fase
estacionaria. A forca de interacdo depende da densidade dos grupos hidrofébicos a
superficie da biomolécula e do tipo e grau de substituicdo dos ligantes hidrofdbicos

ligados & matriz polimérica (JANSON; RY DEN, 1993).

12



A cromatografia de interacdo hidrofébica foi recentemente descrita por Diogo e
colaboradores (2000) para purificacdo de DNA plasmidial. Esta técnica tem como
fundamento a retencdo de moléculas de cardter hidrofobico através da presenca de
ligantes na fase estaciond&ria. Estas interacBes tém como base o fato das moléculas de
agua repelirem os grupos hidrofdbicos, de forma a que estes se juntem, minimizando
assim o seu efeito de perturbacéo na rede de ligagGes de hidrogénio da dgua. Usando um
eluente de elevada forca iénica (de forma a promover este tipo de interagdo) consegue-se
eluir, primeiramente o plasmideo superenrolado, que n&o interage com a coluna por ter as
suas bases no interior da hélice, e por Ultimo o RNA, proteinas, DNA gendmico e
endotoxinas. Se a forca ibnica for muito baixa, o plasmideo fica retido na coluna

(DIOGO et al., 2000).

3. EXTRACAO LIQUIDO-LIQUIDO

A maioria das técnicas de separacdo Uutilizada em processos bioquimicos
industriais para a recuperacdo e isolamento de enzimas, tais como filtracdo e
centrifugacdo sdo altamente dependentes do tamanho da particula (CHAVES, 2000). Os
suportes para cromatografia, originalmente desenvolvidos para proteinas, ndo permitem a
entrada do plasmideo nos poros, sendo, portanto a sua ligacdo ao suporte apenas
superficial (PRAZERES et al., 1998).

A extracdo liguido-liquido é um processo bem estabelecido na industria quimica,
incluindo vérias aplicacBes na industria bioquimica tradicional, como por exemplo, a de
antibidticos. A sua utilizagdo tem, no entanto, sido limitada pela baixa compatibilidade
entre os materiais de origem bioldgica e os solventes organicos geralmente utilizados, e
pelas inerentes dificuldades de validagdo de um processo que utiliza este tipo de

solventes toxicos (CABRAL et al., 1993).
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Porém, o desenvolvimento nas Ultimas décadas de novas tecnologias de extracéo
usando sistemas de duas fases aguosas tém aberto novas perspectivas para a utilizagdo
desta operacdo unitéria. A insercdo de etapas de extracdo liquido-liquido no processo
global de producdo e purificagdo de plasmideos pode, assim, revelar-se extremamente

atil no aumento da rentabilidade do produto (RIBEIRO, 2000).

3.1 Sistemas de duas fases aquosas

Em 1896, o microbiologista Beijerinck descreveu a formagdo de duas fases
aguosas macroscopicas quando se misturava uma solucéo de gelatina (ou amido), agar e
&gua sob certas concentragfes. Sendo a fase superior rica em gelating, e a fase inferior
ricaem agar. Este fendbmeno foi redescoberto por Albertsson gue iniciou, ha mais de 40
anos, a separacao de moléculas bioldgicas e particulas em sistemas de duas fases aguosas
(SDFA). Uma extensa lista destes sistemas foi desenvolvida por diversos pesquisadores e
pode ser analisada na Tabela 3.

Desde entdo, estes sistemas tornaram-se numa poderosa técnica de separacéo de
uma vasta gama de materiais biologicos que incluem plantas, células animais,
microrganismos, fungos, virus, mitocondrias, proteinas e &acidos nucléicos (HATTI-
KAUL, 1999).

Os sistemas inicialmente mais utilizados eram os de polimero/polimero, usando o
polietileno glicol (PEG), a dextrana e a metilcelulose (ALBERTSSON, 1986). Em
seguida surgiram os sistemas polimero/sal, geramente com fosfatos, que tinham a
vantagem de ser mais simples e ter menores custos. Nestes sistemas a fase superior €
congtituida majoritariamente por PEG e a fase inferior por sal (SARUBBO, 2000).

Os sistemas de polimeros termoestaveis foram os Ultimos a serem usados. As
solucdes destes polimeros, quando aguecidas a uma determinada temperatura, se separam

em duas fases; uma enriquecida com o polimero e outra com uma concentracdo muito
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pequena do polimero termoestéavel (ALRED, 1993).

Os SDFA apresentam grandes vantagens em relagdo a extragdo convencional com
solventes organicos. Os SDFA contém cerca de 80-95% em &gua, 0 que constitui uma
caracteristica particularmente interessante na separacdo de biomoléculas, ja que o
ambiente € muito pouco agressivo, ndo aterando a atividade e estabilidade da maioria
das biomoléculas. A aplicacdo destes sistemas permite ainda, tratar grandes volumes
num s passo. Os constituintes destes sistemas s80 de baixa toxicidade. O PEG é
biodegradavel, foi extensivamente testado na industria farmacéutica e esta registrado em
muitos paises para fins aimentares (HATTI-KAUL, 1999).

Além disso, a tensdo superficial das fases € extremamente baixa o que permite as
particulas migrarem livremente entre as duas fases. Sabe-se também que os polimeros
tém efeito estabilizante na estrutura e atividade bioldgica das particulas. Além disso, os
SDFA sdo de facil aumento de escala e oferecem a possibilidade de adaptar
equipamentos e métodos de extracdo em duas fases (organica/aquosa), usadas na

indastria quimica convencional (CUNHA; AIRES-BARROS, 1999).

3.2 Obtencéo dos sistemas de duas fases aquosas

Os sistemas de duas fases aquosas sd0 geralmente formados por uma solucéo
aquosa de dois polimeros hidréfilos ou um polimero e de determinados sais. Acima da
concentracdo critica destes componentes ocorre espontaneamente a separacdo de fases,
predominando um ou outro componente em cada uma das fases resultantes
(ZASLAVSKY, 1995).

Cada SDFA pode ser caracterizado por um Unico diagrama de fases, que contém a
composicao das fases em equilibrio para o sistema. Os dados fundamentais para qual quer
tipo de processo de extracdo liquido-liquido sdo as composicoes de equilibrio das fases

(DIAMOND; HSU, 1992). A literatura descreve diagramas de fases para diferentes
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sistemas (ALBERTSSON, 1986; ZASLAVSKY, 1995).

Tabela 3. Exemplos de sistemas de duas fases aquosas, adaptado de SEBASTIAO et al.,

1996.

Componente 1 Componente 2 Referéncia
Polietileno glicol Dextrana Albertsson, 1986
Polietileno glicol Hidroxipropilamido Tjerneld et al., 1986

(AquaphasePPT*, Reppal* Buitelaar et al., 1992
PES, preparacOes utilizadas Venancio et a., 1993
nas indUstrias do papel,
alimentar e téxtil)
Polietileno glicol Fosfato de potéssio Albertsson, 1986
Polietileno glicol Sulfato de potassio Albertsson, 1986
Polietileno glicoal Sulfato de magnésio Eitman; Gainer, 1990
Polietileno glicol Sulfato de amonio Yang et al., 1995
Polietileno glicol Policaju Sarubbo et al., 2000
Ficol Dextrana Albertsson, 1986

Alcool polivinilico
Co-polimeros néo-iénicos
de 6xido de etileno e
oxido de propileno
Detergentes ndo i6nicos

baseados no polioxietileno

(Triton X, Triton N, Tween)

Co-polimeros acrilic

Dextrana/hidroxipropilmido

Hughes; Lowe, 1988
Alred et ., 1994

Modlin et al., 1994

Sanchez-Ferrer et al., 1994

* S0 designagdes comerciais do hidroxipropilamido
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A Figura 2 mostra um diagrama de fases para um sistema polimero e sal. A
concentracdo do polimero P é representada em ordenada e a concentragdo do sal em
abscissa; as concentragdes sd0 expressas como percentual (massa/massa). A linha curva
separando as duas areas € chamada binodal. Todas as misturas que tém composicoes
representadas pelos pontos acima da linha sdo pontos de duas fases e os pontos abaixo
representam uma solucéo homogénea (ZASLAVSKY, 1995).

A linha que une dois pontos sobre a binodal para um determinado sistema
designa-se por linhas de amarragéo (tie line). Qualquer ponto sobre a mesma tie line
resulta num sistema em que as fases tém a mesma composi¢cao, mas diferentes volumes.
Por exemplo, em um sistema com concentragdo total representada por A, correspondem
duas fases em equilibrio cuja composicdo é dada pelos pontos B (fase inferior) e C (fase
superior). Como a densidade das fases € muito préxima da agua, a razédo dos volumes
pode ser obtida, aproximadamente, a partir das distancias AB e AC no diagrama. O
comprimento da tie line depende da concentracdo total do sistema, representando uma
medida da diferenca entre as fases em equilibrio. A medida que o comprimento da tie
line diminui (C'B’), o0 sistema aproxima-se do ponto critico (K), isto é, ponto na binodal
em que os volumes e composicoes das duas fases teoricamente se tornam iguais

(RIBEIRO, 2000).

3.3 Termodinamica do diagrama de fases

A separacdo das fases nos SDFA pode ser analisada sob duas importantes
abordagens. A teoria desenvolvida por Flory-Huggins sugere que o enorme aumento de
ental pia associado a mistura das longas cadeias de dois polimeros sobrepde-se a perda de
entropia gerada pela criacdo de duas fases distintas, ou sgja, € mais desfavoravel a

mistura do que a separacéo de fases (HUDDLESTON et al., 1991). Sendo assim, quanto
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maior for o polimero mais fécil sera a separagdo e, portanto, menor a concentracdo

minima aqual esta ocorre (ALRED, 1993).

Componente B (%0 mim)

Componente A (o mim)

Figura 2. Diagrama de fases de um sistema de duas fases agquosas com 0s componentes

A eB.

Por outro lado, Zaslavsky (1995) afirma que a estrutura da agua também deve ser
considerada na separacdo de fases. As moléculas de PEG sdo homopolimeros
constituidos por repeticbes de residuos de etileno ligados por um atomo de oxigénio
[HO-(HH2CH,0),-CH,CH,OH]. As moléculas de &gua podem, portanto, formar ligacdes
de hidrogénio com este &omo. O PEG esta assim rodeado por uma camada de hidratacéo
estando as zonas hidrofébicas blindadas nos poros da matriz de polimero. Outro

polimero, ou um sa, tera um padrdo de hidratacdo diferente. Esta diversidade na

18



orientacdo das moléculas de &gua € capaz portanto, de provocar uma repulsdo entre os
diferentes componentes dos sistemas, levando assm a formagdo das duas fases
(RIBEIRO, 2000).

A particdo de biomoléculas em sistemas de duas fases aquosas resulta do
somatorio de uma série de forcas que atuam nos sistemas. As forcas das quais depende a
particéo resultam, por um lado, da composicédo e interagOes existentes em cada fase e, por
outro, da interacdo entre o0 soluto e as fases do sistema. Em relagdo a composicéo das
fases 0 volume livre e as interacOes, favoraveis ou desfavoravels, séo determinantes entre

0s seus componentes (JOHANSSON et al., 1998).

3.4 Fatores que influenciam o comportamento das fases

O diagrama de fases de um determinado sistema pode ser influenciado por
diversos fatores, incluindo a concentracdo e a massa molar dos polimeros, pH,
temperatura e adicdo de sais, embora os efeitos e 0s mecanismos pelo quais estes
influenciam a separagdo das fases ainda ndo estgam completamente e ucidados

(DIAMOND; HSU, 1992).

3.5 Fatores que influenciam a particdo de biomoléculas em sistemas de duas fases
aquosas

Os fatores inerentes ao proprio sistema podem ser: escolha dos componentes do
sistema, massa molar do polimero, concentracdo do polimero e de sais, tipos de ion
presentes, (forca ibnica e pH) e espécie da biomolécula a sofrer a particdo: massa molar,
carga, hidrofobicidade, conformagao, presenca de ligantes bioespecificos. A selecéo de
propriedades dos sistemas de fases apropriada para purificagdo de uma biomolécula
especifica é ainda empirica, embora existam regras gerais com relacdo ao efeito das
caracteristicas do polimero e composicdo ibnica da biomolécula a sofrer particéo

(CASCONE et d., 1991).
19



Do ponto de vista das propriedades fisico-quimicas da biomolécula, o coeficiente
de particdo, K, definido como a razéo entre a concentragdo de biomolécula na fase

superior e inferior, pode ser traduzido por varios parametros, fornecendo a expressao:

INK=INK higrof + INKg + IN K picesp + 1N Keof + 1N Kiamanho
onde: INK nhigrof, INKe, IN K picesp, 1N Keof, IN Ktamanho €Xpressam a contribuicdo, para o
coeficiente de particio tota (K), a natureza hidrofdbica, forca eletrostética,
bioespecididade, conformacdo e tamanho da molécula, respectivamente. Estes
parametros podem ser manipulados a fim de atingir a particdo Gtima da biomolécula
(PORTO, 1998).

A particdo de uma biomolécula em sistema de duas fases tendo o PEG como fase
superior aumenta com a diminuicdo da massa molar do PEG; este fato é tanto mais
pronunciado quanto maior for a massa molar da molécula biolégica a sofrer a particéo
(ALBERTSSON et al., 1987).

A adicdo de sais, mesmo em concentragbes milimolares, influencia fortemente a
particdo de materials carregados e etricamente. Embora os sais se distribuam quase que
iguamente entre as fases, existem pequenas, mas significantes diferentes afinidades
pelas fases, criando uma diferenca de potencial elétrico entre as fases, que por sua vez
direciona a particdo de materiais biol6gicos carregados. A influéncia de diferentes sais na
particdo de proteinas a baixas concentragbes foi estudada no sistema PEG-dextrana
(ALBERTSSON, 1986).

A alteracéo do pH do sistema contendo sal poderd alterar a particéo pela mudanca
na carga da biomolécula. Como a forca ibnica na maioria dos materiais biologicos é
dependente do pH, a escolha deste e de um sal pode constituir um modo efetivo de gjuste
da particdo (JOHANSSON; JOEL SSON, 1985).

O fato da particdo depender de um nimero grande de fatores distintos confere
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consideravel versatilidade aos sistemas de duas fases aquosas ha separacéo de misturas
de componentes. Entretanto, a existéncia de muitas variaveis, na sua maioria
interdependentes, torna extremamente dificil a previsao tedrica do coeficiente de particéo
de um determinado soluto, obrigando por vezes a um trabalho experimental exaustivo

(SEBASTIAO et al., 1996).

3.6 Particéo de acidos nucléicos

Desde o inicio dos anos 60 tém sido descritos fatores que influenciam a particéo
de DNA em sistemas de duas fases aquosas (LIF et a., 1961; FRICK; LIF, 1962,
ALBERTSSON, 1962; MULLER, 1985). No entanto, a grande maioria dos estudos
realizados sobre a particdo de DNA foi realizada em sistemas polimero/polimero e com
DNA linear ou cromossdmico. Estudos de particdo de DNA plasmidia em sistemas
PEG/sal sGo muito escassos (OHLSSON et al., 1978; COLE, 1991; RIBEIRO et 4.,
2000).

Em 1962, Albertsson descreveu a particdo de DNA cromossdmico e do fago T2
em sistemas PEG/dextrana, sendo o DNA particionado para a fase superior a baixas
concentragcOes de tampdo (0,1-0,15 M), o DNA passou a ser transferido para a fase
inferior. Isto parece ser caracteristico destes sistemas e deve-se provavelmente as
caracteristicas polieletroliticas das substancias distribuidas.

O uso de sais de forma a direcionar a particdo de uma molécula é muito comum
nos SDFA. Os &cidos nucléicos sdo extremamente sensivels a ateragdes na composi ¢ao
idnica (ALBERTSSON, 1986). Esta extrema sensibilidade pode ser explicada pela
presenca de um grande nimero de grupos fosfato na superficie do DNA. A preferéncia
de cada ion para uma das fases e o0 fato deste ndo poder particionar independentemente,
uma vez que cada fase tem que ser eetroneutra no equilibrio, cria uma tensdo que se

manifesta como uma diferenca de potencial entre as fases (PFENNING et al., 1998).
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A estrutura primaria e secundéria do DNA influencia consideravelmente a sua
particdo. Através de poliribonucleotideos de cadeia simples estudou-se a influéncia das
bases em sistemas PEG/dextrana. Os nucleotideos polipurinicos tém um K menor que os
polipirimidinicos segundo a ordem: poli(U) > poli(C) > poli(A) > poli(G) (MULLER,
1985).

O efeito da estrutura secundéria € muito mais acentuado. A desnaturacéo pela
temperatura da cadeia dupla de DNA, seguida de rgpido resfriamento para evitar a
renaturaca@o, permitiu a separacdo das cadeias desnaturadas que se particionam para a
fase inferior a baixas forgas ionicas. As raz0es apontadas para este fato foram a mudanca
na configuracdo do DNA (ALBERTSSON, 1962). Estes sistemas podem ser (teis na
verificagdo daintegridade do DNA (RIBEIRO, 2000).

A concentragdo dos polimeros pode inverter a preferéncia do DNA por uma das
fases, para uma mesma forca iénica. Estudos em sistemas PEG/dextrana a baixa forca
idnica (0,005 M de tampdo) revelaram que um aumento da concentragdo dos polimeros
leva a uma diminuicéo do valor de K. Um aumento de 3,5% PEG/5% dextrana (p/p) para
6% PEG/8% dextrana causou uma alteracéo no K de cadeias poli-U de 4,4 para 0,02, ou
sgja 0 é&cido nucléico passou da fase superior para ainferior (ALBERTSSSON, 1965).

Como era previsivel pela influéncia da estrutura e do ambiente no K, também a
ligac@o de moléculas aos écidos nucléicos pode variar 0 seu comportamento em SDFA.
As maiores diminuicdes no valor de K foram observadas com a ligacdo ao DNA das
proteinas quimiotripsinae RNA polimerase (DNA dependente), que diminuem em cerca

de trés ou quatro ordens de grandeza o coeficiente de particdo (MULLER, 1985).
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4. OBJETIVOS

4.1 Objetivo Geral

Produzir e purificar DNA plasmidia a partir de Escherichia coli recombinante.

4.2 Obj etivos Especificos

Analisar ainfluéncia das condicdes de cultivo (meio de cultura, velocidade de agitacdo e
concentracdo de antibidtico) na producéo de DNA plasmidial;

Verificar a estabilidade plasmidial em diferentes condi¢des de cultivo;

Investigar o efeito da particdo de DNA plasmidial e RNA no sistema de duas fases
aquosas PEG/SA,

Verificar a particao de proteinas totais no sistema de duas fases aquosas PEG/S4l;

Avaliar o efeito do volume do lisado celular na recuperacédo do DNA plasmidia e

Purificar DNA plasmidia através de cromatografia de interagdo hidrofdbica.
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Capitulo 1 - Effect of cultural conditions on plasmid DNA production and stability
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Effect of cultural conditions on plasmid DNA production and stability

Abstract

Cultures of recombinant Escherichia coli containing the plasmid pD2 were grown in two
medium TB (Terrific broth) or LBG (Luria Bertani with glucose). Three velocity of
agitation (120, 160 and 200 rpm) and five kanamycin concentrations (10, 20, 30, 40 and
50 ng mL 1) were the parameters studied for to assess their effects of cultural conditions
on plasmid DNA production and stability for plasmid-based gene therapy. The velocity of
agitation that provided highest results in relationship biomass and plasmid DNA
production was 200 rpm. While the concentrations 30 to 50mg mL™* of kanamycin
provided similar results for al the studied conditions and the culture medium TB medium

which showed of better results for the biomass production and DNA. The plasmid was

(82%) stable in TB medium.

Keywords: culture conditions, growth rate, plasmidial DNA, production.
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Introduction

The success of any recombinant-based fermentation is combination of
interaction between the fermentation environmental, the host organism and its
recombinant genetic elements (O’ Kennedy et al., 2000). Plasmids are popular vehicles
for introducing new genes into living cells. Many commercial plasmid vectors are
available that can be used to carry a desired gene into a host organism (Baheri et a.,
2001). Plasmid DNA has recently acquired considerable interest to its attractive
potential application in gene therapy and DNA vaccines (Levy et a., 2000; Ferreira et
al., 2000; Wang et al., 2001; Ribeiro et a., 2002). Plasmid instability in recombinant
cultures is often a serious problem as it reduces the overall levels of the desired product
in the process and thus has a negative impact on the economics of the bioprocess (Gupta
et a., 1995). Recombinant plasmid can be lost from cells due to defective segregation of
plasmid during cell division or structural instability of the plasmid materia due to
mutation (Baheri et al., 2001). A number of experimental studies have demonstrated
that plasmid stability is affected by plasmid partitioning, growth media, growth rate,
plasmid copy number, recombination backgrounds of the host and size of the insert
(Gupta et al., 1995). The instability of a recombinant plasmid in a microbial culture may
reduce the overall levels of the desired product in the cultivation, have a negative
impact on specific activities of proteins, and increase the production costs, since growth
substrates are consumed by nonproductive cells that may have a significant growth rate
advantage over the cells harboring intact recombinant plasmid (Vyas, 1994).
Escherichia coli is most frequently used host for the industrial production of
recombinant DNA technology-based proteins, offers advantage in that it has the best
understood genetic and physiological systems, fast growth, easy transformation, and a
very large number of vectors available (Gupta et al., 1995). However, across different

species, complex mediatend to reduce growth rate-associated plasmid instability
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while defined media tends to alleviate segregation rate-associated plasmid instability
(O Kennedy et al., 2000). In this paper we have studied the effects of two culture media
using different agitation speeds and kanamycin concentrations on the production of the

pD2 plasmid.

Materials and methods
Plasmid and bacterial strains

The plasmid used in this work was pD2, a dengue 2 plasmid DNA vaccine
expressing the pre-membrane and envelope proteins (pre M-E), a plasmid of 4.5 Kb
with an kanamycin (Sigma, St. Louis, MO, USA) resistant marker (Lu et al., 2003). It
was transformed into Escherichia coli XL1 Blue. The host was maintained in 25% (v/v)
glycerol at —70°C. Details of the techniques used to introduce plasmid into the host

strain are given elsewhere (Sambrook et al., 1989).

Innoculum preparation

The recombinant E. coli was grown overnight (18h) in 50 mL flask containing
10 mL of Luria-Bertani (LB) medium containing tryptone (10 g L %), yeast extract (5 g
L "} and NaCl (10 g L %) supplemented with 30 ng mL " of kanamycin in an orbital

shaker at 160 rpm and 37°C.

Culture conditions

All fermentation were carried out in 250 mL flasks containing 50 mL of Terrific
Broth (TB) medium containing tryptone (20 g L %), yeast extract (24 g L ), glycerol
(0.4% v/iv), KH,PO4 (0.017M), KoHPO,4 (0.072M) or LBG medium containing glucose

(10gL 1), tryptone (10 g L 1), yeast extract (5 g L 1) and NaCl (10 g L %). Both media
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were supplemented with five different kanamycin concentrations (10, 20, 30, 40 and 50
mg mL ). The innoculum size used was 10% of the culture volume from an overnight
culture. The flasks were incubated in an orbital shaker at 120, 160 and 200 rpm for 8

hours at 37°C.

Determination of dry cell weight (DCW)

Aliquots (10 mL) of culture fluid were centrifuged at 15,000 g for 10 min at 4°C
in pre-weighed glass. The supernatant was decanted and cells were resuspended in an
equal volume of sterile reverse osmosis HO and centrifuged again. The supernatant was

decanted and the cell pellets were dried to a constant weight overnight in 105°C oven.

M easurement of plasmid stability

The bacterial culture samples were diluted appropriately in physiological saline
(0.9% w/v NaCl), plated onto LB-agar, and incubated at 37°C for 18 h. Hundred and fifty
colonies were replica plated onto LB-agar and LB-agar containing kanamycin (30 ng mL
1) and incubated 18-24h. The number of colonies growing on LB-agar, but not on LB-

kanamycin agar represented the proportion of plasmid-containing cells.

Preparation of the total and plasmid DNA

A modified alkaline method was applied for cell lysis Sambrook et al., 1989).
Cells (50mL) were harvested by centrifugation at 15,000 x g (20 min, 4°C) and the
pellets resuspended in 50 mM glucose, 25 mM Tris-HCI, 10 mM EDTA, pH 8.0. The
cells were lysed by adding and gently mixing (10 min on ice) of 200 mM NaOH, 1%
(w/v) sodium dodecyl sulphate. The lysate was neutralized with a solution of 3M
potassum acetate, 11.5% (v/v) glacia acetic acid (10 min on ice). This neutralized

lysate was clarified by centrifugation at 12,000 x g for 30 min. The supernatant was
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precipitated with 0.7 vols isopropanol (45 min at 4°C). Pellets were obtained by
centrifugation at 10,000 x g (for 20 min at 4°C) and then redissolved in 10mM TE
buffer (10 mM TrissHCI, ImM EDTA, pH 8.0), while for the preparation of plasmid

DNA it was used the Pharmacia purification mini kit, resuspended in TE buffer.

DNA determination

Total and plasmid DNA determination can be caried out using a
spectrophotometer (Model 3000, Pharmacia). Concentration of total and plasmid DNA
was caculated from the absorbance at 260 nm (Aze0) (an Azeo Of 1 the corresponds to a
50 g mL ~* double stranded (ds) DNA solution). Purity of the samples was checked by

the ratio of absorbance at 260 and 280 nm.

Statistical analysis

An analysis of variance for culture medium, agitation velocity and kanamycin
concentrations were carried out and treatment effects were evaluated by using F test
statistic (P<0.05). These variance analyses were carried out with the software Statistic
(Statsoft, Inc., Tulsa, OK). The standard error SE (P<0.05) was estimated and the
comparison of the treatments was averages carried out by adjustment of the best

polynomial.

Results and discussion
Biomass and plasmid production

The velocity of biomass production of a recombinant Escherichia coli XL1 Blue
grown in two different media, five concentrations of kanamycin and three agitation of

velocity are demonstrated in Figure 1. This figure shows the statistical analysis of the
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biomass production variance data. They indicate that for al the kanamycin concentrations
used in the culture medium the results were significantly the same. The TB culture
medium demonstrated, for al the analyzed velocities, that the biomass production was
higher when compared with LBG medium. Biomass production is a function of nutrient
supplies and is affected by environmental factors, such temperature, pH and aeration.
Recombinant fermentation processes aim at large-scale production, high product yield,
high selectivity and low cost of raw materials. The strategies used aim to keep high
growth rates assuring high cell density and high levels of product (Chaves et al., 1999).
Economic large-scale plasmid production from E. coli requires the concomitant
optimization of plasmid copy number (specific yield) and of biomass concentration
(Swartz, 2001). Production velocity of plasmid DNA is shown in Fig. 2. The best results
for DNA plasmidial production were found for concentrations of 30, 40 and 50mg mL ™
of kanamycin at 200 rpm (230mg mL ! h'Y) in TB medium. For LBG the concentrations
of 40 and 50mg mL ! of kanamycin demonstrated similar behavior among the three-used
velocity of agitation and were smaller when compared to velocity production in TB
medium. Studies accomplished by Wang et a. (2001) for the medium design goes
plasmid DNA production based on stoichiometric model showed best results with defined
MW31 medium (60.0mg L 1). O'Kennedy et al. (2000), verifying the effect of growth
medium selection on plasmid DNA production and initial processing steps obtained
plasmid yield of 0.56mg L . The plasmid DNA specific production is demonstrated in
Fig. 3 for the different cultivation conditions tested. The best DNA specific production
rates were obtained using TB medium in the concentrations of 30, 40 and 50ng mL ! of
kanamycin for the velocity of 200 rpm. With the increase of the velocity, the specific rate
of production it achieved around 48mg mg . These data are higher than that found by
O'Kennedy et a. (2000) working with shake flasks who found 9.12ng mg * plasmid

yields. Generally, volumetric plasmid yields achieved in batch cultivation tend to be
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relatively low, with values ranging from 4 to 40mg L . It was observed that the increase
of velocity of agitation promoted the increase of the specific production of biomass.
However, the increase of agitation decreased the specific production of DNA plasmidial
in function of biomass for both used culture medium. When employing rich cultivation
media, the fermentor oxygen transfer capacity is eventually exceeded, resulting in the
creation of an oxygen-limited environment. This lack of oxygen triggers the fermentative
metabolism of E. coli, rapidly leading to the production of toxic by-products, mostly
acetic acid, that severely limit growth and even lead to cell death Cherrington et al.,
1990; Luli and Strohl, 1990). The results obtained in this work demonstrated that the
conditions environmental used lead to elevated plasmid production in TB culture
medium, supplemented with 30mg mL ! of kanamycin under agitation of 200rpm are

conditions adequate for the production of the plasmid DNA in study.

Plasmid stability

In Figure 4 the data of the plasmid stability are shown. The plasmid stability was
examined during growth of recombinant E. coli. It is observed that TB medium
provided better stability plasmid as a function time. However, for the LBG medium
there was reduction in the stability. Plasmid stability can be structural, through
modification of the plasmid DNA, or segregational, by the generation of plasmid-free
cells during the fermentation, host strain used for transformation and environmental
factors (Chaves et al., 1999). O'Kennedy et al. (2000) evaluated plasmid stability when
employing several media (complex LB versus semi-defined formulations) and found
that a semi-defined medium supported the highest plasmid stability, while the complex
LB medium offered the lowest plasmid stability. Media that supported similar growth
rates between plasmid-bearing and plasmid-free cells also supported high plasmid

stability. The authors concluded that lower plasmid stability resulted from a
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wider growth rate difference achieved when using certain formulation, which conferred
an advantage to the plasmid-free cells. Environmental factors such as limiting nutrient
(carbon, nitrogen and phosphorous) supply during fermentation can deeply affect the
microbial physiology and the cellular response to plasmid stability (Lima Filho and
Ledingham, 1992). The effects of medium composition on plasmid production are
closely intertwined composition on plasmid segregational stability. An important factor
contributing to plasmid stability is the presence of an antibiotic, selecting for cells
containing the desired plasmid in the cultivation medium. Antibiotic presence in the
cultivation medium is not problematic since clearance, or clearance of its inactivated
form, can be readily achieved during the downstream steps (Swartz, 2001). However,
the mechanisms of resistance encoded by the plasmid usualy lead to either deactivation
or degradation of the antibiotic. In liquid culture, selective pressure may diminish with
time as deactivation of the antibiotic occurs. Therefore, a potential for plasmid loss
exists due to inherent instability, even when antibiotics are added to the cultivation
medium. The mechanisms of plasmid instability observed, dimmer formation,
segregational instability, and degradation, probably remain valid (Prather et a., in
press). Medium composition and cultivation conditions play an important role by
controlling plasmid copy number, stability and the amount of biomass (Greasham and
Herber, 1997). Chemically defined formulations offer the possibility to perform
extensive anaytical investigations, which in turn can support metabolic studies and
quality control purposes. In addition, the use of chemically defined media eliminates
most of the uncertainty facing the origin and composition of the raw complex
ingredients. In the context of developing processes for the commercial production of
vaccines, the use of chemically defined cultivation media will also help in achieving a
better position with respect to the regulatory environment by supporting safety and

reproducibility claims (Zhang and Greasham, 1999).
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Conclusion

The plasmid production in shake flasks was highly dependent on the cultural conditions.
The presence of different selective pressure concentrations (kanamycin) influenced the
production of plasmid DNA. Concentrations among 30-50ng mL™* of kanamycin
demonstrated behavior in the assays of biomass and plasmid DNA production. As well
as the different used agitations, with the increase of the velocity of agitation (200 rpm) it
occurs increase of the biomass production however it occur decrease of plasmid DNA.
TB medium presented the best results in terms of DNA plasmid production and it

showed to be most stable when compared to LBG medium.
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Figure caption

Figure 1. Biomass production velocity to recombinant E. coli: culture media,

kanamaycin concentration and velocity of agitation effects. TB (—) and LBG (- - -).

Figure 2. Production velocity of plasmid DNA to recombinant E. coli: culture media,

kanamaycin concentration and velocity of agitation effects. TB (—) and LBG (- - -).

Figure 3. Plasmid DNA specific production cultivation of recombinant E. coli at

different media.

Figure 4. Plasmid DNA stability during cultivation of recombinant E. coli at different

medium. Percentage of plasmid-containing cellsat mediaTB (a.) and LBG (*).
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Extraction of dengue 2 plasmid DNA vaccine (pD2) from cell lysates by aqueous

two-phase systems

Abstract
This work describes the partitioning in PEG/phosphate systems of the plasmid pD2,

a dengue 2 plasmid DNA vaccine, present in a clarified E. coli alkaline lysate. Factors
that affect the partition as PEG molecular weight, plasmid concentration, and the lysate
volume loaded in the system were investigated. Results showed that partition behaviour
of plasmid DNA depends on the system molecular weight, while a good amount of
protein of the cell lysate was accumulated in the interphase of the systems. The best
recovery plasmid yield (37%) was obtained with PEG 400 (20/20% wi/w) systems with

a 60% (w/w) lysate load.

Keywords: Aqueous two-phase systems, liquid-liquid extraction, plasmid DNA
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1. Introduction

The widespread interest in gene therapy and DNA-based vaccination has led to an
increased demand for large amount of pure plasmid DNA [1-3]. It is urgent to develop
new methods to purify plasmids with high yields and minima or no contamination [4].
The cost of the recovery of products with importance for pharmaceutical/clinical
research for industrial use becomes critica to the overall process economics,
representing 50-90% of the total cost [5, 6]. Aqueous two-phase systems (ATPS) had
been widely and successfully used on the extraction and purification of biological
macromolecules [7,8]. Over 40 years ago, Albertsson [9] was one of the first to study
the separation of biomolecules and particles in ATPS in a systematic way. The
technique later proved to be of immense utility in analytical, biochemica and
environmental research and applications [10]. As opposed to proteins, plasmid
purification by agueous two-phase extraction has evolved very little and few related
have appeared in the literature in the last years [11-13]. Aqueous two-phase systems are
formed by mixing two polymers or a polymer and salt above some threshold
concentration. Both phases contain a high proportion of water (80-95%) providing a
nontoxic environment for biomolecules and low interfacia tension, they provide mild
conditions especially suited for biologica macromolecules separation [14-16].
Separation is achieved by the different distribution, between the two phases, of the
target compound and the contaminants. The mechanism of partition is not well
understood and separation of compounds is usualy attained by a systematic variation of
system composition [17, 10]. This includes type, molecular weight and concentration of
polymer, type and concentration of salt and pH. The partition of nucleic acidsin ATPS
depends on many factors, such as the size and chemical properties of the
macromolecule, the properties of the system components, and the ionic composition
[18-21]. A change in the systems properties will change the surface properties of the
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partitioning solutes and thus affects partitioning. Some of the interactions between
solutes and phase components must involve hydrogen bonds, charge interaction, van der
Waals forces, hydrophobic interaction and steric effects [14]. Overal, the prediction
partitioning is a difficult task, particularly in the case of large molecules [11]. Here we
describe the partitioning of an plasmid pD2, a dengue 2 plasmid DNA vaccine [22],
present in a clarified E. coli alkaline lysate, in PEG/phosphate systems. Factors that
affect the partition, PEG molecular weight, plasmid concentration, and the lysate

volume loaded the system were investigated.

2. Experimental
2.1 Materials

Polyethylene glycol (PEG) 300, 400, 550, 1000 and 8000 were purchased from
Sigma Chemical Company (St Louis, MO, USA). Di-potassium hydrogen phosphate
was from Nuclear (S&o0 Paulo, Brazil). Pico Green® ds DNA quantization reagent was
acquired from Molecular Probes (Leiden, The Netherlands). In all experiments were
applied the Plasmid pD2 a dengue 2 plasmid DNA vaccine, expressing the virus pre-
membrane and envelope proteins [22]. All the other reagents used were of analytical

grade.

2.2 Plasmid and bacterial strain
The plasmid was transformed and propagated in Escherichia coli XL1 Blue.

Recombinant bacteria were stored in 25% (v/v) glycerol at -80°C [23].

2.3 Production of bacterial culture
Bacteria were grown overnight in 1000 ml shake flasks containing 250 ml of

Terrific Broth medium (20 g tryptone L ™, 24 g yeast extract L , 4 ml glycerol L
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0.017 M KH,POy4, 0.072M K 2HPO,) supplemented with 30mgy/ml of kanamycin, at 37°C
and 160 rpm. E. coli XL1 Blue cells without plasmid were grown in similar conditions

but without antibiotic.

24 Cél lysis

A modified akaline method was used for cell lysis [23]. Cdls (250 ml) were
harvested by centrifugation at 15,000g (20 min, 4°C) the pellets were resuspended in
12.5 ml of 50 mM glucose, 25 mM TrissHCl, 10 mM EDTA, pH 8.0. The cells were
lysed by adding gently (10 min onice) 12.5ml of 200 mM NaOH 1% (w/v) SDS during
10 min on ice. The lysate was neutralized with 9.4 ml of a solution of 3 M potassium
acetate, 11.5% (v/v) glacia acetic acid (10 min on ice). All the solutions were
previoudy chilled. The precipitate was removed by centrifugation (15,000g, 30 min,
4°C) and the lysate was kept at —20°C for further plasmid DNA recovery and

purification with ATPS.

2.5 Plasmid standards
Plasmid standards were prepared from E. coli cultures using the Flexi Prep kit,
Amershan Pharmacia, resuspended in TE buffer (10 mM TrigHCI, 1mM EDTA, pH

8.0) and quantified by measuring the absorbance at 260 nm.

2.6 Aqueous two-phase systems

The PEG/K,HPO, ATPS were prepared with typical concentrations for the
chosen PEG molecular weights. PEG 300 (20/20% w/w), 400 (20/20% wi/w), 550
(20/20% w/w), 1000 (15/13% wiw) and 8000 (10/10% w/w). The extraction mixtures,
with a total mass of 5 g, were prepared in 15 ml conical tubes. The amount of

neutralized lysate loaded was 1, 2 or 3 g (corresponding to 20, 40 or 60% wi/w). After
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the addition of all the components of the systems, it was agitated in vortex. This mixture
was then centrifuged for 1 min at 1000 gto facilitate phase separation. Top and bottom
phases were carefully isolated and stored at 4°C for further analysis. Each phase (15 m)
was analyzed by electrophoresisin 1% agarose gels run with TAE buffer in the presence
of 0.5 ng mi* ethidium bromide. The controls of the agueous two phase systems of
phases had been made with the same composition of the ones described above using the
E. coli lysate without plasmid (XL1 Blue lysate). The procedures followed to obtain top

and bottom phases were the same.

2.7 Plasmid DNA analyses

Plasmid DNA was quantified by fluorescence analysis using Pico Green®
(Molecular Probes, Inc, USA) an ultra-sensitive fluorescent stain that binds specifically
to double-stranded nucleic acids. Before each set of measurements, a Pico Green® stock
solution as per manufacture’'s instructions was prepared. The fluorescence was
measured in 490 nm excitation and 520 nm emission, using a spectrometer (Y von Jobin,
France) connected to a laser (Innova/Coherent, USA). In order to quantify the plasmid
in the pD2 lysate, a calibration curve was made using the lysate without plasmid (XL1
Blue lysate). The XL1 Blue lysate was diluted using sterile TE buffer. Calibration
standards (5-60 ng ml™!) were prepared by adding known amounts of pure pD2 plasmid
to this diluted XL1 Blue lysate. For the quantitatation of plasmid in the ATPS blanks,
the blanks top and bottom phases were diluted with sterile TE buffer. Calibration
standards (5-60 ng ml™t) were prepared by adding known amounts of pure pD2 plasmid

to these diluted top and bottom phases [1].

2.8 Protein analysis

The protein ATPS was estimated using a modification bicinchoninic acid (BCA)
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assay (Micro well plate protocol; Pierce, Rockford, IL, USA). To overcome the
interference of PEG and salt in the samples, a series of calibration curves were
constructed with appropriate ATPS blanks prepared as follows. A mixture of the buffers
used in the preparation of the lysates (here after named mixture X) with exactly the
same final composition was made. The blanks were then prepared by replacing the
lysate in the ATPS preparation with the mixture X. Top and bottom phases were
carefully separated and kept at 4°C. Calibration curves were then carried out by adding
bovine serum albumin (concentrations up to 250 nmg/ml) to each top and bottom phases
of the previously prepared ATPS blanks. The calibration curve used for the quantization
of protein in the lysate was made by adding BSA directly to the mixture X. For anaysis,
100 nl of each sample were mixed with 100 m of sodium deoxycholate (0.15% w/v)
with 800 nl serile digtilled water. After 10 min at room temperature, 100 m of
trichloroacetic acid (72% w/v) was added. Samples were then vortex mixed and
centrifuged for 20 min at 8,000g. The supernatant was removed and pellets solubilized
in 50m of sodium dodecyl sulphate (5% w/v) containing 0.1IM NaOH, then BCA
reagent was added (200 ni) and the samples were incubated at 60°C for 30 min [11].

Absorbance was measured at 595 nm in Bio-Rad (Hercules, CA) model 550 micro plate

reader.

3. Results and discussion
3.1 Plasmid and RNA Partitioning

In systems of aqueous two-phase composed by PEG 300, 400 and 550 for
concentrations of 20 and 40% (w/w) of lysate a well-defined white interphase was
observed. For 60% (w/w) concentration a white interphase was also observed in systems
with PEG 300, 400, 550 and 1000. Agarose gel analysis of the interphase materia (data

not shown) corfirmed that, in all systems, plasmid and RNA were lost to in the
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interphase area. Studies carried out by Kimura [24] with potassium phosphate-PEG
agueous two-phase system (PEG 1500 and 3000) in the RNA partition, showed that the
RNA of low-molecular-mass was partitioned between the top and bottom phases, if
partitioned alone. However, the RNA low-molecular-mass was caught in the interphase
to a significant extent, if partitioned with the coexisting RNA high-molecular-mass. In
the current work, the studied systems, the RNA was partitioned towards the systems
where the plasmid was partitioned (Fig. 1A, B and C). Probably the RNA that
congtitutes cell lysate has low-molecular-mass, therefore partitioned between the two
phases (top and bottom), depending on the PEG molecular weight of the system. By the
analysis in the gel of agarose it was observed that the plasmid was partitioned in the
PEG rich higher phase for PEG 300 and 400, while for PEG 1000 and PEG 8000
systems the plasmid was partitioned in the sat rich phase (Figure 1 A, B and C).
However, using PEG 400 (60% w/w) system probably the plasmid was to the interphase
area. In these figures the plasmid shows two conformations in the cell lysate solution in
the ATPS, one corresponding to the plasmid in its open circular (oc) and the other in a
supercoilded (sc) form. Probably these forms are due to the proper cellular process of
lyse, by the presence of high concentrations of salt and others ion presents in the
solution or as result of the plasmid instability [1]. The partitioning of plasmid in ATPS
is complex and influenced by a large number of factors [11]. In PEG-salt systems, one
of the mgjor factors is the interaction that exists between the components (other than the
solute) in each phase. In these systems the energy of each phase that arises from these
linteractions is considerably different. Top phases are dominated by the repulsive
interaction between PEG and salt, and bottom phases by the strong attraction of salt to
water. Accordingly, solutes (plasmid and RNA molecules, in this work) will prefer the
top phase that has PEG with low molecular weight, since disrupting interactions

between its components is energeticaly favorable [25]. The type, sats
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concentration, and the ratio between different ions in both phases, is particularly
important for highly charged molecules such as nucleic acids [14]. The partition of a
charged solute is influenced by the unequal distribution of ions due to different affinites
for the phases, which generates an electrical potential between the phases, Dy , defined
as Yiop - Y botom- The magnitude and sign of Dy are determined by the partitioning
behavior of ions from the mgority abundant salt in the system. In PEG-phosphate
systems, the phase-forming salt will, therefore, determine Dy . In these systems Dy is
positive, for the PEG-phosphate and PEG-sul phate systems, so that it favors partitioning
of net negatively charged biomolecules into the PEG-rich top phase [25]. The
phenomena of the collapse of DNA macromolecules in agueous solutions of PEG can
also play a role in the partitioning of plasmid to the salt-rich phase. At low PEG
molecular weight (or low PEG concentrations) the flexible polymer chains can penetrate
inside of the DNA which adopts a swollen coil conformation, and regime of good
compatibility between PEG and DNA. If the PEG molecular weight is higher (or if
more PEG is added) the solvent quality for DNA becomes poorer and the effective
attraction between DNA segments in the macrolecules increases. At a certain point, a
discrete transition occurs when the DNA  coil contracts abruptly to form a compact
globular structure. In this regime of perfect incompatibility, there is segreagation

between DNA chains and PEG molecules [26].

3.2 Protein Partitioning

The results of the protein partitioning are shown in the Fig. 2A, 2B and 2C. In
systems with 20% (w/w) of lysate (Fig. 2A) it was observed a great accumulation
around 90-76% of protein (PEG 300 to 1000) in the interphase. While for systems with
PEG 8000 the partitioned protein was around 60%. It was also observed that in all the

studied systems and all for the concentrations of cell lysate occur partition of the
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protein for both the phases, top and bottom, except in PEG 300 system (20% (w/w) of
cell lysate) it did not occur partition for the low phase. With the increase of the loaded
volume of cell lysate occurs reduction of the accumulation of protein in the interphase.
These results are in accordance with published studied, which reveaded that the
majoriaty of intracellular proteins show changes in preference phase when it was
partitioned in PEG-phosphate systems with PEG molecular weight between 1000 and
2000 [11]. The preference for the top phase seen for pH values above the proteins
isoeletric point is lost when higher PEG molecular weights are used due to excluded
volume effects [27]. Shibusawa et a. [28] using agueous two-phase systems PEG 1000
(16%)/potassium phosphate (12.5%) carry on purification of single-strand DNA
binding protein from an Escherichia coli lysate demonstrated that purification occurs
using this solvent system, which has conventionally been used to separate severa
proteins. We select for this work systems formed by PEG 300, 400 and 1000 the lives
promising ones will be plasmid isolation and therefore, will be selected to further

partitioning studies.

3.3 Effect of lysate load

The effect of lysate load (20, 40 and 60% of total system mass) on plasmid
extraction yield was analyzed for each of the selected ATPS. The plasmid in the cell
lysate, and in the top and bottom phases obtained after extraction was quantified by
fluorescence analysis. Calibration curves were constructed for all the systems tested.
The slopes were obtained from the corresponding linear regressions. The interception
values congtitute an indication of the amount of impurities (gDNA, RNA and proteins)
present in the phase, which increase the fluorescence signal. In all systems this value
increased with an increase in the lysate load. These observations are in accordance with
the agarose gel analysis (Fig 1A, B and C) that shows a significant increase in RNA
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concentration with the lysate load for the bottom phase of systems PEG 1000. Ribeiro et
al. [11] working with plasmid pCF1-CFTR isolated in PEG/salts phosphate systems
obtained similar results to the presented ones in the present work. The amount of lysate
loaded to the systems (20, 40 or 60%) also affects the partitioning (Table 1). In this
table the results of the recovery plasmid and the protein are presented. It is observed that
with increased of the loaded volume in the systems it is increased recovery of the
plasmid and the protein. The loss of plasmid to the interphase is responsible for the low
recovery yields obtained in some of the systems. The addition of increasing volumes of
cell debris and components, changes the position of the binodal curve in phase diagrams
by displacing it towards the origin [29,30]. This means that for each PEG molecular
weight, the difference in composition of the top an bottom phases increases with the
lysate load, providing an increased driving force for the unequal partition of the solute
[26]. This was observed for plasmid partitioning with al the used systems where the

plasmid recovery yield increased with the lysate |oad.
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Table 1. Concentrations of plasmid and protein in the lysate and after extraction with ATPS.

Lysate load Plasmid Recovery plasmid Protein  Recovery protein

System % (W/w) (mg/ml) yield (%) (ng/ml) yield (%)
Lysate - 238.0 100.00 986.00 100.00
PEG 300 20 52.0 21.84 78.88 8.00
Top phase 40 53.0 22.26 411.16 41.70
60 67.0 28.15 354.96 36.00
PEG 400 20 82.0 34.45 177.48 18.00
Top phase 40 83.0 34.87 364.82 37.00
60 88.5 37.18 640.90 65.00
PEG 1000 20 25.0 10.50 39.44 4.00
Bottomphase 40 26.0 10.92 78.88 8.00
60 32.0 13.44 78.88 8.00
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Figure caption

Figure 1A. Agarose gel analysis of plasmid and RNA partitioning in ATPS with 20%
(w/w) of lysate. T-top phase. B-bottom phase. Lanel.lng/ml of Lambda DNA/Hind 111
marker, lanes 2 to 11: 15m of each of the indicated phase, lane 12: 15m of the lysate.

OC: open circular. SC: supercoiled.

Figure 1B. Agarose gel anaysis of plasmid and RNA partitioning in ATPS with 40%
(w/w) of lysate. T-top phase. B-bottom phase. Lanel.lng/ml of Lambda DNA/Hind 1ll

marker, lanes 2 to 11: 15m of each of the indicated phase, lane 12: 15 of the lysate.

Figure 1C. Agarose gel analysis of plasmid and RNA partitioning in ATPS with 60%
(w/w) of lysate. T-top phase. B-bottom phase. Lanel.lng/ml of Lambda DNA/Hind 1l

marker, lanes 2 to 11: 15m of each of the indicated phase, lane 12: 15 of the lysate.

Figure 2A. Protein partitioning in PEG phosphate ATPS using 20% (w/w) of lysate.
The percentage of protein in the top phase (gray bars), interphase (white bars), and

bottom phase (black bars) is shown for the different PEG MW.

Figure 2B. Protein partitioning in PEG phosphate ATPS using 40% (w/w) of lysate.
The percentage of protein in the top phase (gray bars), interphase (white bars), and

bottom phase (black bars) is shown for the different PEG MW.

Figure 2C. Protein partitioning in PEG phosphate ATPS using 60% (w/w) of lysate.
The percentage of protein in the top phase (gray bars), interphase (white bars), and
bottom phase (black bars) is shown for the different PEG MW.
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CAPITULO 3- Purification of plasmid (pVaxLacZ) by hydrophobic inter action
chromatography - Manuscrito a ser submetido para a publicacdo narevista“Biotechnology
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Abstract

Plasmid DNA used for acid nucleic vaccination or nonviral therapeutic gene transfer
has to be highly purified with minimal or zero contamination. A method is described
for the purification of plasmid DNA, which includes an ammonium sulphate
precipitation followed by hydrophobic interaction chromatography (HIC) using
Phenyl Sepharose 6 Fast Flow (low sub). The use of HIC took advantage of the more

hydrophobic character of single stranded nucleic acid impurities when compared with

double-stranded plasmid DNA.
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Introduction

The use of the recombinant DNA with progress of the gene therapy or nucleic acid
vaccination DNA has an important hole in the prevention and in the cure of diseases
such as cancer and AIDS, have been increasing the need the obtaining of DNA pure
plasmid (Diogo et al. 2000). In some research applications it is possible to use crude
cell extracts of varying degrees of purity. However, plasmid DNA used for non-viral
therapeutic gene transfer or nucleic acid vaccination has to be highly purified and free
of contaminating components such as bacteria proteins, toxins, genomic DNA (gDNA)
or RNA (Prazeres et al. 1999). It is now clear that the demand for large amounts of
plasmid DNA will be enormous in view of the potential number of users and the
prospect of applying DNA vaccines to veterinary diseases (Little-van den Hurk et al.
2000). Additional, the fact that product recovery costs become critical in the overal
economics of modern biotechnology processes, and the need to have a process
complying with the guidelines issued by regulatory agencies has increases the interest in
devel oping methods for the downstream processing of plasmids (Ribeiro et al. 2002). A
process for the production of plasmid DNA generally follows the steps of fermentation,
primary isolations, and purification Prazeres et al. 1999). Large-scale purifications
require scalable methods such as column chromatography (Prazeres et al. 1998). The
hydrophobic interaction technique used is very in the purification of therapeutic
proteins, but so far there are no reports of the application of HIC to plasmid purification
(Diogo et al. 2000). The use of HIC will take advantage of the different hydrophobic
character of double-stranded plasmid DNA and other nucleic acids impurities with high
content in single strands, such as RNA and denatured gDNA. The aim of this work is to
study the possibity of purifying plasmid DNA using HIC as the final operation in a

simple purification process.
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Materials and methods
Materials

Phenyl Sepharose 6 Fast Flow (low sub) was obtained from Pharmacia (Uppsala,
Sweden). RNase-DNase free was from Boehringer (Mannheim, Germany), Luria broth
(LB) was from Sigma (St. Loius, MO), and agarose was from FMC (Rockland, ME).

All salts used were of analytical grade.

Bacterial culture

Escherichia coli DH5a harboring pVax-LacZ (nvitrogen) was grown overnight at
37°C, in 100 ml shake flasks containing 25 ml of LB medium with 30mgy/ml kanamycin,
a 200 rpm. Larger culture volumes (250 ml) were inoculated with the appropriate
amount of overnight culture and incubated under the same conditions. E. coli DH5a
without plasmid was also grown under the same conditions as described before, but with

no kanamycin present.

Lysisand primary isolation

A modified alkaline method was used for cell lysis Sambrook et al. 1989). After the
alkaline lysis method the plasmid in the supernatant was precipitated after addition of
0.6 volumes of isopropanol during 45 min incubation at -20°C. The plasmid was
separated by centrifugation at 10 000 g during 20 min. The pellets were then redissolved
in TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8). Next, solid ammonium sulphate
was dissolved in the plasmid solution at a concentration interval between 2.0-3.0 M,
followed by 15 min incubation on ice. Precipitated proteins were removed by
centrifugation at 10 000 g during 20 min at 4°C. The supernatant was then diluted and
loaded directly on the HIC column. Total plasmid was quantified by anion-exchange

high-performance liquid chromatography (HPLC) throughout the different steps. The
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same isolation procedure was applied to DH5a cells without plasmids to check the

behaviour of cell impuritiesin the HIC column.

Preparative chromatography

Chromatography was performed in a Pharmacia fast protein liquid
chromatography (FPLC) system (P 500 pump, LCC 500 chromatography controller).
An XK16/20 (20cm x 1.6cm) column (Pharmacia) was packed with 28 ml of the HIC
gel. Partially purified pVax-LacZ plasmid from the ammonium sulphate precipitation
was |oaded onto the column and isocratic elution was carried out with 1.5 M ammonium
sulphate in 10mM Tris-HCI (pH 8.0) at a flow rate of 1 ml/mim. One-milliliter fractions
were collected. The absorbance of the eluate was measured continuously at 254 nm. The

samples analysed by 0.8% agarose gel electrophoresis, stained with ethidium bromide

(0.5 mg m).

Plasmid standards
Plasmid standards were prepared using a plasmid mini-prep kit (Qiagen,

Germany) according to the instructions of the manufacturer.

Analytical chromatography

A 4.6 x 10cm polyether ether ketone (PEEK) column packed with Poros 20 P
strong anion-exchange media from Perseptive Biosystems was connected to a Merck-
Hitachi HPLC system and equilibrated with 0.7M NaCl in TE buffer. Samples (100 )
were injected and eluted at 2 ml/min. These samples were incubated with RNase-DNase
free for 60 min at 37°C before HPLC analysis. Plasmid was quantified through a

calibration curve, which was constructed using pVax-LacZ standards (2-40 mg mi).
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Protein analysis

The protein concentration was measured by the modification micro
bicinchoninic acid (BCA) assay from Pierce (Rockford, Il, USA) Rhoderick et al.
1989). A cdlibration curve was made with bovine serum albumin (BSA) standards. An

absorbance was measured at 595 nm in a micro plate reader.

Genomic DNA analysis

Genomic DNA (gDNA) was analysed by PCR. A 361 bp sequence of the
ribosomal RNA gene from E. coli DH5a was chosen for amplification in the PCR
analysis (forward primer 5°-ACA CGG TCC AGA CTC CTA CG-3’; reverse primer 5'-
ACA ACC TGG AAT TCT ACC CC-3'. The volumes of the samples to analyse were
0.35m and the final volume of the mixture of used PCR was of 50 ml (Tag DNA 1x
buffer; 200 MM dNTP's mixture, 1.5 mM of MgCh and 2.5 U Taq polymerase, al from
Promega (Madison, WI) and 0.75 mM of each primer from Interactiva (UIm, Germany).
For each sample analysed, a calibration curve was made using 0.01-100 ng de standard
gDNA. PCR was performed with afirst denaturation step at 94°C for 3 min followed by
40 cycles of amplification (60°C, 1 min; 74°C, 1.5 min; 94°C, 1 min) and a fina
extension step (60°C, 1 min; 74°C, 10 min). Amplified samples (20 ) were visualized

by 2% agarose gel analysis stained with ethidium bromide (0.5 ng mi'%).

Results and discussion

The results of purification of the plasmid DNA are summarized in Table 1. It
was observed a decrease of the plasmid mass once along the purification process. In the
stage of akaline lysis there were 8716 ny after HIC which decreased to it 1230 ny.

There was an increase of purity 5.7 (lysis solution) and after HIC it was in 100%, in al
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the concentrations ammonium sulphate used. The best purification factor was obtained
after HIC, using precipitation with 2.5M of ammonium sulphate, which yield 51%.
Studies accomplished by Diogo et a. (2000) working in the purification of plasmid
using hydrophobic interaction chromatography showed similar results. Figure 1 shows
the analysis of plasmid solution in HIC after precipitation with 2.5M ammonium
sulphate. In this figure it can be verified two peaks. The first pick (20 to 29 fractions)
corresponds the unretained fraction, the plasmid DNA. The fractions were collected and
analysed by using HPLC. The analytical chromatogram (not results shows) obtained no
longer shows the presence on the impurity peak, indicating an improvement in HPLC
purity (to 100%). The second peak corresponds to the host impurities such as RNA,
gDNA, denatured plasmid DNA and proteins eluted after the plasmid. Agarose gel
electrophoresis also analyzed the complete remova of RNA (not results shows) and the
absence of gDNA (Figure 2) for al the concentrations of ammonium sulphate used.
Genomic DNA from E. coli is double-stranded, but becomes mostly single-stranded
during alkaline lysis. During this process, the complementary strands of gDNA are
completely separated and partialy cleaved. The resulting DNA molecules show a high
exposure of the hydrophobic bases and can thus interact with the HIC ligands (Diogo et
al. 2000). According to the specifications, gDNA contamination should be plasmid <0.1
ng g .

Plasmid molecules did not interact with the HIC column, eluting in the flow
through. The reason for this behaviour is that, in double-stranded plasmid molecules,
the hydrophobic bases were packed and shielded inside the helix and thus hydrophobic
interaction with the support ligands was minimal. Previous studies by Diogo et al.
(1999) with the same HIC gel demonstrated that is also possible to separate denatured
plasmid from native plasmid. Because denatured forms of contain large stretches of

single-stranded DNA, there is more exposure of hydrophobic bases and,
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consequently, the hydrophobic nitration is greater and retention time is longer. In fact,
the HIC support studied by Diogo et a. (2000) was capable of removing denatured
plasmid variants that are usually produced with the widespread method of alkaline lysis
of plasmid isolation. This work also indicates the ability of the HIC support to separate

proteins and genomic DNA from plasmids.
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Table 1. Purification of pVax-LacZ plasmid

Processstep Plasmid mass Purity Purification Yielc

(mg) (%) factor (%)

Lyss 8716 5.7 1.0 100

| sopropanol precipitation 4219 6.7 1.7 48
(NH4)2SOx precipitation 2.0M 1837 26 3.1 69
2.5M 1490 32 24 53

3.0M 1388 37 2.2 49

HIC 2.0M 1202 100 3.2 40

2.5M 1229 100 3.3 ol

3.0M 1184 100 31 53

Results reported are the average of two independents experiments and errors were judged 5% of the mean

vaue.
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Figure caption

Figure 1 Hydrophobic interaction chromatography performed on plasmid solutions
after 2.5M ammonium sulphate precipitation. Elution was isocratic with 1.5M

ammonium sulphate in 10 mM Tris-HCI (pH 8.0) at alow rate of 1ml/min.

Figure 2. Analysis of gDNA by agarose gel eletrophoresis. molecular weight markers

(lane 1). Calibration curve (lane 2-6). Lysis solution (lane 7). Samples after HIC 2.0M,

2.5M and 3.0M precipitation with sulphate of ammonium (lane 8-10).
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7. CONCLUSOES

Os resultados experimentai s obtidos permitiram as seguintes conclusoes:

o A producdo DNA plasmidial em agitador orbital foi dependente das condictes
de cultivo. A diferentes concentragdes da pressdo seletiva (canamicing) influenciou a
producdo de DNA plasmidial. Concentragdes entre 30-50mg mi demonstraram
comportamento similar para todos os ensaios de producdo biomassa e DNA
plasmidial. Como também as diferentes velocidades de agitacdo usadas=. O meio de
cultura TB apresentou ser o mais eficiente em termos de producdo de DNA plasmidial

e apresentou ser mais estavel quando comparado como meio de LBG.

o O acréscimo da quantidade de solucdo de lise aplicado a cada sistema nédo é
muito vantgjoso para as fases analisadas (PEG 300 e 400 fase superior e PEG 1000
fase inferior), o rendimento ndo € proporcional a quantidade de lisado celular
carregado. O sistema que apresentou melhor rendimento (37,18%) foi o sistema PEG
400 com 60% de lisado celular carregado, porém obteve um ato rendimento de
proteina. O menor rendimento em proteina foi verificado com o sistema PEG 1000
com 20% de lisado obtendo 4% de proteina e rendimento em DNA plasmidial de 10,5.
Sistemas com pesos moleculares menores (300 e 400) ocorreu particdo do DNA
plasmidial para a fase superior, enquanto sistemas com pesos moleculares maiores
(1000 e 8000) ocorre particdo para a fase inferior e 0 sistema com peso molecular
intermedidrio (550) ocorreu particdo para a interfase. O RNA preferenciamente

particionou-se para a fase onde o DNA plasmidia foi particionado.
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o A combinagdo da técnica de precipitagdo com sulfato de ambénio e a
cromatografia de interagdo hidrofobica utilizada foi eficiente para purificar DNA
plasmidial. Obtendo 100% de pureza para todas as concentracOes de sulfato de
amonio apos sua eluicdo na matriz cromatogréfica e fator de purificacdo de 3,3 na

concentracdo de 2,5M de sulfato de amonio.
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8. SUGESTOES PARA ESTUDOS FUTUROS

Como todo trabalho de pesquisa, este segue a regra, uma vez que € praticamente
dificil a obtencdo de um trabalho totamente completo, e torna-se importante a
apresentacdo de algumas sugestdes para que possam contribuir para o melhor as

condic¢des de producéo e purificagdo de DNA plasmidial, propde-se:

0 Redizar estudos de producdo de DNA plasmidial com diferentes variaveis em
fermentador com auxilio de plangjamento estatistico fracionado ou completo;

o Andisar a €ficiéncia de resinas de carater hidrofobico visando aumentar o
rendimento em DNA plasmidial;

o Veificar o comportamento de particdo do DNA plasmidid no sistema
PEG/citrato;

o Investigar aformagdo de isoformas do DNA plasmidial durante os processos de

lise celular e na particéo em sistemas de duas fases aquosas.
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9. ANEXOS
Os resultados obtidos neste trabalho foram apresentados em congressos

nacionais e internacionais.

1. Resumo aceito para apresentacdo no XXII Congresso de Microbiologia: Influéncia

das condi¢des de cultivo na estabilidade do plasmideo pD2 em Escherichia coli.

2. Resumo apresentado no 12" International Conference on Biopartitioning and
Purification: A preliminary study of dengue 2 plasmid DNA vaccine (pD2) extraction

from cell lysates by aqueous two-phase systems.

3. Resumo apresentado na XXXI Reunido Anua da Sociedade de Bioquimica e
Biologia Molecular. Effect of antibiotic concentration and culture aeration on pVaxDN2

production E. coli.

4. Resumo apresentado na XXXI Reunido Anual da Sociedade de Bioquimica e
Biologia Molecular. Plasmid stability pVaxDN2-carring E. coli during batch-

fermentation.

5. Resumo apresentado na XXX Reunido Anual da Sociedade de Bioquimica e
Biologia Molecular. Partitioning and purification of plasmid DNA in agueous two-

phase systems.
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Durante a realizacdo deste trabalho foram realizadas atividades paralelas, os
resultados obtidos foram submetidos para publicagdo em periddicos internacionais e

apresentados em congressos nacionais e internacionais.

1. Characterization of protease from Penicillium aurantiogriseum for application in
food industries. 4" European Congress Engineering, 21 a 25 de setembro, Granada,

Espanha, 2003 .

2. Tratamento enzimatico utilizando proteases de Nocardiopsis sp. em aguas residuais
de uma indlstria de laticinios. XXI1I Congresso Brasileiro de Microbiologia, 17 a 20 de

novembro, Floriandpolis, SC, 2003.

3. Otimizagdo da producdo de proteases produzidas por Candida butyri. XXII

Congresso Brasileiro de Microbiologia, 17 a 20 de novembro, Floriandpolis, SC, 2003.

4. Study of the conditions of production of proteases for Aspergillus sydowii. VII
Simpdsio de hidrolise enzimatica de biomassas, 06 a 10 de dezembro, Maring4, PR,

2002.

5. Use of agueous two-phase systems on perforated rotating disc contractor for
continuous extraction of Schitosoma mansoni recombinant antigen. XXXI Reuni&o
Anual da Sociedade de Bioguimica e Biologia Molecular, 18 a 21 de maio, Caxambu,

MG, 2002.
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6. Partial purification on inulinase from Aspergillus niveus. XXX Reunido Anua da

Sociedade de Bioguimica e Biologia Molecular, 19 a 22 de maio, Caxambu, MG, 2001.

7. Partitioning and purification of monoclonal antibody of Toxoplasma gondii in

PEG/potassium phosphate aqueous two-phase systems. XXX Reunido Anual da Sociedade

de Bioguimica e Biologia Molecular, 19 a 22 de maio, Caxambu, MG, 2001.

92



! Biotecnologia

. H-55

PRODUCTION OF HYDROLYTIC ENZYMES TO FORMULATE BIODEGRADABLE
JETERGENTS

*Mitidicri. S., Veiga, A., Dattastini. N.*, Schrank, A., Vainstein, M.H.
entro de Biotecnologia (CBIOT), PPGBCM, UFRGS, *TECFARM.

“mitidier@dna.cblot.ufrgs.br.
~vhe use of have rapidly
“acreased the dcmnd for mass and i i of zymes,
o, aelly lipases, This category of detergents provides

anergy saver and lower cost equipment since the process abolishes the need for
sistance 1o heat, pressures and corrosion. In addilion, this new generation ol
e without and chiorine whil provide a major environmental
tage since all are bi and allow safer and less causlic
._srmulations. The Brazilian market imports increasing quantities of such enzymes and
even ready to use formulations. This work is a collabarative effort betwe RS State
1sed industry (TECFARM) and CBIOT (UFRGS) to establish cost effective large-scale
produmon of the desired hydrolytic enzymes and to develop and lest formulations
iming maximum -:uvny and storage n.me We have inilially selecled some bacterial and
‘« .Jngi strains Using an eleven litres reactor we
«dsptod the cultivation condlllom to opllmise the production and secretion of the desired
Azymes using iow cost substrates. The enzymes up o now produced (amylases and
“proleases) were used to formulate detergents and their effectiveness and enzyme
clivities were monitored under laborailory and rouline use conditions. Commercially
~.available detergents were used as standards. We found that the enzymes, up lo now
~rodicpd, mialch the activity of commercial enzymes and are cost effective.

“~Supported by: FAPERGS, TECFARM, CNPq.
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FLAVOR ESTER SYNTHES]S CATALISED BY Mucor mighei LIPASE IN SOLVENT -
FREE MED‘UM
Frangals, LM.', Pellin, V.', Danda, G. ', Santos, C.M.5.0.", Maia,
M.M.D. ", Morais Jr, M.A. ", Lima-Filho, J.L.! and Camargo de Morais, M.M.™*
'LIKA-Uni Federal de I UFPE -Recife, PE

? Universidade Federal Rural de Pernambuco ! UFRPE- Recife, PE

’Universidade de Pernambuco ! UPE Recife - PE

Esters of short-chain fatty-acids and alcohol are importanl natural aroma
compounds used 1n the food industry 1o enhance the flavours. A great number of
these esters are responsible for many fruit aromas, as banana, pineapple and
strawberry. Such esters, when produced by chemical ways, are not considered
natural aromas. On the other hand, food aromas obtained by biolechnological
ways are classified as natural by the European and US food legislation. Microbial
lipases have showed great potential for industrial.  applications as catalysts in
synthesis reactions. However the systems are usually made in organic solvent
media. In this work we tested different ester synlhesis using Mucor miehei lipase in
a non-organic solvenl system. The reaction mirture consisted of 0.02M fatty acid,
0.04M alcohol, 0.8g molecular sieves and 1g% Mucor miehei lipase.

The resulls showed thal Mucor miehei hpase was able lo calalyse esler synthesis
reactions with a high yield {98%). The efficiency in lhe synthesis reaction was higher
when short chain organic acids were used as compared with long chain ones. In our
conditions, the best results were oblained for isoamyl butyrate synthesis. Studies about
the components concentration in the reaclion showed that 2,5 mM butyric acid and 45

Vasconcelos A,

. mM iscamylic alcohol are Iha belter conditions for isoamyl butyrale synthesis.

Financial support. CNPq, PROPESQ/UFPE, FACEPE and BNB.
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PEPTIDE BOND FORMATION CATALYZED BY PANCREATIC PORCINE LIPASE
IN BIPHASIC ORGANIC MEDIUM
Liria, C. W, and Miranda, M. T.

Departamenlo de Bioquimiz2, 1Q-USP, P.O, Box 26077, 055‘3 970, S3o Paulo, SP.

“-As fipases are not expected fo exhibit amidase activity, wo decided 1o Investigate the
~asibility of using them to catalyze

' hus, we first performed a systemalic study of the coupling botwaon Ac-Tyr-OF! and Gly-
NH; medisted by 8 commercial pancreatic porcine lipaco from Sigma (cPPL)". The vield

H-58

LS

PARTITIONING AND PURIFICATION OF MONOCLONAL ANTIBODY OF
TOXOPLASMA GONDII IN PEG/POTASSIUM PHOSPHATE AQUEOUS TWO-PHASE
SYSTEMS

Albuqueraue, B. .. Fereira. 5. Moreira K. A."; Kobayashi, M."; Lima Filho, J. L.* &

Poro, ALF.*

1. Lab.  de 2.Bolsists

PIBICFACEPE:3 { de Ciénclas

BiolégicssUFPE; 5.00p. de Mor«cuog.e e Fisiologia AnlmallUFRPE 8.0ep. de
FE

Imunop:loloqll Keizo ASHN!I-L"(UUFPE
B;

i ‘tained 80% in 5-minute Incubalion carried-oul undar reaction
~part of the Ac-Tyr-Gly-NH; formed was in h 1ast i (40% of \hn
‘olal at 72h). To disclose the of |r| the CPPL we then

i nalyzed it by PAGE/SDS. As expected, a-chymolrypsin was identificd as the major
““contaminant. Irreversible inhibition with TPCK was monitored by the measurement of the
apabliity of the treated cPPL to hydrolyze the ester of Ac-Tyr-OEL As this abfiity was

*. raatly reduced after 2h, the enzyme solution was dialyzed against water and tyophiized.
The resulting powder catalyzed 8 comparative peplide bond formation Irial conducted
der tha reaction The coupling yleld found In a
‘-~o-minute incubation was 50%, going up to 70% in 72h. No secondary hydrolysis was
. Spontaneous hydrolysis of Ac-Tyr-OEl was also monitored, showing to be less

The Toxoplasmose is a congenital and acquired disease caused by a prolozoll infection.
The symptoms of acquired form are fever and of
form are

ini l th l\mom Due to
these it i to start the correct reatment a3
300n 83 possible and avoid . the usual is
ELISA (enzyme linked imuncadsorbation assay) which m-d- specialized people and
has a high cost. Two-phase aquecus systems provides a mild method for purification of
proteins, and scale up 10 large volumes presants no enginearing problems. This work
has the proposal of utilization of two-phase aqueous systems polyethylens glicol
¢ satt and of sntibody sgainst

and

Y 8 previous

“bse
1an 1% In 24h, The most appropriate cPPL concentration for efficient dipeplide
~'was determined as well. This varied from 0.1 lo 0.2 mM. Those resuits revealed thal the
‘ommercial cPPL picked Is a very polenl and cheap calalyst of enzymatic dipaplide
ynthesis. However, for oeptide fragment that must be purified
01 reated with TPCK. As far as WB know we are the first to unequivocally show that: 1)
by in cPPL indeed interfere with its esterase
.Jcnvny, 2) this fact may have |mpmunz implications In amino acid and peptids
~hemistries.
Lirls, C,W & Miranda, M.T.M., Peptidos 2000 (in press).
“Financlatl Support: FAPESP and CNPQq.

T by the form. Aqueous two-phase systame of
total mass of 3g ware prepared by weighing Bprop amounts of

solutions of PEGs (1000.and 8000) and by adding K;HPO, and KH,PO, solution:
required pH value was oblained. The detaction of sntibody in both phases
determined by dot-biotting. The antibody partitioned by PEG 1000 was found malnly In
the PEG-rich phasa for the smaller tie line at pH 7.0. Howaver the best p

resched in PEG 1000/potassium phosphate system for the higher tie line. Y

un(ll

Supported by: CAPES, FACEPE, JICA P
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- A HARDWARE/SOFTWARE ARCHITECTURE FOR DATA ACQUISITION
IN BIOSENSORS FOR IMMUNODIAGNOSTICS

AG. 5. Filho ', M.E. De Lima’, J.L.Lima Filho’ and tr
(1,2) Centro de Informébu Cin/ UFPE - PE - agsl,mel@cin.ufpe. br 3

v Bloqu(mlclelKAIUFPE PE; (4) Departamento de Patologia, ICB-ESEF/UPE - PE

hit

for data
» in for i ostics. This appr has been used to
delurmma humoral response against S. pneumoniae after vaccination. It was utilized a
uartz crysial microbalance, 10MHz, in 8 FIA system. A laboratory model without
\-onnodlon with the patient was used (in vitro). This approach was based on tha
platform, CHAMELEON-I, composed basically of a
\. PGA (Fiald Programmable Gate Array), a microconlroller, RAM and EEPROM
of signs. The FPGA is responsible for two stagos
w [the signal trealment. In the first stage, the FPGA acquires the signals from the
"piosensor in @ second stage of the process of handling of e data, the FPGA will be
“onfigured to serve as a for i of system The
-0mmunication with the PC and reconfiguration of the FPGA during the two stages of
Aquisitionireatment data between memory and FPGA for relaxation calcutalion are done
.Y the microcontroller. A supervisory system, inslalled in PC, provides commands that
allow the system controls all operation cycle of the system, makes tha sampling of lha
L‘)ala 10 the user in form of tables and graphics in time of sxecwon Thls m\m\odoloqy
ased on FPGAs, aliows and easy and fast
melhods, with few changes of the hardwars platiorm. Tnu: low cost plallofms can be
asily ped for different bi data acqui

nla

This work the

C upported by : CNPq, CAPES and FACEPE
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AN UNIVERSAL AMPEROMETRIC IMMUNOSENSOR OF GLASS BEADS USING A
MODIFIED GRAPHITE-EPOXY ELECTRODE IN FIA SYSTEM

“Dutrs, RF'? tho, G.D.% Valerio, T.R.Y; Cabral, L.T.B.? and Lima Filho, J.L**

1 - Dopto. de Patologia / ICB / UPE; 2- Laboratéria de Imunopatologia Keizo Asami -
LIKA / UFPE - Avenida Prot. Moraes Rego, s/n. Cidade Universitéria, R1fe-PE, cer:
50670-420; 3 - Depto. de Bioquimica / CCB / UFPE - * rdutra@hotlink.com.br

The biosensors are fasler, cheaper and safer than the conventional methods of clinical
analysis and aiso to many cases sensible and portable. The oplical and piezoslectric
it

non-specific binding represents its major limitation. In desgite, the amperometrics are
more selective and involve electronic easier sensors. This work purposes a changeable
reactor filled with immobilized glass beads using the same electrode 83 sensor foi
different diseases. Anti-human-IgG conjugated lo percxidase (Anti-higG-POX) was
immobitizod on glass beads as model and the signal wes by
paroxidase reaction inlo & modified epoxy-graphite electrode in the FIA system. The

‘glass beads, after cleaned with methanol, were pre-aclivated using poliethyleneimine

(2%) to perfdrm a min-iim for covalent immobilization. The working eloctrode was
propared by mixing epoxy. graphite, silver. telracyanoquinodimelhane and the
peroxidase enzyme compounds followed by curing for 72 h at 30°C. This madified
i was in the chamber reaction against a referenc
electrodo at 0 26V. Tho FIA systom was carried using 0.1M lris-citrate buffer (pH 8.0);
Now rate around 600ul/min. Different dilutions of Anli-higG-POX immobilized on glass
Dbeads reactor were losted from 0.1ug/ml to 2ug/ml, snd after injection of S0mM hydrogen
peroxide. Tha amperomelric response was linear from 0.2ug/mi to 2ug/ml showing a
cocrelation coefficiont of 0897 (p<0.05). These results point 3 new method
immwnosensor that can bo usad to detact different immunocomplex by changing only the
active roceplor inmobilized on glass beads reactor.

Supported by CNPa. JICA. and CAPES.
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IMMUNOCHEMICAL CHARACTERIZATION AND BIOLOGICAL ACTIVITY OF
2 A BORDETELLA PERTUSSIS ADJUVANT PREPARATION

Cai Y Gebara', VCB, Lopes', APY, Risoléo’. L. Dias', WO, tHorton', D!

Fri._ta'. VRF, Quintitio?, W, and Raw'. 1

Instiuto Butantan, 'Cenico do Biolecnologia, “Servico de Conlroln dao Quatdade.

Av._.al Brazi, 1500, 05503900, S0 Pauta. SP. Brszi

5000

Inte * st in the development of adjuvants is growing rapidly since many new
vataie candidales have emarged over tho last years Tho lmitations of sturninum
cormounds lead us to the search of altemabive adjuvants for use in humans
am__ 3 which B. pertussis is a promising candidale We have been working on the
immonomodutatory propertes of o 1. pertussis soluble lraction (35} obtained from

bac il coll mass. Wa have shown that BS can increaso the antibody responsa
10w variely of unrelaled antgens In order to lkdentity and characieiza the
comnonents involved in the modutation of tha immunc response 0S was
sui Hed to anion ge cl {tAono Q-Sep } The fiachinas
ohtiined were injected mixed with DPT (Dwphteria-Perussis-Telanus) vaccne in
fn ic mico, and the nnimnls were (urther chatienged wilh va 1 portussis The

eeuns showed thot 78% of o muce bomunized with the kinchon ehited o
apreaximolely 350mM NaGl (25 m2 [ris butter, piHi 0.0) mued with DT wero
nie ded agains! the challenge Lompared with 30% of mice inmumized with ne
Aloné We nre now evalualing the anlibody immuna responses and cytokine profile
of s0 shimals These resulls conficn and extend aur pravious wark on adpivant
prperties of fhis soluble 8 porussis tiackon whch 18 8 good candidato to be
exrnited for inctusion in vaccination protocols

FA <SP, FUNDAGAO BUTANTAN
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SOMATIC EMBRYOGENESIS AND GENETIC THANSFORMATION OF CASSAVA
CUP T'VARS FROM THE NORTH-TAST OF BRAZIL

Feitgan, T.. Rastos, .U P, Ponte. LF A, Liamoca.7Arate, R 14 and Gamnon EAP.
ot Bicquimica © Riclogia Molacutar, Univ. Fed. Goars. Foraloza. C&

Tha wery low amount of profein In 1he roots of cassava (Manmof asculonta Crantr.
Fu,  .biscsn), i8 Ihe moin eonsteainl In ils wida use os animal Juerd Grw

eagineering lochmques have the potentiat to ovarcome Ihis constal M Neecnnt
dnv “spmants in cassava 23 the and

e, _samation protocols for model cuttivars, prompled us to develop wwihods for
cassava regeneration and ransiormation for the six most widoly usad cultivars in Iha
fr 3w norb-east (Aqua Moran, Amanaa Uuiro, fuid Preta, Tapicinea, Rosa wng
Jobestn). The ahoot apex 1romm in varo Grown plants. wara 3olalod and incubatod m the
Ak in Patrl dishes ining MS madium with piclocam in tha ange
1o 16 mo/L. Afler thren wecks of Incubation, somatic embryes wate Induced at
~picloram level lested, but lhe legquency of embryvyenasis wos figher us (e
con “niration of 9 m/L. The pomary embryos thus olitained were maturod by Wransfee 1o
M5, sdium supplemanted with BA At 0.4 mgaL, under light conditiona snd nfier embiyy
manwation, piocas of groon colylogons wore Wransioned 1o Pelit dishes contaunng
pir. 1m st @ my/L, in ordor to inducs secondary v Tha green coty
Irote 1o somatic embryos wera cul Into piaces and co-cultivaled with A fumefacens
L1IA4404 harbouling the pinsimd BPARGUSH, in which hn 1001-specic promotas PAIRR

to,
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FFEEGT OF 11T SU1PHATED +0-0.GLUCAN T ROM RAMALINA CELASTIY AGAINST
EXPERIMENTAL SCHISTOSOMAIS: PRODUCTION OF SPECIFIC 19G ANO EFFECT
AGAINST S L1 ALD ITCSTINAL HISTOPATHOLOGICAL INJURIES

W RV G Peopn AT AT SouzaArauo. PV "7 Lopes. S LY Santa

v Batagaean © 0N Gonn 1A S S taconmune M * snd Carnewo-Ledo, A M A LK
Mg Merbdupy e Feningia WM UFRPE  (ltece PE),  'Laboratona * de

gt ) ¥ 1 LIEAJUETE (Recte, PLL *Dep Patologia. UFPE (Reale,
fen It Lapetantoga UFPE (Reofe, PE), Oep Farmaca. UFPE (Recile,
Sep Warpuineca UF VR (Cuotibe PR) mad amanjo32001Qyaloo com b

Tha tuipnated deavative of e (1331, (1-4) aer-glucan from the ¥chen Ramasina

crtasin fo e S0 has showesl 10 be effective aganst the hver mumes caused by
Gemstosnma mansan tavarn and mid nlections (Procoo ef al, XXIX SO, L-20.
F000: Aran ol Al XXX SHOA, $1.23 2001). 1he 2w of this work was [o observe ine
~linet of e Gui H0%, agamel epinan and (nlastnal Injunas and on 1he 8-SWAP antibadies
Tavels (10730 1 tactnd sura four Qroupt (ne15/group) composed by S mansoniinfectad
trmaln S (111 <A, £auaal nfection) were (ranted waln a single + p dosa of the
dran 24 naurs aher afezhon as lotows G 1. infected wilth 70 cercarisc/ammal and
Lo, D mavg 'y G0 70 carcanaeimouse. vested wih NaCt 150
03 4 et uneng 100 carcanaaianmal and eated with a-Glu-SO. and
ey ety The acimals weee kflert al 67 7% and & wecks sfter the
i et mgteen AR misatnes were coleciad Tistues were were fixed in
A 1R OTRY DT aed processed foc 1HIE staning 01000 was lested by
FLIBA segreren S 4074 ininite Vaonm Antgen Trgtem) Hhstopaitiological analysis drd not
hiyan g st ant ditereaca belanen teatzd and control groups I was
e ase of 1?3 leveis alang the lecion These resuits sre possibly
ool dctivily of polysacchande

Sunpotied by CHIPQ {PRONEX- Carboidratos),
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Site-directed mutagenesis of bovine FGF-2 cONA allows the production of the
human-tarm of FGF-2 in Escherchia coli.
LG Oliverra . JC Hetto ', JE Kaeger *, 1 Raw ‘apti’

4) Insttute Butantan Conto do Riolecnologia, Av. Vital Brazil 1500, S3o Paulo, SP,
CEP 05503 800 fienwd 2) Urivorsidade do SAo Pavlo - Faculdade de tedicina do
[ubairAo [eatn, Geparamento da hoguineca, SP, Brasid. 3) insttuto do Coragao (InCor).
Faculdadn da Liadicma da Univarsidade do So Paulo, SP, Brasil 4} Universidade de
o Pavlo, Institute de Quinca, Bopanamanto de Bioquinvea, SP, Brasil.

1 tie anqio 15 @ now p a stratogy thal has boon proposed in
tha past fnw yrars (o the eatnwent of difterant disaasas resulted from ischamias as wall
as dehciencios 1 wound healing Afthough the knowiodgo in this srea is sull in the
begmning, the resulls accuslated fiom a variety of works point ta Fibroblast Growth
Factor as A good candidate for this tharapy  Hore wa describe & site-directed
antageness of bovine £GP -2 cONA in order to produce the human-form of FGF-2 {FGF-
21} in F ol The tecomivnant profein was expressed in £ cok and displays in v
actwilies by pro at of A3 colls and nouronal ditterantation of
PC12 celts TGP 211 was also ablo 1o induca wound healing in rabbit ear dormal ulcers
and analyars shownd mduction of angiogenesis and fibroblast protiferation,

@m s the expression of tha gene tidA. Alter four days of . he
of tnn UHA gene into tho penoma of th cultivars tested was demonstraled by
hewt- “agicol analysis We nre now using these protocols 1n obluin ransgenic lines of the
v e% Rosinha and Aqua #orna 1hal are being transtormmed with & gena fof an Actihirint
Jmsarve protain (ARP), put under the controt af tha oot apacific promotar PAR

Finencial support Centro G do CNPq and FUNCAP
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_ASIMID STADILITY pVasDH2-CARIING £ col DURING BATCH £f REAUHIATIOHN

FMigues Junion ETA fone AL

H.G . Dunde, 1t

© wratsnio de lmnmopatalogea Keize Asaon - LIKATUFPE 2 Dot
tuologieas, 3 Umversity Jonns Hepkios 4 Ospartamento de Moologus ¢ Frcosd
3= UFRPE, & Depaitamento e foaguiniea

Siyermud DNA has reranlly aonured consigarabie mterast gue 10 45 alatliactve poienh
S cation a gene therapy and DHA vaccinns (IPeazeres af af, 1999) DNA vas
| s avaioped from 1 PAINCAAN € GEANT 10 [rovde numiauty AQHNAL disnates Placimei
1t maon thorpy cantaining human or nonhuman genes are very o minine
.o ansan o protens Oue knawledge ataut cultire meda o
ceBimbinant £AChenciia cob hns hecn obinned  winth oplensed the erpuoss
s However, cavionmantal and nothoost conditions for aptinusation af pliens
1+ __ production £ ¢oh could ba sigrilicantly diterent rom 1osn of protow produe b
s work we me investigaling plasmd siabddy of a recombinant £ colt expursse

e e protwrs whueh con he used as A mie Wa are focusing on the pliasieg
<ty DVARDNZ.ciunng £ con was grown i T inadurn with kanamyein (Y

a0t v marker, quown in A A7°C orbial ahaker M 20, 16D and 200 (e dunog B heors
Tr,_ jowth was Totiwed by optieal dnnsity at G00am, dry cell weight' cetl eounting aod

pamihed plased DNA Prasnid ONA was poated wath (g vbeen mim bt {4
ant inatabilty wirs maasuced by 1he cale of plasmed loss whea he reco
Larevan s the ataance of banamyres Tha epacte ool ates 0 410
ALIED (pm, obtarer] 100 it 0 cutues growih for G howrs The plase
oy N2 on TB medaain was 1%

o wrstataity of

e

sl Suppt CAPES (Y

R

but mcomplinte ta-cpithatizabon The oxpression of recombinant FGF-2H can now be
<rate up. mnsng the eoduchion of the human-lorm of FGF-2 under Good Manulacturing
Zhens (G satable 1 chimcnt nals

Supporied by FAPCSE, Tunitacdn B4 Zerbini and Fundagio Butentan.
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EXPRESSION OF C1RPSAA FUSION PROTEIN IN E. coll FOR VACCINATION
AGAINST Streptococcus pneumoniae INFECTION

Ardns, AP 1" Leite, L.C .M, Schankman, R.P.F.' and Ho, P.L"
i dn [Laternaingn - Inallito Butantan - 05503-860 — S30 Paulo - Bresd
7 Depatamento de Bioquinica - Instituto de Quimica - USP - Brasd

Ahginer torn B setant (CTD) 13 Ihe nonoxs poron of cholers toxm (CT). CTB 75
ragponemle for the hobsleen binding 10 the GR1 gangloside st celular surtace which s
rtier endozyted (10 nas been descibed as a mucosa! adjuvant for oral end nasal
wnrenas

[eaA 15w consneed surface adhesn protein of Streplococcus paeumonaa it has been
e it g et ehcits ROtecton AQanst colomization of the pathogen. The aim of
s wink 15 the aspressson of 8 hesion prolein CTB-PSaA m € cob, in order to improve the
muensal taepiase o) (e UDper tespicatory teact against poeur

Tha psaA gene was amphfied by PCR and Ihe corect sequence was confvmed by DNA
snquencng  [he pAT clxl) construct previously obtained was digasted end the psaA was
clannd in tha 3 tarminus of the ctxB gane. The DAE is sn £ coff vector thal uses T7
promnter in this systern the pratein can be exprossod with @ BXhis Lag In the N-lerminus,
1n ordar (o lacitiate the punbcaton in 8 NiT* - charged chromatography column. E. col
121 (50 compotant cofls wara translomed with tha PAE-clx8-pssA conatnct. n this
strmn, tha 17 RHA potymerase is under ha control of the osmatically inducible proU,
heratnee the mdoston was porformed by the addition of NaCl The recombinant proten
aan patracted lism the bactenal saluble fracton end purified The funcuonal sssay in Y1
rotls gl nnmuneingenl Charactanzation are underway G

Suppented by FAR S, CHPq Fundacao Bulantan
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PROTEASE PRODUCTION BY YCASTS ISOLATED FROM RAW COW MILK

1, P F S LimaFilbo

y}-m»u._/\' Cavalcanti, M.T.11 " ":Guimaraos. A LL . Sil
and Porio. AL 1Y

1 Laboraéno da Imunopatologia Keizo Asami - UF P, 2, Departamenio de thoquumnica
UFPE. 3 Dcport do e Ammat = UFRPE

Yoasts are unicetiular moulds used in ine prolenses production of industial wtergat
Proluases are enzymes with great vanely of apphcalons, manty i ndusiios of
getergeots and fooos. The un of s work (s 1o 1501ala yeasts om raw ik samples of
cow and 10 selaching spocias producing af proleases  Tha isolation was carried out m
[A1S (O Man, Rogosa nnd Sharpa) And AT AQIC Culture MATIA, LKING NS SAMPINS Cnw
ik Of Cow in thron dilforant volumas (25, 50 and 100 mi) with five diubans each (1 10
up 10 1 100000) The culturos were isolalad i tha foliowing CONGIONS 1eMpUIAty/ s
40" C and 37° C. ncubation tme of 48 hours Ton yensls were «donidey tor
ccomphshment lor proteases produchon applyng Guaktative and quankiative tesis 1ot
Mitive test, the yeasl growih in gelaln-tionnachine broth and u3sayed usig
an for production ol proteases} T At test

a

ton, 1979, 1hat ot usus Ihe AZOCASC wally subisteany

ruein (Gl delermination was Accordng 16 Bradlord, 1976 The best tesails Lom

o uve tost, wore obtained with yensis Y18, Y10, Y22, Y24 and Y27 {A, 19 22 W
and 20 mm zona diametar, respectively). 1hgher yield prolaasn actwily was obseoud

e 1solated Y27, with lotal proleolybic achvily of GIOUA and spraitic proteolyls
) Thoso rosults suggesl that iha isolatod Y27 ds potential sourca of
roteases (of industry

Supporied CNiPq and FACEPE
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EFFECT OF ANTIBIOTIC CONCENTRATION ANO CULTURE AERATION ON pVaxDn
PRODUCTION E coh
KA Duads MS'

More. g
Lima Filho. J L

ALr’

Souza, ANG' Marques Junior, E TA> Pon

1 Lavoraténo de Imunopatalogia Keizo Asami — LIKAVUFPE. 2 Doutorado em Ciénen
Diologicas, 3 Univorsity Johns Hopkins, 4 Departamento de Morfologia o Fisolod
Animal - UFRPE, § Departamento de (ioquimica

A study of anitrotics munimum cancentrahon in the plasmid DNA production s one of 1t
man spot al the hinal cost of the wanled product The pVaxDH2 is ona piasmid wiuch h
@ goad polential far DNA vaccmae The optmum conditions of cell growih and plasim
fraduction were cared out togeither vath diffecent concentration of kanamycin refate
wilh the deration o e . wore valn ditfece
concantrations of kanamyemn (10, 20, 30ug/ml), used the medwm for innoculum ar
qgrovaeh, the cells were mncudated for 8 hours ot 37°C in an orbilal shaker at 120, 160 ar
200 tpm lor B howrs Samples of 1 mt have becn laken oul, and biomass an plase
quantiticalion were carmed out measunng the absorbance at 600 and 260nr
respactively The results suggested that the optimat conditions lot growth of 1t
1ecombinant produting stan are. concentration of kanamycin 10 mg/mi. with 3 maxiny
growih of 05 ' and best production speed of the 200ipm

Pananciat Suppont. CAPES, FIREP, CNPy
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Kiuyveromyces marxinnus CBS6556 GROWTH IN RESIDUES FROM A SUCROS!
RICH SYRUP FACTORY

Nogueira, AG.F."; Bittencoun, K.F.1.": Maia, 1.1, D2 thanins, D.B.G." Lima Fitho, J L "
L e Keizo Asami- U Federal de

t Universiade Federal Rural ge Pemambuco

Brazit is one of the most imporant producers of sugar cane in the world, but Ihe sugar
manufacturing rosulls in some agro-indusirial rosidues, like bagasse and molasse. The
sucrose-rich syrup was produced in a sugar factory by addilional steps of filtration valh
the purpose of oblain a clear and much pure produdt than Ihe tradiotional procedures
But, this process generates residues wilh high sugar concentration, responsable for high
biological oxygen demand. The utilization of those residuas for single cell protein
ion has boen yzed. The growih of Kiuy y i CBSG6556 was
performed al 28°C, 180rpm for 24 haurs and the samples harverested were analysed for
sugar cansumption by ONSA method and cells by Neubauer chamber counling
procedure.  Using the supplemented residues os @ medium, comparing (o
Saccharomyces cerevisiae ltaiquara prowih, the K. manxianus had a better development
Then, the performance of this strain was observed in sucrose media, analysing the
of each supy ion for the yeast growth. The resulls demonstrate thal

ion  with source In defined medium can improve the
development of this srain, the opposite of the resulis were observed in the Lests with ihe
sucrose-rich syrup residues. The growth observed in both media was quite similar, this
can indicate that the residue has no 1oxic The sucrose riseqto
70% ahar 24h, that vas lower than obscrved in the residuc grovah. The SCP producton,
vath i growing in ich syfup residues, can be improved
in luture studics by of different p s of

Financial support: UFPE, FACEPE, T 8P and CAPES
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Kiuyveromyces marxianus CBS6556 GROWTH USING "COALHO™ AND RICQT!
CHEESE WHEY AS SUBSTRATE FOR SCP PROOUCTION

ra, LF. Martins, D.B.G.; Morais Jr, MA; Lima Filho, J.L.
orio de ia Keizo Asami - Universidade Federal de F

The cheese whey is a by-product of dairy industry that represents a polential pollut:
due to the high laclose concentration. For degradating this sugar is necessary the
galactosidase enzyme produced by some microorganisms like Kiuyveromyces marxiar
yeast, considered GRAS by FDA and already used to produce single cell protein (SC
The growth and the enzyme production In K. manxianus CBS6556 was observed
“coalho” and ricotla cheese whey. The strain was cultivated al 28°C, 180 pm for
hours and the samptes were looken and analysed for p-galactosidase enzyme activ
growth by counting cells in Neubauer chambre and sugar consumption by DNSA meltx
The subslrates were ‘coalho” whey and ricolla whey from a cheese faclory

Cachoeirinha - PE, autoclavated for 15 minute al 121°C. The CBS6556 showed a i
1ag phase and slow growdh in the firsl 16 hours, and the log phase can be observed a
20 hours of cultivation, and no slalionary phase was delected only in these suslra
The sugar consumption was more than 80 percent, and the enzyme produttion fised
£ 800 Ufmg of protein, afier 32 hours. These resulls demonstrate that this yeast can
used as SCP produdion, and its grovdh can be optimized by fermen *ion paramell“"'s

Financial support: FACEPE UF fE CAoEs o
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INFLUENCE OF AERATION ON LIPASE PRODUCTION 8Y Yarrowia hpolytca

Aonso, F.Q M., Otiveira, E.B.L.%; Dell Ortiz, GM ", P Meirelles, F V"
2 - Depto, Farmacos — Fac. Farmdcia / UFRJ; b - Depto. Quimica ~ PUC /RJ
combr g ulor  mexr rdc puc-rio br

oalor

Lipases have been by different , under different
condilions. The inlerest on these enzymes increased considerably due 1o their versatdiy,
specially for organic synthesis. We have previously inveshgated pase production on
shaken flasks and bench-fermenter under different agitation speeds In the present work.
the influence of aeration on lipase production by Yarrowia lipolytica was studied n bench
fermenter, al 200 rpm with air fiows of 1, 2 and 3 dm’/min. Protease. lipids, mitrogen and
pH were also measured during cell growth

An anlicipation of maximum hipase aclivily levels was observed when acration was,
increased. In opposilion, increase of aeration led lo a decrease of maximum hpase
actwity levels, production, Yps. Yex Higher air flows (2 and 3 dm'fmin) resulted in
distinet lipid consumption rales, while lotal nirogen concentration decreased. with
distinct consumption profiles and protein releasc to the cullure media, 1n cach case
Similar pH profiles were seen under these different condilions. presenting an imtial
decrease, followed by an increase al tate stationary phase, afier a penod of stabiizalion
% was also noliced Ihat k.a was more affected by agiation speed than by acration
These results reinforce the strong dependence among oxygen lranster, ipase production
ang celt , as suggested p

Supporied by. PIBICICNPQ-UFRJ, CAPES, FAPERJ and PRONEX
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EFFECTS OF THE CELL HYDROPHOBICITY AND CHARGE ON YEAST CE

FLOTATION

DeSousa’, §R KILIKIAN, BV’ and Latuce’. ©

' 0! ve Pos-G t em Aventaa Prot Lt

Prestes. 1730 Eailicio ICB-IV. USP - $30 Paulo-SP Email_srsollaghotman com

. DEPARTAMENTO ENG QUIMICA Sala 55 Andar SUB-SOLO Bioco 20 S3o0 Pa
P’ O c Quimica UNESP- Instiuto de Quin

P o
P Emait uncsp br

Flolalion 15 @ $¢Darabon process based on the affinity of hydrophobic cells ic
bubbies The yeast cells (SIcCharomyces and- Hansenulia) were Qrown in_agni
cuttures of molasses and defined mecium for the dedermunation of the AotahoN 1n 3,87
fBotaton column Latuce, e 220 753, 2000)
hydrophobicity was determned by a method (Straver snd Kijne, Yeast 12 207. 18
bascd on the athnity of the cells 1o supermagnatic latax Deads lrom Sigma {act
2714D890) or by the method based on the pariuon of the cells between the medium
1he nexanc phases (Romano et al, Coffosts Swf 82 51 1-515.1994) The measuren
(based on the migration of celix in an slectncal hield) of the reia polennal was cameq
following the procedure descnbe by Deo and Natarajan (Minerais Eng . 12 1329, 1€
i 8 Zeta PAls apparatus trom DrookHaven (USA) Only tne yeasi celis showang !
levels of hydrophobicty were capable Of eficient flolaton Tne adhesion to |
magneuzed beads snowed lo be 8 better procedure for the measurement ol
hydropnoticily 1he nses i pii Of INe media dunng growin nad more eMect on
Hotauon ethciency (enachment of tha cells n the foam than the fotation (tota:
recovery trom the medwm) The z€la poteonal changed with the media In adad
san FLI-01 of Saccharomyces cerewisae showed s high negative value of
polental at pti above the cellular PL while very fow values of hydropnobiciy v
oblained with {fansenulta 1lowever, both yeasts were highly hyarophobic and show:
Jwgh fotauon capacily Lastly, flotaton and the hydrophobicily capacives seem o
dependent on the charge and at Ine inte: I
and cellsfair bubbles) 1han on the absolute values of hydrophobioly and cell charge
Supported by PAPESP proc n 90/16224-3 and proc n 907042909




A study preliminary of dengue 2 plasmid DNA vaccine (pD2) extraction from cell
lysates by aqueous two-phase systems

Moreira, K. A%, Chaves, A. .3, Marques, E.T. AS, Prazercs, D. M. F.5, Azevedo, W.
MG, Porto, A L.T"". and Lima Fitho, J. L',

1. Laboratério de Imunopatologia Keizo Asami/UFPE: 2. Doutoranda em Ciéncias Bioldgims/UF}"E,‘ 3.
Instituto de Ciéncias Biologicas/ICB € Ciéncias Exatas € Naturais, FFPNM/UPE; 4. Department of
Phamacology and Molecular Sciences/The Johns Hopkins University School of Medicine: 3. Centro de
Engenharia Biologica do Instituto Superior Técnico; 6. Departamento de Quimica Fundamenml/UFPE; 7.
Departaniento de Morfologia e Fisiologia Animal/UFRPE; 8. Departamento de Biaquirnica/UFl’E

The widespread application of recombinant DNA techniques and the rising interest in gene therapy has
increased the need to develop large scale DNA purification methods consistent with the regulatory
agencies guidelines. Aqueous two-phase systems (A'TPS) have a widespread use in biochemistry and
biotechnology for purification of biological materials. These systems are suitable for purification of
biological material as the phascs contain 80-95% water, thus reducing the risk of denaturation of labile
biomolecules. However, the use of this method to purify plasmid DNA has cvolved very little and few
related references have appeared in {he literature in the last years. In this work we are investigating of the
partitioning in PEG/K,HPO, systems of the dengue 2 plasmid DNA vaccine (pD2) expressing the pre-
membrane and envelope proteins (preM-E) from a clarified E. coli alkaline lysatc. The ATPS composition
is the typical for the PEG molecular weights used (20%/20% wiw for systems with PEG 300, 400 and 550;
15%/13% for system with PEG 1000 and 10%/10% for systems with PEG 8000) and lysis solution 20, 40
or 60% of total mass. The plasmid DNA in the ATPS was quantified by fluorescence and was based on
bicinchoninic acid (BCA) method. The plasmid partitioned by PEG 300 and 400 were found mainly in the
PEG-rich, for system PEG 1000 and 8000 the pattition was present in the bottom phase. The best results
are in accordance with agarose gel analysis reached in PEG 300/K,HPO4 (20%/20%) system.
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INFLUENCIA DAS CONDICOES DE CULTIVO NA
ESTABILIDADE DO PLASMIDIO pD2 EM Escherichia coli
Autores
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Resumo
A estabilidade plasmidial ¢ de vital importincia em aplicagdes
praticas das tecnologias de DNA recombinante. Os plasmidios sdo
componentes essenciais em processos fermentativos envolvendo
organismos geneticamente modificados. O presente trabatho
descreve a influéncia de dois meios de cultura ¢ diferentes
velocidades de agitaglio na estabilidade DNA plasmidial. O
plasmidio utilizado neste ensaio foi 0 pD2, plasmidio que expressa
a pré-membrana e proteinas do envelope do virus da dengue. A
Escherichia coli recombinante foi crescida durante 18 horas no

meio de cultura Luria-Bertani (LB) suplementada com 30pug/ml de

canamicina em agitador orbital a 160 rpm e 37°C. Os meios de
cultura investigados foram Terrfic both (TB) e Luria-Bertani com
glicose (LBG), suplementado com 30 pg/ml de canamicina. O
inéculo foi de 10% do volume final do meio de cultura crescido por
18 horas, em agitador orbital a 120, 160 ¢ 200 rpm a 37°C. A
estabilidade plasmidial foi avaliada segundo a metodologia de Lee
ctal. (1994). O plasmidio foi estavel, cm torno de 80%, nos dois
meios de cultura utilizados, sendo 200 rpm a melhor velocidade de
agitagdo.

Apoio: FINEP/Convénio 1589/02, LIKA/UFPE, CAPLS.
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IDENTIFICATION OF HEAT SHOCK PROTEINS ON SUCEST DATA MINING

Marco Tulio Alves. Tiberio Polcan, Elaing Cristine Mading, Jussers Cardozo,

Regina Maria Barrello Cicarolli

Deplo. Ciencias Biologicas, de Ciencias icas - UNI
.qqaovia Araraquara-Jau, km 01 — 14801-902 - Areraquara - Sao Paulo

ESP

.fsn sequencing of diffarent plant structures are raising mony information about

he heat shock proteins which can help the plant 10 support strong varistion in
lemperature and metabolic changes 10 survive stress gondittons,
genes are inducod by Intraceliular conditions that denature protek
.lcvaled temperature, "heat shock”). Some encoded proteins that
esistant (o denaturing conditions end act 10 protect other protains. from

H-80

INDIRECT ORGANOGENESIS OF CALENDULA OFFICINALIS L.

C. M. Costa', 3, . ica de de ds
UEPG, 2- UNIPAR: 3- Departemento de Filotecnia-UEPG, P¢ Santos Andrade, .
8/n, 84010-330 Ponta Grosss, PR - e-m: rayub@uepg.br. ' N

Ci O is an plent with prope: . used in the
Industry, of and foods. The Incressing interest for the '

phytoterapy and great demand to this plants make us think about the possible

biotech: ical manipulation of this species. With this objective we want to

establish the protocol of organogénese of cafendula. The work has been lead In
the UEPG vegetal b oy . using y from
germinated soeds in wilro. The medium used was MS supplementod with the
respective vitamin complex, 30 g.L" sucrose, 100 mg.L™" inashol, 0.5 g.L™ MES, :’
1 mg.L™' BAP and solidified. with 7 g.L"' agar. The treatment con, isting of different
hormones concentrations: Kinelin, BAP. and one mixing of thoss with ANA. The
essay was set up in @ design, rR@intage of

with " buds, the number of ahoots per plants :

f the heal-shock protein 70 (Hsp70) family acts as a central playors whon
ertebrates and flies acquire tolorance to olherwise-lethal temperatures.
‘actenn and yeast, by contrast, use the Hsp100 family in this role. Since the

‘cnaluratlon; othors arc chaparonins, that refold denatured protains.

eat shock response is one of 1ha most highly conserved biological rosponses to
cnviconmanial changes, our moin objective is searching these genes in
UCEST, based on sequonces alroady oxisting in oatabases from another
‘nam; as well as Arabidopsis (hahana, Zoa mays. tomato, rice, Curcubita ap
and others. So far, we found the follwing HSPs' LMW hoat shock proleins.
SP101, HSP 70 kD, HSP 18, HSP26. 17,6 kD small HSP, HSI* 90, haat shock,
clor 6, HSP cognata 70, HSP169 Those resulls sugges! that thore are
overal kinds of diffarant 14SPs which piay an important rolo in protacting tha
‘an! cell against damage caused by oxidative atress as woll as by hoat stross
inancial support by FAPESP

and essays were A y
batwaen and insido of assays, it mae«es the statistics analysis impossible but @ |,
great effoct in the Induction of organogenesis for hormone mlone or
conjugated with ANA, followed for the treaiment with the Kinetin and Kinetin with
ANA respectively could be noticad. Inspite of the good resutt of hormone BAP
he regenerated shools were vitrified, annuliing In this way the good initial
porformance. The treatments bssed on Kinetin had been more efficient in the
regenoretion of plants than they had been successiully micropropagated in the
middle MS medium without The acciimulizati the iti sted
until the moment, plants with or without leaves in satureted environm
humidity, had not boen efficiant. With this resulls we can say that the Kinetin with
ANA made possible the attainment above 40% of explantes with buds and abo
of four shoots por explentos. that rosulted in normal plants that ere
micropropagatod , and it will be Y to test i
conditions. CNPq
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PRODUCTION OF XYLANASE BY PENICILLIUM JANTHINELLUM ON OAT HUSK
[V}

iveira', J. L. Lima-Filho?, A.L.F. Porto®, E.B. Tambourgi'
: parlamento de Sistemas Quimicos e de Informtica ~ UNICAMP', E-mail:
s@desq.feq.unicamp.br, Laboratorio de imunopalologia Keizo Asami, LIKA-UFPE?,
epartamento da Morfologia e Fisiologia Animal - UFRPE®
Hami are Iy 9 ides, i with
cellulose and lignin in plant cell walls. Xylans are the major hemicellulosic components of
woods and graminaceous plants where they c~aslitute about 25% of the total
mass. Softwood contains about 10% of xylans and lignoceliulosic wastes contain 30-
% of hemi . Their ydrolysis req es the action of several enzymes
ng thal endo-B-1,4-xylanases are crucial for Xxylan depolymerizalion. Xylanases have
potential applications in bread making, beer and jice darification, partial xylan
'rolysis in animal feed and as bleaching agents in the pulp and paper industry.
After cooking, Ihe yellow/brownish kraft puip must be bleached belore paper
duction. This is accomplished by removing the residual lignin in 8 mullistage

H-82

PRODUGCTION OF ASTAXANTHIN FROM MUCOR JAVANICUS :
FRACTIONAL FACTORIAL OESIGN (273)

Andrade', V.§.; Oliveira’, L.A.; Neto?®, B.8,; Campos-Takaki‘, G.M. é

8
Federat de Alagoas - UFAL; * Deparlamento

D de Palologia, L
de Processos Quimicas e X Estadust de C » UNICAMP &
2 Dy de Quimica L Federal de Pemamt yco - UFPE:
0 de Quimica, L Catolica de /NPCIAMS - UNICAP
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Carotenolds are lipo-soluble photopigments finding a variaty of applications In the
food industry. Among the carotenoids astaxanthin is now used extensively in fish
farming. The bil process for ion is an

to the chemical synthesis. Mucor species have commom with many other meifbers
of the Zygomycetes that they produce carolenoids. The object of the present.work
was the ination of from Mucor K (IFO 4570). i
production was studied with a two-level fractional factorial design, varying the

ching process using chiorine, chiorina dioxide and NaOH . Xy pre-
atment seems (o facilitate the subsequent chemical bleaching steps where Il aflows a
.{cass of the chiorine demand and improves the final paper brightness.
The prerequisite for the application of xylanase in the paper industry is that the
yme preparation must be free of celiulase activity. The xylanase produced by
§iciﬂfum Janthineilum strain contains high xylanolytic activily, but no detectable
ulolytic activity. Cultivati itions for ing xylanase using oal husk
i ysate were i High xylanase yield was obtained after 84
s of fermentation with an initial pH of 5.1. The enzyme activity was measured using
birchwood xylan @s substrale. The maximal xylanase activity was 54 units/mL in 144
s. Cell growth, total protein, acid and atkaline proteases. and pH were analysed
owledgements: L.FERENCZI IND COM LTDA for gifts of 0al sk,

9 : carbon source (xylose or sucrose), initial pPH (4.5 or 6.5),
agitation (120 or 180 rpm), temperalure (22 or 28 °C), ime of cultivation (24 or 96
hours), light intensity (280 or 400 uE.m?.s™) and light colour in bioshaker (white or
blue). Astaxanthin was analyzed by HPLC. The P .
191 1g/100g mycelia, was oblained when cultures were continuousty illuminated st
blue light, wich was primarily responsible for photo-induced pigment production in
Mucor . The results are here for the first time,
suggesting new studies related 1o the of the light blue,_ intensity and pH. The yields

reported could serve as the starting point for an expefimental optimization of 7

Mucor j growth for larg A
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ATION AND THE PARTIAL - PURIFICATION ANO CHARACTERIZATION OF
ARAGINASE Il FROM S. cerevisiae — A POTENT GROWTH INMIBITOR OF
EMIC CELLS
$¥12, WS, Bon E.P.S. ", Stanl, A.C,; Oliveira, E.M.M."; Silva Junior, J.G, **?
lo. de Bioquimica, Institto de Quimica ~ UFRJ; 'Divisio de Reagentes o
néstico, Biomanguinhos — FIODCRUZ; *Depto. de Quimica, ICE - UFRRJ; ‘Depto. de
Pesquisa e D T ico, F; inhos - FIOCRUZ
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agent for the of acute
, because it deprives the malignant cells of

aragine causing their death. These cells can only synthesize L-Asn slowly being
dgpandents of an exogenous supply. In this study we worked with Saccharomycos
tsise as the source of L-asparaginase. Is well known that S. cerevisiae synthesizes
forms of the enzime: L. i 1 and L "

(Wparaginase is widely used as an
: ; .

H-84

PARTIAL PURIFICATION OF INULINASE FROM Aspenpillus niveus

SOUZA-MOTTA, C. M'; MOREIRA K A *, CHIAPPORI, J. R. S.% TENORIO, A PM3
SANTANA, A’ PORTO. A L. F.7. CARNEIRO-LEAO, A M. AY UMA-FILHO, JL%
CAVALCANTIL. M. A. Q'

! Departamento de UFPE; ? Lab de
LIKAVUFPE; * Programa de Pos-Gi em Ciencia \
“ Departamento de Fisiologia e Anatomia AnimalUFRPE

Keizo Asarhi

UFRPE;

Inutinases, the enzyme (hat hydrolyses P-2.1-fructoturanosidic linkages occuring in
sucrose and fructans of the inulin type, have boen isolated from a number of yeasts and
fungi. Among then m irwti i h [

!“cscllulnl (periplasmic) but only the second one has We

t 'ome methods for the enzime extraction being the Triton X-100 perrmeabilization
st i i

rozlhod gt 2.5 %(whw) in glycine butfer pH 8,0, that which gave the be

I ty. For the enzyme purification, two were : one of them used
2N exchange chromatography (FPLC-MonoP)-and the other used hydrophobic
in} ion (FPLC-Phenyl-Seph . In the first method we used a

"G KCI gradient. The asparaginase activity presented about 90% of recovery. in the
seeond method, the elution employed either Na;SO, or MgSO, decreasing finear
mn(. In ail the experiments the buffer used was that employed in enzyme extraction

se of the enzyme stability. So far, the ion exchange chromatography showed the
P’ resolution and recovery. Native polyacrylamide gel electrophoresis (T = 6%) were
Du’med With the crude enzyme preparation and the fraction isolaled from anion

) proteic revealed by silver stain was
sl'scrvcd in the sample resulting from the MonoP chromatography.

offers in
industnial production of fruciose syroup from inulin. Aspergitus m'veus’;vas isolated from
hi. of (+ 8nnus). The fungt was grown according to Ongen-
Baysal et al (1994), at 28°C , during 9G h, under orbital shake'
commercial inulin as carbon source. After ‘cell harvesting, supematant was filtered
(Whaiman 2) and lested for inulinase aclivily. Enzyme activity was assayed using 1% wiv
inufin prepared in 0.1 M sodium acetate buffer PH 4.8. The strategy of purification utilized
sleps.of ammonium suiphate precipitation (0-20% range), ion-exchange chromaltography
(DE-52, Whatman) with a stepwise NaCl Qradient (0-1.0 M range) and gel filtration
(Sephadex G-75). Enzyme was purified 18 limes with yield of 16%. Inulinase recovery was
292% after these three purification steps. -

(200 rpm), using

Supporied by CAPES , CNPq and FACEPE
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HIGH-LEVEL EXPRESSION OF MOUSE GROWTH HORMONE (mGH) BY PRIMARY .
HUMAN KERATINOCYTES USING A RETROVINAL VECTOR

Rosauro, C.W.; Poronl, G.N.i Pointo, E.E.; Sousa. J.M.; Bartolini, P.
Dopartment of Application of Nuclear T n !
IPEN-CNEN/SB0 Paulo - Brazil. e-mall: cnperoni @nat.Ipen.br

The skin is considerod a potential larget for the dovelopment of gene therapy
protocols for cutaneous or sysiemic diseases. The high prolifarativo capacily of cuttured
j makes these colls ideal for gonatic

" "We have utilized primary human karatinocylos transduced with an olficlens rotrovirat
acior (LXSN) oncoding 8 mouse growth noimono gono (mGH). Tho main gools are the

&y
-
~
~—
N

N

“onstruction of an homologous ax vivo tronsfor protocol and tha comparisan with 8
imilas mowever heterologous system based on tha human growth hormone (hG1) gane.

e tramalection of the vector LmGHSN inta GP + E-86 ccolropic packaging call
line. the axpression of mGH (10ng/mL) was datoctad In the cullure madium by A spocitic

ioi This was then used 1o inlect the amphotropic packaging
oll o GP + env Am12 and 36 clones wore isolated by G418 soloction Clones
presenting a secretion levet ranging from 22-50ng MGH/10* colls.day (44 to 150ng
B GHImUL) and a viral fitor of 10° - 100 CFU/mL. wore choson 1o infoct tha koratinoeylas,
The madilied keratinocytes presented @ stablo #1 vitro secrotion lovot up 1o 3@ mG1/10*
colis.day {approximately 49 mGIUmL). during sorlal propagation. These rosults are
anaiogous 1o hosa previously obtainad for tho hGH modol, which was alrendy utitized for
grafting into i iant dwarl mice (i id).

V-iita doterminations lor hGH and mGH are now boing carried oul trying 10 vorly a
possiblo diflorence of plasma clearance rato in mice, In ordor 1o correlato these data with
the fovals of GH sacretad & vivo by tho gonotically modifiod koratinocylos.

Supportad by FAPESP
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USE OF AQUEOUS TWO-PHASE SYSTEMS ON PERFORATED ROTATING DISC
CONTRACTOR FOR CONTINUOUS EXTRACTION OF Schistosoma mansoni
RECOMBINANT ANTIGEN,

Carvalno, K.G.'; Arcoverde-Moura, K M." Moreira, K A%, Porto, AL F.7", Lima-Filho,
J.L% Chaves, AC."

Instituto de Ciéncias do ga Keizo Asami -
UFPE?; D Animal - UFRPE”. Departamento de

e e g
Patologia ~ ICB and Ciéncias exatas e Naturais — FFPNM — UPE".

~ UPE": L

Schistosomiasis is the sacond most prevalent tropical disease with more than 200
millions poeple infected ‘and one-sixth of the worid's population at risk. Sm13is a 13 KDa
legumental antigen of S. masoni, or P ive Immonity. The
aqueous two-phase systems (ATPS) have been used by the blochemical industry ss
e mathod of pre-chromatographic purification and used In continuous operation

«_/ in arge scale for separation and analysis of blological materlals. ATPS presents many

CECCCCCCCCCCccCcccccc

over the ususlly used for separation due to high yields of
product recovery, its ‘economical cost, etc. This work describes the continuous extraction
of Sm13 trom a recombinant E. coll Impure extract, the efficloncy of separation In
perforated fotating disc contractor (PROC) using ATPS formed by poly(ethylene) glycol
{PEG) and phophate salts. The extraction of Smi13 in the PRDC is operated in
and in & mode for 70 minutes wilh the dispersed phasa
Composed by PEG 3350 (19.7%) and the i phase o
salls (17.7%). The paramcters analysed were: rolation spced (140 and 220 RPM),
aispersed phase speed (2, 3 and 4 mi/min) and pH value (60, 7.0 and 8 0). The best
Toeuits wore oblained in ihe systems with rotation speed of 140 RPM, dispersed phase
speed of amiimin and pH = 7.0 at the 60 min time. Il was observed that antigen paruiton
e ATPS is greatly affected by changing the parameters analysed
Financial Support. CAPES and FACEPE.
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IN VIvo MONITORING OF MALTOSE FERMENTATION BY
SACCHAROMYCES CEREVISIAE

Badott £.; Blatt. C.R ; Bez, C.D. & Stambuk, B.U.
de ica. CCB, Uni Federal do Santa Calanna, SC 88040-

D
900, Brazil.

Tha most abundani fermentable sugars in brewor's wort are maltose (=50%).
maltotriose (~15%) ana glucose {~10%). Howaver, only when hait of tho glucose in wod
has been laken up by the yaast will the uptake of maltosc and mattotriose commence
The presence of glucoss roprosses MAL gones. and it also promotes the inactivation of
the mallose permease. Tho maltose pormeasa plays 8 pivotal role in maltose
{ermentstion; transport 8cross the plasma mombrane is the rate hkmiling step in s
metabolism, and maltose uptake trough the permease is required for MAL gene induction
We have {hus constructed an engineered yeast with the maltoss permease tagged wilh
the green fiuorescent protein (GFP). The fluorescent signal from GFP can be used to
monitor the i and dy of protein in living
cells. The coding sequence of GFP was integrated m frame o the C-terminus of the
permease gene by homologous recombination, and the strain oblained showed the same

maltose fermentation and transport rates as the wild-type sirain. This maliose permease

\agged with GFP Is localized al the plasma membrane. and its expression is Induced by
maltose and repressed by glucose. Our resulls also show that high concenlral ions of
glucose stimulate the internalization of the fluorascance inio the vacuole. where the
Sermease is degraded. This strain was thus used to monitor the farmantation profile of
fmaltose-glucose mixtures with a and also by The
possibilly to measura GFP fluorescence on-iine and in roal umo allows for s use for non-
nvasive control and op ion of

Supported by FAPESP and CNPQ
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ANTIOXIDANT ACTIITY OF GERANIIN IN HAIRY ROOTS OF Phyllanthus
tenolius foxb AND ITS INDUCTION BY ABIOTIC ELICITORS
Gancalyes. G.L ': Cardoso. P. P.'; Boniolo, ¥. S.'; Kustor, 1.7, Santiago, L. J. M.%;

Jacinto, T.! Sl

*Loborntério do Biotecnologin/C DBUENFIRY 7NGcieo da Pesquisas de Produtos

Naturais/UFRJ.

The entioxidont subsiances are some of the most impontant groups of phenoiic
compounds produced by plant cells. Those substancos play @ fola &3 oxygen free
el scavengars avoiding their. action on the human cells eging anc
participating i the dofonsa rosponse of plant cells, Studies on the in vitro inductior
and the evalustion of antioxidant activity of p nds b
transg hairy roota of oy olils ar6 in course in our laboratory. Thy
\ransgenic hairy roots Ciona 1 of P. tonellus wafe induced by the infection with the
sirain R1601 of Ag i g the plasmid pBIN1D gus.
TNTRON. Tho genotic transformation ‘was confirmed by the PCR amplification of ¢
trapment with 477 pb from the raporter gene nptil. The transgenic hairy roots wer
o ited 10 CuCl; SOuM during 6. 12 and 24 hs: to cold tamporature of 4°C arc
warmth of 37°C during 1. G and 12 hs and lo the light irradiation during 1, 7 and 1!
days. The g 48 woro ond isolated in Shimadzu HPLC
O Marck column RP18 employing formic acid 10% as lsocratic system. Tiv
induced substances ware id d by with pattern snd tv
i Boctivity was d by tho DPPH method. it was observed that th
1annin gorsnin with the RT 3.3 min was induced by alt of tho trootments. However
T mnaance of ihe diftarent Dgants was heleroganeous. The higner lavels of th
o hstance was observed aftar 7 days of incubation under light irradiation fohowe:
Gy the treatment with 12 1s of incubation under cold temporanirg and the 6 hs ¢

ncubation with CuCt; The antoxidant activily Assay showed that geraniin was
botent antowdant presonting Clse = 7.48ugimL. Tho results  suggested thr
foranin piay a roie on the dafense of P tonolius plants which normally grow i
s habals Studhes o n coursa 10 identify the other phenolic substances ¢

s and thait antioxidant ctivity. Supportod by FAPERJ and FENORTE.
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CLONING AND EXPRESSION OF HYBRIDS AND TRUNCATED FORMS OF
PNEUMOCOCCAL SURFACE PROTEIN A (PSPA) OF Streplococcus poeumoniae.
BERTONCINL_M D S, LEITE. L ©. C. MiYAJ E. N and LOPES, A, P. Y.
milldsmicus@tol.com by - Centro de Biolecnologia - Instituto Butantan - S3o Paulo.

p isa bacteria of greal interast in public heakth once i
causes diseases as pneumonia and meningilis. The currently available pneumococca
vaccine consists of capsular polisaccharide (PS) of 23 different strains, which makes it ven
expensive. Moreover, PS vaccines induces thy i ponse which It
nol eflective in children. The use of protein antigens could broaden vaccine coverage, reduct
costs and ba effective in children. The pneumococcal surface protein A, PspA, has beer
shown lo be ic and p ive In i | animals. 1t I @ virulence faclor tha
inhibits the activation of complement system avolding fagocitosis of the bacteria. PspA can by
divided on 3 families and 6 clades based on its primary sequence. The serological differenc
related 1o its genelic variability suggests the inclusion of PspAs of families 1 and 2 in order &
have 8 broad protection spectrs. The present work proposes the obtention of L
contalning imunogenic epitopes of members of the families 1 and 2 to the inclusion in |
vaccine against Strepfococcus pneumoniae and truncaled forms of the protein In order 1
study the contribution of specific epitopes in s Imunogenicity. The pspA genes of the family
(clade 1 and 2} and of family 2 (clade 3 and 4) were isolated from gengmic DNA of §
pnemoniae isolates (by Dr Efiane Miyaj) and cloned initially in the eucariotic vecic
PpTARGET. The hybrids between families 1 and 2 were planned to contain the mai
immunogenic epitopes linked by a prolin rich region of the protein which has the function |
wild protein of link a colin tail (atached to cell suface) to the a-helix exposed region. Th
gene tragments were amplified and kinked in the expression vector pAE-6xHis between Xho
and Kpn | restriction sites The expression of protein will be carried out in E. coli BL21-DE
cells and purificaton should be pedormed in an Akla Prmime ‘apparatus (Amershal
Brosciences) by Ni'™ chetating and anion-exchange chromatographies

Supported by FAPESP. P?‘DNE
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.
CLONING AND EXPRESSION OF TETANUS TOXIN FRAGMENT C IN FUSIONWIT
THE PERTUSSIS TOXIN S1 SUBUNIT
imen ' Abreu, P. A E.'* and Nascimento, A. L. T o' "
B rade Biotecnologia, Instiluto Butantan, 05503-900, S8o Paulo, SP, Beosi.

*Depariamento de Bioquimica, 1Q, USP, SBo Paulo, SP, Brasil. .

The aim of this work is to develop 8 bivalent vaccine against letanus at
pertussis. We used the highly immunogenic tetanus toxin tragment C in fusion with U
truncated version of the pedtussis toxin subunit S1(Pizza et al., Science 246 497, 196¢
The cDNAs coding o mutated S1subunit and fragment C were cloned jnto th pRSET
(S1 at C-terminal) and into pET 32a (Stat N-terminal) vectors which provide 8 high-lev
oxpression of hoterologous protains under control of the T7 promoter. AN vect
constructions were confirmed by DNA sequencing and restriction analysis.
e usod 10 transform E. cofi BL21 (DE3) where the lscUVS promot
wanscription of T7 RNA polymersse gene, which isinducible by IPTG.. The bacle?
lysates from induced cultures were analyzed through 8 18% SDS-PAGE. The expect
fusion proteins bands were prasent with ~ 75 kDa consisting of 50 kDa fragment C ¥
~ 25 kDa of 51 subunil, from the s with the jon pRSETAFCA
and the a band of ~ 90 kDa consisting of 50kDa fragment C, ~ 25 kDa S1 plus =15 Kl
of in from the with the jon PET32A-S\/FC. The
proteins were purified through Ni' -charged chromatography. Westemn blot analysis
the purified fusion profeins showed that they are bolh recognized by | 80
1etanus toxoid and anti-pertussis loxin sera These results clearly show thal recombiné
St in the 8t the tenminal Tusion to the tetanus toxin fragm
C. teacted with high ificity with pentussis ELISA and vaccinatio
ammal model with these protens are currontly under investigation.

Supporied by. FAPESP, CNPaq, PADCT. PRONEX, Fundacho Bytantan
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ESTUDO DAS CONDIGOES DE PRODUGCAO DE PROTEASES POR
Aspergillus sydowii . :

Barroca, P,
Porto, AL L. 12"

2 2 )
Chaves, A, C.70 Lima Filho, 32

Morcira, K. A.'; Chaves, A, C.'
4

Laboratdrio de Imunopatopogia Keizo Asami - LIKA/UFPE:
2. Departamento de Patologia — ICB ¢ Ciéncias Exatas ¢ Nawrais -FFPNM /upg;

3.Departamento de Bioguimica — UFPE: 4. Departamento’ de Morfologia ¢ Fisiologia
Animal - UFRPE*

c-muil: adilsonchaves @yahoo.com.br

Objetive: Exsie wabalho tem o objctive o estudo dq

s condigaes de proclugio de proteases
extracchul;

N produzidas  Aspergillus sydowii em diferentes  mcios e Culturys,
femperataras ¢ velocidides e wtagan

Metadole O mcroonpanismo Asper gl vdowin, asoliudy de peise da tegido do
Nordeste biasilerro, tor cultivido em mero de caltura com dif

erentes fontes de nitrogénio, .
Farinhir de soji. farinha de aveis ou Laninhi de arroz (14 p/v). incubados em agitador orbita)

locidades de 180 ¢ 200 pmem duas dilerentes temperaturas (28 ¢ 30°C). Os
ensaios foram realizados  cm Irascos de lenmeyers comendo oy di TCRICS  micios,
inoculados de modo a obier wmirconeentragiio Nnal de 10° esporos/mi, cm ador orbital
nas condigdes de temperatura ¢ aei o estabelecidas para cada cxpertmento, durante 96
horas. A cada 24 horas Toram retir: s aliquotas para determi Aga0 proteina‘total. mividade
protedisica ¢ pll. Para determinagio do conteddo protéico utilizada metadologia de
Bradford (1976) ¢ a atividade protedsica foi determinada scgundo o métado de Ginther
(1979) que utiliza azocascing 1% (1/v) como substrato.

Resultados: Ensaios realizados a velocidade de 180 pm com a |
temperaturas de 28 ¢ 30°C, obtivemos 118
48 horas, respecuv

arinbg de aveia. nay
¢ 210 U/mg no empos de crescimento de 96 ¢
amente. E para os meios de S0ja ¢ arroz atividade proteis
foi menor. Enquanio que experimentos realizados a 200 rpm a melhor atividade cspecifi )
obtida foi com o meio quc continha soja, obtendo 1024 U/mg em 96 horas 'de cfescimento
a 30°C. scguida do mcio de arroz com 1000 U/mg em 96 horas. ’

Conclusiio: A :fl)\‘idudc protedsica especifica foi influcnciada
s resultados obiidos com a maior velocidade foram superiores .

pela velocidade de agitagdo,
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